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RESUME

Dans ce cahier? Tes auteurs présentent une approche multicritére et interac~
tive pour fésoudre des problémes de politique économique utilisant des

modéles économétriques.

A 1'opposé dés méthodes classiques d'optimisation, i1 n'est pas nécessaire
d'obtenir de la part du décideur, une fonction de préférence explicite.

La premiére partie de 1'étude relate une expérience dfutiiisation de cette
approche avec trois décideurs de haut niveau. La méthode utilisée était celle
de GEOFFRION et les réactions furent favorables, 1fun djentre eux souhaita 7
méme une poursuite de 1fexpériénce d la Confédération des Industries Finlandaises.
En rafson de quelques difficultés rencontrées par les décideurs las de 1'utili-
sation de la prdcédurerde_GEOFFRION, c'est ia méthode de ZIONTS et WALLENIUS
qui fut utilisée en version timé-sharing QUr UNIVAC 1108. Le modale tourne
éinsi depuis un an et a permis la simulation des conséqﬁencesrde certaines

décisions gouvernementales majeures.



SUMMARY

In this paper we propose an interactive multiple criteria optimization
approach to solve problems associated with macroeconomic po1iéy,

In contrast with classical optimization methods no explicit knowledge

of the decision-maker's preference function in terms of the objectives

is required. The first part of the study consists of an experiment to
test the applicability of the approach to economic policy. Three high-level
knowledgabTe decision-makers participated in it and used the GEOFFRION
muitipie criteria method to so]ve‘the problem. The reactions of the
decision-makers were favorable and one of them expressed his willingness
to continue the implementation work at the Confederation of Finnish |
Industries. Because the decision-makers experienced some difficulty in
using the GEOFFRION procedure, the ZIONTS and WALLENIUS method was
implemented for the UNIVAC 1108 time-sharing system as well. The system
has now been used for one year for optimizing economic policy and

simulating the impact of certain major governmental decisions.
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AN APPROACH TO SOLVING MULTIPLE CRITERIA MACROECONOMIC

POLICY PROBLEMS AND AN APPLICATION

In this paper we propose an approach to solving multiple
criteria macroeconomic policy problems and report on an
application using an existing econometric model.

1. Introduction

puring the past few décades efforts have been made to
develop econometric models for analyzing macroeconomic
policy problems in several countries. Typical policy
problems are, for instance, whether and by how much
different categories of taxes and other income transfers
-should be increased or decreaséd, what kind of exchange
rate policies should be followed, etc. The value of a
simultaneous egquation econometric model lies in the fact
Ithat it helps to account for the complex interrelation- .
ships existing among different variables and sectors of
the économy° Once such a model has been cpnstructed,

a computer simulation approach can be used for generating
and comparing different policies and for choosing a policy
considered to be the best among the alternatives. This
approach does not require an explicit preference function
of the decisionlmégér,<but Lis preferences'are implicitly
' presen£ in the sélection of the alternative policies on
the basis of the values of the target variables. Computer

simulation is, however, an inefficient method of finding



the best policy decisions and optimization models have

been proposed as an alternative for solving these problems.
In the optimization approach a preference function is
optimized subject to a set of constraints which represent
economic interrelationships among the variables and describe
the pdssible Qalues of the instrument vériables (=decision
variables, parameter variables, parameters). The purpose

of the optimization process is thus ﬁo select the best
solution (in terms of an overall preference function) from

the set of feasible solutions in an efficient way.

Recent.advancés in multiple_griteria optimization have made

it possible not to require explicit knowledge of the decidion-
maker's preference function in terms of the.objectives prior
to solving the problem. Instead, as we shall demonstrate in
this.paper, the decision-maker's preferences can be identified
by a procedure which simultaneously leads to choosing an
"optimal" solution. The practical value of an optimizatioﬁ
prqcedure depends, of course, on the ability of the underlying
model to describe the phenomena under study, i.e., the word
optimum refers to the mathematical "play process" and not
necessarily to the "real process". In order to have a realistic
formulation of a macroeconomic policy problem we have in the
following resorted to an existing econométric model developed
by one of us. A further version of this model is presently:
used by the Research Institute of the Finnish Economy for
analyzing and forecasting short-term fluctuations in the

Finnish economy. A linear version of this model was modified
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by allowing certain instrument variables to vary within a

feasible range each. The optiﬁiZation modei was.used for solving
an éctual decigion problem of the Finnish economy and subsequently

implemented at the confederation of Finnigh Industries.

The paper consists of five sections. In §1 we havg outlined
the problem. In §2 we describe some previous research on the
problem énd'propose an approach to solving multiple criteria
macroeconomic policy problems. In §3 we describe the problem
representation and the underlying econometric model. In §4
we discuss an application of_the optimiéation approach in
practice, Conclusions of the paper a:e_presented in §5,

A description of the model employed is given in an appendix.

