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ABSTRACT

In this paper, a small stylized CGE model solved using
Johansen's method sequentially is presented. This model ,
called MMO, illustrates an alternative to the so-called Tmpact
paradigm for dealing with ORANI's lack of short-run
macroeconomic closure. The approach embodied in ¥MO does not
rely upon the assumption of micro/macro separability.
Instead, it achieves the desired objective by incorporating
financial assets directly into the decision-making processes
of individual agents and by having market clearing
relationships for financial stocks as well as for monetary and

real commodity flows.



(ii)

CONTENTS

1 Iatroduction

2 The

Sequential Johansen Solution Procedure

3 The Theoretical Specification of MMO
3.1 Overview
3.2 ®Final demand squations and portfolioc rules
3.2.1 Consumer demand for goods
and financial assets
3.2.2 Overseas demand for domestic
goods and financial assets
3.2.3 Final govermment demand for goods
3.2.4 Industry demand for inputs to the
production of fixed capital
3.3 Industry inputs and oubtputs for current production
3.3.1 1Industiry Supplies
3.3.2 Input demands
3.4 The creation of industry-specific fixed capital
and the supply of equities
3.5 Pricing equations
3.6 Government budgetary rules
3.7 Market clearing equations
3.8 Macroeconomic eguations
4 Concluding Remarks and 3ome Areas for Further Rescarch
Appendices
The B Coefficients
The MMO Equations
The MMO Variables
Endnotes
References
Figures
1.1 The shock and control paths of endogenous variable Yj

3.1 Real material and primary factor flows in MMO

3.2 Movements of financial assets among agents in MMO

Page

57
62

69

T4

76
79
90

95

98



SHORT-RUN MACROECONOMIC CLOSURE OF ORANI : AN ALTERNATIVE
TO THE IMPACT PARADIGM

by

Philip D. Adams*

1 Introduction

The ORANI module of the IMPACT project is a very large example
of the Johansen (1960) class of computable general equilibrium (CGE)
model ! Like all models built in the Walrasian tradition, ORANI
concentrates upon the representation of real commodity flows and
abstracts fronm nearly all financial considerations when projecting the
consequences of any exogenocus shock. This neglect of monetary
phenomena is one of the reasons why there are no mechanisms in the model

suitable for determining:

{1y the extent to whieh induced changes in the real exchange
rate will be realised as changes in the domestic infilation
rate relative to the foreign rate or as changes in the

nominal exchange rate;

(II) the extent to which induced changes in the buoyancy of the
labour market will be realised as changes in real wages or
as changes in employment;

{and]

(IIT) the extent to whiech changes in national income will be
realised as changes in aggregate absorption or as changes
in the balance of trade! (Cooper, MecLaren and Powell,

1985, pp. 415-6).



Since there 1s no financial sector and because the user must routinely
set exogenous many of the important macroeconomic variables listed in

(1) through (III) above, ORANI is said to lack a short-run macroeconomic

closure, Similarly, the model also lacks a long-run macroeconomic

closure, This means that even if, from the long-run perspective, a
dichotomy exists between the real sectors modelled by ORANI and the
financial sectors presently not modelled, there are still insufficient
mechanisms for endogenizing every macroeconomic variable simultaneously
with the large set of real structural variables upon which the model

concentrates.,

Without a short-run macroeconomic closure, ORANI cannot take
care of the necessary national income accounting for the large
aggregates of the economy in a way which recognises the existence of a
business cycle. This apparent shortcoming is by design and two separate
methods have been developed to deal with it. The first, documented in a
series of recent articles by Russel Cooper, Keith McLaren and Alan
Powell, assumes separability of the macro from the microeconomy and

maintains that in the short-run

‘... financial and money markets, as well as fiscal
actions, are only important for individual industries
insofar as they exert a real effect on the big
components of national income: namely, private
consumption, private capital formation and government
spending' (Powell 1981, p. 242).

On the basis of these assumptions the authors have developed a two-level

treatment known as the 'Impact paradigm'.?® At the level of the

macroeconomy, a continuous-time macrodynamic model endogenises important

business cycle aggregates, which, in turn, are used as control totals

for a conditional general equilibrium disaggregation of the economy by



ORANI.? Although this approach has been implemented successfully, there
remain one or two inherent problems that limit its general acceptance.
The most important of these is inconsistency in aggregation (i.e., there
are macrorelations in the macro module which cannot be derived as
explicit aggregates of microrelations in ORANI-—~ see Cooper, McLaren and

Powell, 1985, pp. 417-8).

The second approach, developed by Meagher and Parmenter (1985),
is less ambitious than the first. The aim of these authors is to
enhance the ORANI structural form with a representation of the
Australian fiscal system without having to introduce additional
finarcial variables into the model. This enables them to keep the
number of distinctively macroeconomic elements to a select minimum;
whereas in the Impact paradigm the macro model used to close ORANI is
accepted as a fully specified unit. In the Meagher/Parmenter or national
and government accounts (NAGA) closurev of ORANI it is common to
exogenize the public sector borrowing requirement rather than aggregate
absorption. This accords better with the realities of the exercise of

macroeconomic policy,

The long-run neutrality of money is a maintained position by the
ORANI model builders.® This reduces the number of issues to be
addressed in the model's long-run macroeconomic closure (the development
of which has recently been completed).® Most effort has been directed
towards providing the model with the ability to determine what
proportion of a shock+induced change in the aggregate capital stock is
financed by overseas capital inflow as opposed to domeétic saving. ORANI
is augmented with equations allowing the endogenisation of aggregate

consumption and hence of aggregate investment. These equations include



expressions explaining the domestic share in the ownership of capital,
the level of domestic savings, and the rate of growth in real domestic
saving over the period between the base year and the longnrun solution

year,®

The purpose of this paper is to present a small stylised CGE
model which illustrates an alternative approach for providing ORANI with
a short-run macroeconomic closure (and conceptually even a long-run
macroeconomic closure). This approach, which Cooper, McLaren and Powell
(1985) call the 'extended Walrasian paradigm', introduces financial
flows and stoecks directly into the decision-making processes of
individual agents and enlarges the number of markets typically
considered in a CGE model to include those for financial assets.’ The
model, called MMO, is based wherever possible upon 'skeletal ORANI' --
the teaching device described fully in Dixon, Parmenter, Sutton and

Vincent (1982, ch.2).

The 'extended Walrasian paradigm' is the cleanest possible
method for integrating real and financial sectors within a CGE framework
and for providing such models with a macroeconomic closure. Its
theoretical foundations can be traced back to Walras himself who, faced
with the problem of explaining why individuals hold cash balances within
a general equilibrium system, treated money as if it were a consumption
good by adding it to the utility function (see Walras, 1900, p. 297).
The theory has been subsequently developed by Patinkin (1965), Friedman
(1956), Tobin (1969 and 1980), Niehans (1978) and Grandmont (1983),
along with a host of others. Perhaps most important among the
contentious issues emerging from these studies has been the rationales

used to explain why individuals choose to hold a diversity of financial



assets including low-yield obligations of the government as well as
(potentially) high~yield securities issued by the private sector. In
MMO we have incorporated uncertainty of future asset yields to explain
this aspect of real-world behaviour. Thus as in the Tobin (1958) and
Markowitz (1959) mean-variance model of portfolio behaviour, investors
in MMO are always faced with the choice between a greater proportion of
low~risk assets offering low expected yields and a greater proportion of
relatively high-risk assets offering correspondingly high expected

yields.

The remainder of this paper is organised as follows. In section
2, the solution procedure proposed for MMO is explained. 1In section 3,
the theoretical structure of the model is presented; while section 4
contains concluding remarks and some suggestions for future research.
Certain coefficients of the model are defined in Appendix A, and a
model summary and variable list are provided in Appendices B and c,

respectively.



2 The Sequential Johansen Solution Procedure

The most common form of ORANI solution has been described as a
fcontemporaneous differential comparative statiec' (or CDCS solution, for
short -- see Cooper, MclLaren and Powell, 1985, p. 417). As with the
macrodynamic method, attention is focussed upon deviations from
'control'. More specifically, an ORANI CDCS solution has the following
form: given a shock in the exogenous variables introduced at some
predetermined base year, endogenous variable i will differ in the
short=run (i.e., after about two years) by x per cent from the value it
would have had in the absence of the shock; while in a more distant
future year (the long-run) it will differ by z per cent from the value
it would have taken in that year. For ORANI, the most commonly reported
short=run results are generally of the neosclassical type; although
results with a more 'neo~Keynesian' flavour can be obtained (see, for
example, Wright and Cowan, 1980). The short>run solutions favoured by
the Impact team allow for a rigid labour market, but are otherwise
neo-classical, reflecting the economy's adjustment to the initial
disturbance within an environment where industry-specific capital stocks
are exogenous and industry rates of return are allowed to vary
endogenously. The leng-run results (again, neo~classical) are achieved
by setting an environment that allows industry capital stocks to vary

and eventually to eliminate the initial disturbances in rates of return.

Another form of ORANI solution, & ‘'forecast!, has been
developed recently by Dixon, Parmenter and Horridge (1986). The
difference between it and a CDCS solution is illustrated in Figure 1.1.
Period 0 represents the base year and period t, the solution year.

The line AB depicts the adjustment path through time of an endogenous
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Figure 1.1 : The shock and control paths of endogenous variabie Yi



variable Y; following an exogenous shock injected in the base year. If
the shock had not occurred, then Yj would have followed its control path
depicted by the line AC. To compute a CDCS solution for Y; we need only
measure the gap CB at year t. Clearly such a solution need say nothing
about the difference (C-A). On the other hand, the forecasting solution
for Y; requires us to estimate what happens between year 0 and year t
(i.e.,between A and B in the presence of the shock, or between A and C

in its absence).

The remainder of this paper deals exclusively with CDCS
solutions. This type of solution is the most appropriate model-based
input to policy analysis for which the model developed in a later

section of this paper is designed.

We will see shortly that MMO is a dynamic model, containing a
number of variables the current values of which depend on past values
for themselves and/or other variables. For instance, there are equations
explainihg expectations of the future as functions of events in the
recent past, and equations enforcing stock/flow consist'ency through
time. To use the model for anything other than short-run CDCS analysis
in the presence of so many dynamic equations requires considerable
information about the effects of the shock in periods prior to the one
being considered, Ideally, this information should be consistent with
the predictions of the model for those periodé. One way to ensure a
measure of such consistency is to solve the model using a sequential
form of Johansen's (1960) solution algorithm.® This method generates a
sequence of linked annual CDCS solutions which will have imposed upon it
consistency over time., Whether this sequence of solutions can be

interpreted as a path along which the model is moving towards a global



state of long-run equilibrium (i.e.,a path upon which each successive
solution represents a longer and longer run)outcome, in the sense that
more and more variables are free to adjust) is questionable. If such an
interpretation was possible, then MMO would not only achieve a short-run

macroeconomic closure, but as well, a long-run macroeconomic closure.

To describe the sequential Johansen solution procedure we must
Tirst establish some of the basic features of the economy being modelled
by MMO. We begin by dividing the space of time into infinitely many
discrete periods, each of identical length (not necessarily equivalent
to a calendar year). In this space there exists an economy with an
incomplete set of futures markets: wherein at each period, all agents
make decisions in light of current events conditional upon their
perception of what the future will look like. These expectations cover
a specific (to each agent) subset of system variables and are not
necessarily rational. For example, they may be formed adaptively (as in
Cagan, 1956 or Nerlove, 1958), so that the expectation made at t of a

price in t+1, E¢(P(t+1)), is generated by:

E¢(P(t+1)) = Eg~q(P(t)) + ¥ [P(t) - Ee-q(P(ENT
where:

Y 1s a positive parameter (0 < Y < 1);
and

P(t) is the actual price in period t.

This economy is sald to have attained a state of temporary

equilibrium in every period, whenever all markets existing in that
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period are cleared regardless of whether expectations held for that
period have, or have not, been realised.® A temporary equilibrium
therefore can be likened to a 'snapshot' at a given point of time of a
fully dynamic economy evolving through time. It differs from the

equilibrium of a static system for two reasons:

(i) ‘'each "period" is not self contained; it is constrained by
past history and by the state of expectations about the
future;

{and]

(i1) it is generally not a position of rest but is subject to
certain dynamic forces; if xy denotes the position of a
temporary equilibrium, it has, within it, certain
systematic forces %y so that a temporary equilibrium
can be properly understood only in terms of the pair (xg,

%)t (Nagatani 1981, p. 34).

MMO represents this economy in its state of temporary
equilibrium at some period t, by a M vector of non-linear implicit

behavioural functions, Fi, such that:

Fe(Ue=1), U(L)) = 0 (2.1),
where:
U{t) is a vector of current variables (if 1=t)
or of variables lagged one period (if t=t~1).!°
The model (2.1) consists of M mathematically independent
_ equations in 2N variables -- N current and N lagged. The lagged

variables are arguments of the dynamic equations in the model which



consist mainly of expectation functions that combine information from
the past (in this case (t-1)) and present (t) to predict the future.
Other equations in the model impose conditions at period t, such as:
equality between (flow and stock) demand and supply on all current
markets; prices reflect costs; capital investment is financed fron
specified sources outside the investing industries; and the behaviour of
consumers and producers is determined from the maximization of objective

functions subject to relevant intertemporal constraints.

To find a solution of (2.1) we follow the approach of Johansen
(1960).'* First, we approximate the non-linear structural form of
the model at period t Dby expressing all variables as proportional
changes; thereby yielding the following linear system of M equations in

2N variables:

Ag(t=1) ule-1) + Ag(t) ule) (2.2,
where:
Ap(t) is a (MxN) matrix of coefficients each of which is
a function (specific to period 1) of the initial
values of the variables in period t {U(1), U(x-1)};
and

u(t) is a N vector of current variables (If t1=t) or of
variables lagged one period (if 1=t-1), expressed

as proportional changes.

