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THE ORANI-MACRO INTERFACE
by

. *
Russel J. Cooper and Keith R. Mclaren

1. Introduction

A convenient device for thinking about the IMPACT Project’s

medium term model is in terms of three distinct modules :

(i) ORANI, a general equilibrium model specifying the
sectoral composition of output, the aggregate volumes
and composition of imports and exports, occupation
specific demands for labour, and relative commodity

prices ;

(ii) MACRO, a macroeconomic model determining aggregate
levels of real private consumption and investment,
and modelling the financial and monetary markets ;

and

(iii) BACHUROO, a demographic model endogenizing the msuvuw,

of labour disaggregated by nine occupational wno:vm.w

The development of each of these three components has so far proceeded
independently. This paper is concerned with the interfacing of the

ORANI and MACRO modules,

The idea of constructing ORANI and MACRO as separate modules
is appealing from the point of view of division of labour, but may be open
to criticism on at least two grounds. The first concerns estima-

tion. Given that ORANI and MACRO do not constitute a fully block

*  The authors wish to thank Alan Powell for his constructive criticism
and guidance, Peter Dixon, Brian Parmenter, Russell Rimmer and Dennis
Sams for helpful contributions, and Vivian Lees for computational
assistance,

1. For more detail on the original design of IMPACT's medium term model,
see Alan A, Powell, The IMPACT Project : An Overview, March 1977, First
Progress Report of the IMPACT Project, Volume 1 (Canberra : Australian
Government Publishing Service, 1977), pp. xix + 182.
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2 2 3

In the terminology omx

T = SURRRIZRACRU ] of ORANI, ORANI 77, is now available.

i * Challen and Hagger,” MACRO might be chosen either from the Keymes-

4 Klein (KK) class, or the Phillips-Bergstrom (PB) class" (although

L4 there are some strong arguments for nroOmwaw the latter).> It is

’ proposed nrmm MACRO should be based on nrw RBA minimal aommg. a dis-

4 equilibrium model of the PB class developed by Jonson and co-workers at

4 The particular features of this

/ ‘ the Reserve Bank of Australia.
’ nodel - - its formulation as a disequilibrium system in continuous time,
N s . . its linearity in differentials of logarithms - - suggest that this

model (and others in the same sub-class) be referred to as a Bergstrom

m.uﬂi . « 5

model.
The structure of the remainder of this paper is as follows.

1 2 3 45 86 7 8 8 18111213 141516 In Section 2, salient features of the Bergstrom and Johansen sub-classes
QUARTERS

of models are described. A notation for discussing the interface is
FIGURE 4o. VARIABLE sd log 1P BETA = .483 : - ; .

introduced in Section 3. In Sections 4 and 5, a general theory for
linking a model of the Johansen type with a model of the Bergstrom type
is developed. qrwm theory is then specialised to the case of an ORANI-
MACRO 1ink in Section 6. Results are presented in the latter part of

Section 7. Concluding remarks are offered in Section 8.

1. For a comprehensive technical description, see Peter B. Dixon, B. R.
Parmenter, G. J. Ryland and John Sutton, ORANI, A General Equilibrium
Model of the Australian Economy : Current Specification and Illustra-
tions of Use for Policy Analysis, First Progress Report of the IMPACT
Project, Volume 2 (Canberra : Australian Government Publishing
Service, 1977), pp. xi + 297.

2. D. W. Challen and A. J. Hagger, “Economy-Wide Modelling with Special
Reference to Australia," Economic Society of Australia and New Zealand,
8th Conference of Economists, LaTrobe University, Melbourne, Australia,
August 1979 (copies available from Department of Fconomics, University
of Tasmania, Hobart, Tasmania, Australia).

3. For a statement of these arguments, see Alan A. Powell, "The Major
Streams of Economy-Wide Modelling : Is Rapprochement Possible?”,
IMPACT Preliminary Working Paper, 1-09, Industries Assistance Commission,
Melbourne, April 1980.

4. For a detailed critical assay of the design and performance of the proto-
type, see Reserve Bank of Australia, Conference in Applied Economic
Research, December 1977 (Sydney : Reserve Bank of Australia).

5. For a technical description of continuous time econometric models, see

A. R. Bergstrom (ed.), Statistical Inference in Continuous Time Econo-
metric zommwm.ﬁ>smnmaama : North-~Holland, 1976).
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FIGURE 3e.

VARIABLE :d log 1P4 BETA = .958

QUARTERS

S 1 2 3 4 5 6 7 8 9 16 11 12 13 14 15 16

FIGURE 3f.

VARIABLE sdlog sPx/E  BETA = . 858

QUARTERS

5.

. t t ~A,T
(2.5) AME = mJ (Y (0 + _ e s
0

t AT
Ny Nwﬁav dr + % e s dv(1)} .
0

Defining the deviation of the shocked value from the control value
by lower case letters, (2.5) - (2.4) glves:

t A (t-T)
(2.6) wwﬁnv = | % m>w vl Ny zp .

0

Defining:

t (t-1)
(2.7 nmmnv = { ﬁ m>w
)]

-1 At
dr} za = A fe :Huzw N

B

we may write (2.6) as:
(2.8) wwﬁnv = nwﬁnv zy -

The interpretation of (2.8) is as follows. Since <m and Nm

are logarithms of <mnwmvwmm, Yy and zy are proportional changes. The

latter, Zy s represent vwovonnucrmu n:mzwwm which occur in the levels
of the exogenous variables Nm at time 0 and which are maintained
throughout the interval [0,t]. The former, Y8 (t) , represent the
accumulated proportional changes in the Bergstrom model's endogenous

ariables up to the point in time ¢t .

