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Abstract

ORANI is a disaggregated general equilibrium model of
the Australian economy developed as part of the IMPACT Project. It
can be run either under short-run assumptions of fixed, industry-specific
capital stocks or in long-run mode with capital stocks endogenous. This
paper shows how the long-run effects of an exogenous shock delivered in
the base year can be simulated either by accumulation through successive
single period solutions or via a ''snapshot" approach. Mechanisms
introduced into the model to avoid the tendency to over-specialization
often experienced in long-run models emphasizing international trade are

also discussed.



"Q/6T QUINOGION ‘UOTSSTHWO)
9OUBISTSSY SOTIISNPUI ‘Z[-9 Xedeq ‘BITBIISTY UT SINIONILS
Axisnpur uo afueyy orydexBowsg yo joedwy ¢, we1sdg uorlONpoId
HIH¥D/HSTYD oyl : sxniynoraly ueryerlsny ur osuodsey Arddng

JO UOTIBWIIST OYL, ‘ITOMOJ 'V UBTY PUB UOXIL( g 8394 'd PIABQ ‘IUSDUTIA

TLL6T £940300

‘ouInoqIay ‘UOTSSTWMO) SIUBISTSSY SITIISNPUT ‘/LT-d0 Iedeq Fuiyion
ATRUTWTIOId ‘BTTBIISNY UT dxnjonilg Lxisnpuy uo afueyy orydeafouwsq
yo 30vduy ¢ eanyrnotaly uerTvalsny ut weisdg L1ddng Higun

oyl FO S93BWILSH,, ‘II9MOJ 'V UBIY PUBR UOXTIQ g I838d ‘°d PTIABJ ‘1U8DUTA

‘PL61 ‘P fsOTWOUODY TEUOTIBU
~I93U] JO [BUINOL ‘L UOTIBZITBISATI] OPRI] Pue STINJ 90IN0OSIY
JO UOTIBWITISY UNTIGITINDY TeIoUan Tes1lowid, ‘YOv{g *11'S pus -7 ‘roidsl

*6L6T ‘proyxp ‘dutuuerq uswdorossq pue sTepop oprTm-Amoucdy
f(-spo) xorde] ‘7 puw IBT)."d ‘I8Z2TIg *H ur jIr xoideys
fhsuoTieoTTdw] TEOTUYSS] PUR SUOTIEPUNC [BDTIBIOBY], ‘odue] ‘rorde]

‘LL6T 19qUBAON 2UINOGIVY

‘UOTSSTUMO) SOUBRISTISSY SOTIISNPUT ‘L0-1D 'ON [BnUBp Io3ndwon)

‘BITRIISNY UT aan3onxis Axisnpuj uo afuey) osrydexdowaq jo dedur
fLUOTITPY ISITS  --  TOPOW INVYO oYl roF Tenuey Surindwo)p,, *-p ‘uoiing

‘96T ‘9 ‘SOTWOUODY TRUOTIBUIOIUI JO TRUINOL ©, A Wouodyg
2AT3TI9dWON~UON B UT SIFTIBL JO [OPOW WATIQITTINDg [eISULY V,, ‘'d°'D ‘UIToRIS

‘0967 ‘eilanorey ‘Ausduwon SuTySTIQRg [BOTISTIRAG PUB NI0L MON
‘osnol SUTYSITQn BISY ‘BIPUI I0J TOpON SUTUUBR]J WIa]-Juo] y °'p ‘espurg

*QL6T ‘ouIno(Top ‘UOTSSTUMO) 9JUBISTSSY $0TIISNPUT
“p0-d1 "oN Ieded ‘mIreiisny UT sanionilg Lrasnpui uo efueyn
srydexSowaq yo oedumy ,motArsAQ Fotag : stsdreuy AdT1T04

103 oo} ® st 109loxd [OVAWI oYl, ‘I9jusdieg "¥ g PUB ‘Y UBTY ‘Ilomod

‘8967 I9q0390 (g£) 6 "TOA ‘MOTADY »TWOUODY
TeUoTIBUISIUT ¢, we3sdg Arddng aeout pus XeTiuoXy UOTIONPOILJ
UOTIBUIOFSUBLY JO AITDTISETT IUBISUOYD BYL, ‘USNXY "H'd PUB *y UBTY ‘[TaMO4

LT



26.

