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Construction of a model for the world economic system is a very
ambitious and complex task which becomes almost overbearing if one is
aiming at, as we are, to analyze the total world system as such rather
than solely its economic component. The success or failure of such an
undertaking depends on how one approaches the problem of complexity both
in the model as well as in the process of constructing the model. One
would like to structure the model so as to be able to grasp the essential
causes for its behavior while at the same time the model is sufficiently
detailed and specific to allow for satisfactory validation with data as
well as assessment of changes in structure caused by the changes in tech-
nology and the likes, Regarding the model construction process, one
would like to be able to assess the progress in the "final model" construction
at various stages of development rather than wait for the test at the very
end when the corrections might be hard and expensive to implement.

To accomplish these objectives we are using a methodology based on
the multilevel, hierarchical, systems theory. Essential feature of the
methodology, as far as our present purpose is concerned is the concept of
having a model with 'hierarchical structure' as well as a 'hierarchy of
models’,

Specifically, as far as world economic model is concerned, the model is being
developed on three levels:

(i) Growth Level - which is aimed at representing the most important

feature in a dynamic fashion.



B3

(ii) Maero level - which is aimed at explaining that behavior in
terms of internal variables.

(iii) Micro level - which is aimed at disaggregating the variables
and subsystems from the macro level for the purpose of a more detailed
investigation.

Of course, cach of the levels can be divided further into a
hierarchy of sublevels.

Using such an approach an overall structure for the world economic
system is developed as shown in Figure 1. There are ten regions in our
model. For each of these regions models on growth, macro and micro level
have been developed first.

Two problems had to be solved next to implement this strategy:
Interrelationship between the regions and between the levels.

On the macro level the total world model is being developed from the
start so that very implementation itself is possible only by making adequate
provisions for interregional exchange. On the growth level the interconnection
is possible only by using the macro variables; in essence, therefore, the growth
models are interconnected through the macro level. On the micro level, the
considerations regarding regional interconnection must be based on the trade-
off between the increased complexity of the model and benefits accrued by
having detailed information on exchange. We have developed micro models on
three levels of disaggregation: two sectors, four sectors and nine sectors.

Two sector models are used for the consideration of special problems, such as
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the world food supply and are appropriately intercomected reflecting
commodity exchange. The higher levels of disaggregation models, however,
are not interconnected at this stage for the obvious reason of complexity,
To derive the trade matrix change over twenty years of data validation period
requires estimation of 20x10x10 = 2000 parameters. To further disaggregate
this matrix to accommodate for five or more sectors exchange would
increase the complexity enormously and to such a degree that a rather
convincing justification must be provided for such an effort. All the
preparations are made to implement these links, however in particular, a five
sectors interregional trade matrix which gives flows and distribution
coefficients by origin and destination is prepared,

Regarding the interlevel relationships the situation is the following:
The growth level models can be simply viewed as generated from the macro
level by aggregation. The micro models given in mine sectors disaggregation
have been implemented as satellites to the macro models using input-output
matrix and other information available on the micro level. The specific
relationship between the macro and micro level models are, in general,
determined by iteration. The two sector models, on the other hand, are

developed in terms of its own dynamics.

-i.
W. Strobele, A, Erdilek, et. al., "Economic Data Base For Regionalized
Multilevel World Model", March, 1974.
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1. Introduction: Motivation and Objectives

The objective of this paper is to outline a specification for the
macro economic submodel within a hierarchical and regionalized model of
the world development system. The basic motivation for the construction
of such a model and the overall approach on which the effort is based
are described elsewhere. However, some remarks to that effect are
appropriate here in order to provide a background for the selection of
relationships in terms of which the economic submodel is specified.

(i) The model is aimed at the assessment of very long time trends,
i.e. for a period of 25 to 50 years or more. The difficulties in making
such long term assessments are fully appreciated; yet, the time horizon
of interest had to be selected so as to cormensurate with the time
constants of the dynamics of various systems involved. The population
subsystem, for one, has such long time constants. For instance, if the
birth rate would reach abruptly the replacement level it would take 30
to 50 years for the population system to reach an equilibrium, depending
on the age distribution of the population. The economic submodel will
have to be considered over the same period of time. Clearly only the
most basic economic trends should be represented in such a model.

(ii) The world system is represented in terms of a set of inter-
acting regions. The economic relationships between the countries included
in any given region ought to be represented only insofar as they affect
the aggregate regional development and the interregional relationships.

(iii) The economic submodel is interconnected with numerous

other submodels, population, food, energy, water resources, to mention
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a few. It is essential that the economic submodel provides the points
for establishing such interconnections.

(iv) In view of the uncertainties associated with such a long
term view the model is intended to be used for the assessment of
alternative developments, under a variety of plausible sequences of
events and conditions rather than for predicting the future. In the
overall methodology used in the project this will be done by means of
scenaria which define sequences of plausible events which are then
applied to the model in order to assess the feasibility of such a
scenario and the likely consequences. For that purpose the model should
not be overly endogenized so as to become an autonomous, closed, system.
Rather, it ought to be an open system with sufficient entries to implement
various scenaria while, of course, capturing the essential relationships
endogenously,

(v) In order to represent the adaptive characteristics of the
system - which surely will manifest itself over such a long period of
time - the overall model will have decision-making and normative stratum
in addition to dynamical systems part representing the historical patterns
of development. These higher strata are being implemented through man-
machine interaction and the dynamic , lower stratum model, ought to have

the entry points for the implementation of various policy measures.
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2. Hierarchical and Regionalized Approach

One of the principal difficulties in both construction and use
of the overall model is due to its complexity. In order to deal with
the complexities the hierarchical approach is used in the project not
only for the specification of the overall structure but also in the
development of specific submodels and in reference to different levels of
aggregation. For example, the economic submodel is developed on three
levels termed growth level, macro level and micro level. On the growth
level a regional economy is represented simply in terms of the changes
in the gross regional product with the changes in the growth rate as the
scenario or policy variable. On the macro level the total capital formation
ar;d the final demand components are represented together with the total
production fimction, total trade matrix and other macro variables. On
the micro level the regional output is specified in terms of several
production sectors on an appropriate level of aggregation and the inter-
mediate demands are represented in terms of imput-output relationships.