©2.2 The Johansen Model

In ite reduced form, a general equilibrium model may be
characterised by the set of equilibrium conditions relating the levels

of the endogenous variables Y to the levels of the exogenous variables 2

(2.9) Y= £(2) .
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FIGURE 3b, VARIABLE s d log P BETA = 858

7.

3. Notation for the Interface

To develop a notation which is consistent in its treatment of

the endogenous/exogenous variables in Johansen/Bergstrom, consider the

following Venn diagram:

Johansen
+
endog.
T e TT 1

Bergstrom + endog.

exog.

R —

exog.

Let ww = yector of all variables endogenous to the m:ww,mmnmwnnos

system. In the above diagram,

\f

g
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FIGURE 2d. VARIABLE : d log Pyg BETA = .508

9.

‘Variables in the cross-hatched areas of the diagram may now be

defined in terms of «.m. wu. Nw and N.u as follows:

f )
Y.y 4w the set ! in vector form
i
[

yg * wwuu A the sget v M_ " in vector form

I3 ¥p*y in vector form

where Yg¥y is a vector of varisbles in the intersection of the sets ;ww_\,;

’

'y 5 \
and w.u , etc., and Xy = u“/ . xg = /uw i,

.

vwww the set
§
- zZ A the et
Iy 1% ;
iyt
- 4. the set | !
RN
«m uw e the gL %
s
nw - uwu,u A the get f oty
m m 1

- 4mareee the set . i
Zp=zpX i
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11.

4, The Models Combined

Rewriting (2.11) and (2.8) in the new notation gives

@ [y.5g nww QWN nwm 2 v

@ o yz | = |BPF fazy | tsonansen)
© \ vy v % .nww ¥, nww zj2y%g]
@ [ gy MWH % awu_ 38

“.2 W] vz, SR e 252, [Bergstrom] .
(o) | vp-vp%y mWw ¢’ nwu. *p"%p%g

Consideration of (4.1) - (4.2) combined raises a number of points.
Firstly, equations (4.1) and (4.2) separately represent closed linear models,
each having as many linearly independent equations as endogenous variables.
But the set of variables Y49 is endogenous to both models and the mn:mwwonm.
geparately describing these variables in each model will, in general, have
‘gen estimated without consideration of this implied constraint, Therefore
there is no justification in principle for deleting Ab.wmv.ezwwm maintaining
(4.28) nor for adopting the converse approach. The only sensible reduced form

that is implied by the joint system is that which includes both Y ¥p and Yg¥se

Secondly, an attempt to put (4.1) and (4.2) directly in reduced form
would ignore a timing problem. (4.2) is the final form of a dynamic model.
Thus, for example, in the set of mn:mn»mnm (4,2) (b)Y, ygz; 1s interpreted

ag an accumulated response after t periods to a shock to Zg which
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The model (4.1%) - (4.2%) is dealt with in more detail than mzm

general model (4.1) ~ (4.2), since the recursive structure is thne prototype

for the ORANI/MACRO link.

firstly a simplified version of the recursive structure in which 2z

It is also convenient in Section 5 to consider

ARSI

In this case the models (4.1%*) - (4.2%) simplify further to:

(a) y ...—.%5
(4. 1)

() Yy Y ¥s

(4. 2%%) (b) Yg%;

T .
nh AN
3
3
[ 22 23
i o]

uwwv

B™J

Zp=Zp%sy

in which the fully recursive structure is revealed by the identity of the

left-hand variable of (4.2%%) with the right-hand variable of (4, 1%%)



*A1snosueltnuts sajifausBopus arquop omi 103 pPauTIap 67

uorIBUTquod (g°y3) enbyun v sisya ‘@9070yd> TEUT3 Byl juasaidex 9 03 y saandyy
‘SUOTIBUTQWOD (§°y3) 103 yoieas peoiq ¥ IsyimuMs ¢ 031 [ soandyg

"INVHO 3O UOTSI9A PIOPIIDIUT BYI pu® QUIVH Y10q £q ATIusisysuod

pa1otpaad sy A3ysusSopus ayqnop juwasTol 341 YOTYA UT UOTIBUFQWOD (g‘y3)

1e1Iusl0d ® s9aY8 syied ayy jo uofIVIBIBIUT Jo juyod ayy ydead numw utp snyy

‘¥3 URX 3I0US INVHO Py3 §¥ pa3aadialur aq ued> amy3 up jupod Buypuodseiion eyl

eyl papraold vsuodsal uni jxoys INVHD pPadejaalutl 9yl se poiasxdisjuy aq O3 ST

yied 3wyl vo jured Aue ‘*a°1 yred ssuodsex Teuoriypuod v 81 yjed QUOVIH/INVEO @4l

‘a[qeriea snouadopus OYOVH IurAdIax Byl Jo yied asuodsex oymeudp Teniow ayy 24

ysed QYOVH @Yyl  *SMOT{OJ S® 8} 9 03 T sain814 jo uopiezaadiogur oayp

*[ uoy3ldayg
40 ¢ pue 7 sarqel yits uworydunfuod uy pazeadisjuy aq o3 aae pue *suoriwvurqwWod