Dixon, Peter B., Alan A. Powell and David P. Vincent, "Factor Demand
and Product Supply Relations in Australian Agriculture :
The CRESH/CRETH Production System”, Impact of Demographic
Change on Industry Structure in Australia, Preliminary
Working Paper 0P-08, Industries Assistance Commission,
Melbourne, November 1976. 1.

Evans, H.D., A General Equilibrium Analysis of Protection : The Effects
of Protection in Australia, North-Holland Publishing Company,
Amsterdam, 1972,

Hasenkamp, G., "A Study of Multiple-Output Production Functions :
Klein's Railroad Study Revisited', Journal of Econometrics,
Vol. 4 (3), August 1976. 2.

Industries Assistance Commission, Annual Report 1973-74, Australian
Government Publishing Service, Canberra, 1974.

Industries Assistance Commission, Structural Change and Economic Inter-
dependence, Australian Government Publishing Service, Canberra,
July 1977. 3.

Johansen, L., A Multisectoral Study of Economic Growth, North-Holland
Publishing Company, 1960.

Klijn, Nico, "Revaluation and Changes in Tariff Protection - The Short
Term Effects with Special Reference to Agriculture, paper
presented at the Australian Agricultural Economics Society, 4.
18th Annual Conference, Perth, February 1974.

Leontief, W.W., Alison Morgan, Karen Polenske, David Simpson and Edward Tower,
"The Economic Impact - Industrial and Regional - of an Arms Cut",
Review of Economics and Statistics, August, 1965.

Manne, A.S., "Key Sectors of the Mexican Economy 1960-1970", in Studies
in Process Analysis, edited by A.S. Manne and H.M. Markowitz,
Wiley, New York, 1963.

Marsden, J.S. and L.F. Milkovits, '"The Construction of Price and Quantity
Indexes for Australian Trade Flows", Impact of Demographic
Change on Industry Structure in Australia, Paper IP-03, Industries
Assistance Commission, Canberra, October 1977.

Powell, Alan A., The IMPACT Project: An Overview, -- First
Progress Report of the IMPACT Project, Vol. 1 (Canberra :
Australian Government Publishing Service, March 1977).

CONTENTS

INTRODUCTION

1.1  Applications of ORANI in short-Tun mode
1.2 Schematic algebraic representation of ORANI

1.3  Switching variables between the exogenous and
endogenous categories

STRATEGIES FOR LONG-RUN SIMULATIONS

2.1  Accumulation through time
2.2 The snapshot approach

2.3 The short-run indicator of long-run consequences

SPECIALIZATION PROBLEMS AND FOREIGN TRADE

(23

.HmxommsWNmﬂwo:omwadmwzmuwozmwﬁﬁmmm
2  Fixed factors in every industry

3.
3.3 Modelling the long-run diversifying phenomena

CONCLUDING REMARKS

REFERENCES

page

(523

12
14

15

17
18
18

20

24



- (Butwooyixoy) qgl61 ‘(z)L “T0A

‘AoTT04 pue STSATBUY DTWOUODY *,,[9A97T 9181 oY1 I® U0T3993014
3o oeduy oyl Jo stsdrruy ATBUTWIIOL4 V @ SI[NSDY INVYO JO

uotieBea8festq rerieds,, ‘uoling ‘[ pue aejuswieg ‘y¥'g ‘g I919d

‘BQLET Axenuep /5 ‘sieded DTmOUODY
¢ Awouoog ueryeiIsny oyl U sjusuasnlperTy [eInionilg
JO sasnE) Swog,, ‘U0IING UYop puB Jjusmivd ‘Y y ‘g I919d