The basic regionalization of the world system is given in terms of
ten regions: (1) North America, (2) Western Europe, (3) Japan, (4) Rest
of Developed, (5) Eastern Burope, (6) Latin America, (7) Middle East,
(8) Africa, (9) Southeast Asia, (10) China, However again in the spirit
of the hierarchical approach - several higher and one lower level aggregation
will also be used namely:

(a) Total world

(b) Two regions: 1-5 and 6-10

(c) Three regions: 1-4, 5, 6-10
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(@) Four regions: 1-4, 5, 6-9, 10

(e) Ten regions

(f) Eleven regions: the same as in (e) except that the region 9
is divided in two: 9a - Pakistan, India, Bangladash;

9 - rest of 9.

Two additional advantages of the hierarchical approach ought to be
mentioned:

(a) It facilitates the grasp of the structure of the model and
therefore an understanding of why a certain behavior is observed.

(b) It enables the construction of the model in stages; at each
stage one has a definite version of the model which can be verified by
data and used appropriately.

Finally, it should be mentioned that the model can be also used
for the analysis of any particular country in the context of regional

and world development by the addition of an appropriate satellite model.
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3. Structure of Regional Macro-Economic Model

We shall first outline the structure for a general model applicable
with modest changes to different regions; then we shall specify these
changes consistently with interlocked regions to be specified by adapt-
ing the general model for each of the separate cases.

The general model which we have adapted for the world model is
based on the flow of aggregate production (supply) and demand associated
with that production. The balance between supply and demand closes the
system. This is a 'real" model; in a closing section reference will be

made to extensions of the model to include market phenomena more explicitly.

(a) Production

A technological production function with labour and capital inputs

determines the aggregate supply of goods.

S _ ep
Yy = £(K_1,LF,) (1)

This is an equation of potential supply, showing how much production
(value added), YE’ could be supplied from full use of capital available,

Kt’ and labour force, LF . The input values are developed as

K, =K_;-D*K_;+I (2

t t

LFt/Nt =P, 3

Equation (2) is an accounting identity that states that change in capital

stock, Kt' is defined as gross capital outlay, It, less capital consumption
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or depreciation, D * Kt-l’ where D is a depreciation rate. The variable
It will be determined from the demand side of the system, below.
Equation (3) defines the labour-force participation rate, Pt’ as
the ratio of labour force, LFt, to population Nt' In some countries and
historical episodes the participation rate may be essentially constant.
In general, however, it depends on:
(i) age composition of the population
(ii) income per worker
(1ii) regulations of the educatiocnal system
(iv) retirement practices

(v) facilities for child care

Ultimately, participation rates could be explained by additional
equations of the system. At this stage they are treated as fixed or
time variable parameters, as estimated from the data. As for total
population, it will be determined in the demographic model and regarded
as exogenous for this version of the model. This provides for one-way
linkage between the demographic and economic models in the hierarchical
system which will be augmented with economic determinants to complete a
two-way linkage.

There are two significant implications as a result of this approach to
the supply side. (i) The System will have trend dynamics since equation (2)
is a finite difference or accumulation process, affected by current flows,
It’ and having an effect on current flows in (1). (i) No allowance is

made for idle capital or labour force; i.e., there is no recognition of the



B 13

cyclical effects of underutilization of capacity or unemployment in 1),
it shows the trend of potential output., Care must be taken in estimation
of the production function to allow for variation in factor utilization
over the sample period, however, in order not to bias the parameter esti-
mates. Potential output is then determined by extrapolations holding
utilization rates constant at their full capacity levels.

Actual output, Y,, as contrasted with potential output, depends on
employment, L., and capital utilized. Since the latter variable is not
customarily observable in most economic data collections we simply use K,

capital available or some index of capital utilization.

Y, = £(K ;L) 4)

In (4) the same f-function is used as in (1). This implies that actual
output and potential output are simply two different performance points on
the same production surface -- one using full capacity inputs and the other
using actual inputs. The equation in (4) could be a different function, but
that is not essential.

In many studies nowadays, (4) is inverted or renormalized in the form

Lt = f (Kt_l,Yt)

This has no bearing on the simulation properties of the system but may affect
estimation of parameters. This is the form we are using in the present model
for developing countries since Yt is determined by aggregate demand and the

inverted production function is needed to assess employment in disequilibrium

situations.
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Consistent with our model, different parametric forms of f can be
used (e.g., linear, log linear, or some other well-known variant). In
the case of production relationships to be used in long run analysis, we
have used a nonlinear form of production function.

The foregoing development implicitly assumes constant hours per
employee. Labour input in the production function is measured in man-hours
rather than men, however, and any significant trend in hours of work would
affect the trend in labour imput, To take account of this (1) and (4) are

rewritten as

S
Y = £(K,_p,HF, * IF) (1a)
Y, = £(K, .1, * IF,) (4a)

where HFt and Ht are hours worked per employee under full employment and
actual employment conditions. Cyclical variations in Ht should be accounted
for in estimating the production function, but for extrapolation purposes

Ht could set equal to HFt and the trend in hours specified exogenously,

In a more detailed model hours of work may be partly explained by the real

wage rate as a determinant of the work-leisure choice.

(b) Demand
By definition and social accounting practice, total production is

obtained as the sum of well-defined corponents of demand.

—
M. McCarthy and G. Shuttic, "Cobb-Douglas Production Function for the
World Model Project and a One Sector Growth Model Interpretation", in
this volume,



B 15

Yo =Cp + I + G + X - M (5
where

Ct = consumer expenditures

It = gross investment expenditures

Gt = government expenditures

Xt = exports

Mt = imports

It is defined to include an inventory component, which assures an
accounting identity between actual production and total demand. There
can, however, be a discrepancy between potential production and actual

production

This could serve in an enlarged model as an indicator of pressure on the

price level or as a dynamic adjustment factor for output, i.e.,

tpy = F(Yi - Y

&Y, = 6(Y) - Y,) .
These dynamic relations are of more importance for short run business cycle
modeling and are less relevant in the present context where attention is

centered on the long run.

A simple formulation of the domestic demand components is

C, = GC, * Yt (6)
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= *
I, =G *Y, (7)

(9]
It

G, * Y, (8)

These are all expressed as proportions of total production. The ratios are
not and will have to be either constant, estimated as time functions from
the data or explained endogenously by additional set of relationships
reflecting also policy variables.

