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PREFACE

In a recent project organizedby the Regional Development
Group, a comprehensiveassessmentwas made of multisectoral
models with a multi regional specification [see Multiregional
Economic Modeling: Practiceand Prospect, Issaev, Nijkamp,
Rietveld and Snickars (eds), North-Holland 1982]. The current
paper presentsa multisectoralmodel recently developedas a
tool for studying the structural changeof the Swedish economy.
The model is formulated for the national level and contains
some new contributions by integrating capacity formation,
investmentbehavior and price formation in an equilibrium
framework.

In its presentversion, the model may be of interest for
other IIASA projects. Moreover, its structure is such that
it should be possible to develop a multiregional extensionof
the model. From this point of view, the paper provides a
basis for further researchwithin the Regional Development
Group.

BOrje Johansson
Acting Leader
Regional DevelopmentGroup
IIASA

Laxenburg, December 1982
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1. INTRODUCTION: Medium-term Equilibria in a Multisectoral
Modell}

1.1 Equilibrium Solutions of Multisectoral Models

The most coherentway of describingequilibrium solutions

in a multisectoral setting can be found in models adhering to

the von Neumann type of closed systems [see for example von

Neumann (1945), Morishima (1970), Brody (1970)]. Among non-

closed model versions,the MSG type of framework has been widely

used for long-term applied analysis [see Johansen(1974)]. The

model describedin this paper combines elements from these two

traditions in a computable,equilibrium type medium-termmodel.

In the model presented,capital formation is determined

endogenouslyas an integral part of a dynamic capacity change

process. Consumptionand international trade is modeled in a

way similar to that which can be found in MSG models.

To illuminate the difference between the presentmodel and

an MSG model, let us just point at the following properties

which distinguish our approachfrom that usually followed in

ｾ Ｉ ｔ ｨ ･ model presentedhas been called MACROINVEST in certain
applications. -
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MSG models. In the latter one may note that (i) the input of

labor and capital is determinedby a production function, (ii)

production is limited by the available amount of labor and

capital which makes investmentsexogenouslygiven, (iii) capital

is completely malleable. In addition, the composition of the

capital goods is usually identical between sectors.

The differences indicated above may be related to the

production and investment theory on which our model is founded.

One of its fundamentalcharacteristicsis .a consistency

criterion which ensuresthat in every solution production capa-

cities are never below production levels.. Simultaneouslypro-

duction capacitiesare strictly related to investmentprocesses

in the model.

1.2 Assumptionsabout Production and Investment

One important backgroundto the model is a vintage type

of production theory. A formal presentationof such a theory

was given early by Johansen(1959). In our setting this

approachmeans that each sector is composedof different

techniques,each with fixed input coefficients, and each with

an associatedcapacity limit. Capacitiesand techniqueschange

as a result of capital formation and capacity removal, and

these processesare influenced by changesin price and wage

patterns.

In the model investmentsare simultaneouslydeterminedby

a profit condition and a capacity requirement. The latter

means that investmentshave to fill the gap between the demand

for output and existing capacities. At the same time, invest-

ments in a sector are carried through only if the ratio between

the profits and the investmentcosts in the sector exceedor

equal a sector-specific"rate of return". Profits and invest-

ment costs are calculatedin terms of prices and wages

generatedby the model.

In summary, the model presentedhas (i) a sector-specific

non-homogenous"capital" concept, (ii) an endogenousprocessof

capital formation, and (iii) non-malleablecapital. Moreover,

each individual techniquedisplays constantreturns to scale

within its capacity limit. The aggregateproduction function
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of each sector is characterizedby variable returns to scale,

both in the short and medium' term. On the aggregatelevel

each sectorwill also have a variable input structure.

The paper is structuredin the following way. section 2

introduces the assumptionsabout production techniques,tech-

nical change, and investments. Different ways of interlinking

medium-termperiods are also discussed.

In section 3 the capacity changeprocessis characterized.

The conceptsof capacity demand and propensity to invest are

introduced and explained. The notion of capacity change equi-

librium is defined.

Section 4 analyzesthe general equilibrium propertiesof a

model solution. The algorithm utilized to solve the model is

described.

In two appendicesthe technical details of the model are

presentedand the featuresof model solutions are illustrated.

2. TECHNOLOGY ASSUMPTIONS AND TIME PERSPECTIVES

2.1 Commodities, Sectorsand Prices

The core of the model structurewe shall presentconsists

of an input-outputdescriptionof production activities. For

this core two types of classificationsare utilized: one in

terms of commodities and one in terms of production sectors.

To make this distinction clear we denote

v
amount of commodity type i 1 , ... ,nx. = =

1. (2. 1 )
x. activity level in sector i = 1 , ... ,n

1.