2. - An Iterative Multicriterion Optimizétion Approach

to Macroeconomic Policy Formulation

Let us assume that we have a linear macroeconomic model with

estimated deterministic equations of the structural form
y = ﬁy + ﬁx,

where .y is an n-vector of endogenous variables including the
target variables, and X is an m-vector of predetermined
(=lagged endogenous and exogenoug) variables. The corresponding

reduced form is given by



¥ o= (Iwg)”lﬁx = fix.

Usually the exogenous variables also include a number of

instrument variables which may take values from given

intervals Ixi, x?}, x?<x?e For the other predetermined
variables xi=x?: that is, their values are fixed and

the interval is reduced to a point. If the decision-maker
had an explicit_preference.function_U(y): R"SR defined on
the values of the endogenous variables (the values of’

some y,38 may, of course, have no effect on the value

of U, i.e., he need not be directly interested in all
endogenous variables) we would have a standard optimization

- problem

(a) Maximize U(y) = U(fx)

b
m

. b
subject to xeX = [xi, xl]x,..X[xg, X

].

Assuming that U fulfilled certain regularity conditions

the problem could be solved by standard optimization methods.
However, difficulties arise because the preference function
is known seldom, if ever. In fact, even the existence of the

preference function, and at least its time invariance, can

. be discussed.

Many previous approaches to optimizing macroeconomic policy
-problems exist. They include the classical studies of
Tinbergen (20,21), Theil (19) and Van den Bogaard and Theil

(22) as well as applications of linear programming and its



variations by Eckaus and Parik (3), Kormai (12), MacEwan

(15) , Roskamp‘(lfj, Spivey and Tamura (18), Van Eiik and
Sandeé'(23), Zeleny and Cochrane (30), among others. An
interview approach to identifying a decision-maker's preference
function has been developed by Prisch (7,8). For soﬁe rela-

ted research see Johansen (10,11) . The use of optimal control
theory has been proposed by Chow (1), Pindyck (16) and Livesey
(13,14)w An extensive survey of the theory of guantitative
economic policy is provided by Fox, Sengupta and Thorbecke

(6) . Until recently, however, relatively little has been

done in trying to use such methods in practice.

The approaches discussed above can all be criticized on the
score of the assumption that the‘decision-m&ker is éble to
construct an overall preference'function carried bve& the

time period for which he is planning. Recent research in
multiple criteria decision-making suggests that this assumption
can be relaxed by using iterative procedures if the decision-
maker is able to provide certain local -information about his

preferences at each cycle,

' Such approaches have been developed, among others,-by.Geoffrion;
.Dyer and Feinberg (9) and Zionts and Wallenius (31). Using
either éf the approaches a sequence of target vectors

Vs {ylfyz,woe,yN}, is generated, which the decision?maker

can influence in accordance with his preferences; such that

for all k g{l;...,N}: yk= %xk, XkesX =[xi,xglgﬂo.>é[x;,x§],

The process 1is terminated for some N, when the decision-maker



does not want to change y any more. Such YN is called the

optimal target vector, YN=_\“}jr and it satisfies Vk: lgng:%hyk;

that is, v is preferred to alternative solutions. If certain
assumptions concerning the stability and form of the decision~-
maker's preference function U are made, it can further be
shown that this procedure'ieads to an optimal solution of the
maximization problem (A). For this to be true the ?reference
function need not be a linear function of the instrument
variables. It suffices that the reiationship is concave. As
such formulation (&) is, of course, more general thén the
linear programming formulation, which assumes that we can
estimate (e.g. by employing fictitious guestions) the decision=-
maker's pfeference function and that it is linear. (A) is also
more general than the approach proposed by Spiﬁey and Tamura

(18) or Theil (19).

3. Problem Representation

In this section we proVide a brief description of the problem.
A'summary of the model.currently employed is given in an
appendix to this paper and more detailed information may be
found in Vartia (24). The model is constructed using the
Dutch'short*tefm annual model as a starting point and adapted
to the circumstances prevailing‘in Finland (see_qua Verdoorn,
Post and Goslinga (26)). As usual with short~term models, the
emphasis is on the demand side and no explicit production

function is included in the model. The model is based on



annual percentage changes and consists of 13 behavioral
equations for the volumes and pfices of the main expenditure
categories, for imports, labor input, unemployment and the
wage rate. In addition, the model has a number of equations
defining other endogenous vafiablesa The expgenoué variables
of the model include usual policy variables, such as incidence
of indirect taxes, income transfers, public expenditure and
changes in the exchange rate, which wére taken as instrument
variébles for the problem. Neither monetary policy instruments
nor an endogenoﬁs block for the public sector have been
incorporated in the model. The model has béen estimated using

data for the years 1951-1970.