The consumption-income ratio GCt depends on income history (or past
levels of consumption), the tax/welfare system, wealth, income distribution,
and in the extended model on market values for interest rate and inflation
rate. The investment-income ratio depends on productivity of capital,
the labour/capital ratio, output history, interest rate and inflation rate.
Finally, the government expenditures ratio depends on fiscal policy para-
meters such as tax and public spending rates.

In the first round applications of this system, market variables will not
be used, therefore income history, output history, capital productivity,
capital/labour ratios and similar variables already contained in the physical
model will be used as the variables for explaining these ratios in addition
to policy variables such as tax and public expenditure rates.

The final two variables in the accounting identity (5) are exports and
imports. They must be explained in each regional or country model in a way
that is consistent with the treatment of partner trading areas. On an
individual country or area basis, however, we can formulate two simple relation-

ships
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<
i

GX, ® WI, 9)

= %®
M, o=@ %Y, (10)

The new variable WTt is world trade; it is defined as the sum of all

countries' exports or imports

In making a world model corposed of the basic regions outlined above,
special attention is paid to structurein order to preserve this accounting
"law of conservation' for the system.

The ratios GXt and GMt depend on income history, exchange rates, terms
of international trade (export and import prices), tariffs, and trade
policies. Exchange rates and terms of trade will not be introduced in the
first round models.

For some areas of the world, foreign exchange resources impose a limita-
tion on imports. Imports, for these countries, tend to move with exports.
This idea will be explicitly introduced later.

World trade are external variables to each regional model, which is
endogenized in the system of inter-locking regional models described below.
They drive the system, together with policy variables or parameters. There

are ten variables to be determined by ten equations. The variables are

YS, k., LF

tl t, tl t’ t, t’
ment, it is computed from the identity

I,L,Y Ct’ Ges Xt, h%. If we want to determine unemploy-



while the trade balance is
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4, A World Macro-Economic Model

The regional prototype model described in Section 3 is used as a
starting point for each region in the world system, but there are important
structural differences between main types of economic systems that should
usefully be taken into account in getting a consistent system for the

whole world. We differentiate among three types of economies:

D. Developed market economies--Regions 1, 2, 3, 4
C. Centrally planned economies--Regions 5, 10

L. Less developed economies--Regions 6, 7, 8, 9

In the three cases, the production functions may be different,
reflecting the differences in degrees of marginal returns to scale
associated with stages of development, or the factors influencing the
GG

key ratios GCt, GI GXt’ GMt may be different. Certainly the main

t’ t’
policy parameters are, in general, different.

We are going to vary the specifications of production, employment
and trade among the three regions. We assume that centrally planned and
less developed economies export their surplus output and purchase imports
to the extent that they can pay for them with exports. In the case of the
developed economies, we assume that they export according to the trading
demand (inputs) of other countries and import according to their income
levels. We shall further assume that centrally planned economies try to

maintain trading balance with each of their two partners in separate

bilateral agreements and that developing countries' purchases from developed



countries are constrained by the credits and grants that the latter are
willing to make for the purpose of development assistance.
Other special features will be explained as we progress through the

outline of each model.

(a) Developed Market Economies o)
This system is most like the general prototype model outlined above,

There are equations of potential output, capital supply, and labour force

participation.
Yor = £ (Kpe_12LFyp) (D)
Kor = ¥pey - Dyt Xpep * Iy (20}
LFpe/Npe = Ppy (3D)

In the framework of a world system, however, there is one refinement to the
specification for (1D} that may prove to be important, namely, that imports
from C and L are factors of production in the same way that Kt and LFt are.
The reason for this modification to the developed economy model is that
imports of basic materials are essential to the production process, and
these basic materials come to a significant degree from the socialist and
developing countries of the world. Some basic materials are shipped from
one developed to another developed economy, but this is less prevalent than
the lines of trade that we have assumed between C and L on the one hand and
D on the other. This is the simplest assumption that can be made short of

disaggregation of the model by distinguishing among types of traded goods.



In the context of modeling a single country in DC or L, we generally
use a value-added concept for measuring Y° and Y. This means that domestic
intermediate materials cancel, as outputs for some sectors and inputs for
others. For this reason, they have been neglected as factor inputs in the
study of aggregative production relations. This is proper for the economy
as a whole, but not for separate treatment of industrial sectors. Foreign
trade in intermediate materials does not cancel out by being simultaneously
on the production and input sides; it is only an input. This point became
dramatically apparent in the fuel crisis of 1973-74. Models that included
imported fuel as a factor input would have been in an extraordinarily good
position for analyzing the effects of shortages in industrial market
economies.,

We introduce a bilateral trade matrix

Xmp *pc *pL
X = Xep *ee Xew

Xp *e XL

where Xij shows the flow of goods from region i to region j, all measured
in a common numéraire unit.

The trade flows X

D and XLD are the ones that should be entered as

factors of production.
Instead of entering these material flows into the value added production

function, they will be treated as separate fixed proportion constraints, so



that the production sector consists of the triplet

S _
pe = £k ¢o1» LFpy) (D)
s
= &
Xpt = SXepe * Ypr
s
= *®
Xpe = ppe * Ype

The last two equations are production requirement functions for imported
materials. The coefficients GXCDt and GXLDt reflect both the ratio of gross
output to value added and the production coefficient in gross output. These
are demand relations as long as supplies are unconstrained, giving required
material imports determined by full-employment output. In the event that
supplies of external materials are constrained below the levels needed

for full employment production, thecorresponding requirement equation will
become a boundary condition determining Yls)t' This formulation gives more
structural content to the workings of the world economy and is in the spirit
of existing macroeconomic models which combine aggregative value-added
production functions with an input-output system for determining industrial
inputs and outputs,

An alternative formulation would shift the aggregate production concept
to gross output and incorporate material inputs directly in the production
function. The present procedure makesit unnecessary to distinguish explicitly
between gross output and value-added, yields explicit demand equations for
imported materials, and is easier to implement empirically. Substitution

between materials and other factors may be handled by varying GXCDt or GXLDt'
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A similar triplet of equations will define the corresponding flow of
actual production Ype» with the value added production furction used in
inverted form to determine actual employment LDt,

The aggregate demand accounting identity and associated domestic

demand relations of the general model hold for the developed economy case.

