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2.

DESIGN OF THE ORANI~MACRO-BACHUROQO INTERFACE

Russell J. Cooper and Keith R, McLaren

1. INTRODUCTION

The IMPACT Project’s short term model is to noumwmn of three
Eogcwmw — ORANI, MACRO and BACHUROO. This paper describes an interface
which will provide for interactions among them. The resulting
interfaced model will be particularly suited for policy analyses which

require a detailed account of interactions among macro, industry, and

labour-market variables,

In a previous paper (Cooper and McLaren (1981)), the design
features of the ORANI-MACRO interface were developed. The present paper

develops the design features of the intarface between ORANI-MACRO and

BACHUROO.

It is interesting to note that each of the three IMPACT modules is,
in its mmmmnnwmw structure, representative of one of the three major
classes of quantitative economic mcdels: ORANI is a general equilibrium
model, MACRO is a continuous time disequilibrium model, and BACHUROO is

a discrete time disequilibrium model.
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27.

It follows that

c(t)z 0 <t <4

y(t) = >

[C(ey + ._.mx» exp (A(t—4-1)) H exp (A1) diBlz, 4 < t < 8,

and calculation of y(t) for t > 8 follows a similar pattern.
*
Assuming that 0 <t < 8, the above calculations cover the interval of

interest. The integral may be evaluated by noting that ¢ -

vec {exp (~At) H exp (Ar)}

vee {p7} exp (~AT) pap~t

#

exp (A1) P}

]

P exp (A0 P11 @ [P exp (~A1) P} vec ®

~1

#

{p* ® P “Yexp (A1) & exp Al?&:m.cw@ P} vec H

-1

Q' med Qvec H 4

4,
conditional . because, although the original shock = is represented
explicitly by a non~zero element - in zg , this shock may also cause
changes to variables outside ORANI (i.e. in MACRO or BACHUROO). These
variables may be identified with other elements of the vector z,5 which

would have been set to zero in the "stand-alone™ application of (2.2).

2.2 MACRO

The MACRO Béﬁr@m is to be viewed as endogenizing the macroeconomic
climate within which the other more &.mmmmnmmmnmm models operate. Thus
MACRO i to be a small to medium size macroeconomic model determining
such macro-aggregates as real private consumption and investment, and
paying particular attention to the financial and monetary markets which
are not modelled in the other modules. Adopting for comvenience the
terminology of Challen and Hagger (1979), existing dynamic macro-
econometric models fall into two principal classes:

(1) The Keynes-Klein (KK) class 1is characterized by a
specification in discrete time with the basic adjustment mechanism being
in terms of first (or E.mwmn order) difference equations. Variables are
typically specified in level form, with non-linearities stmm._nwnmm at
either the estimation or simulation stages., Although the basic driving
force of the dynamics of such models is cmﬁwwww that of adjustment
towards equilibrium, this process of adjustment 1is often wmerely
implicit. ©Estimation is typically equation by equation, so that there
are few cross-equation constraints, and the estimated versions are often
quite large, usually with more than 100 equations., After introducing
identities to reduce higher order difference equations to first-order,
and transforming to reduced form, the typical specification of such

models would be
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25.

A general solution to (4.5) is:

Leh mmﬁntbtav

W) = eAy(0) + I HDY p(T)dt
+ Hm m&AnxaV uomwxnavma
+ 1[5 G A C LE (4.6)

We wish to compare control paths of (4.6) with shocked paths. The

following shocks are admitted:

0 , £<0
Zyox(8) = »
-] c -+ *
Nxcx?v - Nmow?v Zyox® 0 st <t
Q0
Zpelt) = . £ <0
2Boe)y - () =2t 0<t <t
BX BX B~

That 1is, in interface experiments, variables exogenous to MACRO and
ORANI (and not endogenized in the interfaced system) may be subjected to
the usual abrupt and sustained shock. However, shocks to variables
exclusively exogenous to BACHUROO are to be ramped in {(linearly) since
the continuous time specification of BACHURCO does not admit of jumps in

mw and a linearly accumulating shock to me is consistent with a

6.
MACRO interface could be developed quite successfully with a MACRO model
in the form of (2.4). The final choice is really one of size and

accessibility,

NIF is probably too large and disaggregated for use in the closure
of the IMPACT model. 1In terms of size and coverage of variables, RBII
is quite satisfactory in providing short run macroeconomic closure for
the overall IMPACT system. Thus from now on, we will identify MACRO

with RBII, and take (2.4) as the dynamic form of the MACRO module.