The economgtric simulatioﬁ model was expanded toc an annual
optimizétion model involving multiple objectives by taking
some of the endogenous variables as target variables and by
allowing certain instrument variables to vary within feasible
bounds. For target variables we selected four traditional
aggregate variables relating to the internal and external
equilibrium of the economy: the percentage change in gross
domestic product, unemployment, the rate of inflation
(measured by consumer prices) and the balance of tradel).
Values for thé lagged enddgenous and fixed exogenous
variables were obtained from the latest "Economic Prospects
in Finland",ETLA (4), and they were kept up-to-date to
reflect the situation in the Finnish economy each time

the model was used. In the earlier experiments bounds for

the instrument variables were determined by us. When the

optimization model was used on a more permanent basis, it



was natural to let the decision-maker himself determine

the bounds defining the set of feasible solutions.

A linear version of the model presented in (24} was used
in the application. Nonlinear models have often to be
1inearized, because linear systems allow of much easier
estimation and solution techniquése However, in our case
littie was lost by linearizing the~modei, since the
difference between the two versions concerns only a number
of definitional equations which in the orginal version
incorporate certain cross products?‘ We also emphasize
that, although our model is linear in percentage changes
of variables, it is, obviously, nonlinear in tefms of the
absoluteé values of the variables. Different versions of
the model have been used at the Research Institute of:the
Finnish Economy for a periqd of three years for forecasting
and analyzing economic fluctuations, and the results have
been found useful. Forxr additional tests of the accuracy of

the model we refer to (243,

4. An Application

We performed a first test of our multiple criteria.approach

to solving an actual decision problem of the Finnish economy

in February 1976. The experiment was successful and one of

the decision-makers participating in it expressed his willingness

to continue the implementation work at the confederation of



ﬁinnish.Industries'to install the optimization model.as

a more permanent decision-making tool. For that purpose

a one-year project was iInitiated in the fall of 1976. In
this section we describe the results of the experiment

as well as our experience of using the optimization model

at the Confederation of Finnish Industries.

4,1. -~ ' Description of the Economic Situation

We initially provide a brief description of the economié
situation in Finland at the time of our study. Finland

was one of the few market economies where production did
not decline during the recent deep international recession
(the volume of GDP at market prices rose by 4.7 % in 1974
and by 0.1 % in 1975) and where the employment situation
remained fairly goecd. until the end of 1975 (the unemployment
rate averaged 1.7 % in 1974 and 2.2 % in 1975). This was
due to the strong investment activity which was to a large
extent financed with.foreign capital. As a consequence the
country's foreign indebtedness grew guickly-and rose to
about a fifth of the-annual gross domestic product byrthe
énd of 1975. Simultaneously the sharp rise in COmmodity
prices had amounted to an infiationary impulge, which
continued as a strong internal wage-price spiral. The rate

of inflation as measured by consumer prices was 18 % in

1974 and 17.4 % in 1975, year-on-year.



At the beginning of 1976 thé continuing growth of foreign
indebtedhess was generally regarded as Finland's most
difficult problem. To achieve the central goal of external
equilibrium, it was considered advisable to strongly reduce
the rate of inflation and thus ensure competitiveness in
foreign tradé - even at the cost of lower production and
higher unemployment. Since the controlling of inflation

was also necessary in itself, not many were in favoxr of
improving price competitiveness by altering the international
value.of the Finnish currency in 1976, as this would have

affected the rate of inflation unfavorably.

The measureé to control inflation and decrease the trade
deficit were moderately successful during 19%69 However,
the inflation rate was still above ten per cent and the
trade deficit more than four billion Fmk. Simultaneously,
the employment situation worsened and the unemplbyment |
rate averaged 4.1 % in 1976 and despiﬁe of a cautious
optimism at the beginning of 1977 continued to increase
becoming‘the most‘pressing problem of the Finnish economy .
To attempt to improve competitiveness in foreign trade the
Finnish currency was devalued in the spring 1977 and a
program to .stimulate the economy was announced in the summer.

See also section 4.3.



4.2, An Experiment

A linearized version of the model presented in Vartia (24)
was modified in the manner descriﬁed above, so as to obtain
an optimization model, and this toéether with the Geoffrion
method assuming a monotonic preference function and a linear
constraint set was implemented for the UNIVAC 1108 time-
sharing system at the Helsinki School of Economicsa3 Some
parameter values of the model;were also changed so as to

, . . 4
hetter reflect the current economic situation.