*[L6T duinogleW ‘ssaxfuo) SYYINV Y8y 9yl 1B pojuessxd zaded
“uTOPON INVYO 243 Yita sajuswtradxy : ADT[04 opEL] [BUOTIBULSIUI JO
suorjedTrdur AI3snmpuy,, ‘uoling uyor pue Iejusmied ‘yY'd ‘g 10194

“(LL61
‘e0TAI9g BUTYSTIONJ IUSWUIIAOY UBRTTRIISNY : BIXOQUE)) 7 "IOA
‘309f{0xg JOVAWI oY1 Fo xodey ssexfoxg 1SITd -- sTsATERUY

A2T70d I0F @S0 JO SUOTIBISNT{] PUE UOIIEOIJInedg Ausriny
1 AWOUODY UBTIBIISTY 88U JO [0POW WNTIGIIINDY [BIoUe) Y °INVIO
‘(SYda) uolng uyop puw puelAy '[9 ‘IeuduIRd ¥ g ‘'g 19194

‘BL6T T xaqueideg

031 8z 1sndny ‘AoupAg “A3TSIOATUN STIAenbOB ‘SISTWOUODY FO

9DUBIBFUCY YIuaAdg 9yl 03 peiussaxd zeded ¢, ,Tepoy jopgayNg 942
JO WOTIBPTI®BA, “JUGDUTIA °d PTABQ DUB ISMOIIBH (] UYOp ‘°g 9384

*LL6T sunp ‘g *Tojp ‘anoge ] JO UTIB[[Ng UBT[BIISOY
fL3eNaBY INOGET Yl PUB SOTIISNPUI U0 SOINSSId [BINIONIIG
wra], Juoq, “IIeMOd Y UBTY PUB JIOMOXII®H "( uyop ©-g Ioisg

"9L61 ATBnIqey ‘ouinoqlay ‘UOTSSTUMO) 9DUBISTSSY -
SOTIISNPUT ‘T0-dS Loded SUTNION AIRUTWITSX{ SBIIBIISNY
ut sanionxig Lx3snpuy uo s3ueypy srydexZoweq yo dwduy
‘OUTTINg AIBUTWITOIY © BITBIAISNY JO [9POY OPTM-AWOUODY WIDJ
BuoT V CLOHSAYNG. ‘TI9MOd 'V UBTY PUB IOMOXIBH Wyop °g 1939

*£261 xequesdes “(gpy) £ oA PIOIBY OTWOUODY  ¢,u0T300201d
FO TOPON SUBAY 9Yl UO SOION,, ‘UTTING 'M MOYUIIRW PUB "¢ I0194

484617 Aen
‘967 "ON UTIDTING UOTIBTD0SSY 2uowdoloAs( SOTIISNPU] UBTBILSOY
‘WIOVAWI JO UOTIBNTEBAL S,UTRLY C[td UO SIULWWOT,, ‘g I918g

"BRLGT AIBNIQed ‘suanoqrep
TUOTSSTUMO) SOUBISTSSY SOTIISUPUT ‘UNPUBIOWDN UIIBSSaYy
‘errRIIsSny uT 9xnionilg Lxasnpui uo afuevyy otydeafouwsy

Fo 3omdWy  ,,TOPO[Y INVYO 9Y1 03 SUOTITPPY IUSIdY, g 19194

Y4

‘uoxtq

‘uoxrtg

‘aoxtg

‘uoxtqg

‘uoxtq

‘uoxtq

‘uoxiqg

fuoxtq

fUOX I

‘uoxtqg



24.

REFERENCES

Alaouze, Chris, "Estimation of the Elasticity of Substitution between
Imported and Domestically Produced Intermediate Inputs',
Impact of Demographic Change on Industry Structure in Australia,
Preliminary Working Paper OP-07, Industries Assistance
Commission, Melbourne, September, 1976.