Together, the matrices Ap(t-1) and A¢(t) comprise the model's

coefficient tableau for t. Elements of this tableau consist typically

of shares (such as cost and sales shares at t) derived directly from the

period t data base, and of miscellaneous parameters (for example CES



substitution elasticities) which have, where possible, been estimated
econometrically. The model's period t data base consists of input/
output data pertaining to both t-1 and t. These data represent the
fcontrol' (or ceteris paribus) input/output position of the economy at t
(and at t-1).'? As the model moves through time these data will require
frequent updating., In contrast, the econometrically estimated

parameters remain unchanged throughout a simulation.

If M < N, that is, if the number of mathematically independent
equations in the model is less than the number of current variables,
then G = N - M current variables must be chosen as exogenous to the
system (the N lagged variables at t are treated as predetermined). The
remaining current variables are called endogenous variables at £.'? The
user does not necessarily have to make a once-and-=for®all choice of
which current variables shall be exogenous. Each such choice of course,
corresponds to a different thought experiment by him/her. A great
advantage of the Johansen solution method in general, is that it
facilitates moving from one closure of the model to another; that is, it
makes it easier operationally for the user to alter his/her choice of

the endogenous:exogenous split.

An economically meaningful choice of current variables to be
made exogenous, in the sense that an arbitrary assignment of values to
the exogenous variables (current or lagged) at t cannot violate any

equation of the model, permits (2.2) to be rewritten, as:

Crledy(t) » Ca(edx(t) = o , (2.3),

where:



y(t) is the M vector of proportional-change variables chosen

from the set u(t) to be endogenous to the system at t;

Cq(t) is a (MxM) matrix of coefficients chosen from the columns
of At(t) which correspond to the M current endogenous

variables;

x(t) is the (G+N) (=(2N - M)) length vector of proportional-
change variables which are predetermined at t;
and
Col(t) is a (M x (G+N)) matrix of coefficients consisting of all
¥ columns from the matrix Ay(t-1), and the G columns of

A¢(t) corresponding to the exogenous variables at t.

Rearrangement of (2.3) yields the solution for y(t):

y(&) = Cqe) e (E)x(t) (2.4),

where the (M x (G+N)) matrix C(t) = [Cq(t)”'Co(t)] is a matrix of
elasticities. The (i,j)'th element of C(t) is the elasticity of

endogencous variable i at t with respect to predetermined variable j.'*

Before the user of MMO can conduct a CDCS thought experiment
using (2.4), he/she must first define a base period, choose a suitable
closure of the model, formulate a shock, and then assemble a set of

coefficient tableaux to allow a solution to be computed.

The base period, say period s, is here defined as the date of

reference separating the economy's known past from its unknown future.
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For most practical purposes, we can define s to be the most recent
period in the economy's life for which a well-documented data base for

the model ~-- the base period data base -~ is available.

Whemn the base period has been identified, the user can then
choose a suitable closure. The closure of the model will also set the
length of run, r; that is, the number of periods separating the end of
the base period from the beginning of the solution period. For
instance, take a closure for MMO that replicates wherever possible the
ORANI neo-classical short-run closure {(achieved in part by fixing
industry capital stocks and allowing industry rates of return to vary
endogenously). Then, the length of run plus the solution period would
be just long enough to allow one to ignore the impact of the shock on
industry capital stocks in use. For ORANI this length of run
corresponds to a calendar time of about two years -~ see Cooper, McLaren

and Powell (1985).

Once the base period and suitable closure have been selected,
the user then can formulate a shock consistent with the particular CDCS
thought experiment he/she wishes to conduct. The shock can be
convenliently represented as a matrix, say Z(s). Each column of Z(s)
corresponds to a period in the economy's 'present or future' (i.e., s,
s+1, s+2, ...), and each row corresponds to an exogenous variable (there
are G rows). The elements of Z(s) are interpreted as proportional
deviations from control: the (m,n)'th element is the proportional
deviation in the exogenous variable m from its controlv value at the end
of period n {i.,e.,its value at the end of n predicted under ceteris
paribus assumptions for the evolution of the economy up to and including

period n}.



The final ingredient necessany to compute a solution of MMO
using 2.4 is the coefficient tableau for the solution period. This
tableau is made up of miscellaneous parameters and shares derived from
the model's data base for that period. As we have seen, these data are
functions of the variables of the system along a control path which, in
general, cannot be known ex ante. However, in some applications of MMO,
it may be sufficient to assume that if the length of run is short
enough, any differences between the well-documented base period data
base and the subsequent solution period data base can be ignored.!®
For the present we assume that such an r is implied by any closure of
MMO that holds industry capital stocks fixed. Thus, given s, Z(s) and
such a 'short-run closure', we can assemble a solution tableau for s+r+i

and compute a solution of the model for that period, as:

- xq(s+1+r)
y1{str+1) x1(s+r)
= C(s+r+1) yi(s+r) (2.5),
k{s+r+2) k(s+r+1)
k{s+r)
where:
yi(s+r+1)
is the vector of current endogenous variables previously
k(s+r+2)
denoted y(s+r+t);
k{s+r+2) is a vector of proportional changes in capital stocks at

s+r+2 (notice that we are treating the period s+r+2
capital stocks as endogenous at s+r+1 on the assumption

that the flow of investment in s+r+1 is endogenous and has

no effect on capital stocks until the beginning of the

next period);
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xy(s+r+1), xy(s+r) and yi(s+r), respectively, are the components of
x(s+r+1) corresponding to current and lagged exogenous
variables (excluding capital stocks at s+r+1 and s+r) and
lagged endogenous variables;

and

k{s+r+1) and k{s+r), respectively, are vectors of proportional changes in

capital stocks at s+r+l and s+r.

The vector xi{s+r+1) is the (r+1)'th column of Z(s) excluding the
element corresponding to k(s+r+1). Note that in simulations, xjy(s+r) and
yj{s+r) will normally be set to zero, as will k(s+1+r) and k{(s+r) in

short-run simulations.

Included in the response, yj(s+r+1), is a change in industry
investment plans. These changes have no impact on capital stocks until
the beginning of period (s+r+2). At that instant the vector of capital
stocks differs by k{s+r+2) per cent from the level it would have reached
if the shock had not taken place. The response, yj(s+r+t) also captures
the effects of the shock on the input/output structure of the economy in

period (s+r+i).

Under the assumptions made above, solving MMO for t = s+r+l is
just like obtaining a neo-classical short-run solution with ORANI.
However, as we will see, to solve MMO for t > s+r+l requires that we use
Johansen's method sequentially so as to update the values of all stock

variables.

The remainder of this section draws upon Dixon, Parmenter and

Sutton (1978, pp. 8~11). Their method is based upon the idea that,
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whatever procedure is followed with respect to the control solution, it
will be necessary to update the coefficients {Cq(1), Co1); 1 = s+r+i,
s+r+2, ...} to take account of the projected effects over time of the
shock under consideration. For t = s*r+2, then, we need to consider
both the effect of the change k(s+r+2) in capital stocks and the impact
of the change in the input/output structure of the economy obtained from

(2.5). This is done by computing:

Xq(s+r+2)

y1{s+r+2) x1(s+r+1)
= C¥(s+r+2) | yi(stre1) (2.6),

K{s+r+3) k(s+r+2)

k{str+1)

where:

xi(s+r+2) and xq(s+r+1),respectively, are drawn from the (r+2)'th and
(r+1)th columns of Z(s) excluding the elements
correéponding to the capital stocks;

and

c*(s+r+2) is computed from a coefficient tableau formed, in part,
from a synthetic data base for (s+r+2) which is a simple
update transformation, derived using yi(s+r+t), of the

previous period's data base.

In general, we have:

x1(s+r+1)
yi(s+re1) %1 (str+1-1)
= C*(s+r+1) yilstre-1) | (1= 2,3,...) 2.7,
k(str+t+l) g k{s+r+t)

k{s+r+1~1)

where:



x1{s+r+1) and x1(s+r+r;1),r'espective1y, are drawn from the (r+t)'th and
(r+1=1)'th columns of Z(s) excluding the capital stock
elements;

and

C*(s+r‘+r) is computed as a simple update transformation, using

y(s+r+t+1), of the previous period's data base.

In the theoretical literature, the concept of long-run
equilibrium is often associated with notions of stationarity (where
there is no growth in any economic magnitudes) or of steady growth under
a *tgolden rule'. With respect to the requirements of applied
economists, both definitions have little applicability. In ORANI, for
example, long-run equilibrium is defined as the state of the economy
after an interval of time {the long-run) that is of sufficient length to
allow the size and distribution of capital stocks across industries to
adjust fully to eliminate the initial impact on relative rates of return

induced by the shock.

"Notice that apart from this plausibility requirement --

effectively that sufficient time be allowed for capital

to be mobile between industries -- the long-run is an

arbitrary number of calendar years' (Powell, Cooper and

McLaren 1983, p.11 -- my emphasis).

A similar definition could be used in the context of MMO. If
so, we would refer to both yq(s+r+h) and k(s+r+h}), where h is large and
sufficient for the above plausibility requirement to be met, as our
indicators of the long-run effects of the shock, Z(s). .Another
possibility would be to focus on a length of run sufficient for the

effects of a monetary shock to be neutral in the sense of having

negligible impact on real magnitudes.



3 The Theoretical Specification of MMO

3.1 Overview

MMO is a small stylised model designed to illustrate the
"extended Walrasian paradigm' within a CGE framework. The main features

of the model are:
i) mul ti-product industries and multi-industry products;

ii) substitution between domestically produced commodities and
imported commodities with the same name (the Armington,

1969, 1970 assumption);
iii) a financial sector;

iv) a full intertemporal cholce-theoretic framework to explain

consumer demand for goods and financial assets;

v) international capital flows (more precisely, flows of
claims to ownership in overseas and domestic industries);
and
vi) an endogenous explanation of how total domestic demand is

split between consumption and investment.

Features i), and ii) are shared with 'skeletal ORANI' (hereinafter MO),

while features iii), iv) and vi) are specific to MMO.

There are five agents recognized in MMO: domestic industries 1
and 2, the representative household (hereinafter the consumer ), the
central government, and the 'overseas entity' (i.e.,the rest of the
world). With respect to commodities, there are two goods (both
non-storable) and two primary factors. The latter are industry-specific

capital and a single type of labour.
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In the model's financial sector, there are four broad classes of
assets distinguished, namely, money, government bonds, equities and

foverseas financial assets'. A brief description of each now follows.

i) Units of money are created by the central government.
They are broadly defined and thus may yield ak non-zero market rate of
return. In keeping with the assumption commonly made for macroeconomic
models of exchange rate determination (see, for example, Mussa, 1982),
money is not internationally tradeable. Thus private domestic
(overseas) residents are not allowed to hold foreign (domestic)

currency.

ii) Bonds are variably priced perpetuities which act as
instruments of government debt. In the model no distinction is made

between short and long bonds or between safe and risky bonds.

iii) Equities are 'ordinary shares' representing claims to the
ownership of real capital in each domestic industry. Equity is issued
fully paid-up at the current market price to finance the net investment
plans of each industry. For convenience we abstract from the effects of
equity changes, such as stock splits, that alter the number of shares
neld by a stockholder but do not affect his/her claims on the industry's

assets.

(iv) ‘'Overseas financial assets' are aggregates of overseas

bonds and claims to ownership of overseas real capital.
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In MMO, investments offer the prospect of capital gain only,
with no income in the form of interest or dividends accruing to
investors. Following Merton (1973a, pp. 868~9), it is assumed that
markets for each financial asset are structured so that: there are no
transactions costs or problems with indivisibility of assets; and there
are a sufficient number of investors with incomparable wealth levels to
make each investor believe that he/she can buy and sell as much of an

asset as he/she wants at the market price.

A diagramatic overview of the structure of MMO is given in
Figures 3.1 and 3.2. Both diagrams are designed to give the reader an
overall perspective of the model's general structure without requiring

him/her to have prior knowledge of its precise structural form.

Figure 3.1 illustrates the directions of real material and
primary factor flows in MMO. As shown, the output of each industry
consists of goods 1 and 2 and of industry - specific (non-shiftable)
fixed capital. Production of goods 1 and 2 is achieved using a
multi4product output technology that is separate from the technology
used to produce fixed capital. The latter commodity, created in the
current period, is assumed to remain unproductive until the start of

the next period.

Domestically produced and imported goods with identical names
are treated as distinct in the model, This is achieved using nested
utility and production functions which take explicit account of the
substitution possibilities existing between goods from both sources. The

idea of using nested functions to model the demands for imports at the
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From Industxy ;1?:;;;3;
previous |1 Capital
period

Exports

Current period

Imports

Next Industry Indusyry
period 1 Capital 2 Capital

Figure 3.1 : Real material and primary factor flows in MMO
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microeconomic level was first put forward in Armington (1969 and 1970)

and is used extensively in ORANI.

The government is assumed to produce a single public good, the
flows of which are not illustrated, using only units of labour. This
good does not enter any utility or production function in the private

sector,

Figure 3.2 illustrates the agents who hold and who supply each
of the financial assets recognised in MMO. As depicted, the only agents
in the model who are permitted to hold financial portfolios are the
consumer and the overseas entity. On the supply side, domestic
industries 1 and 2 finance their net investment by issuing new equity;
while the government finances its budget deficit either by
monetarisation or by selling bonds to the private sector in the domestic
or overseas economies. Consistent with the domestic economy being small
with respect to world financial markets, the supply on the domestic
market of 'overseas financial assets' is assumed to be infinitely

elastic at the going world price.