Three high-level knowledgable decision-makers participated

in the experiment. They were 1) the Chief of the Bank
Inspectqrate, an ex-Cabinet Member, 2) the Deputy Managing
Director of the Confederation of Finnish Industries and

3) a Director of the Bank of Finland. The purposé was to
evaluate the applicability of our approach to macroeconomic
policy formulation. Each of the decision-makers was familiar.
with the general characteristics and scope of the econometric
model upon which the”stﬁdﬁ is based. We discussed various
aspécts and explained the major features of our appreoach and

the use of the method. After the starting solution the decision=-
maker was expected to provide two kinds of information at each
cycle concerning his preferenées: 1) An estimate of his marginal
rates of substitution between the objectives determining the
"best" direction of search. 2) Resolution of a step-size problem
determining how muéh of a change to make. For a more complete
“treatment of the method the reader is referred to Geoffrion,

Dyer and Feinberg (9). -



In an earlier work oné of us'had discovered that the
Geoffrion, Dyer and Feinberg (9) method was relatively
difficult to use (see Wallenius 27)). This was why we
decided to assist the decision-makers in several ways.
A variant of the original method designed to help the
decision-makers to estimate their marginal rates of
substitution described in Dyer (2} was implemented. We
also presented ﬁhe decision-makers with a number of

examples compﬁted using different responses genefated

by us:

A summary of the results of the test is given in Tabie 1.

For some additional details see (29). We note that two of

"the decision-makers wanted the gross domestic product to

grow from the preceding year, but the third was content

with a decrease in its value, since this made a‘considerable
reduction in trade deficit possible. The resulting unemployment
rates represent in each case increases on the previous year‘s
figure. The fateé of inflation chosen by the three persons
were close to each other and not far from the absolute minimum
inflation achievable. The "optimal" balance of trade deficits
varied considerably among the three persons but prpmisgg in
each case an improvement on the preceding year's Fmk 7;75

billion.



Table l: Summary of the Results of the Iterative Decision-
Making Procedure for 1976

Criterial)
GDP in- Inflation; Unemploy- Trade Deficit
Cycle crease; % % ment Rate, % Billions Fmk.
(7.18) (8.16) (1.88) - (1.21)
First Deci-
sion=-Maker :
1 -2.74 8.16 3.28 2.24
2 : 0,57 g.00 2.81 5.27
3 1.81 8.88 ' 2,64 6.54
Second Deci-
sion-Maker :
1 -2.74" _ 8.16 3.28 2.24
2 =0.37 8.27 2.95 4.55
3 0.17 8.29 2.88 5.08
Third Deci-
sion~Maker :
1 2.00 10.00 2.50 6.50
2 -1.39 3.69 3.06 3.46
3 -1.39 8.69 3.06 3.46

1) "Utopian" solutions obtained with one-at-a-time optimization
are given in parentheses under each criterion.

Some Reactions of the Decision-Makers

The decision-makers considered the results yielded by the
model and the relationships among -the objectives realistic

at the time the tests were performed, with the possible
exception that the unemployment rate and the rate of inflation.
were, in their opinion,_somewhat low when fixed values were
given for ‘the other objectives. This can at least in part be
expiained by the fact that the model was not used for

forecasting but for optimization purposes, and the feasible



region of the decision variables may not have corresponded
exactly to the one thus considered relevant in the current
economic situation. The decision-makers seemed to appreciate
the interactive processing mode ?roviding rapid feedback

and were satisfied with the way the Geoffrion method worked,
with the exception that the estimation of the marginal ratés
of substitution among the objectives (despite the assistance

provided) was not considered simple enough.

The advantages of the optimization framework were considered
to be the following:

1. The model would provide information about the
relationships between the objectives and between
the objectives and policy instruments.

2. The decision-makers would better learn their
preferences in terms bf the objectives.

3, The optimization framework would indicate which
éré feasible and which‘are infeasible targets"

for economic policy.

Also, the possibility of using this kind of "policy formulation
game" as a pedagogic instrument for different groups of

decision-makers was considered a fruitful application.



4.3, Application at the Confederation of Finndish

Industriess

Our intention was to impiement the optimization model as

a more permanent decisionwmaking tool at thé Confederation
of‘Einnish Industries. The Confederation of Fiﬁnish Industries
does not have the authority to implement the results but as

an  interest group of various industries it can influence thé
economic polidy pursued. Our involvement in the project |
__termlnated by wrlt;ng a detailed user's manual (28) and by

teachlng some persons at the Confederatlon of Flnanh Industrles

+o use and update the system, so that its future use is no longer

"necessarlly dependent on us. Prior to ‘the appllcatlon some
~of the equations had been reestimated and the model extended
with an additional behavioral egquation, In addition, net
income transfers were disaggregated into a number of
components, public expenditure was decomposed into public
consumption and investment and total investment'%nto private
and public sector investment. The values of the predetermined
varigbles were updated iﬁ the fall of 1976 and in the spring
of 1977.in accordance with thé latest "Economic Prospects in
Finland", ETLA (4). In its present form the periodic updating
of the model invelves some labor, but it could easiiy be