Commodities are related to sectorsby means of the matrix

U = {u .. }
1.J

X.
1.

v
= LU .. .x.

j 1.J J
Eu .•
i 1.J

= 1 (2.2}
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Then if p. denotesthe price level in sector i, the price ofl.
commodity j, must satisfy the following condition

ap. = Eu..p.J . l.J l.l.
(2.3)

We shall call Pi commodity price and Pj producers' sector price.

The averagetechnologiesin the economy may be described

by the following coefficients

a .. = input of commodity i per unit outputl.J
in an averageprocessin sector j

lj = input of labor per unit output in an
(2.4)

averageprocessin sector j

k .. = input of commodity i per creationl.J
of one averageunit of capacity in

sector j

Let ｾ ｘ ｪ Ｏ ｔ denote the annual capacity increasein sector j. Then

we may describethe quantity balanceof the economy as:l
)

Ea..x. + Ek .. !1x.!T + D.
j l.J J j l.J J l.

(2.5)

where Di representsthe remaining part of final demand for

commodity i.

2.2 Production Techniquesand Capacities

Applied input-output analysis usually describesthe pro-

duction techniquesof a sectorwith one averageand constant

input vector. For each sector, we shall make use of a speci-

fication of different techniquesk = 1,2,... At a given point

in time each technique is characterizedby its own input

ff ' . t lk {k} d d' . t -k Hcoe l.Cl.en s j' aij an a pro uctl.on capacl. y x j . ence,

we may describethe sector aggregateas

-kx. = Ex.
J J

k -k -a .. = Ea..x ·/x.l.J k l.J J J

1. k-k -= El.x./x.
J k J J J

(2.6)

ｾ ｬ ｉ ｮ the sequelwe shall denote the capacity increasein a
T-year period by ｾ ｸ Ｎ Hence, ｾ ｸ Ｏ ｔ describesthe annual increase.
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We make the vintage type assumptionthat the input coefficients

of each techniqueare fixed. The implications of 2.6 are

obvious:

Remark 1: For each individual production technique the

scale elasticity is constantwithin the capacity limit of

the techniqueand no substitutionof input factors is

possible. At the same time the aggregatetechniqueof

each sector has a variable scale elasticity, and factor

substitutioncan occur. These are short run properties

of the aggregateproduction function.

Changesin returns to scale and input compositionsemerge

d ·ff rob" 1 k h'th'as 1 erent co 1nat1onsx., ... x., ... are c osen W1 1n
k -k J J

the constraintsx j ｾ x j for all k. 1 )

In order to illuminate substitutionpossibilities and the

associatedchoice of techniqueswe need technique-specified

expressionsfor value added and gross profit per unit output,

ｆ ｾ and ｉ ｔ ｾ Ｌ respectively. As can be seen these are defined for

each given compositionof prices and wages

ｆ ｾ a k
= p. - Ep.a..

J J i 1 1J
k ｆｾ k (2.7)

IT. = - w.l.
J J J J

where wj denotesthe wage level in sector j. For each given

set of commodity prices one may order the techniquesaccording

to falling profits as shown in Figure 1. As prices change the

order will change and this gives rise to altered incentives for

selecting techniquesalso in the short run.

2.3 New and Old Production Techniques

Our model is designedto capture the decision problem of

investorswho at each time t=O make capacity decisions in a

medium-termperspective. That is, they decide about capacity

changebetween time t=O and t=T. For each such opportunity to

ｾ Ｉ Such variations are describedin detail by Johansen(1972)
and Hildenbrand (j98j). See also Johanssonand Holmberg (1982).
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Capacity

t
I
I I
I----1--+----
I I

I
I

-kx.
J

r = prevailing rate of interest

r-

Gross profits
per unit
capacity

Figure 1. Distribution of gross profits per unit capacity.

decide a new production technique is available for each sector.

This technique is signified by k=*, and for sector j the follow-

ing input coefficients are associatedwith such a technique

*a ..=
1.J

labor input coefficient
of the new technique

input-output coefficient
associatedwith the new
technique

(2.8)

*For each price and wage structurea given profit IT j per unit

capacity is associatedwith the technique introduced in (2.8).

-kConsider now a production techniquek. By x' (0) we denote the
, d' h' h . . JOtdk

capac1.tycorrespon1.ng to t 1.S tec n1.que at t1.me t=. Le j

be the capacity removed from ｸ ｾ Ｈ ｏ Ｉ during the medium-termperiod

[O,T]. Then the remaining ｣ ｡ ｰ ｾ ｣ ｩ ｴ ｹ at time t=T becomes ｘ ｾ Ｈ ｏ ｽ Ｍ ､ ｾ Ｎ
Let 6X j denote the capacity createdduring the period. Then the

capacity level at time T becomes
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-k _ dk.)x. = 6x. + E (X j (0)
J J k J

6x. > a
J

(2.9)

Let us assumethat the capacity 6xj is distributedover the old

techniquesso that 6X
k
J
. is the new capacity in production units

k* k* -.
belonging to techniqueclass k. Let lj and {aij } be the ｾ ｮ ｰ ｵ ｴ

coefficients attachedto the capacity ｴ Ｚ Ｎ ｸ ｾ Ｎ The input coeffic-

ients at time T are then obtained as

(2 • 10)

k k
- d.]) Ix.