(9°%3) 943 jo 9oTOYD TRUTY Y3 DIBIIBNIIT § pue ¢ ‘v sainBig

‘[ ©OTII3S 3JO T BTqeL YiTa uofiovunfuon uy paidadiaiuy aq o3 aae sydead asayy,

* @/xdx Bo1 p s3aodxs jo anyea Aousiind udyazoy Nuv f1d7 801 p :s3r0dumy 3o
anfea Aduaiind ufyoioy (@) 844 Bor p :3ndino Teufmou (P} 3£ Zor p :3ndano
Teax (@} *a 8ot p :soofad (q) ¢7 Bo1 p :jusméordwa (p) :sey3rsusTopus
atqnop ay3 o3 maoamouuou 3 yBnoayl e geses-qns syl ITTYM A1aar3oedsax ¢g* puwm
$* ‘50 3o g 3o senyea jusesidax € pue z ‘1 saanlyg *3urpuads Jusmuinaol

03 3#00ys Juadiaed SU0 B WOIY ITNSSA YOTUM QUIVH YITA PANUTT INVHO I0J pue wmioj

JUOTE® puels UT OUIVH 103 sasuodsai oy3 jussaad suyde1d Buraoytoy ey

UMy 31104s INVH0 JO eFsAipuy [eoTydeiy Jf X{pusddy

°L9

*5 xppusddy

ur pepyaoid sy yovoadde sATITnIUY 88T Ing sSnoiofyi axow ¥ *gqooys
paugelsns juelsuod jo souanbas ® ojur syooys yo ujed aswyi v Jupsodmooep
£q ‘pe3va1300 aq Avm STapom OM] DY3 NISMIIQ SIOUAISIITP SUTEWII YOTYM uy
Aes ay3 surerdx® UOTIDAS STYI 3O I8AX WYL  *STqISEIJ 8 STOPOW OAI BYI JO

8upquyl ‘@anioniys oyweudp powmss®e UB SBY [IPOW USSUBYOL IYI BVUQ

*y3ed Burdleoop Ayworiiomosd w Buote

L

payoroxdde sy wnriqyrinba ‘arqeis sy ‘v pepracad ‘jeys 30wy aya 8231BAIGNTTT

‘waseso ‘G _[1- _el1- o] - (0% (€5
¥ STy ey - ,
snyy
“wreso ha- el v - @ @9
8y

:87 asuodsaz ussueyopr
Y3 jyo sdoymrudp ay3 Suyursduod uoridunsse Twanievu © (1°¢) uwaard

f.

*anbpun jou sxe [y pus 'y BUOTIDII3ISaX

19y3ang Jnoyifa ‘Aawern .anbwUunw asuodeal uosueyol syl ST 431 BIBYA
- e v - B 1s)

21V
1oys wous Ty pue Ly seorazem supgep o3 JuayusAucD

87 317 (11°Z) °3(g*z) 3o Lapaeryurs Teluswepuny ay3 BuysyuSoosy

T9POR ussueyqo[ o43 pujyoy SSfWeUAq OUL T°C

3deyislul oyl jo sidadsy Jugmyl, ‘G

‘o



66,

(b) ORANI Elasticities File

Tne format of each card is (Al, I4, AI, 14, F10,0). The two permissible

types are

(a) Yem-1 Y--~J ELAS

1f YJ is exogenous to ORANI but endegenocus to MACRO
(b) Y---1 Z~-~J ELAS

if 2J 18 exogenous to ORANI and MACRO

‘where ELAS = elasticity value

{c) MACRD Varisble Names File

Two files of names may be provided, one for MACRO exogenous variables
and one for MACRO endogenous variables. These files associate
mnemonic names with variable numbers. Format is one name per line

in format AlO,

15.
5.2 The Recursive Linkage
5.2.1 A Simplified Case Q
We consider firstly the case zy =g - Thus the combined model,

uncorrected for timing, is (4.1%%) - (4,2%%), In this sub-section the
shorthand notations Yy o+ ¥p» 23 2 nu s ow are understood to represent
the vectors and matrices of the system (&4.1%%) ~ (4.2%%) .

Consider now a shock to the Bergstrom model which occurs at time
0 and 1s sustained over {0,t] . Represent this by Nmﬁc.n_ . This

produces the Bergstrom response:

(5.4) ypis) = amﬂmvuwﬁo‘n_ ,0€8¢€¢t,

. -1 Bt
wvhere nwﬁmv - bw e |Hu2m .
Identifying Y8 with z; leads to a time varying shock MN&Amv

to the Johapsen model. Representing Nhﬁmv as the integral of its

derivatives;

8 mnuaau
d1

(5.5) uuhmv - “ dr

0

allows each of the derivatives to be interpreted as a shock sustained over

the period {1,t]

muunav
(5.6) P - numa‘n“ . 0Ozttt

The effect of this latter shock on the Johansen model can be

derived by use of (5.2), with s =t -1 . That is:
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10.

11.