Ypt = Cpt * Ipg * Ope * ¥pr =~ Mpe (4D)
Cpe = 6Cpp * Ype (5D)
Ipe = Glpe * Y, T (6D)
Gpe = GBpe * Ve

The expenditure ratios GCt, GIt’

variables in the D model or as time functions by estimation from the data.

and GGt are determined terms of other

The equations for total exports and imports of the developed market
economies consist of the accounting identities from the bilateral trade

matrix

Xpe = *ppt * *pce * ¥pLe (8D)
My = Xppe * Xepe * Xipe D)
The import equations for XCDt and XLDt were already specified in the

production sector. In order to complete the import side we add the remain-

ing import demand function

= »
Xppe = CXppe ™ Yppe



If the D sector consisted of only one country, XDD would be zero, but since
we do account for all world trade flows among the countries in an aggregated
regional system, the intra-regional imports are incorporated as above.

With regard to exports, it remains to determine XDCt and XDLt' Instead
of supplying specific export functions for these flows, we treat them as
excgenously determined from the viewpoint of the developed market economies.
They are determined endogenously as import flows in the other regional models,
as described below.

The closing of the gap between potential and actual aggregate output
in the developed market economies ordinarily is brought about by adjustments
in the production flow. In the short-run dynamics of the system, we could

use
8pe = G (Ygt " Ype)

or assume an equilibrium growth path for these economies in line with
potential output and impose the restriction

S

Ype = ¥

Dt
This permits the deletion of one variable and one equation,

(b) Centrally Planned Economies

A basic assumption for this model is that the planners are committed
to full employment; therefore we begin with a formulation in which actual
output coincides with potential output and labour force with total employment.
We do not consider an adjustment process or an unemployment calculation after

labour force and employment requirements are determined.
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The production relations are

Yor = fclee-10 Loy 1
Kot = Kopop = Do ™ Keeaa * Iy 20
Loe/Net = Pt (30)

As in the general case, we have an accounting identity and domestic

expenditure relations.

Yor = Cor * Toe * Ger * Xer - Mgt (4C)
Coe = GCce ™ Yot (56)
Toe = Glop ™ Yoo (6C)
G~ = GG~ * Y (73

Ct Ct Ct

Particular trade content of an inter-related system can be introduced
here by making Gl explicitly dependent on capital goods imports from
developed market economies. For simplicity we assume that all flows in XDC
are capital goods, which is presently a major aspect of trade between D and
C.

The trade relationships for centrally planned economies are now going
to be different from those in the general model, Since there are no
distinctions between YS and Y, LF and L in the centrally planned economies,
according to the assumption of a commitment to full erployment and full
utilization of all economic resources, this eliminates two separate variables,
but only one equation; therefore the accounting equation can be used to

determine total exports. If it is rewritten as
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+M

-C Ct Ct

X. =Y -1, -G

Ct Ct Ct Ct

we see clearly that exports are calculated as production that is not con-

sumed. We need, however, an import equation. It is

Mee = Xpee * Xee * Xece (8C)

As remarked previously, we assume that centrally planned economies
negotiate bilateral trading agreements with market and developing economies

in such a way as to maintain zero balances with each.

Xne, = X (8C1)

DCt (Dt

X =X

1Ct (8C2)

CLt

These are essentially barter agreements and are not unusual for the
economies concerned. Given the export flows XCD and XCL’ as established
by import demand functions of the market and developing economies, the
corresponding imports of the centrally planned economies are fully determined
by the assumption of negotiated zero bilateral balances. Since the intra-
regional trade flows must necessarily balance whether viewed as exports
or imports, the assumption of zero bilateral external balances also implies
equality of total imports and exports of the centrally planned economies.

Therefore intra-regional imports are given residually as

Xecr = Mee ™ Xpor ~ Xce (8C3)

" e Xpee

Xt
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Thus aggregate exports are determined as production which is not consumed
and the export proceeds are spent exhaustively on an equal flow of imports,
with the three bilateral components given by (8C1) - (8C3).

The assumption of an automatic full utilization growth path, the
residual treatment of exports, and the purchasing power over imports are
thus seen as distinctive features of the macro model for the centrally

planned economies.

(c) Less Developed Economies

A key problem in these economies is a surplus of labour together with
a shortage of capital. Capital availability is, therefore, a limiting factor
in production. Output and labour requirements are separately determined by
capital in fixed-proportion relationships. This is a first approximation,

which denies the existence of strong substitution possibilities.

e © Qe " Kye1 L
Lpe = Rpe ™ K¢
(3L)

a = 3
Gt = Kppe1 "0 " Kpeor I

The ratios Q t and RLt (capital-output and capital-labour reciprocals)

L
depend on the determinants of technical progress. This is a very different
production process form that envisaged for the developed market or centrally
planned economies, but it is one that seems to be well suited to the

description of the developing economy.
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Since there exists a chronic reserve of disguised as well as open
unerployment in these economies, owing to the inability of eliminating
unemployment by demand stimuli because of inadequate opportunities for
labour-capital substitution, the concept of a full employment labour force
loses precision, Under these circumstances little purpose would be
served by including a labour force participation equation and unemployment
identities in the developing country model. Total population and various
per capifa statistics are useful to look at as output quantities of the
model. These can be formed from the population estimates of a demographic
model and the solution values of the economic system,

The total accounting identity and demand ratios stand, as in the other

two cases,

Yo = Cpe * Ipe * Gp * Xpp - My (4L)
= *

e = %re " Y1 (L)
= ®

Ip = 6L, * Y, (6L)
= ®

Grp = GOpp ™ Ypo (7L)

The ratio GILt depend on imports from developed market economies, mainly
in the form of capital goods imports, This is the same consideration that
was mentioned for the centrally planned economies, and the explanatory variable
is, in this case, XDL'

Exports are calculated from a transposed form of (4L), as the flow of
production that is not wholly consumed. e need only an import equation to

close this modular component of the system
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Mg = Xpre * Xore * XLre (8L)

We assume that imports of the developing countries are constrained by

foreign exchange resources, as mentioned earlier. We therefore introduce

the grant transfer relation

Xpre = Xipe * Tpre o (8L1)

when TDL is the total of development grants made available to L by D.