J J
k k

- d.]) Ix.
J J

k* k k -k= (lj 6x
j

+ lj (0) [x j (0)

k* k k -k
(a .. 6x. + a .. (0) [x. (0)

ｾ ｊ J ｾｊ J

ｬｾ (T)

ka . . (T) =
ｾｊ

k k -k k kwhere x. = 6x. + x. (0) - d.,6x. > o. We shall assume_that
J J J J J-

the new technique associatedwith 6x. is additive over tech-
J

niques so that

k* k *El. llx. = ｬＮｾＮ
k J J J J

k* k *ZEa..6x. =Ea.. 6x. for each j
ki ｾ ｊ J i ｾｊ J

kE6x. = 6x.
k J J

. (2 • 11 )

The assumptionin (2.11) means that when one single investment

period [O,T] is studied, then the analysis may focus entirely

* *on the average (aggregate)new technique lj,{a ij } and the

aggregatecapacity 6xj irrespectiveof how this averagetech-

nique and the correspondingcapacity is distributedover tech-

nique classes.

2.4 Time Perspectivesand DevelopmentPaths

For eachmedium-termperiod [O,T] the value of an arbi-

trary variable at time t=O is denotedby ｾ Ｈ ｏ Ｉ and at time t=T

by ｾ Ｈ ］ ｾ Ｈ ｔ Ｉ Ｉ Ｎ In the applicationsdescribedin the following

sections the model simulateseconomic change in terms of

interlinked sequencesof T-year periods [a,T], [T,2T], .•. , as

describedin Figure 2a. However, a more elaborateform of

dynamics as suggestedin Johanssonand Persson (1983) may also

be considered. In that case the sequencesare [O,T], [1,T+1] , ... ,
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as illustrated in Figure 2b. This implies that the investors

have a moving T-year time horizon, and medium and short-term

economic adjustmentsmay be interlinked.

(0)( I(T)
I

First medium I

term period

(a)

Secondmedium
term period

(T) t-----------l1(2T)

(0 ｨ ｬ Ｍ Ｍ Ｍ Ｍ Ｍ ｾ Ｍ Ｍ ｟ ｟ ［ ｉ Ｈ ｔ Ｉ
\
\
\

\

ＨＱＩｉｬ］ＭＭＭＭＭｾＭＭＭ｟ﾫｉＨｔＫ 1 )
\
\
\

\
(2 )I\----------tI(T+2)

\
\

\
\

(b)

Figure 2. Two alternativeways of interlinking medium-term
period.

The model notations only distinguish betweenthe initial

time, at which ｾ Ｈ ｏ Ｉ is specified, and the terminal time, at

which ｾ is specified. This is sufficient, since the analysis

of each medium-termperiod is carried through on the basis of

an assumptionabout the form of the path between ｾ Ｈ ｏ Ｉ and ｾ

for each relevant variable. Of course, this presupposesa

consistencybetween the different paths. This approachmeans,

for example, that if ｾ representsthe level of profits in year

T, there is a unique path ｾ Ｈ Ｑ ｽ ... Ｌ ｾ Ｈ ｔ Ｉ of annual profits

correspondingｴ ｯ ｾ Ｎ In this wayan equilibrium solution for

the terminal year also implies a given path towards the solution.

However, the presentversion of the model is not designedfor

analyzing the economic outcome in each intermediateyear

1, ... ,T-1. Also, note that the solution for year T may be

interpretedin two different ways. One correspondsto case (a)
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.in Figure 2. In this case the solution implicitly constitutesa

developmentpath for the medium-termperiod, generatedby the equili-

brium in year T. The alternative interpretationrelates to

case Cb} in Figure 2, and means that an expectedeconomic state

in year T generatesinvestmentdecisions in the beginning of

the period and also determinesthe capacity levels in the first

year. Simultaneously, in year 1 new expectationshave to be

found with regard to time T+1 so that the processcan be repeated

recursively. Only case (a) is elaboratedin the paper.

Let us finally state that the fundamental feature of the

model is a consistencyproperty. At each time the economic

systemcannot producemore than is feasible with regard to

given capacity limits. And capacitiesare createdby the

economic system itself.