Before presenting the full theoretical specification of MMO the
reader should be aware of the notational conventions used from now on

(notationally, the remainder of this section is self-contained).

i) The term 'commodity' is used to refer to goods, financial assets

and primary factors.

ii) Upper-case characters are used to indicate the initial absolute

value of a variable; whereas the proportional-change in that variable
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Figure 3.2 : Movements of financial assets among agents in MMO
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is indicated by the equivalent lower-case lettering. For example, the
proportional-change in a variable whose initial absolute value is
denoted by B, is written as b (where b = dB/B). Note though that
changes in any variable which may pass through zero are expressed as

absolute changes, not as proportional changes.

iii) Several of the more commonly used symbols and their

interpretations are listed below (the remainder are fully described in

the text):
ngi)j = actual demand in period t by user j for commodity i of
type z;
Ygii)j actual supply in period t by producer j of commodity i
of type z;
Vg;;)j = actual holdings at end of period t by agent § of
commodity i of type z;
and
(n)y(e) S . )
P(iz)j = the actual price in period t of item i of type z.
Th . . . (n)(t)
e supersecript (n) on the price variable, P(iz)j , allows us to

distinguish between different types of good prices. 1In particular,
n = 0 identifies basic prices (i.e., the prices received by producers
excluding all sales taxes). Purchasers’ prices of inputs to current
production are identified by n = 1; purchasers' prices of inputs to
capital creation have n = 2; superscript n = 3 identifies prices paid by
the household. Finally, the superscript n = ¥ identifies prices in

foreign currency. The possible values for j are 1 through 5: domestic
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industry 1 (j = 1); domestic industry 2(j = 2); the consumer (j = 3);
the central government (j = 4); and the overseas entity (j = 5). The
subscript 1 can take the values 1, 2, 3 or 4, When i is 1 and 2 we
refer to the goods 1 and 2, respectively. If i is 1 or 2, then z can
either be 1 to indicate that i is produced domestically, or 2 to show
that i is an imported good. Primary factors are identified by i = 3:
labour {i=3, z=1); and fixed capital (i=3, z=2). When i is Y4 we refer
to financial assets: money (i=4, z=0); equities issued by industry 1
(i=4, z=1); equities issued by industry 2 (i=4, z=2); government bonds

(i=4, z=3); and overseas financial assets (i=l, z=4),

The equations of MMO can be classified under seven headings.

These are, in order of presentation:

i) equations describing consumer and other final demands for
goods, and equations explaining consumer and overseas

demands for financial assets;

ii) equations describing industry demands for primary factors
and intermediate commodity inputs for current production,
and equations describing the composition of industry

outputs;

iii) equations determining levels of industry investment and

the supply of equities;

iv) pricing equations setting pure profits from all

activities to zero;
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v) equations explaining the governments' budget deficit and

how it is financed;

vi) market clearing equations for primary factors, goods and
financial assets;
and

vii) macroeconomic equations.

3.2 Final demand equations and portfolio rules
3.2.1 Consumer demand for goods and financial assets

To model consumer behaviour in MMO we require a methodology
which will recognise that the individual is a portfolio manager as well
as a consumer. One such model which manages to handle both aspects of
behaviour simultaneously is the Extended Linear Expenditure System with
Assets (hereinafter ELESA), a full description of which is given in
Adams (1986).!'® The ELESA generalises Lluch's (1973) Extended Linear
Expenditure System (ELES)}, using the continucus~time model of individual
behaviour developed in Merton (1969, 1971 and 1973b). Uncertainty plays
an important role in this framework, and is introduced by assuming that
returns on all financial assets are, from the perspective of the
consumer, stochastic processes. In this world of perfect capital
markets and (hence) zero transactions costs, it is the uncertainty of
t‘utur'e asset yields which induces the consumer to hold a diversified

portfolio.

In the original formulation of the ELESA, income flowing from
labour and capital gains was recognised, but no allowance was made for

the effects of income taxation. Similarly, utility was made a function
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of consumption alone, but the possibility of substitution in consumption
between imported and domestically produced items with the same name, was
ignored. Taxation and substitution between imported and domestic goods
play important roles in MMO and must be explicitly accounted for in any

theory of consumer behaviour used therein.

In what follows, we reformulate the ELESA to accommodate both
factors which were previously ignored in its construction. This is done
at first within the original continucus-time framework, the notational
implications of which require that we adopt the following convention.
All variables expressed in continuous-time are represented by symbols
which are identical to those of their discretestime analogues except
that the former have two (Instead of one) time superscripts. The first
superseript indicates the current instant of historical time, t; while
the second refers to an instant in consumer planning time (extending

from t into the future)., For example, in continuousatime notation,

(t,h)
X1y

from the viewpoint of the consumer at t, to be consumed at the notional

is the rate at which the domestically produced good is expected,

instant h(h > t) (note that the user subscript j = 3 has for the moment

been omitted for notational convenience).

Consider, then, the consumer whose income is generated by
capital gains and the yield on an exogenously given endowment of human
wealth. Following Merton (1971), the expectation held for the price of

financial asset 2z at h, PEE;?), is assumed to be generated by the

following stationary (in planning time) log-normal process:
(t,h)

Bl €7 H (t,h)

(z) (z = 0,..., 8) (3.2.1),

dh + w dz

(z) (z)
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where A(z) is the expected instantaneous 'permanent' proportional change
in the price of financial asset z, per unit time (i.e., the expected

long~run, or average, change per unit time); (mz)2 is the

instantaneous variance per unit time (assumed to be a parameter of the

model rather than a cheice-variable); and dzgzsh) is a normally

distributed variable with mean zero and variance dh. The latter, called

a Wiener process, is the continuous~time analogue of the difference

equation defining a simple random-walk -~ see Cox and Miller (1965).
The processes defined in (3.2.1) are alsc known as Ito processes -~ see
Ito (1951).

To derive the relevant budget constraint faced by the consumer,
we must do so initially in discrete~time, with time increments of Ah,
and then take limits to obtain the true continuous-time specification.
Following the schema laid down in Merton (1971, pp. 377-79), we assume
that the consumer enters an arbitrary period of planning time, h, with

planned non-human wealth:

t,h-ah) 4 (t,h~ah) [ (E,h)

W =LV P (3.2.2),
220 (bz) (4z)
(tyh—Ah) . N
where V(“Z) is the quantity of financial asset z expected to be held

at the end of h-Ah (a liability is represented by a negative value for

(t,h)

(Hereinafter W is referred to as just wealth, although

V(uz))‘
strictly speaking this symbol denotes the value of wealth planned for
the end of h from the viewpoint of t.) In (3.2.2) VEE;?—Ah) is the

correct term because this is the quantity of financial asset z
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expected to be purchased for the portfolio in h-Ah; and it is PEE;?)

because that is the expected price of the asset at h (see Merton, 1971,

p. 378).

Expected consumption and income levels and the new portfolio are

then chosen simultaneously to obey:

2

(e e - 5 e
LGP e,
in which T(t’h) is the expected average tax rate on the flow of consumer
wage income at h; ng{?)Y§§{?)is the expected (before-tax) flow of wage

income during h, per unit time; and ngj?)ngj?) is expected expenditure

during h on 'effective units' of good i, per unit time. An effective
unit of good i is defined as a CES aggregation of domestically produced
good i and imported good i. (For operational purposes, it will be
necessary at a later stage to define the uncobservable PE?:?)in terms of

the observable component prices ngi?) and F§§é?).)
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Incrementing (3.2.3) by ah gives:

(t, h+Ah) (t, h+Ah)

S L R T M"(i.) )
-Zg (wig hean) Vg Py han)
- E O el e
R N S RN

Z=

Letting Ah approach zero produces the continuocus-time versions

of (3.2.2) and (3.2.4), respectively:

(t h) (¢,h), (t,h)

= z V(Nz) P(uz) (3.2.5),
and
(t,n),, . {t,h) (c h) (t,h),(t,n)
-7 )(9(31) (31 ) dh -~ z P(l 5 x(l y dn
y
(t,h) . (t,h) (t,h) (t,h)
= : dv(uz) dP(uz) +Zz dv(uz) P(uz) (3.2.6).

The penultimate step in the derivation of the continuous-time
budget constraint is total differentiation of (3.2.5). Notice though,
that because expected asset prices are generated by stochastic
processes, (3.2.5) is not differentiable in the usual sense; instead, a
stochastic differential calculus as described in Merton (1982) must be

used. This done we obtain:
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(t,n) (t,h) o (t,h) | (t,h) _(t,h)
aw = I V(uz) dP(uZ> ZZ dV(uz) dP(uZ)
oy e () (3.2.7)
- (hz) (4z) reeii

Substitution of (3.2.6) into (3.2.7) yields the required

expression for the instantaneous change in wealth:

(t,h) _ (t¢,h)  (t, h) (t h) (t, n) (t,h)
aw E E Vi) Py O HP(31) Yigry ) dn
- (t,h), (t,h)
: P(l. X2y dn (3.2.8).

i=

The first term on the right hand side of (3.2.8) is the expected
instantaneous flow of income from capital gains at h. The remaining
terms represent the net addition to wealth from sources other than
capital gains. Unlike income from labour, income from capital gains

accrues to the consumer tax-free.

A common device for simplifying the analysis in models of
portfolio behaviour is to assume that one financial asset, say money
(z=0), is risk-free (i.e.,m(0)= 0). This assumed, we can rewrite (3.2.8)

after substitution of (3.2.1), as:

y
T [(a

Ze=l

(t, h) (t,h)

(t,h)
aw - (2)” Aoy uzy M

(t h) (t, hy (t h)]

dn o+ o) Qygy ¥ 92 (y)

w8 L o p(n)y (e h) (8,h)

(0) (31) Y(31) )} 9n

+ {A

(t,h),(t,h)

(i) X(l 0 dh (3.2.9),

—-EP



(t,h) (t,h), (t,h)

(t,h) . . L(t,n)
where Q(Mz) = P(uz) V(uz) W

/Y is the proportion of wealth

expected to be invested in financial asset z at h ( 2 Qgﬁj?) 1).

The reader should note that, in this context, the assumption of
risklessness does not imply perfect foresight. It does, however,infer
static expectations in a world apparently subject to stochastic

variability.

Having established (3.2.9) we now turn our attention to the
description of the consumer's choice problem., Let U({ ) be the
instantanecus intertemporal utility function which has planning time and
the time rate of consumption of effective units of goods 1 and 2 as its
only arguments. At t, the consumer seeks to choose a bundle of

< (Est)

goods , (13) (i,s = 1,2), and a portfolio of financial assets,
Q(t t)(z = 0,...,4), which will maximise the criterion functional
(4z)
t,h ,h
g J vogtsy s x@G o moan

subject to:

x{t.n)

(t,h) (t h))
X1

CE:S(X(n) ' (12)

(i =1,2)

exogenously given expected time paths for labour earnings

(t,h) (t,h) . (t,h) | .
{P<31) Y(31) }, commodity priges {P(ij) s 1,3 1,2} and the
tax rate {T(t h)} all of which are assumed to be stationary over
the plan and set equal to their actual values at t [PE;{?)YEE{?)
(t,t) (t,t) (t,h) (t,t) (t,h) _ (t,t), ©} 1.
Py Yo Pan” T Pap e T = T heleml

an initial endowment of non—human wealth W(t’t);
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and
the accumulation relationships, equations (3.2.1) and (3.2.9).
Ey is the conditional expectation operator, conditional upon knowing

actual values for total consumer wealth and asset prices at t.

As in Lluch (1973), the instantaneous utility function U{ ) is

assumed to have the following Klein-Rubin (or Stone-Geary) form:

(t,h) y(t,h) e (t,h) (t,h)
U(X“_) , X(2.) , h) = exp(-6(h-t)) V(X(T') , X(Z') ) (3_2'10)’
in which
GBI By T ) gy (3.2.11)
(1=) * Meey 7 5Py ROBIR 1L (i) .2.11),

where § 1is the constant time-preference discount rate; and the 8's and
;((i.)'s are parameters with the 8's constrained to be positive and
summing to unity. i(i-) is often called the subsistence level for Xé::};)

and is invariant to changes in both historical and planning time.

With our focus of attention on the initial instant of planning
time t, a solution to the above problem can be obtained in two steps.
Step 1 uses results already established in Adams (1986) to obtain
'optimal rules' for th.;:;')(i = 1,2) and QEE;S‘) (z =0,..., 4). Step 2
takes as control the values for Xézzg’)(i = 1,2) obtained in step 1 and

allocates these effective demands among corresponding goods from

domestic and imported sources.

Step 1

If the wage variable used in Adams (1986) is redefined as
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after-tax labour income, then (with a given stationary average tax rate)
the problem considered there is identical to the stage 1 problem being
considered here. Having made this substitution, we find by construction
that the optimal cbnsumption and portfolio rules corresponding to

equations (9) and (10) of Adams (1986) are:

g (Bt (,8) | < (t,t) {t,t)
APy T XaoPaly B )
2
_ o (t,8) .
Byu (jzz] Go PG (i=1,2) (3.2.12),
and
QB L oy olt.t)y
40y . (41) '
i=1
y
(iz)
Lw (A, .~ & )
L ()" Ao 2
Qestdy e,y gmp 1) (@7 () i p(E,0))

(Mz) - oF (3+)

(z = 1,..., 4) (3.2.13),

in which, by definition:

B8/ Ay

L (E58) WEE) L gL (8 (8,8 (5,8)

YP 30y Yi3ry

= A0

and where m(ij) is the (i,j)'th element of the inverse of the (4 x &)
covariance matrix of financial asset returns. Hereinafter c(t) is
referred to as the expected instantaneous flow of 'safe disposable’
income at t (i.e., the expected instantaneous flow of after—tax income

from human and non-human sources, where the latter is imputed at the

‘safe' rate of return A(g)).
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Equation (3.2.12) is a modified form of Lluch's ELES; while
(3.2.13) explains the consumer's portfolio behaviour as a system of
linear functions in safe disposable income, The latter expression is
consistent with the more traditional mean-variance model of portfolio
behaviour. It implies that the demand for risky asset k is an increasing
function of a weighted sum of rates of return on each risky asset

relative to the safe rate of return (the weight m(lz) being a measure

indicative of the relative security endowed from investing in asset i

rather than asset z).

(i+) (i#) (is) ’

Step 2
(t,t) (t,t) (t,t)

With X(i-) given by (3.2.11), X(iT) and X(iz) will be chosen
to minimize the total cost of purchasing that quantity of effective
inputs,

(6,0),(6,8) _ 2 (t,0) (t,t)

P, t X, = TP, 20X

sm1 (18D

subject to the CES aggregation

I V4
(t,6) Py
(1s)

[\
2 (i)
ngjg) = B L aSX
s=1

(i=1,2) (3.2.14),

where B and the ag 's are positive parameters, and p(i) > -1, but does
not equal zero. (It is conventionally assumed that the value of B is

defined so that the sum of the a's is unity).