avtomatized so that the computer would do most of the routine

wWork .,

In the initial stages of the project we used the Geoffrion,
Dyer and Feinberg method (9}, but because the decision-

makers experienced some difficulty in using it we subsequently



switched to the method developed by Zlonts and Wallenius
(31) . Both methods are fully inﬁeractive and the system
allows the user to execete programs in a conversational
manner. In the Zionts and Wallenius method the decision=-
maker is only requested to provide answers to yes and no
guestions regarding certain tradeoffs that he likes or
‘dislikes. His answers are used to construct sets of consistent
- weights for the objeetives and to find the associated Pareto=-
optimal solutions. If such solutions are not appealing, the
method generates efficient neiqhboring.selutions and poses
them to the decision-maker for his evaluationu6 The procedere
is terminated when a reasonably good solution has been found.
Two versions of the method were programmed: one asseming

llnear preferences and another assumlng concave preferences

in terms of the objectlveeq7 Because there was no reason to
believe that the decision-makers' preferences would be linear
the more general version was used moet of the time. No test of
concaVLty of the preference functlon was made. It is, however,
a common assumptlon in economic theory and seemed reasonable
in our context as well. For further details the reader is

referred to (31).

"Theiﬁodel naterallf éeﬁeretes economic foreeastsiwhen fixed
values are given.ror all exogenous veriebles and various tes£
runs are performed to assure the user of the realism of the
results., The model has also been used for investigating the
impact of certain major governmental policy decisions in
1977 with given fixed instrument variables. When the model

is used for optimization purposes, it is important that the

specification of the bounds of the instrument variables by



the decilslon—maker CcOorresponds to the relevant region in
the current economic¢ situation. In pféctice a reasonable
approach seems #o be to startlwith loose bounds and, as

new information becomes available, modify the feasible
épace according;y, Furthermore, different aspects of the
system such as the problem répresentation and the important
characteristiqs of the method were discussed in small groups

before the optimization procedure was used in practice.

Use of the Model for Optimization Purposes

The Geoffridn, Dyer and Feinberg method (9) was used in
the testing phases by us and later by one of the directors
of the Confederation of Finnish Industries. Since the
results were similar to those reported earlier iﬁ this
paper, we only describe the experiences gained in using
the Zionts and Wallenius procedure (31). The Zionts and
Wallenius procedure Was used individually by half a dozen
persons including a director and a number of economists

of the Confedération of Finnigh Industries. The idea was
that by usiné'the-ﬁodei the persons”inﬁolveéréhOuld léérn
something about the‘interconneétions of the objectives and
the instruments and about their prefereﬁ;es in terms of
the objectives. Although the work is still in process, it
seems that we have made progress and that the decision-
makers did learn something by using the system and analyzing

the results.



Representing a first appliéation of the general version

of the Zionts and Wallenius optimization procedure, the
tests provide us with some useful infermation about its
performance. The procedure seemed generally to function
well, its ease of use was appreciated and it was not
sensitive to inconsistent resﬁonses by the decision-maker.
On average, approximately four guestion sessions and ten
responses were required for finding the neighborhood
containing the optimal soiution° The cost of a run was

of the order of US $25. As the decision-maker's prefefences
were nonlinear in general, the method found é socluticn
within some neighborhood of an optimum. In the tests it
sometimes happened that some of the solutions neighboring
to the optimal solution were relatively far from each other
and it was thus necessary to.use further optimization to
find the optimal solution; It seemed sufficieﬁt to perform
this further optimization by visualizing the neighborhood
~in which the true optimum was located and letting the
degision—maker'select the most preferred solution from

this neighborhood. No séphisticated search methods were
used but, if desired, could relatively eésily be incorporated.
An example'éf the use of the Ziontg and Wallenius optimization

procedure, performed in early 1977, will now be presented.

An initial solution was determined by using arbitrary weights
for the objectives. The result, provided in terms of the
cbjectives and the instrument variables, 1s presented in

Table 2. In addition, the user was provided with a complete
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1ist of the wvalues of the other variables and, if desired,
the associated aggregate balance of resources and expendi-~
ture at each iteration. The next step requires the decision=
maker to respond to certain efficient tradeoff questions
concerning feasible changes in the values of the objectives.
More specifically, the decision-maker was asked whether he
was willing to accept an increase in GDP of .2005 %, an
increase in inflation of .1925 %, a decrease in unemployment
of 20333 %, and an increase in trade deficit of Fmk .1013
billion corresponding to a unit devaluation of.the currency.
The response was negative. The second question corresponding
to a unit decrease in indirect taxes involved an increase

in GDP of .0728 %, a decrease in inflation of .2202 %,

a decrease in unemployment of .01l0% %, and an increase

in trade deficit of Fmk .0388 billion. The trade was found
attractive. A solution consistent with these two responses
was generated and posed to the decision-maker for his
evaluation.w(See Table 2). The solution essentially promised
an increase in GDP and decreases in inflation and unemployment
at the expense of an increase in trade deficit and implied
decreases in indirect and direct taxation and other income
transfers to the public sector. The general version of the
Zionts and Wallenius procedure regquires a strict utility
increase at each iteratioﬁ and thus the decision-maker

was asked to compare the first and the second solution..