3. CAPACITY CHANGE EQUILIBRIUM

3.1 Profits and Capacity Removal

A standardassumptionabout firms and production units in

a market economy is that shut down occurs when the gross profits

or quasi-rentsceaseto be positive. This assumptionhas been

especiallystressedin vintage type production theory. Accept-

ing this assumptionas an approximation, the following expression

was estimatedfor each sector:

ａ ｾ =
J

(3. 1)

where ａ ｾ denotes the averageannual removal rate given the wage

share ｣ ｲ ｾ = ｷＮｬｾＯｆｾＬ｣｡ｬ｣ｵｬ｡ｴ･､ from (2.7). Estimatedpositive
J J J oJ 1

parametersare OJ and OJ. From (3.1) one may calculate the total

capacity removal during the period which yields

(3.2)

where ·A. > a signifies such reduction of capacitieswhich is
J -

invariant with respectto the wage share crj .
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Removal
frequency
in percent

*

*';

*

25 15 5 -5 -15 -25

Gross profit
share

Remark: Observe that the gross

profit share ｔ ｉ ｾ Ｏ ｆ ｾ = 1 - ｷＮｬｾＯｆｫ
J J J J j.

Parameter values: ｯ ｾ = ｏＬＱＱ［ｯｾ = 3.4
J J

Figure 3. Illustration of a removal function. Annual removal
frequency in percent (manufacturingof wood products,
Sweden 1969-77).

Remark 2: The assumptionexpressedby (2.11) implies that

one does not have to consider the distribution of new

capacities (embodying new technologies)over existing

production units (techniqueclasses)when solving the

model for a given medium-term period. However, when trans-

forming such a solution to a starting-pointfor the sub-

sequentperiod the calculations in (2.JOl become essential.

The reasonfor this is that the removal functions must be

applied to the profit shareswhich obtain when the input

coefficients are changedaccording to (2.jO).
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3.2 InvestmentDemand and Propensity to Invest

v
Consider the equation system (2.5), in which X· = [a ..x. +1. 1.J J

+ [k .. tJ.x. IT + D.. For given world market prices and a given
1.J J 1.

initial structureof establishedproduction techniques,the

system in (2.5) may be solved in terms of production capacities

with the help of the matrix U. The solution is obtained con-

tingent on a price vector p = (P1, ... ,Pn)' a vector of wage

levels w = (w1 , ... ,Wn ), and the aggregatedisposableincome y.

In this way, every vector (p,w,y) induces (i) an aggregate

capacity removal d j = ｛､ｾ in each sector, and (ii) a minimum

level of capacitiesx = (x1 ' ... ,Xn ). From this we can derive

a correspondingvector tJ.x = (tJ.x1 , ... ,tJ.xn ) of capacity increments

such that l
)

(3.3)

Formula (3.3) describesthe demand for new capacity. Making

use of the investmentcoefficients, k.· in (2.4), one may1.J
determine the associateddemand for investmentdeliveries

k .. box .•
1.J J

Let us now assumethat the capacity increaseduring the

period is linear. Then sector jls demand for investment

deliveries, I j , has the following value:

I. = E.p.k .. box . IT
J i 1. 1.J J

(3.4)

The annual costs of investment, I j , must be comparedwith the

associatedprofits. At the same time we shall, for each

sector, introduce a medium-termpropensity to invest. Such an

estimated"propensity" is denotedby a parameter(lj which shows

how much of sector jls profits investors associatedwith

sector j are preparedto use for capital formation.

1 )compare formula (2. 91 .
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According to (2.7) the profits in sector j, TI j , may be

specified as follows:

k -kTI. = ETI . (x. (o)
J k J J

d
k.} + *ATI.uX.
J J J

(3.5)

ftt equilibrium the propensity to invest, profits, and costs of

investmentmust be in balance. Therefore, we can define a

capacity changeequilibrium as

I. = Cl.TI.
J J J

(3.6)

*COmbining (3.4) and (3.5) one can see that TI./J.x./I. refers to
J J J

a standardnotion of the rate of return on investment in sector

j, while TI./I. reflects a more intricate form of "rate of return".1)
J J

TI./I. = 1/Cl.
J J J

Observe that Cl j has been estimatedduring a specific period

during which each sector was facing a given cost for its

capital funds. Let r j denote the correspondingrate of

interestwith regard to sector j. We should assumethat the

estimatedparameterCl j reflects ·the interest rate, r j ,

which existed during the estimationperiod. In this sense

we could write Cl j = Cljlrjl with oClj/or j < O.

Observe finally that the equilibrium condition in (3.6)

consistsof n equationswith 2n unknown price and wage vari-

ables. The condition gives simultaneousrequirementsfor

prices, wages and capacities.