Alaouze, Chris, J.S. Marsden and John Zeitsch, “Estimates of the Elasticity
of Substitution between Imported and Domestically Produced Goods
at the same Four-Digit ASIC Level', Impact of Demographic
Change on Industry Structure in Australia, Preliminary Working
Paper OP-11, Industries Assistance Commission, Melbourne, July,
July, 1977.

Armington, P.S., "The Geographic Pattern of Trade and the Effects of
Price Changes", IMF Staff Papers, Vol. XVI, July 1969.

Armington, P.S., "Adjustment of Trade Balances : Some Experiments with a
Model of Trade Among Many Countries", IMF Staff Papers,
Vol. XVII, November 1970.

Artus, J.R. and R.R. Rhomberg, "A Multilateral Exchange Rate Model",
IMF Staff Papers, Vol. XX, November 1973.

Batker, T.S., ''Projecting Alternative Structures of the British Economy',
in Advances in Input-Output Analysis, edited by K.R. Polenske
and J.V. Skolka, Ballinger Publishing Company, Cambridge,

Mass. 1976.

Chapman, D. and A.J. Wood, "Technological Update of Input-Output
Industries to 1990/91%, Internal Working Document, Bureau of
Industry Economics, February, 1978(a).

Chapman, D. and A.J. Wood, “"Technology in 1990/91; an Analysis of
Selected Industries', Internal Working Document, Bureau of
Industry Economics, February, 1978(b).

Chapman, D. and A.J. Wood, 'Less Detailed Technological Updates of
Input-Output Industries to 1990/91", Internal Working Document
Bureau of Industry Economics, April, 1978(c).

NOTES ON THE THEORY OF LONG-RUN SIMULATIONS

WITH THE ORANI MODEL

by

Peter B. Dixon, B.R. Parmenter & John M. Sutton

1. INTRODUCTION

1.1 Applications of ORANT in short-run mode

Over the past year the short-run version of the ORANI model

has become operational on a routine cmmwm.u Applications have included

the monozw:mm :

(i) a simulation of the effects of a devaluation on industry out-
puts, employment, the price level and the balance of trade
under conditions of 70 per cent wage indexation ,

(ii) a simulation of the effects of a uniform across the board

increase in tariffs on industry outputs, employment, etc. ,

1. ORANI is a disaggregated general equilibrium model of the Australian
economy. The theory and data input for the currently operational
version is fully described in Dixon, Parmenter, Ryland and Sutton
{1977] (hereafter DPRS). The computer programmes are explained in
Sutton [1977]. ORANI has been developed as part of the IMPACT Project.
For a complete but non-technical description of IMPACT Powell [1977].

2. Applications of ORANI are reported in Powell f1977], DPRS, Dixon,
Harrower and Powell [1977], Dixon, Parmenter and Sutton [1977, 1978a,
1978b], Powell and Parmenter [1978] and Industries Assistance
Commission [1977]. A short summary of the applications and results
appears in Dixon [1978b, section 3].
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checking the correlations between genuine long-rum results and the short-
run indicators. In section 3.3 we outlined progress to date in in-
corporating diversifying factors into the ORANI model. The long-run
capabilities of ORANI are gradually being extended as we add results
from relevant econometric studies. In particular, we discussed the
CRESH-CRETH study of Australian agriculture and the work of Alaouze,
Marsden, Milkovits and Zeitsch on substitution elasticities between
domestic and foreign sources of supply. We should also mention the
recent study by the Bureau of Industry mnosoawnmH on long-run techno-
logical change. ORANI is currently been revised to allow it to accept
scenarios concerning changes in production ﬂwnwdouomw.w When these
revisions are completed, it will be possible to use the work of the

Bureau of Industry Economics in ORANI to obtain long-run projections

of the impact of technological change on industry structure.