The latter solution was found more appealing and the process
was continued from there. Three quéstions as described in
Table 2 were posed to the decision-maker, but none of them

was liked. However, some doubt was expressed about the fourth



"question and the decision-maker was advised to respond

"I don't know." Obviously, the solution consistent with
+the three most recent responses remained unaltered. In
such a case we generate neighboring solutions to the
previous solutiqn corresponding to yes and I don't know
responses. This time there was only one such SOiution
providing a slight improvement in GDP at the expense of

a coiresponding increase in trade deficit (solution_4),
which meant an increase in public expenditure. The new
solution was not only preferred to the previoué solution,
but it was also considered satisfactory by the decision-
maker. After evaluating the neighboring solutions the-
process was terminated by printing the associated aggregate
balance of resources and expendituré, By comparing the |
optimal solution with the starting solution we can see
that by increasing public investment ané income transfers
to households andldecreasing indirect and direct taxes

of households GDP can be increased and the inflation and
the unempldyment rates decreased at the expense of an

increment of a billion Fmk in trade deficit. No dévaluation

would be required.

Use of the Model for Simulation Purposes

The model can flexibly be used for simulating the impact
of major economic policy decisions by giving fixed values

for the instrument variables . Thus e.g. when the Finnish



currency wWas devdllea L aAplll LA/40 DY 2./ 3y Lile Lipdei
was simulated using the model for the year 1977. Simultane=-
ously it was investigated which effects a larger devaluation
would have had. In the following we report in more detail

on the results of a simulation run performed after the
Government had announced in June 1977 a program for the
stimulation of £he growth of the economy. These results

were used as one source of information in evalﬁating the

effectiveness of the proposed measures.

The program consisted of the following measures, among

others, to be implemented in the fall:

1) The turnover tax and some other ;ndirect taxes.
“will be reduced by Fmk 240 million.

2) Exports will be subsidized by Fmk 20 millidn.

3) Income transfers from the public sector to
households will be increased by Fmk 28 million.

4} Employers' contributions to social security will
be reduced by Fmk 138 million.

5) Funding of industrial investments will be increased
by Fmk 350 million.

61 Govefﬁmeﬁtélléﬁare of the capital stock of certain

‘public companies will be increased by Fmk 30 million.

From Table 3 we see that the main effects were those on
investment, imports and private consumption. GDP was

estimated to grow by about 0.5 %, but the trade deficit



‘would at the same time increase by Fmk 500 million. The
program does not seem to have any major impact on the

employment situation, nor does it increase exports much.

Table 3: Changes in the Aggregate Balance of Resources
and Expenditure Due to the Governmental Program
to Stimulate the Economy

Annual Change (percentage) Absolute Changes

Votl. Price Value Billions Fmk.

GDP (mp) 0.9 0.8 1.7 - 1.8
IMPORTS ' 0.7 4,5 5.2 1.6
TOTAL RESOURCES 0.9 1.6 2.5 3.5
EXPORTS 0.3 4,1 4.4 1.3
INVESTMENTS 0.8 1.2 3.0 0.6
- private 0.9 1.4 3.3 0.6
- public 0 0.3 0.3 0

CONSUMPTICON 0.8 1.0 1.7 1.3
- private 0.9 0.9 1.9 1.1
- public 0 .8 0.8 0.2
INVENTORY CHANGES 0.3 0.3
TOTAL DEMAND 0.9 1.6 2.5 3.5
TRADE DEFICIT 0.5

UNEMPLOYMENT (%) -0.2
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5. Conclusion

In this paper we have déSCribed work in process to implement
an optimization model for formulating macroeconomic policy
decisions in Finland. One of three experienéed decision-
makers who experimentally used the model to solve the problem
for 1976 felt that the approach would be valuable in providing
decision-mékers~with relevant guantitative information and
was willing to continue and finance the implementation work
at the Confederation of Finnish Industries. The system has
now beén used for one year for optimizing economic policy

and simulating certain major governmental decisions. It is
also expected that the system will be used in the future.

It has béen agreed, among other things, that a seminar will
be arfaﬁged in the near future by the Confederatidn of Finnish
Industries at which some leading Finnish decisionémakers will

be invited to use it.