(IFINT # 0)
BK

BDK

BICE

BX

BY

BYG

(IFINT > O)
NOE
TITLED

IFPO

(IFINT > 0)
NINTER

IFGRAPH

(IFINT > 0)

INDY(I)
T1, Hn.,ﬂw'
Tl

T2
T3

64,

BK, BDK, BICE, BI, BY, BYG (6F10,0)
= base value of K A
= base value of 6K

= base value of investment in construction and equipment

- base value of total investment (ICE + ID)

base value of output net of depreciation

= base value of output including depreciation
NOE, TITLED, IFPO (15,AL,2X, I5)

- no of non~zero ORANI elasticities

- title of ORANI elasticities file

= 1 1f elasticities to be printed

- 0 otherwise

NINTER, IFGRAPH (215)
- no of double endogeneities to be calculated
-1 1f plots of MACRO and MACRO/ORANI responses
for double endogeneities required
- 2 1f binary disc file for plotter required

= 0 othervise

INDY (1), I=l, NINTER (1615)

index of I'th double endogenelity

IFDYN, TSTAR (3r5.0, 15, ¥5.0)
initial value of ¢
final value of t

increment

17.

5.2.2 The General Recursive rwurmmm

In the case where zg # Y the combined model, uncorrected for
timing, is (4.1%) - (4.2%) . In this sub-section the shorthand notations
Y3+ Yp > Z3 s Zg s oh s nw are understood to represent the vectors and

matrices of the system (4.1%) - (4,2%),

Again consider a sustained [0,t] shock to variables exogenous to
the Bergstrom model. As in 5.2.1 the Bergstrom response is given by (5.4).
Now, however, it is a subset of g > namely Yg?y » which leads to a time
varying shock z3¥g (1) to the Johansen model. Again this time vmnv is
represented as an integral of its derivatives. awm typical mmnw<mnu<m,
represents a sustained shock from Tt to t , and by linearity the timing-
corrected Johansen response can be represented as the integral of the
responses to this overlapping sequence of sustained shocks. = 1In addition,
there is an avenue for a direct Johansen response to shocks other than those

generated by the Bergstrom response, That 1s:

Zy8
t -1 >qﬁnoaV
(5.11) wuﬁnv - %o >u {e |Huzu 0 [t,t)dr
0
0
+ nh Nhuw [o,t] .
21?58

d
Now, by definition, z;¥g [t,t] = = uuwwaav .
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Appendix 7B

62.

Format of Program Input Files

(a) Steering Cards for Program INTER
1. M, L, 1¥Z, IFINT, IFPT, IFPTINV, ITESTI, ITEST2, LORD (1615)
. | - No. of MACRO endogenous variables (excluding
appended identities)
L = No. of MACRO exogenous variables
172 = 1 1f constant expanded to M exogenous variables
(N = L4M-1)
= 0 otherwise (N=L)
IFINT = -1 to generate MACRO "as 1f" &
= 0 to generate MACRO stand-alone simulations
= 1 to interface MACRO and ORANI
= 2 to interface with MACRO in short run (K fixed)
1FPT -1 to print eigenvalues (A,) of MACRO model
= 2 to print eigenvalues and eigenvectors (P)
= 0 otherwise
IFPTINV = 1 to print »wlw
- 2 to print m:w
= 0 otherwise
ITESTL - ] to print (computed) imaginary part of Y
= 0 dont print unless I|Imag(Y,)| > .00001
ITEST2 w1 compute and print A, = P A Pl
= 0 othervise
LORD = order of Taylor series approximation (program

MACROSIM only)

19,

6. mﬂon»mﬁnmnwcm of the MACRO and ORANI Models

6.1 Introduction

In this section we specify the versions of the models to be used and
detail modifications to be carried out preliminary to the interface. These
somwm»nmn»orw are designed to achieve consistency of dmnwmwwm definition and
consistency of dynamics between the two models. A remaining form of
inconsistency may lie in the basic philosophy of ncamnnanw»on of the two models.
A maintained hypothesis underlying the use of MACRO to determine the ORANI
short run is that the economic forces producing the time 1unr of the MACRO
endogenous variables which are also endogenous in ow>2H are modelled in a
similar way to those forces vnomwnpam the corresponding ORANI short run results.
But this hypothesis is unlikely mo be reasonable for the whole set of doubly
endogenous variables. For example, the import sectors in the two models are
avmnwmwmm in a quite dissimilar manner. As another example,. the »5=o<bnw<m
role of monetary disequilibrium effects in the real noavonmnnw of the MACRO
model suggests nymm‘ even if the models are consistent in nrm.vnoummnmm
responges of nominal values to a given shock, the decomposition of the response
into price and quantity effects lbw well be different in the two models.

Thus one would expect to adopt a pragmatic approach to the selection of those
double endogeneities to be used in the determination of the ORANI short rum.

6.2 The MACRO Model'

Version: The version of the model to be used (as defined by the
equation specification) will be referred to as MACRO79. This is based on the
nid qu<mn¢ﬁ05 of the minimal model of the economy, supplied by the Reserve
Bank in urw% Houo., The equations defining MACRO79 are provided in Appendix 6A.

variant: The variant of MACRO79 to be used »a.nrmn.tr»nr results
srml the parameters take values obtained from FIML estimation using Wymer's

program RESIMUL over the mmacwm period 1959 (3) -'1977 (3). The resulting

1 A glossary of the IMPACT nomenclature used in this sub-section and the next
(e.g., 'version', 'variant'), is given in Appendix 6E .
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Appendix 6E  Glossary of IMPACT Terminology

1.

2,

Used in Sections 6.2 and 6.3

In this guide definitions are given for the following terms:
Version (of a model)

Variant (of a version of a model)

Mode (of use of ORANI for simulations);

Basic solution {of ORARI).

Version A version of a model 1s a completely algebraically

gpecified structural form of a model.

Variant The same version may be presented with different sets

of initial conditions and/or with different parameter files, This

generates different variants of the same version.