2.3 BACHUROO

BACHUROG is a demographic and Hmcocm; supply model, based on a
demographic core which utilizes conventional demographic accounting to
model ageing, sexual composition and marital status of the population,
and on an econometric aommw which utilizes the "new home economics” to
model such things as family formation, fertility and labour force
participation. (For details see Powell (1980)). The basic model
structure is an annual, non~linear difference mnﬁmnwm: which can be
written as 3

Tgle') = £(¥p(e'~1), 2,(t") & (2.5
where Yy represents the BACHUROO endogenous variables, Zp represents
BACHUROO exogenous variables, and t' 1is measured in years. The time
variable t' can be related to the earlier use of a time variable, t
R by use of the identity t=4t! when the three models are to be

combined.



A =

(s*%) ‘@

g ‘V. 0=V ‘= H=H EEEUTY
~ ox I % *

YRy g+ 1™za ¢+

(Mav + -naa ¥ = (daa

:uoriejueseadea WI0J POONpOl, Y3 SPTLTL BI0FBIBYI YDTUA

0

« | 8040 1 0g

TP Py

=
o
©
i

=

08480 8. RHEGO 8
1 0 = W
0 1
0 0 T
Oy WOy 40 | = Y
G0y Ry ]
€Y g S
¢ 0 = r 0 = H
* ¥
0 0
By
YOH, g, 8 X, o | o | | 4
Ry
EEELTY
vz

BuTsoTITI0L *O0¥AHOVY 203 uoriemixoxdde £37073IseT® JUBISUOD TEDOT B UlR3qO
03 a1qrssod sq pynom 31t ‘yied 93  Burpuodseaiod syy Buyinduwos pue yooys
g o3 YUz gJo juemere yoes Suyivefqns £q ATiETIMIS *s1qeieduod 9iw
INVEO DU QUOVH ¢ ﬁu = 3 3T 3ey3 os ‘(sadusyo yeuoyrjzodoad jusssadex
819339 ©SBD JIBMOT oI’yA Ppu®) zmﬁw - ﬁuzdv mxmu zsﬂ = Auvzo EEELEY
a-e) s Haeayiy o 3y«

Y 1eqy soTTdwy (¥°7) IRyl UMOyUs

ST 3F7 (1861) ueaeoy pue iedoo)y uy ‘erdmexe Jojy °INVHO Se WIOF oWES

Y3l Ul SPOW Yows 23TI4 03 °q pInon LITIBTIWIS BadTyor o3 Aem 2up

SOTOPON Syl O ,WI0J INVHO. BUL 4%

*mioy
JeTTWES B UT u833Tas 8g drnpow 3Juduvodmod yowra 13wyl soarnbea ‘isacviouw
‘uoraiernurs jo sesodind 107 WI0J pevnpex o3 Topom 9397dwod DYl WIOISUBIAY
o5 - UTE3ABD YITA PSIITIUSPT 9I®  FZ BY3 JO SWOS YOTyM U [oOpom
TeaAn3ONIs v @apy om welsds HTBUTS B SB POIELI] ULym ‘SWIACT pPIONpel
se Arejexedss poieprsuod 3q uwd (g°z) pur (€+Z) “(I°7) 30 yoE® oOTIyM
snyl *syopow @2yl ITe BJuowe UOTIBWIOIUT JO UCTSSTESURII BYJ I0I MOTTE
03 ST 8owvzaejuy 2yl Fo wsodand eyy pue ¢ [ 3 T 303 ¢ 2 nwrmN Teisusd
Ut 3ng *STOpow om) ISYJO DI WOl ITqRITIRAR uorlemioyur Butaoudy ‘(g ‘0
‘W Jo suo 8T T oI9ym) 'L STQETIEA SY3 U0 Fz 03 Yooys ® Jo 30339 o43
JO UCTIBINOTED Byl AMOTT¥ yoes uorlves snotasad Iyl Ul PLqIrivssp syopou

es1y3 oyy -+ 9z pue Oz ‘Hz sorqerzen snousSoxe jo syss ¢ pue ‘Y31 pue

Oz <My ‘soyqeries snous3opus JO $19s ¢ POYITIUSPT SABY A 1B O

uoT3onpoijul 1*¢

AOVAHAINT FHL J0 SWATE0Ud IVHaNiEd "€

L



23.

