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NOTES

Aspacts of the long-run macroeconomic closure of ORANI are
discussed by Dixon, Parmenter and Rimmer (1984), by Powell, Cooper
and Mclaren {1983), Section3, and by Horridge and Powell (1984).

In his later work, Walras himself took the initial steps in
extending hisg framework to include a monetary asset. For a
critique of this attempt, see Patinkin (1965), pp.541-572. An
important initial step in the extension of the Walrasian paradigm
in applied work was the ‘'helicopter drop' assumption made by
Clements (1980) who treated domestic credit expansion as an
exogenous variable, but one entailing real monetary effects in the

short run. Kehoe (1981) also adds government debt (but not money)

to the Walrasian real system. Another group of authors (e.g.,
Piggott (1981)) explore the real effects which an exogenous
inflation produces via the failure, in varying degrees, of the
different elements of the tax system to be Ffully and
instantaneously indexed to the general price level.

In this section we draw feely on Cooper and McLaren (1980),
(1982), (1983), and on Cooper (1983).

The table of elasticities -~ the derivatives of slements of ¥y
with respect to elements of 2Z; (the matrix Cy) ~ is given in
Appendix 2 of Powell, Cooper and Mciaren (1983), The numerical
values of these elasticities correspond to the wunderlying
numerical data base and parameter values of ORANI78 used in the
tariff experiment reported in DPSV (1982), Chapter 7. The split
of variables into endogenous and exogenous sets corresponds to the
standard short-run neoclassical mode with a slack. labour market,
The table of elasticities is therefore & subset of a standard
basic solution of ORANI78. It may be noted that the numeraire of
the model is the exchange rate and, with respect to this variable,
the model is homogenous of degree zero in reals and one in
nominals.

MACRO endogenizes the number of persons employed, whereas ORANI
endogenizes total labour hours, This led to the addition to the
system of the equation

Qwomﬁ.vumpomh.f:Ampoaw;@wom%j.

where Iy is labour hours, L is persons employed, y 1is output
and y* is the output level corresponding to "standard hours".
n was treated as an interface parameter; its estimated value,
0.45, was determined jointly with the seven other interface
parameter estimates reported in Table 3. For further details, see
Cooper (1983), pp.8-9.
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SHORT-RUN* MACROECOROMIC CLOSURE IN APPLIED
GENERAL EQUILIBRIUM MODELLING :

Experience from ORANI and Agenda for Further Research
by

R.J. Cooper

Macquarie University, Sydney, Australia

K.R. McLaren

Monash University, Melbourne, australia

A.A. Powell ’

University of Melbourne, Melbourne, Australia

1. INTRODUCTION

Perhaps most important among the contentious issues remaining
in applied general equilibrium modelling is the role (if any) of
conventional macroeconomics. Models in the Walrasian tradition are
comparative static in nature; they are not well suited, therefore, to
the analysis of transitory phenomena such as the stage of the business
cycle. When our policy-analytic models are focussed at one or two years
into the hypothetical future, however, it may be impossible n.o ignore
transients and remain convincing. In other words, we may be required to
tell a story which is part Walrasian and part macroeconomic., How can
such an unlikely hybrid be seeded?

1e1 The extended Walrasian paradigm

Several approaches are possible. The cleanest, of course,
involves a Walrasian take-over bid for macroeconomics. In such an

extended Walrasian paradigm demand and supply functions for money and

perhaps other financial assets are added to the real system (Patinkin
(1958);  Peltenstein (1981); vVincent (1983))'). This introduces at
least one additional agent (the supplier of money, usually the
government) , and the opportunity to endogenize such important
macroeconomic variables as the price level and the money supply.