4. GENERAL EQUILIBRIUM PROPERTIES

4.1 Demand Componentsin the Model

The demand componentsof the model are summarizedby

the right hand side of the equation xVJ.' = Ea . .x. + Ek . .ax. /T + D.
J.J J J.J J J.

in formula (2.5). The demand variable Di may be divided into

the following separatecomponentswith regard to commodity i:

and

k k
l}In equilibrium 1/Cl. is the sum of the two ratios ETI.x./I.* J J J J

TI.t.x./I ..
J J J
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D. = c. + g. + h. + e. - m·J. J. J. J.g J. J.

C. = private consumptionJ.

g. = deliveries to public consumptionJ.

h. = deliveries to public investmentsJ.g

e. = exportsJ.

mi = imports

(4 • 1)

Private consumption, exports and imports are determined

endogenouslywhile deliveries to the public sector are exogen-

ously given. A detailed specificationof the variables in (4.1)

is given in Appendix 1. For given world market prices Di may be

expressedas Di = Di(p,xi,y}, since then we have that

e. = E· (p. )J. J. J.

m. = M. (p. , x. )J. J. J. J.

aE.lap. < 0J. J.

aM./ap. > 0J. J.

aM·/ax. > 0J. J. (4.2)

C i = C i (p ,y)

ac·/ap.J. J.

aCilay

< dci/aPj

> 0

< 0

where y representsdisposableincome, and where the signs

refer to estimatedfunctions as presentedin the appendix.

4.2 Characterizationof Equilibrium Solutions

Consider the following function, GCx1, which summarizes

the demand in the economy in terms of sector production,

x = (x.,...,x 1:J. n

G ex1 = U [Ax + K(x) + D], (4.31

where A;::: [a .. }, U = {u .. }, D;::: {D.}, K(x1 = {k .. ex)}, and accord-J.J J.J J. J.J _
ing to (2. 91 and (3. 3 ) - (3. 4) kJ.'J' ex1 ;::: k .. [x. + d. - x. (0) ] IT

J.J J J J

Balance between supply and demand is obtainedwhen

x = G(x}. Two additional constraintsare attachedto this

balance. The first concernsthe balanceof trade;
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l3 = l3

l3
w m. )= Ep. (e. -

.1.1. 1.
1.

(4.4)

w
where Pi denotesthe exogenousworld market price with regard to

commodity i. The secondconstraintrequires that total employ-

ment equals an exogenouslygiven (full employment1 level L.

This yields

-L =

L j =

EL j
k k

El.x.
k J J

(4.5)

Supposenow that labor supply functions have been estimated

so that L j = L j (wj1, then the secondpart of (4.51 gives a

determinationof wage levels in a way which correspondsto

the way in which investmentsand prices interact in (3.G).

Then it only remains to determine the general wage level

such that L = EL ..
J

Currently the model is applied without labor supply func-

tions. Therefore, a fixed wage structure;;= (w 1 ' ••• ,wn) is

determinedexogenouslyas a part of the model calibration. The

actual wage levels are then obtained through a multiplication

with the generalwage level W (scalar) so that w = ww.

An equilibrium can now be defined as a price vector

p = (Pj""'Pn ), a wage level Wand an aggregatedisposable

income y such that the following balancesare fulfilled

Ci11 x
= G (xl

= t:.x+ x(01 - dx
_a

paUA + + wI
(ii) ｾ ｾ

= 'IT
(4. G)

'IT, = (l/a . I Ep.k. j 6.X .IT, all j
J . J 1. 1. J

(iii) l3
w

- m.)= Ep. (e.
,1.1. 1.
1.

(iv) L = L:L.
. J
J

where ｸ Ｌ ｾ ｸ Ｌ ｸ Ｈ ｏ ｽ Ｌ ､ Ｌ Ｇ ｉ ｔ Ｌ ｷ Ｌ Ｑ denote the vectors of the corresponding

variables and where pa denotesthe vector of sector prices which

from (2.3) satisfy the equation:
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p. = LU ..Pｾ , all j
J i 1.J 1.

Remark 3: The equilibrium condition in (4.6) is described

as a system, (i) - (iv), of 2n + 2 equationsin 2n + 2

dependentvariables. These are x 1 ,···,xn ; P1, ... ,Pn'w,y.

The equationsin (i) are defined for every structureof

(p,w,y) while (ii) is defined for given values of the quan-

tity variables and the associated·techniques.

4.3 Solving the Model

The iterative algorithm utilized to solve the model is

depicted in Figure 4. By describing the different steps of the

iterative scheme, we can also illustrate the operationof the

overall market mechanism.

Let the exogenousparts of the demand componentsbe given.