T,. is an external variable for the system. The volume of export receipts

DL
from developed countries is given by X p-

As discussed earlier, X is determined as an import demand by the level
of production in the market economies, unless it is constrained from thesupply
side by the developing countries, as in the oil embargo case. In such an

event it is an exogenous variable in the present version of the model.

Imports from the centrally plamned economies are related to the income

levels of the developing economies

= GX, ® Y (8L2)

X cLe T VLt

CLt

Finally, intra-regional imports are given residually by

- X

X =M., -X CLt

LLt Lt DLt

= (e * Tpped - Xpre ~ Xere

Thus aggregate exports are supply determined and the export proceeds,
together with the exogenous flow of development grants, are spent exhaustively

on imports, with the bilateral composition given by (8L1) - (8L3).
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(d) Interregional Linkage
The trade sectors of the three regional models have been specified
so as to determine a consistent set of bilateral trade flows and thus to
satisfy the world law of conservation when the models are solved together
as a world system. This may be shown as follows.
There are nine individual entries in the X matrix and six marginal
totals:
b *pc ¥ %p
Yoo Xeo X %

p Yo X, X

h M M

Total exports and imports of the three regions are proximately determined

as follows:
(@) Xp = Xpp + Xpo + Xpy,
®) Xo= Yo - G- I - Gg + M,
(c) X, =¥, -C- I -G +M
Y My = Xpp * Xop * Xpp
(e) MC = XC

() h&‘= XL + TDL
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Thus total exports of the developed market economies are demand-determined
by import functions in the other economies, whereas total exports of the C
and L economies are supply-determined within their own economies. Total
imports of the D economies are also demand-determined and vary with the
level of domestic GNP, unless a supply constraint is imposed on their materials
imports by the L or C regions. Imports of the C and L regions are governed
by export proceeds and, in the case of the L economies, also by development
grants from the D economies,

Each regional model contains three import equations to provide a

breakdown by supplying region:

() Xpp = G¥pp ™ Yp

(i1) Xep = S%ep * Yp
(iii) Xp = GXpp * Yy

(iv) X = Xgp

v Xe = X

(vi) Xoo = Mg - Xpe - X
(vii) Xpr, = Xip * Tpp
(viii) Xer, = G * Yy,

(ix) Xip, = M, - Xpp, - X

Import additivity is preserved for each region, since MD is defined as the
sum of (i) - (iii) and XCC and xLL are residuals in the import identities
(vi) and (ix) for given values of aggregate imports as determined by

expressions (e) and (f) for MC and ML.
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Export additivity is also preserved, as is obvious for Xy which is
determined by the sum of its components in expression (a). As for the
centrally planned economies, total exports XC are independently determined

by expression (b). The accounting identity
X=X * Xt X

is nevertheless satisfied, since the left hand side is equal to MC by
expression (e) and the sum of terms on the right hand side also equals MC
through expressions (iv) - (vi). Finally, for the developing regions, we
again determine total exports independently by expression (c), but again we

find that

X=X, +X.-+X

LD LC LL

is satisfied. To see this, substitute for XLC and XLD from (v) and (vii)

to obtain

Thus the sum of component exports from the developing economies is seen to
be equal to ML - TDL' The independently determined value of total exports
XL is also equal to ML - TDL by expression (f), and hence export additivity
is satisfied for the L economies.
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The trade balances implicit in the system may be stated as follows:

@ B, =
(2) BC =
3 B =

Thus the deficit and
identity IX = IM.

This particular

*p -1

Xpp * *pc * Xp - Xpp -

Xpr - Xip

Ty

X - Mo

Xep * *ec * KoL Yoc
0

X, - M

Xip * Xpo * Xqp, - X
Xip - Xp

- T

surplus sum to zero, as

X - X
*oc ™ Xic
XL - XL

they rwst from the world trade

system is internally consistent and captures some

important aspects of the trade relationships which tie the various nations

together in a world economy. The assumptions of zero bilateral balances for

the external trade of the centrally planned economies and the grant-transfer

relation between the D and L regions serve the purpose of closing the system

but are somewhat arbitrary. They may be part of the contemporary economic

scene but may not persist.

the analysis.

Nevertheless, they provide a starting point for
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5. Concluding Remarks

The model with components put forward in the preceding section gives the
essentials for the long term assessment of real growth and related magnitudes.,
Starting from such a macro model the following concerns appear immediately:

a. disaggregation into economic sectors

b. consideration of alternative technologies or processes

c. geographical disaggregation

d. introduction of market rates

The problems (a) - (c) are approached within the project in the framework
of the hierarchical approach which provides methodological foundation. Disag-
gregated, micro-economic, models are developed in terms of nine sectors, namely,'r

1. Agriculture

2. Mining
3. Energy
4. Food

5. Manufacturing
6., Construction
7. Services I
8. Services II

9. Dwellings

Four Sectors:

I - Food, containing sectors 1 and 4

I - Mining and Energy, containing sectors 2 and 3
IIT - Manufacturing, containing sectors 5 and 6

IV - Services, containing sectors 7, 8 and 9

+Thomas Shook, "Implementation of World Micro Economic Model."



and two sectors
A - Food, containing sector I

B - Non-Food, containing sectors II, III and IV,

Questions of alternative technological processes and technology assess-
ment in general is approached by developing appropriate models on the tech-
nology stratum, i.e., in terms of actual physical phenomena, and in such a
way that it can be used for the production function in the economic stratum.
For an actual implementation of that approach for the analysis of the
adequacy of the world food supply system we refer to the report on the
assessment of the world food situation.+

These problems were approached within the project in the framework
of the hierarchical approach which is used as the methodological foundation,

A minimal set of market rates to go along with the system as now
structured consists of an interest rate, a wage rate, a price level. These
are market rates in the sense that they are all determined in some long rumn
fashion by the tendency to equate demand and supply in the capital market,
the labour market, and the goods market. DMost of the ingredients of these
markets are already available in the present models, namely labour supply
and employment, potential supply and demand for output. To complete the
market equations money supply will be introduced in a rudimentary financial
system. Other market rates to be considered are exchange rates for regional

currencies and prices of internationally traded goods.