In terms of applied work, it is early days yet for the
extended Walrasian paradigm. If eventually it turns out that transients
with expected lives of (say) less than a year cannot really be modelled
successfully using the tools of economic analysis, then the limitations
inherent in the comparative static nature of the extended Walrasian

method may come to be accepted as the state of the art for the analysis
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be a 1linear model containing m consistent, linearly independent
TABLE 4 i i k iab k » m). Then a closure of M in the basic
PRINCIPAL RESULTS OF A 25 PER CENT TARIFF INCREASE IN THE ORANI-MACRO SYSTEM® equations in variables ( ) ’

sense referred to above, consists of

ORANI Regponse Standard MACRO Response {a) a declaration that a certain subset Xy of x containing (k-m)
within the ORANX within the variables is exogenous
Endogenous Variable Intefaced Response Interfaced
System System and
(n (1n) (rrm) {b) an assignment of a set of values (say mwv to these exogenous
variables.
Yg output ~0.089 -0.,123 ~-0.089
P , Prices 1.882 1.805 ~-0.374 Sometimes the term ‘closure' is used loosely to describe (a) alone. In
’ that case, closure means that we could, if we were to make an assignment
Ly, Employment -0.167 ~0.205 ~0,082
(b), solve the model. Since the wvariables X, are exogenous, their
i Imports -t.322 ~1.528 -3.625 assignment can be completely arbitrary, and hence these two primitive
(x py) Value of Exports (sUS) -2.824 ~2.523 N.d. notions of closure boil down to the same thing.
B BExchange Rate ($A/5US) Nads Ned. -0,237
2.2 Closure with respect to a subset of variables
u/e Real Wages ) Red. Rede 0.104 A second notion of closure is defined relative to some subset
k Rate of Net Investment n.a. N.&. 0.003 of the model's variables. We say that M 1is closed with respect to the
. variables x" (¥™ C x) provided the variables x™ are endogenized by the
K Capital Stock fi.a. n.a. 0.112 )
model in the context of the basic closure selected. Thus M is closed
4a Household Expenditure Meds - ~0.053 with respect to x® if the %, chosen in (a) is such that x™ and %, have no
elements in common. 'Macroeconomic ¢losure' is of this second type. 1In
L this case the components of x®™ will include the real values of major
= Based on the interface parameters shown in  Table 3 and

X . aggregates (consumption, investment) plus a range of aosm_nmnw and
ty = 0.15923. For further details, see Cooper (1983). Figures in

. financial wvariables (the exact list will depend upon the application).
the table are percentage deviations from control at 7.94 quarters pe PO PP )

Macroeconomic closure is then achieved by ensuring that M has sufficient
after the tariff shock.

equations to endogenize these variables in the context of a suitable

partition of the variables x into the endogenous and exogenous
n.a. not applicable

categories. Here 'suitable' has two implications:

(1) in partitioning x into [xy, x,] (where xanxt so that
Ax. = 0

becomes
Source: Cooper (1983).

Bxp + Apxy = 0,
the choice made must result in A, having full rank;
and
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Cooper et al.: Short-Run Macroeconomic Closure

TABLE 3 .
ESTIMATED VALUES OF MAIN INTERFACE PARAMETERS
Adjustment Speeds Solution values
ORANI Variables (Diagonal elements at t* of the
A Double
of e 0y Endogeneitieg*®*
(1) (11)
wa Output md = 4.39 1.073
P Domestic Prices mm = 74.4 1.358
Iy, Buployment mu = 9,8 1.557
i Imports m» = 5,9 1.854
Pyl Price of Wool wm = 10 n.a.
XsPyr{X Py peport Sector Bg = 5 n.a.

24.

ORANI Response Interval : t¥ = 7.94 quarters

a%k Result shown in column II applies to both the ORANI and MACRO
projections of the doubly endogenous variable within the
interfaced ORANI-MACRO system. At the given parameter settings,
the two projections are in fact identical to the fourth decimal
place. Further details are available in Appendix 3 of Powell,
Cooper and MeLaren (1983), where a comparison is given with
solution values for t* set at 7.93 and 7.95 quarters.

Neae Not applicable (variable is not doubly endogenous).

Source: Cooper (1983).

Cooper et al.: Short-Run Macroeconomic Closure 5,

vector of capital stocks -~ then, clearly, a longer time-frame must be
involved. In fact this is what is done in long-run closures of ORANI,
where it is assumed that, relative to the world capital market, Australia
iz a small country. Given that any initial deviations in Australian
industries' relative and absolute rates of return from the competitive
world-wide values of these variables are eliminated, in the long run, by
accumulation or decumulation of capital, what are the sources of such

capital?