One final comment concerns the relationship between long-run
strategies one and two (accumulation through time and snapshot). It is
to be hoped that the two approaches give similar results. As the long-
run capability of ORANI is extended, we will be making the relevant
comparisons. However, there are two reasons for preferring snapshot to
accumulation. First, the computing of snapshot solutions is very straight-

forward : we remain in the one period framework. Second, (and more

i. See Chapman and Wood [1978a, b and c].

2. See Dixon [1978a].

For many purposes, the short-run mode is quite adequate and
appropriate. Policy makers concerned with macroeconomic management are
usually interested in achieving satisfactory levels of utilization of
existing capital. Questions of the longer run implications of policy
initiatives for capital accumulation and its allocation across industries
are put to one side. For example, changes in capital stocks would only
be of peripheral importance in a debate on the appropriate policies for
achieving balanced (in the sense of a reasonably uniform stimulation of
all industries and regions) macroeconomic recovery in Australia over the
next mwmrnmms months. On the other hand for many economic issues, long-
run analysis is required : the implications of technological change, the
welfare costs of protection, the economic effects of demographic change

to name just a few.

There are several strategies for long-run modelling. Among

these are the following :

(1) accumulation through time ,
(ii) the snapshot approach ,

(ii1i) the short-run indicator of long-run consequences .

Before we discuss each of these in the context of ORANI, it will be useful

to set out some notation and other background material.

1.2 Schematic algebraic representation of ORANI

We represent the model by

Az(t) = 0

(1.1)
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Features (i) and (ii), (i.e., the impexfect substitution
between imports and domestic production and less than infinite foreign
demand elasticities are part of the 1977 version of ORANI (see DPRS).
Trials using the revised model incorporating CRESH-CRETH are currently
underway. With the 1977 model, there are no flip-flop problems on
the import side -- the inclusion of estimated substitution elasticities
between domestic supplies and competitive imports allows ORANI to
imply plausible long-run behaviour for import shares in domestic markets.
On the other hand, in the 1977 version of ORANI we have found it to be
necessary to exogenize exports in long-run mwacwmﬂwonm.u Without some
artificial help, the 1977 model tends to imply extreme commodity special-
ization within the ecomomy's export bundle. (This is in spite of the
less than infinite foreign demand elasticities for Australian products.)
The addition of CRESH-CRETH to the model will eliminate the problem with
regard to agricultural exports. However, for the other exports, (mining
and manufacturing) we expect that long-run ORANI simulations will continue,

for sometime, to reflect the imposition of some fairly arbitrary constraints.

4. CONCLUDING REMARKS

In this paper we have outlined three strategies for long-run
simulations with the ORANI model, The first two, accumulation through

time and the snapshot approach, both recognize that capital is mobile

1. See Dixon, Harrower and Powell [1977].

1.3 Switching variables between the exogenous and endogenous categories

A feature of ORANI is that the division between endogenous
and exogenous variables is user-determined. For example, in a study of
the effects of tariff changes on industry outputs, the tariffs would be

part of the =z, vector while industry outputs would be in =z On

2 17
the other hand, if we wanted to know what level of protection would be
required in the footwear industry to boost its output by 5 per cent, then
the footwear tariff would appear among the endogenous variables while
footwear output would be exogenous. Another obvious switch between
endogenous and exogenous variables involves the balance of trade and the
level of domestic absorption. In some simulations we fix the level of
domestic absorption (i.e., the macro aggregates such as total household
expenditure are part of Zy ) whereas in others we allow domestic absorption
to adjust to achieve an exogenously given balance of trade. Of particular
relevance to the current discussion are switches involving rates of return
and capital stocks. In short-run mode, capital stocks are exogenous and
rates of return are endogenous. We ask questions such as what will be
the impact of tariff changes on industry rates of return at current capital
stocks. Alternatively, we could set the rates of return exogenously and
ask questions concerning the size of industries. That is, for the long-
run we might argue that tariff changes will not affect rates of wmﬁzazw
but will affect the sizes of industries as represented by their capital
stocks. This particular approach to long-run modelling will be discussed

further when we consider the snapshot approach in the next section.