The first-order conditions for solving this problem are:

a X
]

2

= AB Lo,
imq J

b, (¥ gyy)
(is)

(6,8) 71

(t,t)
P X(i5)

(is)

(i,s = 1,2) (3.2.15),
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and

(t,t) 2

X1y’ ™

B

- ..1/9
“p (i)
Lag Xﬁﬁéﬁ) <ij (1 =1,2) (3.2.16),
s=1

where A is the Lagrangian multiplier. From these it can be shown that

the demand functions have the following form:

- ~1/p,.
(p(i)/(1+p(i))) (1)

(t,t) -

gt el 2 PG %
sy ™ F*an | B |

9= (is) %

(1,8 = 1,2) (3.2.17)

(see Dixon, Bowles and Kendrick, 1980, pp. 295-7).

Equations (3.2.8), (3.2.12), (3.2.13) and (3.2.17) form the core
of MMO's sub-model of consumer behaviour. By averaging with respect to
planning time over the historical period t (which has unit length) we
can obtain the discrete~time analogues of these continuous-time
equations and hence derive their final computational (proportional-
change) forms. 1In so doing we assume that the consumer continually
replansg and 50 realisations of every variable in historical time are

seen as a succession of instants h = t in planning time.

After substitution for ngég), the discrete-time version of

(3.2.8) can be written as:

4
GE) LD (6) L(6) p(8) L (6=1) 1 (8)

3 3 A3 M3 Pran)T Plun) P g

2
s p(32(0), (8

i (©)(e)y(t)
o fan a3

)
TPy Vg3

(3.2.18),



.where H(t) = 2 P(t) V(t) , Is the nominal value of wealth held by the
(8z) (4z)3

3
consumer at the ‘end of period t (similarly, Vgu;)3 is the quantity of
asset z held by the consumer at the end of t, and

£y _ L) v (&) (t) R
Q(Mz)3 = P(uz) (hz)3/ w3 ). Note that we have reintroduced our full

notation including all user subscripts and price identifying superscripts

(e.g., the supersceript (3) on P(3)(t) indicates that this 1is the
(i)

purchaser's price paid by the consumer). The discrete-time form

of equation (3.2.12) is:

()

ENC I
(1+)3 X

(3)(t) (t) (t)
(i) (1) By ™"

P(1 *)

X P

By (t)( z P(3)(t) (i =1,2) (3.2.19),

(G (J ))

in which, by definition:

(t) (t)

u = O/A(0\3!

(€ | a8) (0) (- (8D p(0)(E) 4(£)

Bt Moyz M D TTPayTT Yiggyg)s

and where the superseript (t) on the A4 variables indicates, under the
assumption of continual replanning, that even though the consumer plans

as if he expects A(t) to prevail forever, at t+! he may substitute a new

set {A(t+1)} if realisations in the financial sector during t were not as
expected. Finally, the discrete-time forms of (3.2.13) and (3.2.17)

are:

4
() [ : (©)

Qu0)3 ~ RUISE '
Yoty ) )
Log™ (A3 7 A3 2
N R (O B O S AL L e (e Ep(a)(c)y )
(uz)3 "3 o G X
Aoy3

(z = 1,..., 4) (3.2.20),
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and
_ - =1/p,.
e p(3)(t), (o sy (1+p 1y (i)
th) x® s, __fég%-3_§
18)3 T Mia3 o7 Dt
Bt Piis)y 'y

(i,8 = 1,2) (3.2.21),

The simplest option to explain the process by which the consumer

(t)

generates values for the A(Z)B variables is linear extrapolation. This

assumed, we can immediately write:

pt=1) L (t-2) plt-1) p (E-2) P(t-2) - p(t=3) -

A8 ) Tz, WSBz). - (Mz) | T(Mz) __ (4z)
(z)3 P(t—z) (z)3 P(t—2) P(t—3)
(4z) (4z) (4z)

(z = 0,..., 4) (3.2.22).

where Y(z)3 (z = 0,..., 4) are parameters. Equation (4.2.22) says that
expected permanent changes in the price of financial asset z, from the
viewpoint of the consumer at t, equals the immediate past rate of change
in price of z plus a correction which allows for any trend exhibited
over the previous period. If Y(z)3 is positive, then the consumer
extrapolates this trend; while if Y(z)3 is negative, then the trend is

expected to be reversed.

Our next task is to convert equations (3.2.18) through (3.2.22)
into the form required by the Johansen solution method. Each relation
must be expressed as a function of proportional-change variables (where
the change is between two outcomes occurring at the same notional period
of time, t, rather than between two outcomes occurring at different
periods of time). Accordingly, we obtain (with all lower-case symbols
denoting proportional changes in the variables represented by the

equivalent upper-case characters):
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4
(®) (=1 (01, (6)  (8)2 . . (6) _ (t-1). (t)3
wy = w8 1003 By ¢ By T Py (g0
2
(3)(6) , (6 (W (8 (05
15 Piey X(1)39B(5s ary”" B
(0(r) | (6) ) (5)6
Cp(ayy " (5508 (3.2.23),
(L) _ (L) (8)7 (t) ()8 (3){t) ()9
Faeyz = @By Y ARG T Ry B
(3 () (E)10 .
PG B (i=1,2; 541) (3.2.20),
W __d
dQ(UO)3 = iZ dQ(Ul)B (3.2.25),
4
(t) OROE (6) ()11 _ . (6) _(£)12
Qazyz * Y3 Cum3 = OGP T R P
a(Bp(e13 _ 2 (3) (80 ()1
(z) =1 3=y "=
(2= 1,000, B) (3.2.26),
2
() () (3) ,_(3)(t) _ (3)(£) . (£)
“e)3 T M3 T M) Pasy TN Py S
(i, = 1,2) (3.2.27),
(¢) _ _(t=1) (t-1)15 plt=2)p(t-2)16 (t-3) (t-3)17
4 (2)3 = Pluz) B(z) P(uz) B(z) Pluz) Brz)

(z =0,..., %) (3.2.28),
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in which:
) (©) (618 , u(E) (6318, ()
wylo= “(uz) (20 " Va3 By 7 Viugys) (3.2.29),
(©) () (o9
du = ( )3 (3.2.30);
(8) | g (0) (6) , (0 (020 (6) (t)n
dg = dA(0)3 3 WS B dT3 B
Ot (0 (62 .
PPyt Yiar)3)B (3.2.31;

and where ogfi = 1/(l+p( )), is the elasticity of substitution in
consumption between good i from domestic and overseas sources; 523)3
is the share of total consumer spending on good i at t which is devoted
to good i from source j; and the B's are explained in Appendix A. To
avoid division by zero, all variables which may pass through zero (e.g.,

the A and Q variables) are expressed in absolute rather than proportional

change form.

To interpret (3.2.23), (3.2.24) and (3.2.26), we need an
equation defining the p(i_) in terms of the proportional changes p(i1)
and p(i2) in the exogenous component prices. By analogy with the way
equations (12.18) and (12.19) were derived from (12.7) and (12.8) in
Dixon, Parmenter, Sutton and Vincent (1982, pp. 78-81), from (3.2.15)

and (3.2.16) we find in proportional changes that:

2

- z s(” p(32(8) (i=1,2) (3.2.32).

(3)(t)
b (18)3 P(is)

(i+)
(3)(¢)

This says that the change in the composite price P( 9 is a share

weighted sum of changes in each of the component prices,
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We conclude this sub~section with a summary of the
proportional~change form of MMO's sub-model of consumer behaviour,
Equation (3.2.23) explains the change in the consumer's holding of
non-human wealth at the intersection of two solution periods as a
function of changes in financial asset prices and goods prices, and of
changes in income from capital gains and labour. The second system of
equations (3.2.24) relates changes in effective demands for goods 1 and
2 to changes in the ‘marginal propensity to consume' out of safe
disposable income {(u), to changes in safe disposable income and to
changes in the prices of effective inputs of goods 1 and 2. The third
equation (3.2.25) relates the change in the share of consumer wealth
held as money to changes in each of the risky asset shares. Equation
(3.2.26) explains the change in the value of risky asset z held at t as
a function of qhanges in 'risky! rates of return relative to the safe
rate of return, of the change in safe disposable income and of changes
in the prices of effective units of goods 1 and 2, The fifth system of
equations (3.2,27) relates the change in demand for good i from source s
to the change in effective demand for good i and to changes in the
prices of imported good i and domestic good i. The final set of
equations (3.2.28) explains the change in the expected permanent price
of financial asset z as a function of changes in the price of z during

each of the previous three periods.
3.2.2 Overseas demand for domestic goods and financial assets

The export demand functions in MMO replicate the corresponding

relationships in MO (see Dixon, Parmenter, Sutton and Vincent, 1982,

p. 22 for further details)., If XE‘i:l))S is the volume of exports of good

i, then:



(*)(t) (t) .

Pli1y = hi(X(n)S) Fiilys (i =1,2) (3.2.33),

{(#)(t) . . . . .

where P(il) is the foreign currency price per unit of export of good i

(i.e. the f.o.b. price in foreign currency), hi is a nondecreasing
. CON . . ) X

function of x(il)S ; and F(il)'j is a shift variable used to simulate

changes in the foreign demand curve (i.e., if there ls an increase
(decrease) in foreign demand for 1, then F(il)S will increase

(decrease)).

The linear proportional-change form of (3.2.33) is:

(¥)(t)

(e .
Piil)y = Yey$iys T fi1)s (i =1,2) (3.2.38),

in which Y a positive parameter, is the reciprocal of the Cforeign

(i1y’

elasticity of demand for domestic good i, i.e.;

The reader should note that (3.2.34) does not explain xéii:]?)ﬁ ; 1t merely

posits in price/quantity space an eguation the shape of which is

determined by the value given Y.

With overseas demand for goods explained by (3.2.34), our
attention now turns to the overseas demand for financial assets. As for
the domestic consumer, we model the portfolio behaviour of the overseas
entity using a modified form of the ELESA. However, in the absence of a
full treatment of the overseas economy, only a limited version of the
system used in sub-section 3.2.1 is needed to explain the foreigner's
portfolio behaviour. This version, which accommodates all

characteristics peculiar to the overseas entity in MMO, is derived below
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(note that wherever the reformulation of this sub-section overlaps that
of the previous sub-section, the duplicated material is ignored and the
reader’'s attention is drawn to the former for any missing details).
Again we work initially in continuous-time, then in discrete-~time with

the transition to proportional changes left until the end.

As with the consumer, we assume that the expectation held by the

overseas entity for the price of (internationally tradeable) financial

as ; . (*)(t,h) .
set z at planning point h, P(Mz)s » 15 generated by an Ito process,
i.e.:
gp () (t,n) (
LLd2)s (%) (t,n)
(*)(t,h) A(Z)S dh + N(Z)S dZ(Z)S (z = Tyeeay 1) (3.2.35)n
(4z)5

in which we have reverted to our previous continuous-time notation with
the addition of a superseript (*) and a subseript (5). The former is
used to distinguish variables expressed in overseas currency from
variables expressed in domestic currency, while the latter is used to
distinguish expected realisations from the viewpoint of the overseas

entity from those of the consumer., An example of this notation is

3
Agz;S which denotes the expected instantaneous permanent change in the
overseas price of financial asset z as seen from the viewpoint of the
foreigner at t (A(z) on the other hand is the expected permanent change

in the domestic price of asset z as seen by the consumer).

Given (3.2.35), the overseas entity's accumulation relationship

*
for wealth (the planned value of which for h is denoted wé )(t’h)) must

be expressed as the stochastic differential equation:

(t,0) L ()(E,h) - (0(t,n)
5

y
(*)(t,n)
s = 25 V(uz)s Plugys (3.2.36),
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*
where C; ){t,h) is the expected instantaneous net addition to overseas
wealth at h from sources other than capital gains, per unit time,

For convenience, let the overseas financial assets aggregate be,

from the perspective of the overseas entity, risk-free (i.e.,m(n)5= 0).

Then, upon substitution of (3.2.35), (3.2.36) becomes:

3
(*3(t,h) _ (¥y _ (") (*)(t,h) [ (¥)(t,h)
dw5 = 251[(;\(2)5 A(N)S) Q(MZ)5 WS dh]
3
(*)(t,h) (¥} (t,h) __(t,h)
tE R fens s % (2)s
(*y (¥} (t,n) L o8 (t,n)
Ay)s s dh + C dh (3.2.37),
. (*){t,h) _ 0 {t,n) (t,h) (*)(t,h)
where, analogous to before, Q()‘Z)5 = Pluzys \I(uz)5 / w5 .