Then for given values of (p,w,yl all capacity removals and all

Di - componentsare determined. This means that the inter-

mediary and investmentdeliveries can be obtained through the

iterative procedure

(4.7)

where G is defined in (4.31, and n denotesthe n'th iteration

step. The sequence{x Cn1 } convergesfor the given demand

structure. Retaining the initial prices, the disposable

income y is changedso that the employment condition is satis-

fied. By changing y the private consumptionis altered, since

aci/ay > O. The variations in consumptiongeneratesvariations

in total demand. In this way the demand for labor is controlled.

The change in demand due to the employment target generates

a change in the demand for capacity and investments. In order

to realize these investments, the gross profits of each sector,

n j , must reach a level such that the capacity change condition

in C3.6) is satisfied. Let {TI j } denote these gross profits.

With a given wage level w, the prices are then obtained as

a a -p = P UA + n + wI (4.8)
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where pa = ｻｰｾｽ denotessector prices, w = (ww1' ... ,wWn),

I = (11, ... ,lm1. A solution to (4.8) is obtainedby means of

the same type of iteration scheme as that describedin (4.7).

The new prices obtained in (4.8) are now inserted into

export and import functions, and the trade balancecondition is

checked. The domestic price level is changedby keeping {i j }

constantand at the same time varying the wage level w. These

variations are continueduntil the desired trade balance is

obtained. At this step the most recent price structure is com-

pared with the initial price pattern. If the two price vectors

are not the same the ｰ ｲ ｯ ｣ ｾ ｳ ｳ is repeated,now with the most

recent values of (p,w,y) as the starting point. The first

basic step is then once again (4.71.

One should observethat the input-outputmatrix A and the

labor input vector I are changedwhen old capacitiesare

removed and new are introduced. In this way also the technology

structure is endogenouslydetermined in the medium-termpers-

pective.

One may also remark that the algorithm is converging fast

at eachpartial step. On the average5 overall iterations are

necessaryto obtain the overall equilibrium solutionl ). No

formal characterizationhas yet been establishedwith regard to

which necessaryand sufficient conditions the model structure

must satisfy in order to guaranteethe convergenceof the

algorithm.

1) Including compilation, a solution is obtained in about
5 secondsCPU-time on an IBM 3033.
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000 0 000p ,w ,1 ,A ,m ,e ,x
r- - - - - - - - - ..-.-- - - -1
I Public consumption,g, I

Land Ａ ｮ Ｎ Ｒ Ｇ ･ ｾ ｴ ｭ ｾ ｾ ｳ _h<;L ｧＡｶｾｲＺｊ

I
NO

)

(

New matrix A (n), New labor ,,<:-----YES ...A

input vector l(n)

Employment: 1 (n)x(n)

Capacity removal ､ ｾ Ｈ ｏ Ｉ - ｘｾＨｏｽ

Production and Investments:x(n) ,.1x Cn}

Prices p(n}, Gross profits rr(n)

New wage level,
New prices

ｾ Ｍ Ｍ Ｍ Ｍ Ｍ NO 1
YES

_NO ｾ

A (n) ,m (n) ,e(n) ,x (n)

YES » TERMINATION

Figure 4. Solution algorithm.



APPENDIX 1: TECHNICAL PROPERTIES OF THE MODEL

In its current version the model has 28 sectorsof which

20 consist of industrial subsectorscomprising the mining and

manufacturingindustries. With regard to these 20 sectors,

the estimationof production techniques, investmentbehavior,

capacity removal etc., has been basedon individual data for

10,000-11,000production units (establishmentsI. The current

data base covers the period 1968-1980. In the operativedata

base these units are grouped into techniqueclasses. The data

base allows for a disaggregationof the 20 sectorsinto about

80-100 sectors. The available input-output table for the

whole economy can be expandedfrom 28 to 88 sectors.

A1.1 Domestic Demand Components

Public Consumptionand Employment

The consumptionof commodities (goods and servicesl in

the public sector is determinedby the following types of

equations

g. = g. (j - fIG + h. , i=1, ..• ,n
. 1. 1. 1.g

where gi is a fixed coefficient and where f denotesthe ratio

betweenvalue added in the public sector and total public con-

- 18 -
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consumption. The latter is denotedby G. The delivery of

commodity i to investmentprojects in the public sector is

denotedby hig . The demand for labor in the public sector is

obtained by dividing value added in the sector by an estimated

labor productivity coefficient.

Private Consumption

The private consumptionis decomposedinto )0 different

aggregateconunodity groups, v j , ••. ,V 10 . For a given disposable

income y and given prices ｰ ｾ Ｌ .•. Ｌ ｰ ｾ ｯ correspondingto the com-

modity groups, the consumptionof commodity group j = 1, ..• ,10

is obtained from a linear expendituresystem such that

v. = y . +
J J

(A. 1 )

where y. and S. are estimatedparameters. The consumption
J J

given by the system in CA.11 is distributed over the 28 commo-

dities of the model by meansof coefficients c ij such that

L:c .. = 1.
i ｾｊ

Private consumptionof commodity i is thereforeobtained

as

.10
c. = L c ..V.
ｾ j= 1 ｾｊ J

i = 1, ••• ,28 (A. 2)

and the commodity prices, (Pj' •• ·'P281, are transformedin an

analogousway to commodity group prices so that

vp.
J

28
= r p.c. I

i=1 ｾ ｾ ｊ
(A.3 )

The model is calibratedfor the Base year so that all

prices are given unit value.