. Richardson, "Scenario Analysis of World Foed Supply Situation'.
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In order to avoid the complications of introducing money and financial
sectors only real market rates, the real wage rate and the real interest
rate could be used. The real wage rate would be defined as the ratio of
the nominal wage rate to the price level and the real interest rate as the
difference between the nominal rate and theinflation rate. If all three
market variables were determined within the complete system, it would be
possible to derive the two real rates, but a short cut may be introduced
by defining market processes that determine directly the real wage rate

(demand and supply of labour) and the real interest rate (demand and supply of

fixed capital).



II. 3. Cobb-Douglas Production Function for the World Model
Project and a One Sector Crowth Model Interpretation

Michael D. McCarthy and George Shuttic

March 1974
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I. The Estimates

The Cobb-Douglas Production Law is as familiar to economists as
Mendel's "ratios" to the biologist or Einstein's famous formula to the
physical scientist. Those who need a serious review are invited to
read Senator Douglas' amazing original work [3] or the later work by
Brown [2].

Very briefly, for large economic aggregates such as the manufactur-
ing sector of a country - or the entire country - it has been observed
that the wage share (and hence the property share) in the value of total
production has tended to remain constant over long periods of time and
to have a very small variance. For the United States economy this wage
share-has been calculated to lie in the neighborhood of .67 to .75
{depending on the definitions used for labor compensation and output.

A typical sample set of computations for the U.5. can be found in
Solow [10]. It should also be noted that Senator Douglas found such
constancy to persist when much smaller production units were examined.

The Cobb-Douglas production law stated that the value of output
(qt) (stated in constant prices after having subtracted the value of
intermediate purchases) is related to aggregate labor input (Lt) and

the value of the aggregate stock of capital (Kt) as follows.
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1. q = A(t)Lz Kl'u. ny» where t is a time index, % n, is a random
error which hopefully possesses the Gauss-Markov properties, A(t) is an
unspecified function of time reflecting productivity changes. Generally
it was assumed that 0 < « < 1 and that, historically, §%§El >0as a

rule. A common specification for A(t) was A(t) = et

Douglas, and his associate (Charles Cobb) noted that if competitive
forces in an economy were sufficiently strong, we might reasonably expect
the value of the marginal product of labor to equal its observed nominal

wage. This implied that

Pt ;;3 = Wy where Pt = output price at time t and W, = wage rate,
t
In the case of the production law (1) this readily transiates to
q =
-n’t 'L_t' W, or
t
Wt . Lt
2. o = ——= = Tlabor's share at time t.
Pt .« G

A test of the hypotheses that 1) strong competitive forces were at
work in an economy, and 2) that the production law 1) was operative
might be provided by a least squares regression of g4 on Lt and Kt
provided suitable data were available. The test could be performed using
time series data - assuming an appropriate simple functional form for
A(t) would do. Alternatively cross sectional data could be used. Douglas'
results for the United States are now well known; regardless of variations

in the definition of labor, capital, and output, least squares estimates
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of a from (a log 1inear version) of 1) yielded estimates of o that would have
to be considered close to the observed historical Tabor share.

Attempts to test more general production laws against the Cobb-
Douglas law have generally met with failure. An example of one Waterloo
can be found in Nerlove [7]. It is not surprising that for the first
try we have chosen (1) as the production Taw for the World Model Project,
The advantages are obvious,

1. In economies, where competitive forces are strong, wage share
information may provide additional information which can be used
to counter the problems created by the scarcity of data points.
[The temptation to use formal Bayesian procedures in this case
is difficult to resist.] It is expected that in the case of
Western Europe, North America and countries such as Japan,
Australia, and South Africa this will be an advantage.

2. Even in sectors of the world where competitive forces may be
frustrated, the Cobb Douglas law may still work. The only
problem here is that labor shares need not be equal to the

labor exponent,

Time series are available for this study for eight economic regions:
1. North America - NA

Western Europe - WE

Eastern Europe - EE

Japan - J

O b, W N

Latin America - LA
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6. Middle East - ME
7. South East Asia - SEA
8. Rest of the Developed World - ROW

As noted earlier the problem with time series data is that a
suitable specification for A(t) must be provided. Unfortunately a simple
specification of A(t) = Aert win simply not do. Regions experience
periods of fast productivity growth and other periods of "slow" growth,

Some nations - Japan - experience periogs of technological catch-up in which

aot + a]t
would be appropriate. In fact, Japan

formulations such as A(t) = Ae
has posed a relatively minor problem for this study; the major problem has
been the identification of discrete breaks for the other regions - in which
technical progress A(t) has at first grown quickly and then not quickly;
the reverse is also possible.

As noted above the countries for which competitive pressures are
strong are not difficult to identify; in this case wage share data - when
available - can be used to strengthen the regression results. In some
cases, however, we are not without prior knowledge concerning regions where
competitive pressures may not be strong. Some of these regions tend to be
labor "rich"; SEA, and perhaps ME and LA are examples. It is these cases
where we would expect the Cobb-Douglas labor exponent to be Tow. The
Cobb-Douglas serves as a good statistical approximation to a body of
data on Qp» Lt’ and Kt as long as the sample data are selected from a
stable statistical population. However, no one would seriously consider
pooling data for North America - a relatively capital rich area, with

data for South East Asia. A separate application of equation (1) to NA
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and SEA should show the latter area with a much Tower labor exponent.
To see this observe that it is not unreasonable to assume that

3. gy = f(t,Lt,Kt)

where EEE_ and aqt are positive. It is also usual to assume 3) to be
]

t
homogeneous of degree one in Lt and Kt‘ Holding t and Kt fixed a graph
of 9% against Lt (varying over a wide range) would show, according to the

law of diminishing returns to variable proportions, something 1ike

q
t
/—'/-
4] Lt
However, such a graph also implies that for large Lt
Bqt
EY
t L 8
= "t . 9% to be small.
it i Ly
Ty
. . L 9q _
A check of equation 1 yields "t . t = a,
¢ oty

As noted above the major estimation problem encountered in estimating
the coefficients of 1 from observed data was that of identifying discrete breaks
in the rate of growth of A{t). [Given reliable data on wage shares, a
confidence that competitive forces are strong, and a confidence in equation
(1) this would pose no problem. Such wage share data are available for a
number of regions and are being collected for the study; in the meantime

we shall have to make do.] For the short term we have used a fairly crude

procedure.
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1. Simple Cobb-Douglas estimates of 1, were prepared for all
regions using the assumption that A(t) = Aekt. These least
squares estimates were as a rule unsatisfactory.