HMode Any variant of any version of ORANI may be run
for simulation purposes in a large number of different modes.
A mode of use of ORANI for simulations is defined by the partitioning

of the ORANI variables into endogenous and exogenous sets.

Basic solution A basic solution of ORANI is a matrix of the

elasticities of the endogenous variables with respect to exogenous

variables, For a given variant of a given version of ORANI this matrix

depends only on the mode of use. N

21,

6.4 Consistency of Variable Definition . ) .

In this section we describe the construction of wmm»nwonmw MACRO
variables which provide consistency with ORANI definitions. 0f the set of
ORANI exogenous variables which are endogenised by MACRO, two require
mmucmnsmnn for consistency of definition: (a) »acmwnrwan' (b) real wages.,
0f the set of doubly endogenous variables, three require adjustment:

(c) real output, (d) imports, (e) exports. 1Im mmm»ﬁnon it will be useful
to modify both ORANI and MACRO to provide a further double endogeneity (f)

N

nominal output. Details of these constructions are:

(a) Investment

Let ID be real inveéstment in dwellings and let ICE be gross
private fixed capital expenditure on construction and equipment.

let I = ID+ ICE . Hl;0w>2H. »w = dI/I . Now

ar dID + dICE y

I I
. dip ID . QICE ICE
10 I ICE I . )
d1b
However ~ip can be identified as d log d in MACRO. Consider

now the second term. Using K to denote the capital stock, K for its rate

of growth (real § per unit time) and & for the depreciation rate,

dICE | d(K + 6K)
ICE ICE
& K & K
= et Sx icE .
K
Of the terms on the right, MACRO endogenizes mm = d log K and dk where

k = K/K .
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The Endogenous Export Industries in

ORANI 77
Industry Exports as a
ORANI 10 Description 1oﬁnMMnmmm
No. Code Total Sales
1 01.01 Sheep 68.5
2 01.02 Cereal grains 56.5
9 04.00 Fishing, trapping, r:smwzm 50.2
10 11.01 Iron 63.0
11 11,02 Other metallic minerals 33.4
12 12,00 Coal and crude petroleum 26.3
15 21.01 Meat products 30.2
22 21.08 Food products n.e.c. 30.3
27 23.01 Prepared fibres 58.1
60 29.01 Basic iron and steel 16.5
61 29.02 Other basic metal products 37.9
The Exogenous Investment Industries in
ORANI 77
Industry
ORANI 10 ) Description
No. Code
14 16.00 Services to mining
81 36.01 Electricity
82 36.02 Gas
83 37.01 Water, sewerage and drainage
100 61.06 Ownership of dwellings
101 71.01 Public administration
102 72.01 Defence
103 81.01 Health
104 82.01 Education, libraries, etc.
105 83.01 Welfare services
109 99.01 Business Expenses

23.

proportional change in real investment.

(b) Real Wages

MACRO provides (nominal) average weekly earnings, W (equation

M9), w:m;vnwnm of output, P Ama:mnwon M6). The identity:

d log (W/P) = d log W ~d log P~

is appended as M30 and W/P 1s used to endogenise the real wage shift term

in ORANI.

{(c) Output

MACRO provides real output net of depreclatioen, y (equation M3) ,

and capital stock, K (equation M24) . Then real output before depreciation,

%m , 18 equal to y + ‘6K, and

n
lwm. lleN+a
%W y %W

In.
miF
w‘m

5]

and the identity

d log Vg G/ wwv d log y

+(1-y/ wmv d log K

is appended as M31 , providing a variable which is consistent with the ORANI

definition of the proportional change in real GDP .

(d) Imports
MACRO provides real imports of goods and services, 1 (equation M4),

and the price of imports, mw , 18 exogenous to both MACRO and ORANI.

The identity:

d log n»m»v = d log 1 4+ d log w»
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56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74

0.242
0.102
0.030
0.006
0.041
2,103
-0.080
0.100
13.170
1.045
0.756
~0.003
0.200
0,160
-0.183
-0.003
-1.995
-0.238
6.293

0.103

56.

0.062
0.023
0.003
0.000
0.009
0.639
0.015
0.033
4.197
0.392
0.091
0.002
0.021
0.033
0.051
0.000
0.694
0.277
1.141

0.061

25,

wo?.; = noxuoﬂo..n: + no\z?&wzﬁv

(6.1)
(th) = Gu(t%) 2,[0,6%]
where: ’ nc = the matrix of ORANI short run elasticities;
t* A, (t*-1) >=A n>zn&
: -1.70 -1
%) = - - .
ao\x? ) %o Ay [e 1] Ngve = dv fe 117 Ay s
v «afo 1 0] ; kK =Jo o o]
o_,c 0 o I 0
o 0 O 0o 0 1
-1, A

and nzantv - >z {e ~1] z:.

6.6

Consistency of mics

mno<»o=www it has been pointed out that a Bergstrom model typically
allows the estimation of the mwnmaknn of the model expressed in »d and zm
and hence allows the derivation of nw by (2.7). On the other hand a
Johansen model typically allows only the direct estimation of na , a matrix
which does not uniquely identify the pair >u N 2u . Further parameterisation
is required to uniquely identify the pair >u‘ zh . As pointed out in
Appendix 5A, a convenient vranNnmn»mmn»ou is to choose A, a scalar matrix.

J
Adopting this parameterisation for ORANI, we have:

(6.2) Ay = (logB) 1, 0<B<1.