1. Support for this view is provided by the fact that there appears to
be no relationship between rates of return to the capital of an
industry and the industry's level of tariff protection. See
Industries Assistance Commission [1974, Tables 3.4.1 and 4.2.3].
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3.2 Fixed factors in every industry

The second approach to avoiding flip-flop problems is to have
a fixed factor in every industry. This has been a popular strategy in
general equilibrium models of international trade. Normally it takes
the form of declaring industry capital stocks non-shiftable and
mﬁowm=OCm.u Certainly, for short-run analysis, the adoption of fixed
capital stocks is reasonable. In the long-run, however, capital is mobile.
Consequently, in models which rely on fixed capital stocks as the di-

versifying device, long-run analysis is usually restricted to the indicator

approach outlined in section 2.3

3.3 Modelling the long-run diversifying phenomena

The third approach to the elimination of flip-flop is clearly
ideal : one should attempt to identify the real world diversifying factors
and include them in the model. For ORANI, we have made the following

progress in this direction.

(i) Domestically produced goods and their competitive imports
are treated as separate commodities which are substitutes
(but not perfect substitutes) in each :mm.u The estimation

of the relevant substitution elasticities is described by

1. Examples of models employing the non-shiftability assumption are
Taylor and Black [1974], Klijn [1974], Staelin [1976] and of
course ORANI in short-run mode.

2. Our work in this area was heavily influenced by Armington [1969, 1970}
and Artus and Rhomberg [1973].

stocks of time t+1 as an endogenous variable for time t . At time

t+1 , these capital stocks will become predetermined.

In short-run mode equation (2.1) is as far as we go. The
wwmﬁu vector shows the percentage changes in the endgenous variables
*
arising as a result of the exogenous changes, Nwhﬁu , over a period of

k3
time in which we can ignore the impact of 2z, on capital stocks and

2
¥
the subsequent further impact on zy - The situation is illustrated
in figure 1.
. *m ) . N
5 2z, (t : Further changes in z
2 (£) =t k(t+1) —> . 1
2 and capital stocks

TIME (.ovo f iriiiiiennenvanaaa. t#l

SHORT
RUN

>

Figure 1

The timing in figure 1 is left, purposely, a little vague.
One possible story is that time occurs in discrete instances. At
*
instant t we introduce the shock Nmﬁﬁu and produce the response

* *
Npﬁﬁv . The response Nuﬁﬁv includes changes in investment plans.
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16.

The underlying reason for flip-flop behaviour is a failure
to model sufficient of the real-world phenomena which explain industrial
diversification. For example, in a Hm<»mzu of Evans [1972}, it was
pointed out that (without various arbitrary constraints) the model

produced unconvincing patterns of industrial specialization because of,

among other things, its omission of

(a) terms of trade effects. Evans adopted the small country
assumption. In particular, exports of any commodity could

be expanded to any extent without lowering prices.

(b) diminishing returns. All production in the Evans
model is with constant returns to scale. There are no
industries in which growth is restricted by non-producible

factors such as land and scarce mineral resources.

(¢) differences in the properties of imported and domestically
produced goods of the same name. In the Evans model,
imported and domestic chemicals, say, are perfect sub-
stitutes in all uses. Thus the model shows a tendency to
imply that the economy will either rely completely on imports

for a particular commodity or completely on domestic production.

Approaches to overcoming the flip-flop problem can be classified

under three headings :

(i) exogenization of international trade ,
(ii) the introduction of a fixed factor in every industry ,

(iii) the modelling of long-run diversifying phenomena .

1. See Dixon and Butlin [1977].

&
and we use Nwﬁﬁ+av, where T is large, as our indicator of the long-

*
run effects of the initial shock NNﬁﬁv .