One should observe that the system in CA . .1 1- (A. 3) has a

form which is appropriatefor a multisectormodel with

endogenousprice formation. A basic consistencyrequirement

in such a model is that the disposableincome, y, equals the

consumptionexpenditure. If LSi = 1, it follows directly from

(A. 1 ) - (A. 3 ) that
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10 v 28
Y = E p.V. = E p.c.

j=1 J J i=1 ｾ ｾ
(A. 4)

Alternative consumptionfunctions can often be expressed

in the following form

e' j n·- ｾｾc. = c.ITPJ' y , e .. < a
ｾ ｾｪ ｾｾ

CJ\..51

Such functions will generally not satisfy the consistency

criterion in (A.4}.

Supposethat the function in 0\.51 is initially calibrated

so that Ep.c. = y. Consider then an alteration of the income
J J

level, y, and the price structuresuch that the consistency

requirement in (A.41 is violated. A standardprocedureof

remedying such an inconsistencyis to recalibrateeach function

so that c i is replacedby ｾ ｩ Ｇ where the latter is assumedto be

valid after the alteration:

e. = kc.
ｾ ｾ

(A. 6)

One should now note that also if k in 0\.61 is close to

unity, the accuracyof the proceduremay be questioned. To see

this, let us first simplify by setting eij = a for j*i and then

differentiate the recalibratedconsumptionfunction, ei in (A.6),

with respectto Pi which yields

ae./ ap. = c. k [e . . / p. - c. le. . + 1 }/ rp . c . ]
ｾ ｾ ｾ ｾｾ ｾ ｾ ｾｾ - J J

The own price elasticity, eii , of the recalibratedfunc-

tion can therefore be expressedas

@.. = e .. - [e ..+l]p.c./Ep.c.
ｾ ｾ ｾ ｾ ｾ ｾ ｾ ｾ J J

Obviously, the elasticity remains unchangedafter the

recalibrationonly if e·· = -1
ｾ ｾ .

Hence, if the procedurein 0\.61 is utilized for a case

in which e .. * - 1, then every recalibrationimplies a shift
ｾ ｾ .
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for another consumption function than the one initially esti-

mated and introduced in (A.s).

Cost of Living Index

Since the model determinesboth consumptionand price

levels one may deliberatethe possibility of calculating the

effects a solution has on the real income and the cost of

living. The linear expendituresystem is basedon assumptions

which simplify such calculations. Referring to (A.jl we may

define

Let ｻ ｰ ｾ ｽ be the base year prices. Then the index of cost

of living, I (pV1, becomes [see Theil (j980) p23]:

where a solution ｻ ｰ ｾ ｽ is comparedwith baseyear prices ｻ ｰ ｾ ｽ .

In a similar way we may also calculate the index of real

income [see Theil (1980) p24]. The income index, y(pV) ,

becomes

y/y
y (pv 1 = (p - p) + P[- - 1] +:l

II ｛ ｰ ｾ ｐ ｾ ｊ Sk

where ｰ ｾ Ｌ p, and y refer to the base year.

A1.2 InternationalTrade

The export of commodity j, e j , is determinedthrough an

estimatedfunction

where t denotestime, Pj the world market price and Pj the

domestic price of commodity j. The parameters･ ｾ and ･ ｾ are
o J J

econometricallyestimatedwhile e j is determinedby the base



(A. 8)

- 22 -

year calibration procedure. Through the calibration the base
, , f w 1year pr1ces sat1s y Pi = Pi = .

The import of commodity j, mj , is determinedthrough the

following relationship

:J
m, 2

m, = ｭｾ｛ｰＬＯｰｾ｝ J exp{mjt}(:J+Sj}XVj
J J J J

h 1 d 2 t' t d ff' , twere mj an mj are es 1ma e parameters,Sj a coe 1C1en

expressingtax and subsidy rates with regard to commodity j.

The parametermj is calibratedin such a way that consistency

is obtained in the base year for normalizedbaseyear prices.

The scenarios/projectionsof the model are obtainedcon-

tingent on prespecifiedrequirementson the balanceof trade.