2. Graphs of [qt/(L% Kl'“)] = A(t) were prepared using assumed
values of o =" {.6, .65, .7, and .75 }. [These assumed values
are admittedly too high for the labor rich countries.] On the
basis of these graphs discrete breaks in A(t) were inferred.

A single discrete break in A(t) if it is of the {log) Tinear sort

t+ a dm + 2, dm . t where

in t can only be represented as A(t) = edo
dm is a "dummy varible" which takes a value of 0.0 before the break and
1.0 thereafter. For any time series sample two degrees of freedom are
lost in accounting for the break. We end this paragraph by noting that if
competitive forces are strong and (1) is an appropriate specification,
the search on o« ={ .6, .65, .7, and .75} is a very good device for
identifying structural shifts; if the exponents are stable, the shift can
only occur in A(t).

The preliminary results are presented in Table I below., The "t"
statistics are reproted parenthetically; R2, s, standard errors and Durbin-
Watson Statistics are also reported. [Graphs of actual 9 against predicted

a from the regressions are given in the Appendix.] Some preliminary

comments can be made. Note that 1) may be written as

q L '
la. [% = A(t) (Kf ) Nes since 1) is homogeneous of degree one in

Lt and Kt' The equations by region were estimted in log linear form.
Discrete breaks, when identified, are indicated in Table I. We note that

discrete breakes were found for all regions except Japan and South East

Asia. The stricking result for Japan was the accelerated growth in A(t);
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the "t" statistic of 3.3 cannot be ignored, especially given prior
knowledge. Generally, the Tabor exponents are as expected as far as signs.
The labor exponent for Japan was .575 and the observed labor share

in 1960 was .52. See Morishima and Saito [6]. The labor rich countries
have low coefficient estimates and the labor “poor" countries high
coefficients - too high in fact for North America and Western Europe.

We suspect the problem here is probably related to data. Fortunately,

in the case of these areas labor share data is available. Also, in the
case of North America a rich body of alternative data on Qs Lt’ and Kt
can be used. The well known Cobb-Douglas study of Knowles [4] for the U.S.
economy suggests corrective measures. We note here that McCarthy's [5]
refinement of Knowles' U.S. study yielded a Tabor exponent of about 2/3.

At this point, rather than using labor share data it is our intention to
begin by revising the data on Ky» and perhaps on the other variables. In
the case of Western Europe it may be necessary to resort to labor share
data. Edward F. Denison has suggested that, for the time being, we

assume o = .8 for both North American and Western Europe on the basis

of his labor share calculations. (Personal Communication.) These calcu-
lations may be slightly revised on the basis of detailed material in Denison.
Finally, we note that the time trend slopes appear to be positive as a
rule with the exception of South East Asia; this is not surprising,

[The quadratic time trend in the case of Japan requires special interpre-

tation.]
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II. One Sector Growth Model of the World Model

It is of some interest to note that the individual region equation
systems without the foreign sector equations have a legitimate interpre-
tation as belonging to a class of well known one sector growth models
developed in the late 1950's and early 1960's. Examples of these growth
models can be found among the work of Solow [9] and Phelps [8]. We
present the Phelps version here. We suppose that the production function

is given by (1) and add the following equations
- nt
4, L = L° e'" where Lo >0andn>0

5. It =S Gy and

Equation 4 is a longrun full employmentsupply curve where the rate of
proportional growth in the labor force is given by n. It is noted that n
is taken as a policy (or control variable in the World Model as are
parameters such as S > 0, which enters the gross investment demand curve,
equation 5. Defining K as the time derivative of Kt’ equation 6 merely
gives the rate of proportional change in Kt under the assumption that the
net stock of capital is subject to geometric decay depreciation due to
deterioration and obsolence. [Phelps' capital variable J(t) is easily
rewritten to satisfy this assumption.] In what follows &, and 1 will

also be taken as time derivatives of their associated variables. Note that

T = N
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Total differentiation of 1 and arranging term yields

%=>\+a]l:—+('l-a)-é or
b, - £atan -a £,

Using 6 and then 5 in 1b yields

ay .
}\+a(n+6)-asr or
t

d 2n{q./K,)

n

Te. d zn(qt/Kt) 3, - 3 8t where

0
t

3, =2 +afn+68)>0assuming n + & > 0, and a; = as >0,

Solution of this simple first order difference equation yields the

conclusion that d Qn(qt/Kt) = 0 in the long run or equivantly

7. g- = % . Substitution. of % for % into 1b. immediately yields

% = a'l(x + o n). Also the rate of proportional growth in output per

labor unit % - % = A. In short, the rate of economic growth is

indegendent‘of the savings rate (S) in the long run.

This section on the Solow-Phelps model is not included in this paper
as an intellectual curiosity. It is important to recognize at an early
stage the consequences of seemingly innocent assumptions. Taking equations
4, 5, and 6 as given the independence of growth rates from the savings
rate is a consequence of the Cobb-Douglas assumption., Above we note the

Cobb-Douglas may be a suitable approximation assuming that the data points
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are taken from a suitably homogeneous sample. MWe also note that North
America and South East Asia would not really be considered homogeneous.
Another way of putting this that over very wide data ranges the Cobb-
Douglas exponents may not be safely assumed to be constants. [The fact
that the labor elasticates for the labor "rich" regions seemed to be low
relative to their capital rich counterparts is certainly suggestive

in this case.] What this seems to suggests that for hyper-long future
forecasts that a more general production function would be appropriate;
perhaps a CES function should be used. [See Arrow, et. al. [1].