2.4 ORANI's lack of long-run macroeconomic closure

It is at this point that ORANI's lack of long-run
macroeconomic closure becomes evident. The standard version of ORANI
focusses heavily on commodity markets, and on the demand side of the
labour market, but does not deal with financial or capital markets. To
provide long-run macroeconomic closure it is necessary to add additional

equations in order to endogenize the real flow of foreign capital. Inter

alia this involves also endogenizing real saving and consumption (not

usually endogenous in closures of the standard version of ORANI). The
basic approach for such an extension of ORANI has been developed by

Dixon, Parmenter and Rimmer (1984).

2.5 ORANI's lack of short-run macroeconomic closure

In a standard short-run closure of the standard version of
ORANI, the following variables of macroeconomic interest are routinely

assigned to the exogenous set Xy

(i) one of the price level or the .exchange rate {as numeraire),
(ii) one of the real wage or the aggregate level of employment,
(

fobe

ii) one of real absorption (C+I+G) or the balance of trade surplus

(X-M).

These three choices are forced on users of ORANI (in stand-alone mode)

because there are no mechanisms in the model suitable for determining

(r} the extent to which induced changes in the real exchange rate
will be realized as changes in the domestic inflation rate
relative to the foreign rate or as changes in the nominal

exchange rate;
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Cooper et al.: Short-Run Macroeconomic Closure 22,

The standard simulation consisted of a 10 per cent increase in
real government spending. Other than the average tariff rate, this is
the only dJdouble exogeneity. The main interface parameters to be

estimated are:

(i) the speeds of adjustment (i.e., the elements of the matrix
wov.. For parsimony of parameterisation this matrix is chosen
to be diagonal., This has the advantage of assigning at most
one adjustment speed parameter to each ORANI equation. Since
usually only the aggregate versions of ORANI equations are
used explicitly in the interfaced system, this provides a
simple identification of an adjustment speed which may
subsequently be applied to some subset of the general ORANT
disaggregated families of equations. For the model
specification given above the matrix Ry is of dimension 8 and

the respective adjustment speeds relate to the following

variables:

ORANI , Adjustment
Variable Speed
1. w.@ Real Gross Domestic Product mA
2. e Price Deflator for Aggregate Production mw
3. Ly Aggregate Employment Demand (labour-~hours) mu
4, i Real imports m»
5. Pl Price of Wool mm
6. . X Real Exports wm
7. P, Price of Exports ($Us) wm
8. X Py Foreign currency Value of Exports mm

Since variable 8 must be assigned an adjustment speed which is
consistent with variables 6 and 7, these are constrained to a
common adjustment speed Ammv. The remaining five adjustment

speeds are freely chosen. The parameterisation is in fact
Ao

made upon e -, 80 that the field of search ig the six-

dimensional positive orthant.

(ii) the ORANI "short run®, t*: the length of time during which
the effects calculated from an ORANI stand-alone experiment

Cooper et al.: Short-Run Macroeconomic Closure 7.

at different points in time are compared, In the second, the

differentials between two equilibria occurring at the same notional

period of time are calculated. The difference between the values Y® and
¥B of a given endogenous variable Y at a given point of time in two
equilibrium solutions is then attributed to differing scenarios A and B
which vary with respect to the settings of the exogenous variables. fThus
the computed value Amrlmmv answers the question:
By how much would Y differ at time 1 as the result of making the
assumptions A about the exogenous variables rather than the
assunptions B?

Here the assumptions B define ceteris paribus and generate the control

values Y® of the endogenous variables. 'In ORANI simulations this second

method (contemporaneous dJdifferential comparative statics - cdes for

short) will almost always be the relevant approach. Wwhile all pretence

of forecasting is eschewed in cdcs, the policy questions addressed come

into sharper focus.

3.2 Problems of the interface

Our approach is to use a small macrodynamic model, MACRO, to
close ORANI in short-run simulations. MACRO is a slightly revised mid
1979 version of the Reserve Bank of Australia's RBII model (Jonson and
Trevor (1981) - see also Cooper (1983), p.28). This attempt to interface
a comparative static model with a macrodynamic model threw up some

substantial theoretical challenges. BAmong the more notable ones are:

(i) the lack of an explicit dynamics in ORANI,
(ii) temporal aggregation problems,
(iii) the presence of variables which are endogenous to both models,
(iv) differing definitions in the two models of ,mmmmsﬂwwwww the
same variables,
(v} the presence in MACRO of macrorelations which cannot be
derived as explicit aggregates of microrelations in ORANI
(e.g., the production function),

(vi) the difficulty of preserving homogeneity properties in the
interfaced system.

