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Author's remark

This paper is a preliminary technical documentation of

a theoretical system that in various ways resembles a
national economy. It has been loaded with numbers since
its properties cannot be studied by ordinary mathematical

methods. We have to resort to numerical analysis.

Some of the numbers have been fetched from the Swedish
economy. This does not mean that the model as it now
stands is a numerical representation of the Swedish
economy. However, as the title indicates, that is the

ultimate ambition of the study.

Part I contains a brief overview of the model structure
and a presentation of the objectives of the modelling
project. We also touch upon the problems associated with
the ongoing empirical verificatioa of the model, that
will be accounted for in detail in a revised and more

definite later version of this paper.

Part IT contains a specification of all behavioral func-
tions of the model and how the various modules are joined
together as well as a discussion of why this or that

formulation has been chosen.

Part ITTI the Pseudo-code (written jointly with G&sta Olavi
and Mats Heiman), finally, gives the complete model speci-
fication in a compact form, quite close to the computer

program, but using the symbols of the main text.

This model project is organized as a joint research venture
between IBM Sweden and the University of Uppsala. The
project team is headed by myself. G&sta Olavi and earlier
Mats Heiman from IBM Sweden have contributed with mathe-
matical and programming expertise. The author is now the
director of the Industrial Institute for Economic and
Social Research and was earlier the chief economist of

the Federation of Swedish Industries. Both these organi-

zations are therefore indirect sponsors of the project.

Sollentuna, December 1976
Gunnar Eliasson
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IDEAS



CHAPTER 1

A MICROSIMULATION MODEIL, OF A NATIONAL ECONOMY

1. Introduction

This model is of the microsimulation kind in the sense

of Orcutt (1960, 1976), Bergman (1974) etc. The phlhDSOED
behind it is that we need more knowledge of the interac—
tion between micro agents (firms, households, etc.) to
understand important aspects of macro behaviour.

For many types of analyses the conventional macro mode 1
approach does not give us the detail that we want. Theréa
fore it is tempting to disaggregate into sub~sectors,

and sub-sectors of sub-sectors. Quite soon we have a

1.000 equation system that we havz

dlfflcultle
1) s controll.

We don't know what our parameters stand 2
for because of estimation problems like collinearity
14

in our mind.

feed back within the periods etc. and our sub-sub- ~secto
g

quite arbitrarily cut right through important decision
units like firms.

In principle there is no difference between macro mod@ll
and micro modelling. Everything will be macro in SOme
sense at any level, and much of what we will do here in
micro can always be modelled in macro in principle in

a more conventional way if we stay within the domain of
theory or formal specification.

In practice there is a difference, however,

If we atternp
to answer the problems we will choose for thi t

1s study fro
the macro end we will probably wind up where we start j
n

this study. Sooner or later conventional econometric

methods will have to be abandoned and the empirical Pro
lems will be the same. b

L Cf. for instance, Brook-Teigen; Monetary and Fiscal

Policy Experiments on Four Macro Economic Models,
forthcoming 1977 in Industrikonjunkturen.
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This project has two purposes namely: (1) to study the
micro basis for inflation - assuming that this is a
relevant and interesting area of inquiry and (2) to study
the interaction over time between inflation, profitability

and growth.

The two purposes overlap and general experience is that
the second purpose requires a micro approach to be
meaningful. The first question requires a complete model
covering all relevant sectors of the economy, however,
with limited detail in specification. As long as we
abstain from asking for numerical estimates or fore-
casts the empirical requirements on specification are

reasonable.

They are, however, much higher if we want to deal with
the second problem: "inflation, profit and growth" in a
relevant way, although, this time, demands on economy-
wide coverage are not so large. Emphasis is on the busi-
ness sector. We may reformulate this problem somewhat as

an analysis of the interaction between growth and the

business cycle in the medium term.

Of course, if we have built a model that can handle the
above problems to our satisfaction it is capable of
handling several others as well. In order not to take on
an overwhelming task we have struck a convenient compro-
mise in specification that does not - I believe - reduce
the explanatory potential of the model or subject us to
extreme empirical hardships. For the time being we have
constructed a conventional and in no way complex macro
model within which a micro (firm) specified industry
sector operates. This approach allows us to keep our
special feature: namely a micro specification of the
behaviour of two markets: The labour market and the

product market.

We have to keep in mind that the prime ambition with this

modelling project is to have a richly specified model



i3

structure capable of responding to a spectrum of interest-
ing what if questions. The purpose is analysis, not

forecasting.