The implications of this parameterisation can be mmmm by looking

at the response to a sustained shock uoﬂ 0,t*] of either (a) the rates of
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12
13
14
15
16
17
18
19
20
21
22
23
24
25

26
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Appendix 6B  MACRO 79 Parameter Estimates

PARAMETERS

0.547
~-0.083
2,201
~0.058
0.435
~1.066
0,122
1.502
-0.641
0.530
-0.068
0.137
0.368
-0.128
0.609
-0.202
0.020
0.738
-0.352
~1.380
0.718
-0.391
0.808
0.935
0.999

2.173

ASYMPTOTIC
STANDARD
ERRORS

0.079

0,052
0,298
0.256
0.198
0,344
0.010
0.251
0.086
0.152
0.048
0.038
0.077
0.037
0.101
0.073
0.013
0.161
0.108
0.636
0.110
0.065
0.163
0.041
0.180

0.407

" t-VALUES"
6.87

1.58

27.

7. The Length of the ORANI Short w:=;xﬁ

7.1 The Set of Double Endogeneities

As stand alone models, ORANI and MACRO allow the following two

variables to be identified as double endogeneities:

(1) aggregate employment from ORARI and employment (M25) from MACRO,
(2) price deflator for aggregate production from ORANI and price of output

{M6) from MACRO.

In addition, the previcus section has described the way in vhich
further MACRO and ORANI variables have been defined to achieve consistency.

This has also allowed the identification of four further double endogeneities:

Auv. real GDP from ORANI -and real output (including amvnmmawnwosv. wm (M31)
appended to MACRO,

(4) nominal GDP appended to ORANI and to MACRO (M34),

(5) foreign currency value of imports from ORANI and umn (M32) mvmnsmmm to
MACRO, . .

(6) foreign currency value of exports from ORANI and amx\m (M33) appended

to MACRO.

7.2 Framework for the Experiments

The basic experiment.to manthnm the ORANI short run consists of a
shock to an exogenous varisble, The time response of MACRO endogenous
variables is mapped out.  The ORANI responee consists of two parts, which are

discussed in general terms below:

(1) The response of ORANI as a stand alone model to the given shock.
{2) The response of ORANI to those ORANI exogenous variables which

have been nvmowmnwmmm by MACRO,
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price of wool ($US)
price of exports
dummy variables for requests to limit advances, 1961

synthetic variable for US dock strike, 1969

synthetic variable for timing of exchange rate changes,

1972, 1973, 1974, 1976

dummy variable for shake out effect in labour market
1974~76

dummy variable for Increases in commercial bill rate,
1974

synthetic variable for increases in official interest
rates, 1961, 1973

time trend vwmnnwsm in 1974(4), zero earlier
dummy variable for devaluation of $US, 1973
10 year bond rate

90 day commercial bill rate

90 day Eurodollar rate

10 year US bond rate

gold and foreign exchange reserves

sales

expected sales

real statistical discrepancy

time

company tax rate

average personal income tax rate

index of income tax rate schedule

average rate of tax on expenditure
average rate of tariffs

average rate of payroll tax
receipts of direct taxes

nmnmnmnm of wsmunnnn taxes

real stock of inventories of goods

29.

ORANI w:onn run will be the time at which ORANI and MACRO give consistent

results, that is when the mapped out response paths cross.

 The experimental framework is as follows. An exogenous variable
is shocked. For each element of the set of doubly msmowmso:m variables the
MACRO time response path and the ORANI nonawnwczwwknmmvnsmw path are sxvvma.,
Attention is then concentrated upon those members of the doubly endogenous
set for which it appears MACRO and ORANI can be consistently compared. The

precise formulae for the response paths are now set out.

7.3 Formulae for the Response Paths
Consider a shock to a variable exogenous to both MACRO and ORANI,
83y 2z, ke ﬁu0nz«. The MACRO stand alone response after the elapse of

any time interval, t , i»% be represented by:

M
(7.1} ) dlogy, =€, dlogz

for any 1 ¢ hwxw. We are interested in 1 € wa%ou < awxw « The two

part ORANI response is:

o/M M

muwu d log =z

0
(7.2) m,uom 17 ﬂn»r + fe «

j 4

(where the summation ranges over the set j ¢ ﬁwxncuv for any 1 ¢ ﬁwow .

In the asbove equations, nﬂr is the MACRO t~perfod stand alone

th

elasticity, the 1k element of nxmnVu mmw is the ORANI stand alone

elasticity, the »rnv element of ncn mMM: is the interfaced URANI/MACRO
t-period elasticity, the Hunr element of no\zAnV -
O/M
The latter elasticity is desigued :zuch that m»u captures the

response of ORANI to an ORANI exogenous variable, Nu , which is to be
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M25.

M26.

50.
Labour demand
DL
L 1
Expected sales
e »Hﬁ »u,n e yHn
plog(s \m e )= .,5 (log Aw\m e ") - log (8 \m e ™))
[} 0 0

S=d+x+ DK+ g, + 8, + 85

31.

Table 1 o .