At t, the intertemporal choice problem for the overseas entity
can be expressed as follows. Choose a bundle of goods and a portfolio
of financial assets to maximise, over an infinite planning horizon, the
expected present value of a utility stream having the same Klein-Rubin

form as that specified in (3.2.10) and (3.2.11), subject to:

exogenously given expected time paths for wage earnings and
goods prices all of which are assumed to be stationary over
the (foreigner's) plan and set equal to their actual values

at t;
o = (¥)(t,t)
an initial endowment of non-human wealth w5 ;

and

the accumulation relationships, equations (3.2'.36)>and

(3.2.37).
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With our attention focussed on the initial instant of planning
time h = t, and by analogy with the arguments by which a solution was
found to the problem being considered in Adams (1986), we can assert
that the portfolio component of the solution to the foreigner's choice

problem is:

3 .
(iz) ,, (%) (*)
(*)(t,t) (¥)(t,t) I w (A - A )
Suzys’ " M5 T B C B LA LA CO S C YOS
F (*) (1)57s
(4z)5 (8)5
2 o120 () )
T LA CTY O )
) n
Auys
(z =1,..., 3),
Q) L7 ) (3.2.38)
(44)s - 2m1 (4z)5 (41ys e '
(iz) | . . (iz) .
where mS is the foreign counterpart of the domestic w H F(Hz)s is
a shift variable allowing an exogenous treatment of overseas demand for

(%) (t,t)

financial asset z; and n is the instantaneous flow of foreign

wage income net of total 'subsistence expenditure' (i.e., the overseas

(t,6) ,(t,t) _ (t,t) 5
31y 3N (i)

el

equivalent of P Y P (i‘))’
i=1
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The discrete-time analogue of (3.2.38) is:

3 . :
(iz),, (¥)(t) (%)(t)
() (e) (%)(v) Lw (4 - A )
Qs M5 D Cotm 2 BB TS T ) o
F A(*)(t) (s 75
(4z)5 45

g W2 ONE) | () (1)

B LI S YOS
RG]
(®)s
(z =1,..., 3),
1 e A (2L (3.2.39)
(4ys  ~ 2e1 (4z)5 “(umys e ’
in which:
MO B Y S I CS
5 - (hz) (4z)5 7
z=1
and where‘ values for the A(*) variables are generated by the linear

extrapolative hypothesis, i.e., as in (3.2.22)

P(*)(t~1) = P(*)(t—Z) p-1)y () (t-2)
PRSROLRANR ¢\ ) I €. SE Adzy o (Bz) o
(z)5 P(*)(t—Z) (z)5 P(*)(t—2)
(Uz) (4z)
(*)(t-2) _ (%) (t-3) -
. Plazy T Pugy 7
(z)5 P(*)(t—3)
(4z)
(z = 1,..., 4) (3.2.40),
with Y<z)5 a parameter. Note that the user subscripts j =5 on the

financial asset price variables are now redundant.
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Finally, the linear proportional-change forms of (3.2.39) and

(3.2.40) are, respectively:

(2n | 3 (0)(8) (£)25

aQys) ¢ s B = a8 (0% L %as Pan
L AR
(z = 1,..., 3),
() (t) 3 () 3w
Quupys’ = 7 I Qays Fams  Famst! 7 G
(3.2.41)
and
T P - R
(z = 1,..., &) (3.2.42),
in which

4
(%) (t) _ (¥)(e) H(£)31 (t) (€131, (t)
Ve = 251(p(uz) Bizy. * Wiugys By 7 Viygys) (3-2.43),

and where the B's contained in (3.2.41), (3.2.42) and (3.2.43) are

defined in Appendix A.

3.2.3 Final government demand for goods

The government in MMO produces a single public good using units

of labour as the only inputs to production, Accordingly there is no

final government demand for goods,
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3.2.4 Industry demand for inputs to the production of fixed

capital

Following Dixon, Parmenter and Rimmer (1984, pp. 500-1) we
describe the final demand equations for inputs to the production of
fixed capital in industry j, as solutions to the following problem. For
industry j (J = 1,2) at t, choose the inputs

A2) () i -
x(iz)j i,z = 1,2)

to minimize the total cost of producing units of fixed capital

2 2
L P
i=1 z=1

pl2)(t) L(2) (L)

{iz) (iz)3 (3.2.44),

given the number of industry-specific fixed capital units created by

(t)

industry j at t, and subject fo the nested production function:

(32)J
L (2)(1) < (@) (%) {
(% s (1-3] (7 3

Yoy MM ey Em (3.2.45),

P14 (24} f
B s [xgggggaxgggﬂ (=12 (.26,

(2)(e) : .

where X(iz)j is the demand for good i of type z used for the creation

of units of fixed capital in industry j at t (note that the superscript
(2) identifies inputs to the production of fixed capital; whereas the

superscript (1) identifies inputs to current production): ng)gs)

the demand for an effective unit of good i used to create a unit of fixed

capital in industry Jj; and the Défzgg)

'effective unit' is here defined as a CES aggregate of units of the

are positive parameters. An

imported and domestically produced good with the same name. Thus
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imported and domestic supplies of good i are allowed to be imperfect

substitutes in the production of fixed capital.

The production technology encapsulated in (3.2.45) and (3.2.46)
does not involve the use of primary factors. This is in keeping with
the convention adopted in ORANI (and many other CGE models) where it is
assumed that the use of primary factors in capital creation is accounted

for via inputs from the construction industries.

The solution to this cost minimization problem has the following

proportional-change form:

@) (0 @) (@0 2 @) (@)
(i T e T ay Pan T L faas Paw

(i,z,J = 1,2)  (3.2.47),

(2)

where: c(i)j is the elasticity of substitution between intermediate
inputs of good i from domestic and overseas sources used for the

(2) ()

creation of fixed capital in industry j; and p(iz) is the proportional~-
change in the price of good (iz) used by industry j at t for the creation
of capital (the superscript (2) allows us to recognize that the flow of
good (iz) for input to capital creation may attract a different tax than

the flow of the same good to current production).

3.3 Industry inputs and outputs for current production

The current production technology available to each domestic
industry in MMO is based upon the same assumption of *input-output
separability' as used in MO.!'7 Under this assumption, an industry's

input and output decisions can be treated separately thereby yielding
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relatively simple supply response and input demand equations of the

forms:
(t) (0)(t) (0) (%) (t) .
Yang " Yan;®Pan o Paz 0 %) W= n2) (B.30a),
(L) x¢ () J(e) (1)) (I)(t) (t)
Xaayg” = Xami®an v Paay Py v Pz %)
(1,2, = 1,2) (3.3.1b),
and
x(£) () (t) ) (t) :
(3z)j (32)J(P(31) ' (32)J Y (z,i =1,2) (3.3.1e),
in which Y( ) is the production of good i by industry j at t; X(l)(t)
(11)3 iz
is the demand at t by industry j for good i from source =z for purpose
(1) (i.e., for current production); and ng;)j is the demand for primary

factor z by industry j at t. According to (3.3.1a), Yggi)j is a funection

of the basic prices of goods produced by industry j at t, Pé?i;t)
(i = 1,2), and of industry j's activity level at t, Zét) {where Zét) is

a scalar).'® The demand for good i from source z (equation (3.3.1b)) is

a function of input goods prices, §1;§§)(1,z = 1,2), and of Z( ), while

the demand for primary factor z (equation (3.3.1c)) depends upon the

price of labour inputs purchased for current production, p§;3§t), the
(t)

rental rate on a unit of capital employed in industry j, P(32)j , and

again j's activity level.

3.3.1 Industry supplies

In MMO, the equation (3.3.1a) is determined as the solution to
the problem of maximizing industry j's revenue at t subject to given
product prices, and the CET (constant elasticity of transformation)

transformation frontier:



AL CET [‘Ei(s.;j} (4 =1,2) (3.3.2).

The supply relations which solve this problem have the following

proportional-change forms:

N

(0) L) (0 T ) (0 ()

g T RPan T T E Rans Pan

(1,3 = 1,2) (3.3.3},

. L ()
where n(qT}j

industry j's revenue at t and Bj (~= < B3 < 0) is the elasticity of

is the share accounted for by sales of good q in

transformation between goods one and two produced by industry j.'°
According to equation {3.3.3), the output of good i by industry j at t
will increase, in the absence of any price changes, with the activity
level of j, Zj. However, if the price of good 1 increases relative to
the price of good 2, then industry J will transform its output mix in

favour of good 1.
3.3.2 Inpul demands
On the input side, equations {3.3.1b) and (3.3.1c) are found as

solutions to a cost-minimization problem subject to the following nested

input technology:

() x () L)

afans e ey | ,m
Hin | S 0 S 0 pm | TR G e Bh3ae,
(5 Pens Peeg
() | s (D) (&) .
Xy = CES (iinyg's Xy (1,j = 1,2) (3.3.4p),
(©) (£) (6 ] |
x(3_)3. = CES (X(31)j’ X<32)j) (3 = 1,2) (3.3.4e),
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me) . .
(25 U4

industry j uses 'effective' units of goods and 'effective' units of

where D = 1,2) are positive parameters. According to (3.3.4),

primary factors in fixed proportions to produce a unit of activity at ¢,
(%),

J
and primary factors, nor between intermediate inputs of goods 1 and 2.

Thus no substitution 1is permitted between intermediate inputs

However, from {3.3.U4b and ¢), capital can be substituted for labour and

imported inputs can be substituted for each domestic good.

The input demand functions which solve the cost minimization

problem for given input prices, have the following proportional-change

forms:
2
(D) _ (&) _ (1) (W(t) _ (L) (1))
“tay T2 7wy Pub o Sy Pao )
(i,z,§ = 1,2) {3.3.5),
(¢) (). (D) (t) (). (v) s
X35 7% T %y S PG T Pyy) Um 12l (3.6,
and
t) _ (L) (1) (%) () _ _{(1)(e) .
3233 T %5 935G Py T Pan ) G- 12 (3.3,
where:
ai;%j is either the elasticity of substitution in industry j

between intermediate inputs of good i from domestic
and overseas sources (if i = 1 or 2), or the
elasticity of substitution between fixed capital and

labour in industry j (if 1 = 3)(note that the
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superscript (1) indicates that these elasticities
pertain to the current production process of industry
3

S(‘)(t) is the share in the total cost of good 1 used as

(ig)J
input to the current production of industry j,
represented by good 1 from source q;
and
Eg;?; is the share in total primary factor costs of industry
j at t represented by primary factor z.
3.4 The creation of industryaspecific fixed capital and the supply

of equities

In sub-section (3.2.4) we described the technology for creating
fixed capital in industry Jj, but left unanswered the gquestion of how
much gross investment was undertaken. It is now time to consider this

(t)

(32) G =1,2)).

problem (i.e., we describe the MMO theory for the I

MMO's theory of investment is based on the so-called 'q' theory

suggested by Tobin (1969).%° The latter can be summarised as follows.

'The neoclassical theory of corporate investment i1s based
on the assumption that the management seeks to maximise
the present net worth of the company, the market value
of the outstanding shares. An investment project should
be undertaken if and only if it increased the value of
the shares. The securities markets appraise the
project, its expected contributions to the future
earnings of the company and its risks. If the value of
the project as appraised by investors exceeds the cost,
then the company's shares will appreciate to the benefit
of existing stockholders. That is, the market will
value the project more than the cash used to pay for
it.' (Tobin and Brainard, 1977, p. 242).
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This suggests that the rate of investment is an increasing function of
‘marginal q', the ratio of the market value of new additional investment

goods to their replacement cost.

Marginal ¢q is of course unobservable. However, we can observe
'average q', the ratio of the market value of existing capital to its
replacement cost and to a good approximation the two are equal.?! With

this assumed we can write:

(t) (t) ,.(t) (t-1) .
1(32)3. = 1(3‘2”(?(43.)/11J ) o+ djv(32)j (3 = 1,2) (3.4.1),

where I(32)j is a non-decreasing function of 'average q' for industry j;
Péﬁ;)' the price at periecd t of industry j's equity, is the market's

valuation of a unit of industry j's capital existing at t; H§t) is the

unit price of new capital equipment created in that industry at t; and

dj is the rate at which j's stoeck of physical capital (VEEE;;)
depreciates during t. Dee (1983), p. 18) notes that the price Péﬁj) is
not neéessarily equal to the actual production cost of capital equipment

in that industry (i.e.,nét)). Certainly in the long-run, when capital

stocks are free to adjust, equality can be assumed. In that situation
'economic logic indicates that a normal equilibrium value for q is 1 for
reproducable assets which are in fact being reproduced' (Tobin and

Brainard, 1977, p. 238). However, in the short-run, when capital stocks

are held fixed, P§§§) will be whatever is required to ensure that the

existing capital stock is willingly held . This price may or may not
(t)

equal the replacement price Hj .

For the purposes of this paper, the function I in (3.4.1)

(32)]

is determined such that:
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o0
(t) (t) Hgt))

i (t-1)
(325 " Frzay5Peujy 7 v

1 3V (32)

G =1,2) (3.4.2),

where F(32)j is a shift variable and A§t), a positive parameter, is a
function of the expected time paths of those variables (such as product
prices) which determine the future profitability of j's operating

environment,

The proportional-change form of (3.4.2) is:

(t) (t) (t) () _ (%) oA (t-1)
Y3235 7 Tizayy t A Py~ -6ty vy
G =1,2) (3.4.3),
Lt ty _ (t 1) (t)
where G Gy = (I (32)3 d (32)3) / I(32)j’ is the ratio of net to gross

investment in industry j§ at ¢t.

Each industry in MMO finances its fixed-capital investment by
1ssuing new equity. This means, for industry j, that the actual amount
of finance raised by additional shares issued at t must equal the cost

of net investment undertaken in that period, i.e.:

(t—1) p(t) (t)

) S(E=1)
3 V32357 7 Py Yiagy;

(ty . (t)
(r (’JJ)k

" (325 ~ T

k=3,5

)

G =12 G,

where Yéu)) is the supply of equity by industry J at t. In proportional

changes, (3.4.4) is written as:

(©) ) ) =103 | (6 (t) ()33
Tt L3047 V(32)3B; TPyt YiugsB
B (t=1)_(t)34 .
b (uJ)kB(J)k (Jj=1,2) (3.4.5),

k=3,5
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where the B coefficients appearing in (3.4.5) are explained in

Appendix A.
3.5 Pricing equations

In this sub-section we deal with the relationships between the
various types of commodity prices and with the linkages between prices
and rates of return in the financial sector. As in ORANI, MMO
recognizes several sets of commodity prices: basic prices, prices paid
by purchasers, prices of fixed capital units, and foreign currency
import and export prices (c¢.i.f. and f,o0.b., respectively). Unlike
ORANI, creation prices and second-hand prices of capital units can

differ., The relationships between each are described below.

Under the assumption of zero pure-profits for all production

activities, we have the following relationship for industry j's current

-,

production at t:

2 2 2
(0)(t) (&) () (1) (13 (e) (2]
DR Y .= L I P Kigons' + P Xoots .
i G0 Ung = 0y 4o U2 (1z)] (31) "(31)
(t) () .
* Prazys X(32)j G =1,2) 3.5.1).