If the system described in this papér is used for regular
problem solving, it can still be further developed. E.g. the
graphical mode of operation may be the way'iﬁteractive systems
will be used in the future. The adoptiop of such technology
would involve changes in the cémputer implementation. The

time horizon in the application was one year, but plans have
been made to extend it because the consequences of policy
formulation for one year are perceptible also in the longer
run. In addition, the econometric model upon which this study

is based is subject to revisions and further development.



Appendix: A Model of the Finnish Economy

In the following list of variables all exogenous variables are underlined.

Unless otherwise stated, capital Tetters stand for value and small letters

for volume. Absolute variables are denoted by the symbol {4 }; all other

variables denote percentage changes from the previous year. Because no

confusion is expected to arise, the subscript t denoting time has been

~ .dropped. Thus, for instance, Cy is abbreviated C and Ct_1 (the laggéd value)

C.1-

CONSUMPTION

INVESTMENTS

cpr, Cpr
£g, Cg
pc

pcpr

pcg

ipr, Ipr
ias
ifasc.

ig, I3

pi
pipr
pig

total consumption

private consumption

public consumption

price of total consumption
price of pffvate consumption

price of public consumption

total investments

private investments

private investments in housing
other private investments
public investments

inventory changes

price of total investments
price of private investments

pl

price of public investments



FORE LGN TRADE
Imports my M total imports
mg, Mg commodity imports

ms, Ms imports of services

pm price of total imports
pmg price of commodity imports
Exports mw weighted growth of industrial production in ten

OECD countries (export demand variable)
XaK total exports

xE, XE bilateral commodity exports

Xg, Xg commodity exports

Xgw, Xgw multilateral commodity exports

XS, Xs exports of services

PX price of total exports
pxcom price of competing exports
PXg price of commodity exports
Others E ~ trade deficit
N factor income from abroad (net)
SALARIES
H wage increases exceeding profitability
51 effects of employersf contribution to social security
W total wage bill (inc. social security)
Ws total wage bill (exc. social security)
wl wage rate
LABOR INPUT
all ~ total labor iﬁput

0] unemployment rate



INCOME VARIABLES

K profit margin
NI national income
91 public sector income from propefty and enterprises
WZD disposable income of households
Z10 nonlabor income
SAVING
04 corporate saving
TAXATION Q4 direct corpdrate taxes
Qg direct taxes of households
Ti indirect taxes minus subsidies
TiDN ~incidence of indirect taxes minus.subsidies

INCOME TRANSFERS

0g other income transfers from households to the public sector
0, income transfers from the public sector to households
Qé income transfers of households abroad
99 income transfers from abrogd to households
810 net incpme transfers of households
OTHERS
d, D total demand

dn, DN total demand minus inventory :changes

pdn price of total demand minus inventory changeé
E deprec%ation |

g, G public expenditure

pg price of public expenditure

2, | interest on public debt

ysY gross domestic product at market prices

yn gross domestic product minus inventories



py price index of gross domestic product

Ynfc net domestic produét at factor prices

Desiderata:

1. Change in the volume of gross domestic product (y) as big as possible.
2. Inflation (pc) as small as possib1e,
3. Unemployment rate (U) as small as possible.

4. Trade deficit (E) as small as possible.

Behavioral equations:

Domestic expenditure:

1. cpr = .SSSINZD‘prpP] + 435(WZD - Cpr) _ 2.4070 + 2,339

1
2. iasc=3.1114yn 5, + .52724g + .487Z4g - .573pipr - .916

+ aa

3. N = ,321&dn°1/2 * .037Apmg -~ .369N_ .685

1

Foreign sector:
4, xgw = 2,338mw - .52@(pxg=—pxcom) - .828fpxg-~pxcom)_1

- g308fpxg-pxcom)_2 - 3.172

"

5. mg 1.924dn + 3.074N =+ .584 (py ¢pmg)_1/3 + .334Adn - 3.868

Labor input and unemployment:

540y + ,osoy_1 + 043K - .881

B. all

_E

7. 0 -.287a11 + U_, + .679

1

Wages and prices:

8. wlI = ,562pcpr + .9(y -aII)F1/2 - GBQEG + 4wl - .562pcpr

+ w846y _, + 074
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10. peg=.757H .;OSDpﬂig + .DBDpcg’w,! + 2,486

+

11. pipr = .363H + ,255pmg + ¢155pipr={ + 1.0886

o+

12, pig=.812H + .208pmg + -136pig_, - .254

-/80pxcem + ,069pmg + EB[pxg-o189H‘wq089pmg)

+

13. pxg = .188H
= .297

)

) +
Definitional equations:

14. Cpr = cpr + pepr

15, Ipr = ipr + pipr

16. ipr = (tiasc/tipr)w1iasc + Etias/tipr)w1ias

7.6 = (tCg/t6J_,Cg + (tIg/t6)_,1g

TS. Xgw = Xgw + pxg |

18. Mg = mg + pmg

20. 0 = (tCpr/tD)_,Cpr + (tIpr/tD) _, Ipr + (EDN/D) _ N + ~
(£G/£D)_46 + (£tX/tD)_,X |

21. DN = (£CPE/tON)_,Cpr + (tIpr/toN)_,Tpr + (£G/tON)_,G +
(£X/£ON) _, X | | |

22. dn = (tcpr/tdn)_icpr'+ [tipr/tdn)w1ipr * (tg/tdn)_1g *
(tx/tdn) _,x | |

23, DN = pdn + dn

24, H = wI - fy-aII)_1/2.