Appendix B

The Interface for Method 5

The approach to the interface in this case needs to recognise the
special nature of the time delay in the BACHUROO model. FEquation (3.12)
may firstly be expressed in quarterly time units as:

u&wﬁnv = Ay umwnmxbv + By Umwmnv

Hence, using (4.1) the “structural form" of the interface differs

from that outlivned in section 4.2 because of the BACHUROU specification:
= —, ]
umwanv >w cmwnﬂ 4) + ww L B wmz umzmnu
¥
+ ww L Owwwo U.mohnv

+ mw rnwmrxw UNwAnv .

Appending this specification to the MACRO and ORANI “structural

forms” given in section 4.2, one obtains the delay~differential form:
* %
MDY(t) = H mmwmnt»v + A ¥(t)

* 3
+ 3Dz (0) + B 2 (6)

8.
Powell (1981), specify an initial wvalue for Yg(0) and a control path
for Iy, say NMAAV. T=1, 2, +so « Equation (2.5) can be solved
recursively for the control path of Yg» mMAaV~ T=1, 2, «ve « Now
construct a shocked path of Zp as NMAAV = Nmﬁav + AZ(t) where AZ(T)
1s defined as N.H.Nmmav and z 1is a constant, say 0.0l, corresponding
to a 1 percent stock to Z . Substituting NwAaV in (2.5) allows the

construction of wwAaV. and we define

73 (1) = Yp(v)

yglo) =

T=0, 1, vos
n 3 r 3>
Tp(0) :
Bow carry out this experiment with I replaced by 1 where 1t represents
the identity matrix with all but the ith replaced by 0; i.e., the
shock is now a 1% shock to the ith variable exogenous to BACHUROO. This

allows the calculation of ww s o i=1, .44y k « Now defines

Ca() = [y} «ov v5 ] x 100 (3.2)
and write: ,
yg(t) = CGa(1) 24 (3.3)

which is formally analogous to the  ORANI model, In Powell (1%81),
owAAV is given a least squares interpretation, and the possibility of
mmn»<wmm‘ alternative estimators of owAaV through a weighted least

squares method is explored.

3.3 Method 1: Interfacing the "ORANI Forms"

Given the three "ORANI forms”, it would then be possible to treat

(2.2), (3.1), (3.3) (with t =t = n»v as one simultaneous system and

obtain the reduced form. While such an approach would overcome the
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Appendix A

The Case of Singular Mw

Consider equation (3.7):

mw?v = »wxw?xs + mwum?v

and suppose that »w is singular, We may suppose without loss of

generality that 3

(if this is not the case, replace .mw by zMw where M satisfies:

i1

r~ ~

and replace By by MBo )

where b: is nonsingular,

10.

3.4 Method 2

The models may be put in dynamic form by recognizing that equations
(3.3) and (2.2) demonstrate a formal analogy between BACHURCO and
ORANI. Hence a possible way to proceed would be to link a combined
BACHURCU-ORANI with MACRO in the same manner as was developed in Cooper
and McLaren (1981) for the ORANI~MACRO interface. To resolve the
temporal aggregation problem in the nmmm of the ORANI-MACRO interface,
the approach taken by Cooper and MclLaren was to recognize that, since
(2.2) and (3.1) are analogous final forms, it must therefore be
legitimate to assume that there exists an implicit dynamic structure to
ORANI generating (2.2) analogous to the dynamic structure (2.4)

generating (3.1). Hence we may write ¢

DY,(E) = AjY (t) + ByZ (t) » (3.4)
where Ay, By satisfy
LIS | LN
Colt™) = aj" [exp (Agt™) - 1]B, . (3.5)

Given Gy, Ay and n* are unknown parameters characterizing the dynamics
(3.4) and By 1is defined by (3.5). The approach was then to write the
joint system consisting of (2.4) and (3.4), identify the appropriate
elements of Zy with Yy and of Zy with Y, to define a system:

DY = AY + BZ
and hence derive the system :

y = etz ,
which could be used for policy simulation. The values of the "double
endogeneities” in y were used in the choice of t* and Ay . In this
way, all of the information pertaining .no the dynamics of MACRO was

used, while the ORANI dynamics were assumed to be nmvnmmmunmm to a first

order of approximation by the parameters Pu and nw. To the extent
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19.