Equation (3.5.1) says that the basic value of industry j's current
production at ¢t equals the total payments by industry j for intermediate

and primary factor inputs to current production. In proportional

changes:
2 2 2
(0)(t) (0)(t) (1) L{1)(L)
I p H, oy, = L L p,. H X
=1 (i1) (i1)j 11 z=1 (iz) (iz)j
(M) (£ (t) (t) i
* B3y H(3”j ¥ P(32); H(32)J. (3 = 1,2) (3.5.2),
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) (1)
Heitys

industrykj's total revenue at t accounted for by sales of good i.

where the H's are revenue and cost shares. is the share in

HE;;§§) is the share in j's total current production costs at t
(t

represented by the input of good i from source z; and H(3 is the

)

z)J
cost share represented by the usage of primary factor z. The absence of
all input and output quantities from (3.5.2) is due to each industry

employing constant returns to scale production technology.

With respect toc the creation of capital by each industry, the

pure-profit condition implies (in proportional—changes):

2 2
(t) _ (@)(e) L(2)(t) .
L i? f Priz) H(iz)j (3 =1,2) (3.5.3),
i=1 z=1
where Hgf;§§) iz the share in industry j's total cost of creating

capital at t accounted for by inputs of good i from source z and ﬂ;t) is
the proportional change in the price of a unit of capital for industry

J.

The third set of zero-pure profit conditions in MMO equalises

the revenue from exporting to the relevant cost:

(*)(e) (& (L) ple)(t) ,(*)(t) »(8)

Pisyy @ = Puny an P (i =1,2) (3.5.4),
where:
a(t) is the nominal exchange rate expressed in terms of the
domestic currency per unit of overseas currency;
and
T(e)(t) is the ad valorem rate of subsidy on exports of good i

(i)
(negative if a tax).
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The LHS of (3.5.4) is the price paid by the overseas entity (in domestic
currency) for good i at the domestic port of exit. The RHS is the basic
price of good i plus the cost of the tax involved with transferring

good i from the producer to the port (or less if a subsidy).

In proportional~change form, (3.5.4) can be written as:
(*)(t) ¢(t‘,) . (e)(t) _ _(0)(¢) (1 =1,2) (3.5.5),

Py 7 Tan T Puan

where Tgfigt) is the proportional-change in one plus the ad valorem rate

of export subsidy (i.e., the proportional-=change in the 'power' of the

subsidy).??

The fourth set of pure profit conditions pertain to imports and

equate their selling price to the costs of importing, i.e.:

(0)(t)y _ L(*¥)(t) ,(t) (m)(t) N
P(12) = Pripy @ (1 + T i) ) (1 =1,2) (3.5.6),
where TETégt) is the ad valorem rate of tariff on imported item i.
ngggt) is the basic price of i (i.e., the price received by domestic

(*)(¢)

(12) is the foreign currency c.i.f., price of imported

importers) and P

units of good i.

The proportional-change form of (3.5.6) is:

(0)(t) (%) (t) (€) (m)(t)
p(iz) = p(i2) + ¢ * 1(12) (i= 1,2) (3.5-7)'
where TEngt) is the proportional-change in the power of the import

tariff (i.e., the proportional-change in one plus the ad valorem rate of

tariff).
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The fifth set of price equations equate the prices paid by
domestic agents for goods and labour to the basie prices of those items.

In particular:

p((E) _ (0)(t) RO .
Plaz) = Plim {1+ T(iz) ) (n=1,2,3; i,z = 1,2)
and
(1) {t) _ (0)(t) (1)(t)
Pan = Pay 0 Ut Ty ) (3.5.8),

where Ténigt) is the ad valorem rate of sales tax on good (iz) sold at t
for purpose n (if i,z = 1,2), or the ad valorenm payroll tax on the use
of labour. According to (3.5.8) the sales of alil goods and of labour

attract a tax at an ad valorem rate which is specific to each flow.??

The proportional-change form of (3.5.8) is written as:

() - (0)(e) - (n)(t)
Priz) (iz) Tiz) (n=1,2,3; i,z = 1,2),

and

(1)(t) _ (O)(t) L)
&N P(3n) “(31) (3.5.9),

(n)(t)

where following our previous approach, T(iz) is the proportional-

change in the power of the sales tax.

The relationships between the price of, and the rate of return
on, each financial asset in MMO are the final items to be considered
under the heading of 3.5.1. With respect to the domestic price of each

financial asset, we have:
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(t) £y (t-1)

P(uz) = (i) P(uz) (z=0,..., 4) (3.5.10),
in which the variable LEE;) is defined such that

Ly _ () _ -

R(uz) = (L(uz) 1) (z =0 ,..., 1) (3.5.11),

is the return for period t (i.e. the capital gain at t) on asset z

caleculated as a proportion of its initial market price, pgﬁ;;)

Equations (3.5.10) and (3.5.11) are identities. Their only purpose is to
introduce to the system the variables REZ;) which measure the yield on

each financial asset in the domestic economy, 2"

In MMO, financial asset markets in the domestic egconomy are
assumed to be perfectly integrated with those in the rest of the world.
This assumption of perfect capital mobility implies that the price of
financial asset z on the domestic market equals the foreign currency

price converted to domestic currency via the nominal exchange rate, i.e.:

(t)

() (L) ()
(4z) ¢

(4z) (z =1 ,..., 4) (3.5.12).

P =P

In their computational—forms, equations (3.5.10), (3.5.11) and

(3.5.12) become:

() (t) (t~1)
p(i}z) = l(ﬂz) + p(uz) (Z = 0 yoesney Ll) (3-5‘13)1

(t) _
(4z)~

(t)
(4z)

(t)

(i) (2 =000y ) (35.18),

dR % L

and

(t) (%)(t) (t)
p(&z) = p(uz) + ¢ (z =1 ,..., &) (3.5.15),
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3.6 Government budgetary rules

The government in MMO produces a pure public good which does not
enter any utility or production function in the private sector. For
simplicity, we assume that the only inputs to the government's
production process at t are units of labour supplied by the household.

Therefore, in proportional—-changes:

£y _ (&)
Yy = %(31)y (3.6.1),

where yﬁb) is the proportional-change in government production at t and

(t)

)4(31)24 is the like-change in government demand for labour at t.

In its current stage of development, MMO contains no theory to
explain government production at t. Instead, the output of the public

good is merely posited to be a fixed proportion of gross national

product in constant prices (GNPR(t)), i.e.t
£
yﬁ ) gnpét) + £y (3.6.2),

where fu is a shift variable allowing an exogenous freatment of yu(t).

Total government expenditure at t, GEX(t) , consists solely of

payments to labour used in the production process. Thus

(t)

aex(t) - pl@)(®)

(t)
(31) X (3.6.3),

(31)4

where the superscript (o) on the wage variable indicates that the
government does not impose a sales tax on its own purchases. The

proportional-change form of (3.6.3) is written as:

(t) _ (p(O)(t) + (8D ) (3.6.1).

gex (31) *(31)4
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The government's revenue, GRE(t), is given by:

2
() _ (e)(e) (¥ (t) () (t)
GRE™" - if1T(iT) Pan ¥ Xins

2 2
(m)(e) J(¥)(t) (t) ,(n)(t)
I Taa T Pua T 0T X

2
2 (e

()(6) (6) (8
a2 e

P(i2) Xi2)3

P

2 2 2 2
vz o3 oz oprmm

j=1 i=1 z=1 n=1 (12

(n)(t)
(1z)3

(0)(t)

P(iZ)

X

2 2
L L
i=1 z=1

(t)

(3)(t) J{o)(t)
T P (iz)3

(iz) (iz) X

+

+

2
7 (D) L)) (1)

=1 (31) (31) (3133

(0)(t)

() plo)(t)
(313

3 (31 *

+ T (3.6.5);

The first, second and third terms on the RHS of (3.6.5) measure total
revenues from taxes on exports and imports. The fourth and fifth items
represent revenues from taxes imposed on the sale of goods to industries
and the consumer, respectively. The sixth term measures total payroll
tax receipts; while the seventh term measures revenue aceruing from the
direct tax imposed on the household's labour income. 1In proportional

changes:
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R R R LRR R e ITI
O e e
I R S i
L @0

J=1 i=1 2z=1 n=1

2 2
(3)(t) (3)(e) | p(o)(t) + x(8) y g(3)(8)

+ L L (dT,? 7
121 21 (iz) (iz) (iz) *(12)3’ M(iz)
2
(1 (e) (1) (%) (0)(‘6) () (1)(t)
L e T Tan Tt eGn  Rny) Higps
(), 1 (8) |, (0)(6) | (0)(6)) L (3)(t)
tUTGy I TE) Ryt Yignys ) E (3.6.6),

where H coefficients are shares in total government receipts at t, For

33D (3)(t) (o)(t) (%) (t)
example H( ) = (T (iz) p(lz) X(lz)B) / GRE .

The government budget deficit at t, GBD(t), is defined as:
e8p(t) = gpx(t) - grg(t) (3.6.7),
or in computational-form:

daoBD(t) = gex(t) GEX(t) - gre(t) grp(t) (3.6.8),
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where, because b (t) can change sign, the propor‘tionakchange form of
(3.6.8) is avoided. This deficit is financed by monetarisation and the
sale of bonds (the only instrument of government debt). It is assumed
that the proportions of the deficit to be financed by each asset, are

determined such that:

) () =1y _ ,(8) ) .

Py Y uzy Jf3 \é(kz)j) Muz) OBD (z = 0,3) (3.6.9),
in which

(t) (t)

Minoy * Mpuz)= ! (3.6.10),

and where YEE;)M is the supply by the government of financial asset z at

t, and the M's are positive variables reflecting the government's
current policy towards the financing of its deficit. According to
(3.6.9), the supply of money (z = 0) or of bonds (z = 3) by the central

government at t is a simple proportion (Mgzé)) of the current budget

deficit. How these proportions are determined by the policy maker is

not explained.

Extending (3.6.9) to take explicit account of the government's
reaction to changes in any number of policy targets (inflation, the rate
of unemployment, etc.), as in Feltenstein (1986), is not too difficult.
The cleanest approach is to specify the M's as functions of the target
variables themselves so that, for example, an increase in inflation will
cause the proportion of the deficit financed by debt to increase

relative to the proportion financed by monetary expansion.
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The computational~forms of (3.6.9) and (3.6.10) are written as:

(0) 5(0)35 () p(8)36 _  (b-1) (6)37,  (6=1)

Pluz) B(z) Youz)y Pz sogs w23 P@ 7 V)
= mgzi) e (®) + aomp ) (z = 0,3) (3.6.11),
and
(t) _ _ (t) ()38
ooy = i3y B (3.6.12),
where the B coefficients are defined in Appendix A.
3.7 Market clearing equations
For the two domestically produced goods, we have:
P ;3 x(IE) L) () (i =1,2) (3.7.1)
P D K B €A DN (1133~ "ns S e

J=1 j=1 n=1
Equation (3.7.1) equates the total supply of domestically produced good
i at t to its demand at t. Total demand consists of demand for
intermediate inputs to current production and capital creation, and

final consumption and export demands.

The market clearing equations for the two primary factors are:

2

(t) N (t) (t)

2(31)3 = jf1 X(31)J. + X(3”4 (3.7.2a),
and

g ) G =1,2) (3.7.20).

(325 ~ *G2);

Equations (3.7.2a and b) require little explanation. Equation (3.7.2b)

merely reflects the assumptions that fixed capital is industry-specific
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and that it takes until the beginning of the next period for investment

in the current period to be installed.

To derive the market clearing equations for domestic financial

assets, we first define the demand variables X(t) and ng;)s,such that:

(4z)3
(t) (t) (t), (&) ~
x(uz)3 = Q(uz)3 w3 / P(uz) (z = 0,..., 4) (3.7.3a),
and
(t) o atENE) (RX(E), _(*¥)(t) _
X(uz)s = Q(uz)5 wS / P(uz) (z = 1,..., ) (3.7.30).

With this done, we can immediately write down the relevant market

clearing relations:

(t) ) () :

Yu0yn PN Xa0y3 (3.7.4a),

) ) (t) )

Y(Uj)j X(l;j)3 X(‘U)5 G =1,2) (3.7.4b),
and

g8 ) (t) (3.7.4c)

(u3)4 33 * X3y

where NNM(E) is the 'official monetary movements' item of the Balance of
Payments accounts. Equation (3.7.4a) is the market clearing equation
for money. The supply of this asset is written as the sum of two terms:
the first is the domestic component of the money supply; while the
second is the foreign exchange component. The remaining equations,
(3.7.4b and c), equate the supplies of equity and government bonds to

the corresponding demands from domestic and overseas sources.

In their computational-forms, equations (3.7.1) through (3.7.4)
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are written as:

2 2
(£) m(e) () . (£) . (t)
Yan. = B ToXGy; ang **an3 Nins
J=1 n=t
(t) (%) .
X(i1)5 N(il)S (i =1,2) (3.7.5),
(t) = g x(t) )y x(t) N(t) (3.7.6a)
Y(31)3 jep 303 7D T TG0E YDy +7-62),
(t-1) (t) .
Vi320) T Koo (3 = 1,2) (3.7.6b),
) k) () (t). (£) y o(t)
M uzy3 = Quzyz Kuzyz * (377 prugy) Xiigys

(z = 0,..., ¥) (3.7.7a),

K8 ) (8 R (E) () u(t)
Fuzys = WQyzys” Kiggys * (v Pluzy  Xuzys
(Z = ‘ly--" u) (3-7~7b)y
(t) (t) ) '
dY(ug)u + dNMM = dx(uo)3 (3.7.8a),
() {6y, () o
dY(uj)J, = dx(uj)3 dx(uj)s (G =1,2) (3.7.8b),
and
(t) (t) (t)
Huzyn 7 Fygyz t Wiyds (3.7.8¢),
in which
2
(t) ) . (t) )
Yii1y.= jf}y(“)j K(“)j 1 =1,2) (3.7.9),

is the proportional-change in the total supply of domestically produced
(t) (t) (t) (k) () (t) (t)
g = Tan 7 tan Mgz T W3/ Prygy and Ky

_ (B (E) (%) (t) (n)(t) .
= WS / P(hz) . The N's are shares. For example N(H)j is the

share in total sales of the domestically produced good i at t accounted

good i, K =Y /Y K

for by sales to industry j for purpose n.
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3.8 Macroeconomic equations

We deal first with the balance of payments. Aggregate domestic

demand for imported commodity 1 at &, ng;).' consists of demands by

industry and the consumer, i.e.