This first chapter will contain a non-formal overview of
the model (next section). There will be an account of
the estimation or calibrating principles involved and
a few words on the empirical philosophy or the method:

does it differ from conventional econometric method?
This chapter is self-contained for those who are only

interested in what the model is all about, without under-

standing how it functions.

2. Model overview

Table 1 sums up the main blocks of the model and its

connection with the outer world.

It should be noted that there are in practice only three

sets of exogenous variables (foreign (export) prices,

the interest rate and the rate of change in productivity

of new investment).l)

The model operates by quarter and gives a set of future
quarterly values on the exogenous variables. The model
will generate a future of any length on the national
accounts format, excluding certain sectors like agricul-
ture, shipping-construction, etc. that we have chosen to

leave outside the model.

For all practical purposes the problems we have in mind
mean that the time horizon should be around five years

or one full business cycle. We will come back to the

1) There are some exceptions to this that are not impor-

tant for the kind of problems we have chosen for ana-
lysis. They are left for the later technical chapters.

The rate of entry into and exit out of the labour
force, for instance, is exogenous.
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horizon problem later. However, even if our attention

is restricted to a 5 year time span, much of the calib-
ration work that we will perform, requires that we check
model behaviour over a much longer period (see section 3

below) .

The best way to proceed from here is to go through the

central model blocks one by one.

a) Business sector - short-run production_planning

Figure 1 gives a flow-chart overview of the short-term
decision system of one firm. Figure 2 gives some detail

of the production system.

In Figure 1 an experimental run begins at the left hand
side from a vector (P, W, M, S) of historic (5 year
annual) Price, Wage, Profit margin and Sales data. These

data are transformed into expectations in the EXP module.

Here we use guadratic smoothing formulae (see (9) CH. 2.)

The profit margin variable is translated into a profit
'~ target in the TARG block. Here we also use a conventional
smoothing formula. The length of historic time considered

is longer than in EXP sector.

Growth expectations feed into the investment module to
generate long-term plans as explained below. Long-term
expectations are also modified to apply to the next year

and are fed into the production system.

Each period (quarter) each firm is identified by a
production possibility frontier (QFR(L)) defined as a
function of labour input as in Figure 2 and a location

1)

within that curve. The distance between A and B mea-

sures the increase in output  that the firm can achieve

L In fact the production system is more complex than so.

See Chapter 4.
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during the current period with no extra labour input
than indicated by the L coordinate in A. In practice a
vertical move between A and B cannot be costless. For
the time being we will have to abstract from this.
Suffice it to note that in those experimental runs where
we have investigated this aspect there seems to be a
general tendency among firms to be operating in the A,

B range, which is constantly shifted outwards by invest-

ment.l)

The distance CD measures (for the same period) the extra
increase that the firm is capable of, with the application
of extra labour, but staying within a commercially viable
operating range. Approximate data on A, B, C and D were
collected in the annual planning survey for 1976 by the

2)

Federation of Swedish Industries,

The production function QFR(L) in Figure 2 is of the
putty-clay type. New investment, characterized by a

higher labour productivity than investment from the period
before is completely "embodied" with the average technical
performance rates of the period before through a change

in the coefficients of QFR(L).

The first sales growth expectation from the EXP module
now starts up a trial move & in the direction indicated
by EXP (S). After each step price and wage expectations
are entered and checks against profit margin targets are
made. As soon as the firm M-target is satisfied, search

stops and the necessary change in the labour force is

L This obviously is an instance of what Leibenstein

(1966) has called X-inefficiency or a version of
slack. Note here Carlsson's (1¢72) measurement on
the presence of such slack in Swedish manufacturing,
especially as regards the degree of capital utiliza-
tion or (A-B)+ (C~D) in Figure 2.
2) See Virin, Industrikonjunkturen Varen 1976, Special
Study D.
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calculated. If it is a decrease, people are laid off.
If it is an increase, the firm enters the labour market
to search for new people (see below). After this search
has been terminated the firm can calculate its output
for the period. The wage level has also been determined
and feeds back to update the historic vector (dotted
lines in Figure 1).

The firm now checks up against finished goods stocks to
determine how much to supply in the market. A certain
fraction, determined by the last period's relative domes-

tic and foreign prices is shipped abroad.

The final distribution between sales and inventories for
each market and the price level is determined in a con-
frontation with inputs and household demand (middle right
end of Figure 1 and lower end of Figure 5) to be described
later. Final price, profit and sales data are now deter-
mined and also feed back into the historic vector (dotted

lines).

b) Labour market

The labour market process is represented in micro in con-
siderable detail. At this level, however, the requirements
on relevant specification are still higher. Hence, the
version now to be described should be considered a
provisional one and experiments conducted so far have
taught us that model behaviour is too sensitive to varia-
tions in the random search sequences (in combination with

a small number of firms) to be reasonable.