endogenous variables, while allowing the incorporation of all available

information on the time paths of those BACHUROO exogenous variables
endogenized elsewhere. To this point the methods presuppose that the
one year time delay in the estimated form of the BACHUROO model is not
intringic to the theory but 1is merely a reflection of data
availability. For completeness, Method 5 considers a possible approach
if it were desirable to preserve the one year time delay- in the
transition from the discrete to the continuous formulation. Tor the
specific version of the BACHUROO model under consideration for the
interface, the time delay is not intrinsic to the theoretical
specification, and hence Method 4 is the preferred method. The choice
between the two possible approaches to the numerical implementation of

Method 4 is possibly best determined on an experimental basis.

12.

dynamics exists) can be handled analogously to the back-solution

variables in ORANI.

Methods 3 and 4 below are based upon a differential equation
specification which approximates (3.7) by:

wanﬁv = Dwmmmnv + wwNmAnv b4 (3.8)

which is the analogue of the continuous time MACRO "reduced Fform"

equation (2.4).

3.6 Method 3

The general solution to (3.8) is :

YR(t) = exp(Agt) Y (0) + \w exp(Ay(t-s)) ByZ (s)ds

and thus the discrete time model corresponding to (3.8) is:
39
Yp(t) = exp(Ag) Yp(e-1) + ML exp(Ap(t-s)) BpZo(s) ds .  (3.9)

As an approximation, assume Zy(s) is constant over the interval (t-1,

t); then we have :
=3 baad IH. —
Tp(t) = exp(ag) Yo(t-1) + A7 ?é@% iwuwm?v . (3.10)
Comparing (3.10) with (3.7), Ag and By can be chosen such that ¢

~

mxv?»wv = bw y
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17.
where

c(t) = al{exp(at) - I} B. (4.4)

In constructing A and B from the individual model ingredients it
should be noted that Ay, By, Ap, By and all L and K matrices are
glven, With respect to Ay and By, solutions of the ORANI-MACRO
interface (Cooper and Mclaren (1981)) may be used. A preferable
approach would be either:

(1) Use double endogeneities between Ty and Y5 in (4,3) to
reassess Ag, t* and hence By (= [exp(agy) - El;cnoﬁ, now given). To
the extent that the effecting of the BACHUROO interface will influence
considerations of experimental environment, mode of use of ORANI and
inter-model feedbacks, this would be a natural extension of the Cooper—
McLaren (1981) mxmmﬂwsmmnm.

(i) Estimate (4.2) by econometric methods using time series
data, subject to constraints on the relevant components of A and B. For
the purpose of the use of this approach the ORANI and BACHUROO wmodels
referred to above should be understood as being the respective submodels
for which quarterly time series data are available on the endogenous
variables. The essence of this approach is also outlined in Cooper and

McLaren (1981).

14.

3.8 Method 5

An alternative general approach to the specification of BACHUROO in

a MACRO-analogous continuous time form would be

DY, (L) = wwﬁm?z: + wmuwma. (3.12)

Equation (3.12) could be viewed as the appropriate continuous~time
representation of (3.7) if one wished to model the one year time delay
as inherently important in the behavioural specification of BACHUROO.
This represents a methodologically different stance from that involved
in HMethods 2, 3 and 4 and hence calls for a separate approach to the

design of the interface (see Appendix B).

4. DESIGN OF THE ORANI-MACRO-BACHURCO INTERFACE

Lol Simultaneity Interactions

Interactions between the modules are effected by introducing the
linkage equations:
LopZs = Kpo¥o » LupZp = Kpy¥y »
Lpo?o = Kop¥y » LyoZo = Kouy » (4.1)

LowZy = Ro¥o » Lpmly = Kup¥p -

The subscripted symbols K and L are rectangular matrices contalning
specific patterns of units and zeros. Thus, mon. example, Lyp selects
from the BACHUROO exogenous set those variables which are endogenised by
ORANI. Kyy selects the same variables from the ORANI endogenous set.
Let Lyp select all those variables from the BACHUROO exogenous set
which are not endogenized by either ORANI or MACRO. Obviously the

elements of Log 2p» Lyg Zp and Lyg Zp correspond one-to-onme with the
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