(%)

2
(n)(t) ) .
X(iay. = LoX + X (i=1,2) (3.8.1),

1 ney 24 (i2)3
or in proportional—changes:

(t)

(n)(t) (n)(e) | (¢) (53

*i2); M2yt X2z Y

2
N 2

2
: = by
(i2) j =

1 n=1

(i =1,2) (3.8.2),

where, as before, the N's are sales shares (e.g., NE§;)3 is the share in

total sales of imported good i represented by sales of that item to the

consumer ).

The total value of imports at t, IM<t), valued in the domestic

currency exclusive of tariffs (i.e.;at c.i.f. prices), is given by:

e _ (£) (¥ (2) (1) ) (3.8.3),

¢ (i2) (ia2).

LN < v
—

i

or in proportional-change form:

2
(L) (t) () (t) (t) (t)
im - 151 (67" + prisy * X(12y.) T (3.8.4),
where IMit) is the share of IM(t) represented by the value of importéd

commodity 1.
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In the same fashion, we can define the following relationships
for exports. The total value of exports at t, EX(CL is defined as

follows:

2
o S

i=1

(t) (5)(t) (t)
ans Fan ¢ (3.8.5),

or in proportional-changes:

2
(t) (t) (*)(¢) (t) (t)
= Giiiys * Pany  * @ ) EX (3.8.6),
where EX(C) is the share in EX(t) represented by the exported value of

i

good 1. Note that exports have been valued at their foreign currency
*

f.o.b, prices, Pgizgt), converted to domestic currency via the nominal

exchange rate.

with 14(t) given by (3.8.3) and £x(t) by (3.8.5), the balance of
trade at t, BT(ta can be written as:

Brlt) = Ex(t) - m(e) (3.8.7),
or in computational~-form:

aBT(t) = ex(t) gx(t) - () m(t) (3.8.8),
where the absolute—~change in BT(t) has been defined, rather than the

proportional—change, because 8T{t) can pass through zero.

The balance on the capital account at t, CAP(t), equals the
value of domestic financial assets purchased by overseas interests less
the value of ‘'overseas financial assets' purchased by the domestic

consumer, all at t. This means, in algebraic terms, that:

3
&y | . (t) () _ (&1
. ) z§1 Plauz) Kuzys ™ Viazs)
NG Y (¢y _ =1
Pay (Xniys = Vignys) (3.8.9),
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or in computational—form:

3
(t) (t) (£)39 (®)  _ () ()
et [ Plaz) B(2)5" " (F(yzys = Wipnye) Prugy
S(8) ()39 o (t) (6=1), _(t)
Paayy Bw)3" T (Fuuyz * Wigyys) Py (38010,

where the B's contained in (3.8.10) are defined in Appendix A.

We are now in the position to write down the Balance of Payments

identity, the computational—form of which is:

aBr(t) + gcap(t) - gum(t) (3.8.11),

where Nmd(t) is the sum of official monetary movements at t.

The final macroeconomic variable to be defined here is Gross
National Product (GNP) in constant prices at t. GNP in current prices

can be written as:

onplt) - consumption<t) + investment(t) + exports(t)

- imports(t).

In terms of variables already defined:

2 2 2
(t) (33(x) ,(3)(¢) (£) [ (t) (t)
GNP*"'= £ I p : + L on I .+ EX
1=1 geq 12) *(i2)3 j=1 3 (32)3
- ) (3.8.12).

The proportional~change form of (3.8.12) is:

2 2
(t) (3)(¢) (33t () £y, (t) (t)
gmp ot L E Pyt Rz Pyt 5 (r5™7 1055 5J0NP 55
=1 z=1 j..
(t (t) . (b)) (t)
+ ex GNP(3) im GNP(u) (3.8.13),
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(t) p(t) ()
where GNP(iz)B s (32)J’etc' are component shares (e.g., GNP (32)3 is

the share in GNp(t) at t represented by the value of investment demand

in industry j).

To convert current price GNP into constant price GNP at t, we
need to define the relevant price deflator. Following Horridge (1985},
the GNP deflator is defined here as a weighted sum of the price
deflators for consumption and investment. The proportionaléchange in

the consumer price index, gét) at t, is given by:

(3¥(t) p(32() (3.8.14),

2
(L)
3 0= I i) Yz

2
3 :

i=1 z=1

where Uéfi§t) is the share of aggregate consumer spending devoted to

goocd i from source z. Similarly, the proportional~change in the capital
(t)

goods price index at ¢, 59 , is given by:
) _ 2 () (@)
z = L U, (3.8.15),
2 g=1 9 J

where U(2)(t) is the share of aggregate private investment at t accounted
for by industry j. The proportional-change in the GNP deflator, c(t),

is thus:

2 2
(£ (t) (t)
© =z aNpl z

=1z G2373 0

2
(t) (t)
+ L GNP(32)J ¢, (3.8.16).

Given GNP in current prices (3.8.13) and the GNP price deflator
(3.8.16), we can now define

gnp{®) = gnp®) - (®) (3.8.17).
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This then completes our specification of MMO. In total, 143
equations in 216 variables (190 current and 26 lagged) have been
specified. These equations and variables are set out in Appendices B

and C, respectively.
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] Concluding Remarks and Some Areas for Further Research

In this paper, a small stylized CCE model solved using Johansent's
method sequentially is presented. This model illustrates an alternative
approach to the so-called Impact paradigm for dealing with ORANI's lack
of short-run macroeconomic closure. The approach embodied in the model
does not rely upon the assumption of micro/macro separability. Instead,
it achieves macr‘oeconomick closure by introducing financial assets
directly into the decision-making processes of individuals and by
specifying market clearing relationships for financial stocks as well as

for monetary and real commodity flows.

The model is called MMO and has four quite distinct building
blocks, &The first is a complete specification along Walrasian lines of
real flows of goods and services between industries and households in
the domestic economy, and between the domestic economy and the rest of
the world. This specification makes allowance for multi-product
industries and multi-industry products, and for imperfect substitution
between domestically produced and imported items with the same name.
The second building block is a balance sheet framework developed along
the lines of Tobin (1969) which envelopes (in principle) any number of
financial assets and liabilities held by the domestic and overseas
investors. The third is the explicit allowance for risk and uncertainty
introduced by assuming that returns on all financial assets are, from
the perspective of each portfolio holder, subject to unpredictable
variations. The final building block is the assumption that the
portfolio preferences of domestic and overseas agents are derived by

maximization of direct intertemporal utility functions subject to stock
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and flow wealth constraints, and to dynamical esquations for the

evolution of asset prices over each agent's plan.

Clearly, MMO is a model still in its infancy. Many parts of its

specification need refinement, in particular:

and

(i)

(ii)

(ii1)

(iv)

while there is a detailed treatment of portfolio
behaviour in the household sector, there is only a crude
specification of such behaviour in the industrial sectors
(applied models dealing explicitly with dividend
behaviour and corporate saving are quite rare; some of
the competing theories can be found in Auerbach and King,

1982 and Feldstein and Green, 1983);

the role played by institutional intermediaries in the
financial sector is completely ignored as are the effects

of interest rate controls and credit rationing policies;

while allowance has been made for taxation on the sales
of goods and on the flow of wage income, no allowance has
been made for any form of taxation on the sales or

purchases of financial assets;

finally, the linkages between important policy targets
and policy instruments (both fiscal and monetary) are
neglected (the importance of such linkages within a CGE

setting are emphasised in Feltenstein, 1986).

Work designed to extend MMO's specification in each of the four

areas listed above is now underway.
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Appendix A: The B Coefficients
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(2 "M M3 Py T Py VP
(£)3 _ (0) (=1 (6)  (6-1) (8) _(£)1
(z) 3 3 {(4z)3  (4z) (4z)

4 (-1 (L) (&) ()1
o - % Pay Xaaos'P

B(t)S (t-1)_(0) () (t) (ti1

3 (31) (31)3
(06 (t-1) () (0 () (8) (01
B =¥y @ =T 0051y Yns’®
()7 w2 - (3 (e) (t)
B = -
(10 "B © P00 Yo Pao Faos
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Go S P Pa Xas
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Appendix B : The MMO Equations

3.2 Final demand equations and portfolio rules

3.2.1 Consumer demand for goods and financial assets

() (t-1)(£)1 (t) (62 (©) (61 (63
Wyl om oWyt BT+ E [dQ<uz>3 () * Pluz) " Plaz) By
S2 LB, ) e (6) (8)s
E (D(i ) (1 )3)8(1.) dT3 B
O)(8) , () | (0)6
+ (D(31) (31)3)3 (3.2.23)
(6 (050607 , 4 (0)5(6)8 _ (3)(8) (£)9
+ dg B B

X(1ey3 = 90 Byl (1) T Pie) B(i§)

(3)(t) (t)10

B (1 =1,2; 541) (3.2.2)

P39y P
()
dQ(UO)S Z dQ(U1)3 (3.2.25)
4
(6) L L (0)(8) (6) (11 _ L, (6) (£)12
Qaazyz * "3 Qumz = B OGP T BB )
2
(©,(6)13 _ 2 _(3)(0) (t)1
dg* B S j;p(j.) B(iz)

(z = 1,..., 8) (3.2.26)
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L(£) S3) (,(3(E) _ (3)(t)(t)
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(z=0,..., 1) (3.2.28)
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* Pegy Y(31)38 (3.2.31)
BN ) L3 () (-1.2) (3.2.3)
g-1 (1833 P(is) o ce
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3.2.2 Overseas demand for domestic goods and financial assets

%
p( M)

(i1) i =1,2) (3.2.34)

(t)
= Tan*uans ¢ fus

(t)au

B(z)

(3(6) | (0(E),(£)23 _ o

3
(%) (£)_(£)25
Reyzyg' * ¥ (z) Ea

(4z)5 1 )5 Tz

i

3
3 an (e (e)26 dn(*)(t)B(t)27

oy Bans Pua) (2)
(z = 1,0e4y 3),
) 3 oo 3 (e

t
Qunys I Quzys Famys T Fawstt T I Qs

Z

(3.2.41)

(M) (1) (e-1)28 lD(*)(t—.’z>8(t—2)29 + o) (E=3)5(t-3)30

dhez)s = Pluz) (z) (42) (2) Pluz) (z)

(z =1,..., 4) (3.2.42)

(£)31

(t) (£)31, (%) )
(z)

B /v

4
() () () (L)
Wg = B + d\l(uz)5 (z) (42)5 (3.2.43)

L (p
z=1 (42)
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3.2.4 Industry demand for inputs to the production of fixed
capital
)20 ) @) @) g S@(E) (@)
(iz)j (32)3 (1)3 (iz) Q= (i9)J (iq)
(i,2,5 = 1,2) (3.2.47)
3.3 Industry inputs and outputs for current production
3.3.1 Industry supplies
2
(t) (t) (0)(t) _ (t) (L)
Yiing =2 8l R Plany

(1,3 = 1,2) (3.3.3)

3.3.2 Industry demands

(1) (&) (1)(t)

(1)(t) Z(t) o (p (e _
Q)i Prig)

¥az)g T E T %y P )

2
£ s

(i,z,j = 1,2) (3.3.5)

(t) (t)_ (1)

(€) (,()(0) ()
X313 T % T 935 (p )

5(32)3'P(31) ~ P(32)

(G = 1,2) (3.3.6)
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(t) (£). (1) (&) £y  _ Gy -
3233 7% " 035G PGay T PG ) U= L2 (3.3
3Q14 The creation of industr‘y;specific fixed capital and the supply
of equities
(t) (t) (t) () - (t) _ AlE) (t-1)
Y3235 7 a2y * Ay Pryj) b 65T Vg
(3 =1,2) (3.4.3)
(t) (t) £y _ (t-1) (t)32 . L (%) (t) (t)33
Tt t32157% T T Y32y} Pagy * ¥ui®
(t-1) (£)34 .
- I v B, (3 =1,2) (3.4.5)
ke3,5  (BKO(IK
3.5 Pricing equations

2 2 2
;s oo gloy . (1)(t) (1)(t)

p fiys = T ;TN
ioq 4D (inyg =1 221 Pliz) (iz)]
(1)(e) (%) (t) (t) ;
p(31) H(31 )J + P(32)J H(32)J (J = 1;2) (3.5.2)

2 2
S0 2 H2(6) )t

; L AN (= 1,2) (3.5.3)
J 1= ze1 12) (iz)j



3.6

84

DO+ 0
PO o) 4 s (e
pé?%” = pé?gt) N *§?§§”
o g o
o2 -5 ol
R {1y Ly bhay
Plia) - pé:igt) + o)

Government budgetary rules

(t)

yLI = X

(t)
(3154

(z

(z

(z

(i =1,2) (3.5.5)

(=12 (3570

1,2,3; 1,z = 1,2),

(3.5.9)
seees M) (3.5013)
reeas B (3.5.10)
reeey B) 0 (3.5.15)
(3.6.1)
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yét) = gnpét) M (3.6.2)
() ( (O8) , (¢)
gex = (p(gyy * X3pyu) (3.6.14)
2
) _ p(O)(E), L(e)(E) | (D), (6) , (8) (e)(t)
gttt = I WG Y Tan T Pan T *ans? Fan
2 2
(m)(t), Lm)(e), (¥)(e) (), (n)(t) (m)(n)(t)
oI “‘”(12) fTazy "t Paa e Xz Mz
j=1 i=1 n=1
2
. (m)(), Lm)(E) | (e , (6, (t) | (m)(t)
S Tan C tPaa T T X)) Faa)s
L2 2T R pmm), L), e)(8), (m)(E)) L)L)
(1z) 7 Tz *Puzy f *azy ) Bz