The interfacing method developed by Cooper and McLaren {1980, 1982, 1983)

seems to resclve the first four of these simultaneocusly. The
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Cooper et al.: Short~Run Macroeconomic Closure 20.

TABLE 1

A PARTIAL LISTING OF VARIABLES APPEARING IN ORANI7S

Variables Endogenous to ORANI: The Vector Yo

1a leg Yg Real Gross Domestic Product
2. log P Price Deflator for Aggregate Production (Sa)
3. log Ly Aggregate Employment Demand {labour-hours)
4. log i Real Imports
5. log P Price of Wool ($Aa)
6. log % Real Exports
7. log Py Price of Exports ($US)
8. log (x Py) Foreign Currency Value of Exports ($US)
variables Exogenous to ORANI: The Vector Zy
1. log E . Exchange Rate {SA/$SUS)
2. log (W/P) Real Wages
3. log Cp Real Household Expenditure
4. log In Real Private Investment
5 log K{(0) Initial Capital Stocks
[ log 94 Government Expenditure
7 log t4 Average Level of Tariffs
Source: Cooper (1983)

Cooper et al.: Short~Run Macroeconomic Closure aQ,

of ORANI within O-M is a cdcs point solution which varies parametrically

with ©*, In Figure 1 'we concentrate on a doubly endogenous variable,
Y. The deviation-from~control of this variable, according to the MACRO
equations in O~M, has a path in real time shown by the broken linea. fThe
points marked with a cross, on the other hand, do not form & path in real
time., Rather, they indicate a point solution for the devation-from-

control of Y as endogenized by ORANI within O0-M conditional on the

assumption that the length of the ORANI short run is the elapsed time on
the horizontal axis, Thus we can select an ORANI short run t* which
makes the MACRO solution for Y at t* in real time as close as possgible to

the ORANI solution conditional on a short run of t*. Such a procedure

Pigure 1., A shock is injected at t=0., The deviation-from-
control in a doubly endogenous variable Y, <zﬁnv~ as
endogenized as a function of real time by MACRO, is shown as
the broken 1line -~ - «~, Within ORANI-MACRO, the ORANI
contemporaneous differential comparative static solutions for
the same variable at t (where t is the assumed length of the
ORARNI short run), are shown as X X X. At t* the MACRO and
ORANI stories are reconciled.

X X
: X
Deviation . X —— (1)
from control s M
in a doubly LT T T T~ i
msaomm:or_m g X
variable 4
rd
4
I4
’
7
\ x
7
K
t
0 t*

time
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original shock (i.e., the non-zero elements of zy) may also cause changes

In the recursive case’ developed above in which there are no reverse in variables outside ORANI (i.e., in MACRO). some of the latter

linkages from ORANI to MACRO, the complete ORANI-MACRO system consists of

variables appear among the elements of zy which are set to zerc in stand~-
(6.11) and the MACRO solution

alone applications of ORANI using {(4.2). fThus when (4.2) is used alone
the dimplicit assumption is that the induced differentials in the
yule®) = Culexlzy . (6.12) macroeconomic environment are sterilized by offsetting use of fiscal

and/or monetary instruments.
In this system certain variables will be endogenized both in yy and in

Yoo The interfacing method consists of choosing the within-short-run- (b} MACRO  Our MACRO model, MACRO81, is an adaptation (see Cooper

adjustment coefficients vector § and the length of the ORANI short run (1983)) of the Reserve Bank's RBII model as documented in the appendix to

t* which minimize the inconsistencies between the MACRO and ORANI sides Jonson and Trevor (1981). Underlying it is a first-order stochastic

of the model. differential equation system which may be written

In the case where there exist variables driving MACRO which
are endogencus to ORANI - this occurs in fact (see below) -~ the same av (t) = A Y (t)dt + B 2 (£)dt + min: (4.3)
. M MM MM
principles are used to interface the models: that is, ORANT is endowed
with a within-short-run dynamics conditional on the unknown values of the where the subscript M indicates MACRO variables and coefficients, Y and 2

interface parameters, which are then chosen to minimize inconsistencies are vectors of logarithms of endogenous and exogenous variables

in the double endogeneities at t*. The formalities of this procedure are respectively, and dv(t) is a Gaussian vector process, The solution of

set out in Cooper and McLaren (1982). this system may be written

7. CALIBRATION OF THE INTERFACE PARAMETERS

: : . : At £ ~A,T
In sections 5 and 6 we have described an interfacing method v () = ey (0)+ e ™
M M