IMPLIED LENGTH t* OF ORANI SHORT chnn
{quarters)

Double Speed of Accumulation of Overall ORANI Response, B8
Endogeneity .05 .2 .35 .5 .65 .8 .95
Employment 7.2 7.2 7.2 7.2 . 7.1 - 7.1 7.0
Price of Output - - - - - - 16.9
Real GDP ' 3.2 ) 3.1 3.1 3.0 3.0 3.0 3.0
Nominal GDP - - - - - - 6.0
Imports 5.5 6.0 6.6 7.3 8.2 9.5 11.4
Exports - - - . - - - -

Within the framework of analysis there appears to be no way of
reconciling the ORANI m:w,=>nwc export responses, This wu cnowmvuw,m function
of fundamentally different approaches to the modelling of that sector., Thus
the export sector is not considered to be useful in further experimentation

1
on the determination of the ORANI short run,

It is also not possible to reconcile the price of output. On the
other hand real GDP gives an implied value for the short run which is .
unacceptably small. Further analysis of the price response suggests a short
run value which is substantially above twenty quarters. This suggests that
the two models may be inconsistent in the way in which they split an
exogenous shock into price and quantity effects while the overall response of
nominal output may be consistent. Results for nominal GDP support this
proposition, giving an implied short run which is a decreasing function of 8
and which takes plausible values for B in the region of .9 . See Table 3

below,

1  The exports equation in MACRO follows conventional macroeconometric vnmnn»nm
in placing heavy emphasis on demand factors, By contrast ORANI treats the
supply side in considerable detail.
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Mi2,

M13.

Ml4,

M15.

M16.

48,

Non-bank demand for government securities

Dlog B = Qpn.wawow Pb ~ log B) + QHN.NAuﬂ - u«ev

+ <whwcm Pm -~ log M)

o EP
log b = vc + log Y + mww r - mmw r, + mquom c\m

Net capital inflow

Dlog F = nwu.u (log Pf - log F) + awu.NAcan - cum:v
MLETRS
P

-~ :4
log £ = £, + 1og y + By 1y = By ¥, + B3ylog Yo

Bank Advances

Dlog A = awpnwom A ~ log A) + «»Auom Pm ~ log M) + mu»o>

~ EP
log A = >o + log(l-h)M + mwm r - mum r, + mumwom c\m

Direct taxes

Dlog HH - apm'w mnHm.mAHom HHH -~ log ﬁwv + nwm.uuwom ﬁwwu

+ (1 - a;; ;) Dlog t CTB

15,1
log aHH - acw + log ty + log WL

I

t1 " %0

Indirect taxes

Dlog Tp = awm.wAwow T,, - log HNV + ewa.mAHom T,, - log ﬂmv

log T T 2 + log t, + log P.d

21 © "o

log HNN = Hou + log t, + log W.L

33.

7.5 Assessment of Model Compatibility

In this gection we address the question of the general compatibility of
the MACRO and ORANI models. The interface noum»mmmma in this paper takes as
given the theoretical structures of the two aoamww. Since these are funda~
Smanmwpw.anmmmnmnn there 18 no way nm demonstrate mﬂ%\wcann»oamw equivalence
between the two models. The best that one could hope for would be to
demonstrate that the models would generate numerical nmmcpnm with respect
to double endogeneities which are reasonably nosmwunmﬂm. In the previous
section we found that ORANI can be interfaced with MACRO in such a way as to
produce reasonably consistent nmmwwnm for employment, imports and nominal
output, On the other hand, inconsistent results are obtained for real ocmvcn.

prices and exports. We turn now to a discussion of these inconsistencies.

The key to the inconsistencies seems to be in the export sector.
Equation (MB) of MACRO mxmumwzm wn . The major endogenous explanatory variable
is E which enters (M8) 'in such a way as to induce a virtually instantaneous
equiproportionate response in mu + Thus wu\m is virtually exogenous. Further-
more equation (M3) of MACRO demonstrates that if mx\m is effectively exogenous
then so i{s x. On the other hand x 1s a true endogenous variable in ORANI, as
will be illustrated below. Since real gross domestic product = absorption +
x -~ 1 , since absorption is endogenised by MACRO and since the results for
imports are reasonably consistent in the two models it follows that an inconsis-
tency in x will lead to an inconsistency in real GDP. A consideration of the
structure of ORANI will show that the inconsistency in x will also lead to an

inconsistency in prices.

1. This section draws heavily upon comments made by Alan b..wothHAmna
Brian R. Parmenter on an earlier draft.
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Appendix 6A

Equations of MACRO 79

d

Notation: D = Fran

M1,

M3.

Mb.

M5,

Household expenditure, demand for money

A zero subscript indicates an unidentified constant.

46

.

Dlog P“d = ay (log P& ~ log P"d) + ' (log Pm - log M)
log Pd = uo + log (Py ~ T+ Pc) + mwmnra.o Dlog P)
logm = u, + log y + mun + m» T, + mu LN + wmuom mwt\m

log P* = P + .2log EP

4]

Rate of Crowth in Business Fixed Capital Stock

i

+ .8 log P

Dk = %1 [k - k]

Exports, desired inventories

Dlog x = Q»awcm x -~ log x) + 8

log xm

> e
Ve <o_m - wuu e

Imports

Dlog 1 = nmﬁuom 1- log 1) + mwoﬂwcw “xwom v)

Ag

t

+ 8,,(log S - log 5%

i« EN

OQutput

,awom y = QGAHON w - log ¥} + mHeAwom v - log v)

mw»Aw ¥t

)4

)

)