All labour is homogeneous in the present version of the

model.

The first step each period is an adjustment of "natural”
decreases in the labour force of each sector and firm

unit through retirement etc. This adjustment is applied
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proportionally throughout. Then the unemployment pool

is filled with new entrants to the labour market. After
that the service and Government sectors enter the labour
market in that order. They offer last period's average
wage increase in the manufacturing sectecr and get what~
ever is available from the pool of unemployed. This sounds
a little bit arbitrary and it is. We have had to enter
this erroneous specification provisionally to allow for
the fact that wage and salary levels differ a lot between
sectors despite the fact that labour is homogeneous. The
assumption that industry is the wage leading sector is
quite conventional in macro modelling. It is probably not
quite true at the micro level. With no explicit separation
of wage levels (because of skills etc.) and little knowl-
edge as to how the Government, service and industry
sectors interact in the labour market this macro simpli-

fication should do for the time being.

After the service and Government sectors firms enter one
by one in the order by which they desire to increase
their labour force. They scan all other firms inclusive
of the pool of unemployed. The probability of hitting

a particular location of labour is proportional to its
size (labour force compared to total labour in industry
and the number of unemployed).

The firm offers a fraction of the expected wage increase.
From the pool of unemployed people are forthcoming at

the wage offered.

If the firm meets a firm with a wage level that is suffi-
ciently below its own, it gets the people it wants up to
a maximum proportion of the other firm's labour force.
The other firm then adjusts its wage level upwards with

a fraction of the difference observed.

If a firm raids another firm with a higher wage level it

does not get any people, but upgrades its offering wage
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for the next trial. After the search is over, firms with
relatively low wages, that have learned about the market
wage levels around them, have had to upgrade their own

wage level by a fraction of the differences observed.

Firms can be given any predetermined number of trials.
Obviously the size of wage adjustment coefficients and
the number of trials (= intensity of search) each period
determines the degree of wage differentiation that can
be maintained in the labour market under the homogeneity
assumption. We will experiment with various impediments
to this adjustment process. We can note already now that
overall macro behaviour of the model is very sensitive

to the numerical specifications entered here.

c) Business sector: Long-term investment financing

There is a complete separation between operations planning
described in the previous section and long-term invest-
ment financing decisions to be exhibited here. The two
planning decision sequences join together in current
(quarterly) cash-management, where the firm interacts

with short~term money markets. This organization of
decision making corresponds neatly with actual practice

in large firms (Eliasson 1976).

For the time being we work in terms of a very simple
investment decision routine (that is now in the program)
and a sophisticated, real life imitation that is formu-
lated in the main text, but that has not yet been codified

in the program. It is exhibited in Figures 3 and 4.

As in short—~term planning a vector of hisztoric Price,
Wage, Profit margin and Sales (P, W, M, S) data generates
a future long run EXP (P,W,S) vector and a long-run TARG (M)
vector. The idea is that long-run expectations catch

some long-run trend, that will guide investment decisions.
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Short-term expectations are formulated as a deviation

from that trend.

Long-term EXP (S) initiates a rough calculation scheme

that gives a preliminary investment plan. This prelimi-
nary investment plan is fed through the production system,
described earlier, and combined with EXP (P) and EXP (W).
There is a check whether the sales, investment plan com-
bination meets profit margin targets. If not, sales and
investments are reduced until SAT(M) (see Figure 3). The
convexity of the production system assures that correc-
tions are downward. The long-run plan, furthermore, is
calculated on the basis of long~run normal operating

(capacity utilization) rates.

Once this provisional plan has been reached, the firm
has expectational control of future (5 year) profit

performance.
Then dividends (DIV) are decided for the next vear.

The next step is to check up on the financing consequences

of the provisional growth plan.

A maximum gearing (leverage) ratio is currently calcu—
lated as described in Supplement B to Chapter III. The
idea is that the ratio between the expected excess cash
inflow and firm net worth determines the risk associated
with new borrowing. Excess cash inflow is calculated
within a typical budget framework. The maximum gearing
ratio (¥) is then assumed to be a function of the expect-
ed nominal return to total’assets less the rate of risk-

taking and the nominal rate of interest.

The expected gearing ratio (¥) and rate of borrowing
associated with each growth (S, INV) plan can then easily

be calculated.
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The provisional (S, INV) plan arrived at earlier is now
checked against MAX ¥, and modified downwards until
below MAX ¥. The convexity of the production system
again means that a lower growth plan means higher'M ex
ante.