We close by noting that even if the Cobb-Douglas assumption is correct
and rates of growth are independent of the savings rate, it is obvious that
the solution of lc will show that the level of the growth path of q,
will depend on the choice of s. The choice of a higher s will yield a
higher growth path level. To the extent that regions do have some freedom
in their choice of s they may vary their growth paths. To us, it seems
intuitively clear that the capital rich regions have somewhat greater

freedom in this area.
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EASTERN EUROPE
Egn:
ty _ Lt
]"(%f) =a, * a]1n(Kf) a4 a3(Dummy) * a4t(Dummy)
[-6.0615] [4.4009] [4.2907] [-1.6695] [.82999]
a, =1.3917 ay = 4565 a, = .0143 ag = -.1476 3, = .0048

Break in 1963

RZ = 8969 S.E.E. = 0261 D.W. = 1.3833
REST OF DEVELOPED WORLD
Egn:
t, Lt
]n(ﬁf) = 4 * a]]n(Kf) ot ot Agumy) Y 2t (pumny)

[-12.9307] [3.3001] [4.5661] [.25649] [.06357]

a, = ~1.7100 a; = .6294 ay = .0180 aq = .0064 3, = .0001

Break in 1961
RZ = 952855 S.E.E. = .0110 D.W. = 2.1689
JAPAN
Egn:
In(gty . Lt 2
%f) = a, * a11n(Kf) + apt + agt
[-2.6547] [2.4882] [-0.4657] [3.2901]

a,* -2,1203 a; = .5752 a, = -.0068 a, = .0017

3
R? = 97718 S.E.E. 0297 D.W. = 1.0203
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TABLE I

Cobb-Douglas Estimates

WORLD MODEL PROJECT

WESTERN EUROPE

Eqn:
ty Lt
]"(l?'f) LY * al(]n(R'f) * at ¢ 33 (Dummy ) * a4t(Durm|y)
[-9.9241] [7.7501] [4.4960] [-4,0251] [4.4873]
ao= -2.3013 a, = .8794 a, = .0213 - a3 = ,1539 2y = .0170
Dummy from 1960
R = 9991 S.E.E. = .0075 D.W. = 2.2608
MIDDLE EAST
Egn:
ty _ Lt
]n(%f) = 8 ¢ aﬂ"‘Kf) *oat ¢+ 43 (Dummy ) a41;(dummy)
) [-4.0761] [2.8380] [3.7319] [4.4487] [-4.9290]
aO = .1,3977 a; = . 3045 a, ® .0242 a3 = 2947 a = -.0195

Break at 1964

R® = .8380 S.E.E. = .0126

D.W. = 2,0019
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SOUTH EAST ASIA

Egn:
ty Lt
in (ﬁ?) = a, tain () o+ at
[-1.70466] [-1.5973] [-3.85507]
2, =-2.4514 3, = .2024 a, = -.0146
RZ = .9736 S.E.E, = .0212 D.W. = .9789
NORTH_AMERICA
Eqn:
qty o Lt
In ‘%f) 4 * a1]n('K"t') +oagt i 33 (Dummy) * a4t(Dumm_y)
[-24.3674]  [4.3268]  [5.72828] [-1.61474] [1.34857]
-1.1316 1.3906 .0201 - .0636 ,0045
Break at 1960
RZ = .9740 S.E.E. = .016] D.W. = 1.7118
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DATA APPENDIX AND GRAPHS OF ACTUAL AND PREDICTED
QUTPUTS FROM THE REGRESSIONS
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II. 4. Computer Implementation of
World Macro Economic Model

A. Brdilek, P. Gille, K. Kominek, C. Loxley,
R. Pestel, T. Shook, W. Strobele
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1. Basic Assumptions

The macro economic model of the regionalized world system as specified
by Mesarovic, Klein and Hickman'r has been implemented using extensive set
of data to estimate the required parameters. The data base is fully docu-
mented in the project report by Strobele, Erdilek and allH while the
results of some most challenging estimation to problems are reported by
M, McCarthy and G. Shutticﬁ-r.

Several versions of the model have been designed, implemented and
validated, They differ primarily in the alternative ways how some functioms
within the model have been specified and the way the interregional linkages
have been implemented. In particular, the following versions of the model
have been estimated from the data and validated by comparison with historical
information:

(i) The production functions are specified by means of capital

output ratio

Y=Q*K

(ii) The production functions are specified in the Cobb-Douglas
form
Yy=a*1%xg®
(1ii} The regional exports are given in terms of the total world

output

X =GX* W

1‘M. Mesarovic, L. Klein, B, Hickman, '"Specification of Structure for a Macro-
Economic World Model'.

HW. Strobele, A, Erdilek, et. al., "Economic Data Base for Regionalized
Multilevel World Model".

THM. McCarthy and G. Shuttic, ''Cobb-Douglas Production Function for the World
Model Project and a One Sector Growth Model Interpretation'.
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10

where WY = Y.
. 1
i=1

(iv) The regional exports are given in terms of the total world trade

X=06X*WT
10 10
where WT is the sum of all exports or imports, WI = I Xi = I Mi'
i=1 i=1

(v) The exports of developed regions are given in terms of world
output or world trade while the centrally planned and developing regions
essentially follow a balanced trade path except for the foreign aid.

(vi) The interregional linkage is determined by the world trade
matrix whose time trade is estimated from the data.

All of these versions agree with the historical data to a satisfactory
degree of accuracy. The selection which one to use therefore cannot be
based on the test of validation by data but rather on the purpose for which
the model is used; e.g. the types of scenario which will be evaluated.

As an illustration the performance of the world macro model is compared
with the historical data in the tables and graphs which follow, The

definitions of the variables are:

CC - Consumption as computed by the model

HC - Consumption as given by historical data
CI - Investment as given by historical data
HI - Investment as given by historical data

CG - Government expenditure as given by historical data
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HG - Government expenditure as given by historical data
CY - Output as given by historical data
HY - Output as given by historical data
CX - Export as given by historical data
HX - Export as given by historical data
M - Import as given by historical data
HM - Import as given by historical data

The world trade matrix, as it changes over time is also given in the
subsequent table followed by the computer program which fully specifies the
model and can be used for computer implementation.

There is yet another way how the validity of the model can be tested,
namely, by comparing with the historical data, the values of the parameters
as used in the model and how they change in time. This is presented in the
tables and graphs which follow. The comparisons also provide a useful
insight into the consistency or time trends in the parameters, e.g.
saving ratio GI, the propensity to consume GC etc. The constancy or regularity
of these changes indicates strongly that the ‘structure selected is well suited
to the actual system modeled. The changes can be interpreted quite nicely
by the policy decisions as actually recorded in historical period under

consideration; e.g. the steady rise in GI for Japan and Western Europe, etc.
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Some Results of Validation Test
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3. Comparison of Model Parameters and Historical Data
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