The constraintwhich has beenutilized is

w8 = rp, (e. .... m, ),11 1
1



APPENDIX 2: ILLUSTRATION OF SCENARIOS OBTAINED
WITH THE MODEL

The rationale for this appendix is merely to illustrate

the nature of the model by presentinga selectedsample of

various outputs which the model generates. One important

feature of the model results is the possibility to distinguish

betweenseveral types of prices and thereby also different

kinds of fixed price evaluations. The presentationdescribes

how three different scenarioswere generatedfor the Swedish

economy with regard to the period J980-j990. Then we illustrate

some effects of the equilibrium projections on trade and

capital formation. All scenariosdescribedhave the character

equilibrium impacts of different balanceof trade targets.

A2.1 Basic Assumptions for Three DevelopmentScenariosj980-j990

The backgroundfor all three scenariospresentedhere is

a comparativelyslow changeof public consumptionand public

investments. The developmentof the world market is represented

by a price scenariodescribing the prices which Swedishexporters

and importers are expectedto meet on the world -market during

the eighties. In summary these price projections are more

favorable for industriesproducing machinery and other forms of

equipment than for industry sectorslike mining, steel produc-

tion, and segmentsof the forest industry.

- 23 -
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Three different scenarioshave been obtained by specifying

three alternative requirementsfor the balanceof trade. The

labor market condition is the same in all cases. The ratio

betweenexport incomes and import expendituresare for each of

the alternatives (I,II,IIlL, related to the export/import ratio

1980 in the following way:

Alternative I: + 6 percent

Alternative II: + 10 percent

Alternative III: + 20 percent

The third alternative turns out to be extreme in the sense

that both investmentsand consumptionhave to be presseddown

so as to satisfy the foreign trade condition. As seen in

Table A2:1 the secondalternative is more balanced,while

alternative I has the characterof Iflaissez-faire".

Table A2:1. The Swedisheconomy)980-.1990
Three developmentalternatives

I
Alternative

II III

I

Annual change in percent:

total production +1 .3 +.1 .8 +1 .5

private cons1nYlption +2.5 +.1 .6 +0.3

volume of export +2.4 +3.8 +4.4

Ratio between the average
for the period and the
level 1980 (percentl:

total investments

building investments

housing consumption

.1 03

j 00

.106

j10

102

'105

j 04

97

103
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A2.2 Capital Formation and Capacity Change in Three Scenarios

The distinction betweenproduction, consumptionand capacity

is obvious if the housing sector capacity in Table A2:1 is

comparedwith housing consumptionin Table A2:2

Table A2:2 Capacity change and investmentshare

I
Alternative

II III

Ratio betweencapacity
1990 and 1980 in percent

the whole economy

the building industry

the housing sector

109

97

102

114

98

101

111

94

99

Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ ｾ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ

Investments/valueadded
in percent (whole economyl

Building investments
divided by total
investments (percentl

23.8

56.8

24.6

54.6

23.8

55.0

Table A2:3 Distribution of building investments1980-j990.

Distribution in percent
1980 1990 according to alternative

I II III

39

23

7

11

38

22

9

10

33

23

10

10

21

13

j 5

6Chemical production

Agriculture, forestry
and other manufacturing
industries

Manufactureof
machinery & equiprn.

Forest industries

Food industries

45 24 21 20
100 100 JOO 100

----------------------------------------------------------------
Ratio between the
averagefor the
period and the level 1980 126 147 144
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A2.3 Illustration of Trade Scenarios

In the following three tables two industrieshave been

selectedto illustrate how the foreign trade is changing in

the three scenarios. The degreeof specialization,which is

calculatedin Tables A2:5 and A2:6 is defined as

Degree of
specialization

= Export volume - Import volume
Export volume + Import volume

Table A2:4 Manufacturing of Wood products and Mineral products.

Ratio betweenthe
capacity 1990 and
1980 in percent

Wood products

Mineral products

I

1j 1 .0

86.7

Alternative
II

:115.5

94.5

III

111 .0

100.0
Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ ｾ ｾ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ

Level of exports com-
pared with altern. I
in percent

Wood products

Mineral products

j 00

100

113

j 24

1j 7

j32
Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ ｾ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ

Ratio betweendomestic
and world market price

Wood products

Mineral products

LOS

1.26

0.93

:1 .12

0.90

1. 08

Table A2:5 Trade scenariosfor Wood products. Fixed prices
(1975)

Level Scenario level 1990
1980 according to altern.

II III

Volume of exports 5001 7480 7753

Volume of imports 1730 2203 2033

Export surplus 3271 5277 5720

Degree of specialization 49% 54% 58.5%
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Table A2:6 Trade scenariosfor Mineral products. Fixed
prices (1975).

Level
1980

Scenario level 1990
according to altern.

II III

Volume of exports 1022 1226 1302

Volume of imports 1422 1962 1842

Export surplus -400 -736 -540

Degree of specialization --16% -23% -j7%
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