B Zy(Tdr} (4.4)
that is specific to some injected shock or shocks. Possible approaches 0

to making the procedure operational are:
w!n t l$34
+ e [e av{t),
(i) the construction of, a new interface for each simulation 0

conducted on the 0O-M system;

er.m

(idi) the selection of interface parameters which optinize a where e is defined by pe

>aml. in which P is the matrix containing the

criterion function defined over a nominated set containing a characteristic vectors of By, and A is the diagonal matrix containing the

variety of shocks;

AT

(iii)  the selection of a set of interface parameters from a single characteristic roots of Ay. The matrix el has typical element e Y, in

standard simulation. which »w is the ith characteristic root of By« Let A*{+) be the operator

taking the differential between (+) when the exogeneous variables follow

We have chosen {iii). In keeping with the literature on the comparative the shocked path Amz:v teg TE (0,t]} and its value at the same point

analysis of macrodynamic models (see, e.g. De Bever et al. (1979)), we ; of time when they follow the control path ﬁNz:I T € (0,t]}. since
have chosen an exogenous increase in government spending as the standard a¥(z (1) + z ) =z, for all relevant 1, we have

gimulation.

In considering the interplay between ORANI and MACRO variables

it is not necessary to carry the complete (and impossibly long) list of
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o £ mw.mw:v
yult) = : 57— dt. (6.1)

Fach of these derivatives may be interpreted as an infinitesimal shock to
ORANI sustained over the interval {t,t]. Let L be the linear operator
which, when operating on wmnnf produces a vector conformable with zg,
having as its elements the values of the appropriate elements of wwhﬁv in
positions corresponding to ORBNI exogenous variables endogenized by
MACRO, and zeros elsewhere. Then m:._%w:: S Emwm:: is a shock in a
form sultable for acceptance by ORANI+. Inject these instantaneous
shocks for T € {0,s) into ORANI+ via (5.1); given the linearity of the
model, the accumulated response at s,s € (0,t*], is obtained by

summation:

5
o]
yois) = wno?-iaxaz . (6.2}

s
= \ooﬁm-:no&z:v .
0
where O is the linear operator that selects the subset <m:v from Vﬁz:v.
Using {4.6), (4.7)-and (5.2) in (6.2), we obtain for s=t*
An(tr=-1) AT
A M

-I]BLge T dtBz . . (6.3)

= -1
y(er) = [ al |
o] o]
]
This is the ORANI+ response at t* (i.e., the ORANI response) to the
variables exogenous to it which respond endogenously in MACRO to the
shock Zye If z is the initial shock in the double exogeneities, then in
(6.3} zy can be replaced by

Zy = Rz, (6.4)

where the operator R produces a vector conformable to zy having as its
elements the elements of z where posgible, and zeros elsewhere. Given
.nvm aggumption (5.3) on Ag, and given the value of noﬂm oo:..»: from
ORANI, for any B vector and value of t* we can compute By from (5.2).
_Thence the integral term in (6.3) can be computed (see Cooper and Mclaren
{1980) p.26 and (1982) p.16 for the details). Let its computed value be

e

[
0

T

POA.ﬂt.lﬂv 52
e nlmovnm dr = H (say) . (6.5)

Cooper et al.: Short-Run Macroeconomic Closure 13,

Figure 2a. The shock z in a doubly exogenous variable 2 is
injected into MACRO at t=0. t* is the length of the ORANI
short 55.0 The mwomounnwosww response in the MACRO endogenous
variable Y is y.{(t). ORANI will accept shocks in the step~
function mﬂg &m@%mwmm by z; it cannot m%nmmn an arbitrarily

evolving shock such as that displayed by mz:nv .

Proportional o
Change yu (1)

time

Figure 2b. The log differential wm?& is endogencus to MACRO
but appears also as an exogenous input into ORANI. The
continuously varying shock y,(t) can be represented as a
sequence of discrete step-function shocks as shown.

o (t)

Proportional 2
change _/

time o e e
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