25. W = Ws + kI ‘ .

26. K =rpdn - (ANS/EON) _ywI - (£Ti/tON)_, TiOn - (EM/tDNJ_1pm

27. Ws = aIl + wI -_

28. WZD = (tW/tWZD)_ W+ fthD/tWZDL1Z1O+ [t tw * £Z9g)/tWZD]_,04g

+) The symbol t in the definitional equations is ysed to indicate the

absolute vatue of the variable.

=1
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31.
32.
33,
34.
35.
35.
37.
8.
39,

406
41,

42.

I

Xg

yn
d

b
Y
Y

433 Ynfec

44,
45,
46
47,
48,
3.
50,
51,
52,
53.
54,
55,
56.

37

NI
Z1g
C.
i

Cg

Y = O = 0

ms

10

i

1)

1]

i

[

£ B | S =

{txgw/txgl _,xgw * (txE/txgl) _,xE

(txg/tx)_4xg * (txs/tx)_,xs
(tXgw/tXg) _,Xgw * [th/th3u1XE
(tXg/tX)_4Xg + (tXs/tX3 _4Xs

X *+ px

(tmg/tm3’1mg + (tms/tm}_qms
(tMg/tM)_,Mg + (EMs/tM)_,Ms

(tdn/tyn)_,dn - [tm/tyn)_1m

1
(tecpr/td)_,cpr + (tipr/td)_,ipr + (tdn/td) _4N +
(tg/td)_,g * (tx/td) _,x '

(td/ty) _,d - (tm/ty) _,m

(£D/tY)_,0 - (EM/EY)_4M

py * ¥

(£Y/t¥nfe)_ Y - (tF/t¥nfe) ,F - (£T:/t¥nfe) ,Ti

(t¥nfc/tNI)  ,¥Ynfc + (t¥nfec/tNIJ _,S

[tNI/tZ1D)_1NI [tN/tZ10JF W

1
(teg/te) _,cg

4

ftcpr/tc}’1cpr

4

(tipr/ti)_,ipr + (tig/ti)_,ig

cg *+ peg

ig + pig
(tCpr/tC)_

+

Cpr + (tCg/tC)_,Cg

1
(tIpr/tI)_,Ipr

-

§tIg/tI]_1Ig

c *+ pc

.i + pi

g * P8 _
-01+02—03—04-05-05+D7—Q8+09

ar [t Fodd o
Mg_ 4 * %i}ﬂgq - Xgh1 - %%Xg_1

(teg/td)_jcg + (tig/tg!_qig



In order to take into account the effect of eventual exchange rate changes
on exogenous foreign trade variables the following equations were used
(variables with the bar represent forecast values of the exogenous variables

excluding the effect of exchange rate changes):

58. pm = pm + De
59, pxcom = pxcom + De
60. pmg = pmg + De
6l. Ms = Ms + De
62. Xe = Xe + De
63. Xs = Xs + De
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A GO LLIO LTS

1 At the end of 1975 the Economic Council, chaired by the
Prime Minister, set these four cobijectives as the most
important criteria in evaluating macroeconomic policy

decisions in Finland in 1976.

2 Equation (14) of the original model,; for instance, reads
Cpr = cpr +.pcpr + 0.0Llcoprx pcpr, for which the first
two térms with small changes in cpr and pcpr give a
reasonably good approximation. For different versions

of the model see Vartia (24).

3 The Geoffrion method was implemented-uéing a linear
programming algorithm in which case the direction-finding
problem always generates a corner solution. One of the
reasons for using the Geoffrion method in the experiment
was that we had available a workable computer program

embodying the method.

4 For methods of manipulating the solutions of the model
and for wafs of combining outside informatioh_with an

existing model, see Vartia (24,25).

5 As consultants to the Confederation of Finnish Industries
Hannele and Jyrki Wallenius assume the responsibility
for the results reported in section 403,Ibut wish to
tﬁank the Research Institute of the Finnish Economy for
making the model available. During the project we were

responsible directly to the Deputy Managing Director.



6 A definition of an efficient neighboring solution and

the procedure for identifying theﬁ is given in (31).

7 The necessary FORTRAN programs were developed“by

Mr. Matti Sihto, Helsinki Technical University.