Jj=1 i=1 z=1 n=1

2 2
+ L I (dT
i=1 z=1

(3)(t)

(33(2) T(3)(t) (o) () | (t)
(iz)

(iz) (iz) P(iz) (12)3) &

(1) (t)

(0ey , 0 | p(0)(t) <) s

(31) (31) 1)t EGng) 8

2
+ L {dT
J=1

(t)

(e , _(o)(t) (0)(t)) x (328D (3.6.6)
(3} U

3y "PiEy T Yans

+

(dar /T

d6Bp(t) = gex(t) gex{t) - gre(t) grr(t) (3.6.8)
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(£) (t)35 (t) (£)36  _ (t=1) _(£)37, . (t~1)
Pa) PG T Y B T V) By /Y i)
(t) ) ()
LI GBD + dGBD (z = 0,3) (3.6.11)
(€)  _(t) _(t)38
M(ug) = My3) B (3.6.12)
3.7 Market clearing equations
2
) ML) (n)(e) . _(8) ()
Yan- T B I %ang Nang t Xins Y3
J=1 n=1
() () o
X(U)S N(“)5 (1 =1,2) (3.7.5)
() 5 e ) ) () (3.7.63)
Yans 75 ang Yang * XGos Yana -t
(k=1 _ (%) .
v(32)j = %32 (3 = 1,2) (3.7.6b)
(6) o) () (6. (b)) y J(t)
Huz)z = Quzys Kazyz * (3 = pigy) Xiagys

(z = 0,..., 8) (3.7.72)
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(t)

dX(Nz)S =

()
(50)4

+

(£)

Fuyy; =

(t)

Weyzyy =

2
(t)

Yiiiy.s I
(it) i

(*)(t) (8}

NQyz)s

dNMN(t) = dX

(t)

Kugys *

()

dX(u3)3 + dX

(t) (t)
1"(11)3’ Kiing

Macroeconomic equations

(t)
*i2y. T

2 2
I

Jj=1 n=1

(4z)5

(t)
(40)3

()
Kuz)s

(t)
(43)5

(n){t)
*(12)j
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N

ROION

5

(n)(t)
G2);

(t)

() (£)
X (42)5

P(yz)

(z =1,..., 4) (3.7.70)

(3.7.8a)

(G = 1,2) (3.7.8b)

(3.7.8¢)

(it = 1,2) (3.7.9)

(L) )
(12)3 "(i2)3

(i = 1,2) (3.8.2)



88

2
i . % (.p(t) + p§:;§t) + xgit;)_) IMi(t) (3.8.14)
i=1
2
ex®) o ¢ (ng)s . pg’;fgt) v 009 mx(®) (3.8.6)
i=1
aBT(t) = ex(t) px(t) o jplt) u(t) (3.8.8)

]

3
) __ 3 [ (6) p(E)39 (g (E) (6 ()

dcap Pruzy Bz)s (25 = Viuzys) Pluzy

z=1

(t)
(48)3

(£)39
(03

RGO

(t=1)y (t)
Pty s v P (3.8.10)

- (X (uz)57 Pun)

B

aBT(t) + acar(t) - amm(t) (3.8.11)

2 2
L (p
i=1 z=1

(3Y(6), (3)(E), oo ()
(iz) * *¥(iz)3 ) NP(iz)3

+

J

(“(t) L (8D )GNP(t)

B I R A E 20N

1ot

()

+ ex GNP(t) - af® GNP(t)
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2 2
(t) (3)(8) ,(3)(t)
. -t ot op u (3.8.14)
3 i=1 21 (iz) (iz)

2
HONEEENO NI (3.8.15)
2 S B

J=1

2 2 2
R A AL nggg)j N (3.8.16)

i=1 z=1 3=1
ot - gnp®) - ((®) (3.8.17)
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Appendix C : The MMO Variables

Variable Subscript range Description
ngg;)s Z = 0,...,4 End of period component shares ' in
aggregate consumer financial wealth
dQ(*)(t) =1 4 End of period component shares in
(42)5 Z = 1,004, of period comp shar
aggregate overseas financial wealth
(n) : .
dv(uz). h=1t, t-1 End of period stocks of financial
J Z = 0,...,48; j =23 assets
2= 1,..,4; J=5
(t~1) . .
V(32)j j=1,2 - Real capital stocks, at end
of periocd
wéh) h=1t, t~-1 End of period aggregate stock of
consumer financial wealth
(*)(t) .
W End of period aggregate stock of
° overseas financial wealth, valued in
foreign currency .
iE;;)j j=1,2 Capital creation by using industry
dXEZ;). Z = 0,..0.,8; 3 =3 Demands for financial assets
J Z = 1,...,4; § =5
x§§3)3 i=1,2 Household demands for goods,
undifferentiated by source
x§§;)3 i,z = 1,2 Household demands for goods,
differentiated by type and source
xggi)s i=1,2 Export volumes
(n)(t) 1,2,j = 1,2 Industry demands for inputs (domesti
(i2)j n,i,z,j =1, ndustry demands for inputs omestic
and imported) for current production

and capital creation
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Variable Subscript range Description
x(t) . Z.Jd = 1,2 Industry demands for labour and
(323 capital
(t)
x(31 'y Government demand for labour
XEF;)' i=1,2 Total domestic demand for imports
t by type
y(t) z=0,3 Government supplies of financial
(hz)4 assets
(t) ) .
! = 1, Industry s lies of equities
y(UJ)j J 1,2 Y Suppili q
ygﬁz)s Supply of overseas financial assets
(t)
3((31 )3 Household supply of labour
y&:‘))j i=1,2 Supplies of goods by industries
yz(;t) Government "production
yg]))_ i=1,2 Total supplies of domestic goods
by type
zét) i=1,2 Industry activity levels
dA§t§3 z = 0,...,4 'Permanent' proportional changes in
= domestic financial asset prices, from
the perspective of the consumer
*
dAg gét) Z o= 1,00 'Permanent' proportional changes in
z foreign financial asset prices, from
the perspective of the overseas entity
p(h) h=1t, t-1, t-2 Domestic financial asset prices
(hz) z = 0 ]
- . ¥
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Variable Subscript range Description
(*)(n) - -
p(uz) h=t, t-1, t-2 Overseas financial asset prices
Z=1,...,4
(3)(t) B .
p(i.) i=1,2 Purchasers' prices for consumer goods
by type, but not by source
(3)(t) i = 1,2 Purchasers' prices for consumer goods
(i2) i,z =1, [ s' price g
by type and by source
pggzgt) Basic price of labour
(*)(¢) -2 F.0.b. forei t pri
(in i=1, -0.b, foreign currency export prices
(n)(t) . . .
p(iz) n,i,z = 1,2 Purchasers' prices for produced inputs
for current production and capital
creation
(0)(t) Pz =12 Basi . f o £ d q
(iz) i,z =1, Basic prices of domestic goods an
imports
péézgt) Purchasers!' price for labour
ngg)j J=1,2 Prices paid by each industry for
rental of capital
n(t) j=1,2 Costs of units of capital
¢(t) The exchange rate, domestic currency
per unit of overseas currency
(*#3(¢) . i p : .
p(iz) i=1,2 C.i.f. foreign currency import prices
dTgt) Average rate of household income tax
(e)(t) . L
dT i=1,2 Ad valorem rates of export subsidies

(imn
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Variable Subscript range Description

dTE?ggt) i=1,2 Ad valorem rates of import tariffs

dTE?igt) n=1,2,3 Ad valorem rates of sales taxes

i,z = 1,2

dngzgt) Ad valorem rate of payroll tax

Téfigt) i=1,2 Powers of export subsidies

TETS“ i=1,2 Powers of import tariffs

1g?i§t) n=1,2,3 Powers of sales taxes

i,z = 1,2

T§§3§t) Power of payroll tax

f(i1>5 i=1,2 Shifts in foreign export demands

dF(u 35 Z = 1,0..,4 Shifts in foreign demands for domestic

z financial assets

f(32)j Jj=1,2 Shifts terms for net investment

fu Shift in government production

du(t) The ratio of the consumers' subjective
rate of time discount to the 'safe'
rate of return

dg(t) Consumer !'safe disposable income!

(¥)(t) : .

dn Foreign wage income net of total
foreign 'subsistence expenditure!’

QEE;) Z = 0,...,8 Ratios of current to previous

financial asset prices
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Variable Subscript range Description

dREE;) z = 0,.,.,4 Domestic market rates of return on
financial assets

gnpét) Gross national product in constant
prices

gnp(t) Gross national product in current
prices

gex(t) Total government expenditure

gre(t) Total government revenue

dcap(t) The government's budget deficit

mgzi) z = 0,3 Proportions of budget deficit
financed by each financial asset

anmMm(t) Net monetary movements

im(t) Foreign currency value of imports

ex(t) Foreign currency value of exports

dBT The balance of trade

acap(t) The capital account balance

(t) R
;3 The consumer price index
() - S
52 The capital-goods price index

g(t) The GNP price deflator
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ENDNOTES

The author wishes to thank Alan Powell for numerous suggestions
and comments all of which improved the quality of this paper.

The IMPACT Project is an economic and demographic research
endeavour conducted by several agencies of the Australian
government in assocliation with the University of Melbourne,
the Australian National University and La Trobe University. The
standard ORANI structure is described fully in Dixon, Parmenter,
Sutton and Vincent (1982). Other CGE models of the Johansen
ctlass include Taylor and Black (1974), Staelin (1976), and
Deardorff and Stern (1986).

See Cooper and McLaren (1980, 1982 and 1983); Cooper (1983);
Powell, Cooper and McLaren (1983); and the summary given in
Cooper, McLaren and Powell (1985). For a more general discussion
of the problems associated with the bringing together of two
separately constructed models, one micro the other macro, see
Robinson and Tyson (1984).

The particular macro model chosen was a slightly revised version
of the Reserve Bank of Australia's RBII model (Jonson and Trevor,
1981; see also Cooper, 1983).

Theoretical support for this position can be found in Grandmont
(1983, pp. 32-15),

See Dixon, Parmenter and Rimmer (1984); Horridge and Powell
(1984); and Horridge (1985).

The latter expression, necessary for correct stock-flow
accounting, introduces unavoidably a form of primitive dynamiecs
hitherto unknown in ORANI. However, as shown in Horridge and
Powell (1984, pp. 3-34), simulation results from the subsequent
model are not overly sensitive to the choice of dynamic path for
domestic saving,

This approach is illustrated by the CCE models developed in Dee
(1983 and 1986), Slemrod (1983), Ezaki (1985), Feltenstein
(1986), and Manne, Rutherford and Waelbroeck (1986),

As described in Dixon, Parmenter and Sutton (1978 pp. 6-11); and
discussed further in Dee (1984).

‘Temporary equilibrium' is a concept developed in Hicks (1946)
from earlier work undertaken by the Swedish economists Lindhal
and Myrdal; see also Hicks (1965) for reflections on its use, and
Grandmont (1977) for an up-to-date survey of the literature.

Note that for economy of exposition (2.1) contains only one
vector of lagged variables (pertaining to (t-1)); in principle
any number of such vectors, each corresponding to a different
period prior to t, can be specified.
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See also Dixon (1985) who explains the (non-sequential) Johansen
method with the aid of a simple example.

The matrices A¢(t) and Ag(t-1) in (2.2) provide only a local
representation of the model (2.1). For small changes in U(t) and
U(t-1), (2.2) will be precise, however for larger changes (2.2)
may be effected by unacceptably large linearization errors. In
the latter case, the appropriate procedure is to breakdown U(t)
and U(t~1) each into n vectors containing only 'small' changes
and then employ a series of n Johansen-style computations with n
updates of the A¢(t) matrices. This Euler solution procedure
is fully explained in the context of ORANI by Dixon, Parmenter,
Sutton and Vincent (1982, ch.5).

Note that the predetermined variables at t consist of lagged
endogenous variables, lagged exogenous variables and current
exogenous variables; the first category covers all variables
determined by the model in the period immediately prior to t.

If the partition of variables into x( ) and y( ) is 'meaningful'
then this will ensure that Cq( ) is of full rank and is thus
invertible.

As in the experience with ORANI, it may be

'... that the difference between some well-
documented base-period data base and a reasonable
ceteris paribus data base for the [period]
projected would have only minor effects on the
results' (Powell, Cooper and McLaren, 1983, p. 3).

Alternative models to the ELESA are rare; one example is Clements
(1976).

See Hasenkamp (1976, p. 19) and Dixon, Parmenter, Sutton and
Vincent (1982, pp. 68-94),

Note that a 'basic' price is the price received by the producer
excluding any sales tax (or any other margin) involved in the
transfer of the good to customers,

Full details of the derivation of (3.3.3) are given in Dixon,
Vincent and Powell (1976).

An application of Tobin's 'q' theory within a CGE framework can
be found in Dee (1984). Yoshikawa (1980) demonstrates that the
'q' theory can be derived from considering an optimal capital
accumulation problem which explicitly accommodates adjustment
costs pertaining to investment.

Hyashi (1982) derives the exact relationship between marginal q
and average q, and also establishes the necessary conditions
under which the two measures are equal.

In (3.5.6), the proportional-change in the 'power' of the export
subsidy is defined (i.e., the proportional change in one plus the
ad valorem rate). By using powers rather than rates we minimize
the risk of computing the proportional-change of a variable whose
initial value is zero.
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Dixon, Parmenter, Sutton and Vincent (1982, p. 115) emphasise
that the (1 + T) terms appearing in (3.5.9) are taxes on sales
not production. There 18 no facility in MMO for handling taxes
on the latter.

In the present specification of MMO, all of the rental to
capital, net of depreciation allowances, is treated as retained
earnings of the industry and not as income of the consumer. This
is a simplifying assumption which will be maintained until a
formal model of corporate saving can be developed and then
integrated into the full system. Dee (1983, p. 28) notes

'The balance sheet counterpart of corporate saving
would be a change in firm liabilities or a loan by
the firm itself.’
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