In writing equations (2.1), {2.2) and (2.3), we have included
a time argument on the elasticities matrix B. Readers who are familiar
with the ORANI model ({or other models in the Johansen class) will recall
that the elements of the A matrix (see equation 1.1) are made up from
cost shares and sales shares as well as various substitution elasticities.

For example, a typical ORANI equation is of the form

where the variables are x% , the percentage change in the output of good
j , and xw% , the percentage change in the demand for good j by user i

The parameters are the B8's where B8,. is the share of the total sales

i3
of j that go to user i . In forming the A matrix (and therefore the
B matrix), the m»u are treated as constants. However, cost shares and
sales will vary in an identifiable way under the influence of the shock
Nwﬁnv . Hence, ideally, as we move from equation (2.1) to (2.2} to (2.3),

we should update the cost and sales shares.

Assume first however that we ignore the changes in sales and

cost shares, i.e., we assume
Bltvr) = B for all 1 >0

then our computations proceed by substituting for k(t+1) in terms of
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the exogenous list, we are assuming that the tariff cut does not affect

the economy's overall level of capital accumulation.

14.

i.e., the 25 per cent tariff cut. Notice that by including w{t+1) on

1

affect the distribution of capital across industries. Consequently,

the levels of current capital stocks (i.e., the levels at time t+r)

are endogenous. What we are assuming is that over the long-run, i.e.,

the period between t and t+r , the distribution of capital stocks

across industr

of return induced by the initial shock. In the long-run, capital is

mobile.

2.3 'The short-run indicator of long-run consequences

rather severe limitations have been required on the currently operational

For reasons which will become apparent in the next section,

version of ORANI in order to produce believable long-run results under

either of the approaches discussed in subsections 2.1 and 2.2.

applications papers where we have been concerned with long-run issues,

have in fact preferred to operate the model in short-run mode, i.e.,

used equation

Alternatively, we could leave wk(t+7r) on the endogenous list and
exogenize the absolute, rather than the relative, rates of return.
This would be an attractive strategy in a model incorporating a
satisfactory theory of foreign capital flows. In such a model,

we could think of capital inflows and outflows as playing the role
of determining long-Tun rates of return in Australia. At its
present stage of development, ORANI does not include an explicit
theory of capital flows.

Dixon, Parmenter and Sutton [1978a] is an example.

It does, however,

ies adjusts so as to eliminate the changes in relative rates

In some OT our

we have

(2.1) with the current capital stocks on the exogenous list.”

i1.

*
where Numrwu is our vector of long-run percentage changes in the endo-
*
genous variables resulting from the shock Nmmnu . We say that in the
*
long-run endogenous variables will differ by the percentages Npmbwu

from the values they would have had if there had been no shock Nmﬂﬁv .

On the other hand if we include the time subscript on the B

matrix and carry out the updating procedure for each period we obtain

Nuhﬁu = wpwhaumwhdv
(2.1b)
k(t+1) = mwuﬁduwmmﬁu
NMA~+HV = wHHAH+puNMAﬁV * B, (E+1)K(E+1)
= 4By, (t41) + B, (£+1)By, (£) 2 (1) X
(2.20)
k(t+2) = wwumd+puwwﬁﬁu + mwmﬁﬁ+uuxhﬁ+gu
- Aawuﬁﬁ+uu ¥ meﬁﬁ+HuwmwﬂﬁvaMmﬁu
NHad+ﬂu =
wuuﬁﬁ+Au + wumﬂﬁ+auwwuﬁﬁ+ﬂ-pv
+ wpmﬁ~+avwwmhm+a-pvmmumﬁ+axwv
9 + mpwma+aummwﬁﬁ+aupvwmmﬁﬁ+acwummumﬂ+4-uu W Nwﬁﬁv (2.3b)

EERERE

+ wwmﬁd+aummwﬁﬂ+aluu e e By (8]
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