B

18

+ mmoawom S - log wmv

y= [1 -1

0

(

is

EP, (1 + ty) B

P

)

e

18

ko= +a, 02 Aw-uHV\n - £ +4.0 Dlog B) + g, Dlog P

*uawom v - log v) + m»a QDs

x
x, + log x + 8, 5108( ‘\mmsv

1s®

35,

could be achileved vmnsmmz,n:»m modified ORANI and MACRO ho~ the variables L,

Vg (Gpp), »m» and xmx\m at a short run Ms,n:m region of 6 to 8 quarters. On
the other hand, in this hypothetical example nrmnwnnosm»mnmznw in prices would
be increased, since the additional adjustment in imports in 0% would require

a mcnnrmn increase in domestic prices. However ncsm»unwnn% in price level
effects could not be expected in any event because of the role of the financial

sector in determining prices in MACRO. The price mmmmnawsmnwoa mechanism in
ORANI is such as to raise domestic prices in onmmn,wo increase imports and
decrease exports to restore balance. However, in anwo the consequent mmnnmmmmw
in reserves would be expected to lead to a unﬂnwuwww offsetting Fall in money
supply and hence prices via (M21) and(M6). cerm the endogenigation of the
exchange rate by MACRO vnocwmmm a channel for this influence in ORANI/MACRO,

an examination of the exchange rate equation (Mi8) and the relevant parameter
estimates suggests a negligible feedback. We note of course that the above
discussion throws no light on the reasons why the n:wo:mwmnnznnmm in P and y

g
should be offsetting.

The discussion of the mwQOnvmnwan model 0% has been useful to wux ideas
on the nature of the inconsistencies between MACRO and oz>maxz>nwo. However
the model 0% is not suggested as the preferred procedure for the resolution of
the inconsistencies. w preferable approach may be to allow ORANI to endogenise
exports for the system. One may also consider the possibility of removing the
inconsistency in prices by allowing MACRO to determine the price level. This
probably would necessitate further work on exchange rate determination in the

combined system.
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44,

Denoting >.u by vu>.wmmw , condition (i14) is met by choice of

diagonal ¥ with |¥] = 0 to défine:

~1
(5A.12) L¥ w,uimu .
Condition {iv) is met by ensuring
(5A.13) Q # >u.._. ¥ 1.

Condition (i) is met by cholce of ¥ of full row rank and choice of

E as P® where P* is a right generalized inverse of ¥ .

Kow L = [0 zw 0] , and given the matrix of Johansen elasticities

[ it follows from (5.1) that 1L must satisfy:

J ?

- Attt 1
(5A.14) L = [e - 1} >u. fo ¢

uou.

Thus, to ensure satisfaction of (5A.12) and (5A.14) together it is

necessary to choose F, P I A, to define diagonal Y where :

J

&
Ayt 1

(5A.15) ¥y = [e 3

ouww.u.

~1 -1
- 1} >,«wu f[o ¢
On the other hand, to ensure satisfaction of (5A.11) it is necessary

to choose P, 1&. >h to define diagonal € where:

o = plwp a2l

(5A.16) . B 3 Ay By

Pk Py .

Thus the conditions of Theorem 1 and of consistency of L and >.~
given data on €y are fully satisfied by (5A.15) and (5A.16) where diagonal
Y has rank less than or equal to the number of Johansen exogenous variables

vhich are endogenised by Bergstrom, and provided Q N $ >w .
i

37.
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2 2
N>m - >ux - Arbm + »hﬁvmw .

In the cube case:

m>w - >ww = Hw»w +A(LAL + AJLY IR,

and similarly:

m>w -AR = ~ﬁ>w + >u~r>w + »uar>u + >grv_wwu s

>an >un
smnmaa»nmnnwomﬁumcnamxvnmmunosmonAwm:mzvm

Under certain assumptions on >h and L , this is provided by the following

result:

Theorem 1:
I1f matrices E, F, >u and L can be constructed such that (1) FE=I ,
(11) w»un commutes with >w N (111) LF commutes with >.u , and

(1v) |Ay - FAE| 0, then:

Mgt Ayt

(54.9) Re® -e’m)E]
t At
- Avm>u - rvﬂ>u|m>umvup .
Proof ;
’ £ At
ﬁmm>w e V R} mmp (A;~FA )

.:E&afn.w_ 2 _alp
Ay 77 [Rig ~ Ay

3
t 3 3 -1
+ .w:.nl :ﬂ>~w - bhmﬂu L I Mﬁ AP&IMSQNV

- n~r>w - rm>umu

39,
sp(t) (% ° Npzpl0> ¢
(5A.4) -
) S5 Cyy 0
where
Oww ]
(5A.5) -
Cim Cas
. 9
t
>m-m -1} o,
- t t At -1 At
-1, -1, 28 -1, Mt Ay -1, "3
Ay za»u {e " -1} + A, mwmx -e wwmu >u {e ¥ -1}

= C, say; and wvhere R 1is the solution of:

(54.6) R-AR = NP,

a relationship tr»nr follows from (5A.3),
If >h and Ny are known then the evaluation of (3A.4) is a
numerical exercise analogous to the solution of the Bergstrom stand-alone
wodel. In this case, however, since the dynamics of both models would be
separately pre-specified, they would be consistent in their determination of
double endogeneities only with probability zero. On the other hand, the

purpose of this paper has been to consider the case in which only C, is

J
pre-specified. This raises the possibility of using the consistency of
double endogeneities as a criterion for choice of >u and zu . This approach
requires a closed form solution to (5A.4). This issue is explored further

below,

The system (5A.4) provides an alternative expression for %unnv to

the integral representation (5.9). The equivalence of the two representations
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