We now have all the data needed to build a long-term plan
around the conventional budget framework; a set of future
balance sheets, a 5 year profit and loss statement and a
5 year cash-flow chart.

To be noted is that no decisions have been taken so far,

except those related to fixing numbers in the plan.

We have now arrived at the investment plan for the

‘annual budget. This is shown in Figure 4. The first

year of the long-term plan is separated out and modified
to fit the next year, e.g. with respect to the expected
business cycle. The format is the same as for the long-
term plan, but more details enter.



Table 1 Model blocks etc.

1. Business system (firm model)
A) Operations planning (short term)

Production system
Inventory system
Expectations
Targeting
(Cash management)
B) Investment-Financing (long term)

Investment plan

Long term borrowing
2. Household sector (macro)

Buying

Saving

3. Service sector (macro)

4, Government sector (macro, not yet ready)

Employment
Taxes
Economic policy

(4) Government parameters (so far only Government
employment has been entered into model).

5. Other production sectors - NO or Dummies

6. Foreign connections

Prices - exogenous
{(Exchange rate)

Interest rate - exogenous
Export volume

Import volume

7. Markets
Labour market

Product market

8. Exogenous variables

(a) Foreign prices: one for each of the four markets

(b) Interest rate:

(c) Technology: The rate of change in labour produc-
tivity of new investment, i.e. be-
tween vintages.
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It is now time to assess the credit market situation.
The long-term and the short—-term interest rates are
compared with total borrowing requirements from the
long~term plan. This decides long-term borrowing for

the year. Note that this is the first decision to act

that has been taken so far in the long-term planning
context. It may mean that short—-term borrowing is either
planned to be reduced or increased at the going short—term

rate to make up for the difference in the annual budget.

Next, the annual budget is broken down into quarters.

The initial liquidity position is compared with the new
liquidity position based on the first quarter of the
annual budget. These data are in turn compared with
expected liquidity over the budget and long-term plan

and compared with desired liquidity. From this the

financial frame of the budget per quarter is derived.

Mandatory requirements on finance from working capital
etc. are subracted. After this, what is left is allo-

cated to investment spending. The decision is now final

for each quarter. This corresponds to the so called

appropriations procedure in real life.

The way investment affects the production system has al-

ready been described in the previous section.

What remains is to note that budget assumptions may go
wrong ex post. The buffer that takes up the needed

adjustment is liquidity and/or short-term borrowing.

d) The_household consumption system (macro)

The household sector today is only specified in macro.
However, the module as such is prepared for an easy
transfer into micro, in the sense that macro behaviour

will be assumed to be formally identical for each micro
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unit (household), the only difference being the numbers
we place on various parameters. The prime reason for
staying at the macro level here is empirical. There are
practically no empirical micro data for Sweden available
on which to base empirical estimates. This is in marked
contrast with the situation in the U.S., where practically
all the work in this area has been done on the household
sector by Orcutt and others. Besides, the author himself
does not have the same kind of background experience for

the household sector as for the business sector.

The consumption function is a Stone type expenditure

system with some non-linear features. One additional
novelty is that saving is treated as a consumption
(spending) category. There is also a direct interaction
(swapping) between saving and spending on household
durables, entered as the relation between the rate of
interest, inflation and unemployment changes (see (6)
in CH 7).

The household spending decision process is described in
Figure 5, For the time being we are concerned with macro,
the entire economy. Each period a vector of historic
consumption data is transformed into a vector of addict-
ed spending levels which in turn can be translated into
desired spending. This is very simply done through linear
transformations. Desired spending is decomposed into
several kinds of nondurable consumption (incl. services),
durables and "saving".

In another end of the model the manufacturing, service
and Government sectors generate income that feeds into

households as disposable income.

There is a residual (positive or negative) between de-
sired spending and disposable income. This residual

is allocated on different spending categories by way
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of marginal elasticities that differ from those that

divided up total desired spending.

The production sectors announce their supplies in each

market and put out price feeler vectors.

Households tell what they will buy at these prices and
there follows a predetermined number of confrontations.
The last price feeler vector is then taken as the price
for the period (quarter) and firms split their available
goods between sales and inventories on the basis of this
price., When firms decide on preliminary supply volumes
to offer in the market they each check back at their
finished goods inventory positions. The guiding prin-
ciple is to maintain the price level that has entered
the production planning-supply decision and to try to
move inventories towards optimum levels within a prede-

termined min-max range (see Chapter 8 and Pseudo Code).

3. Estimation method

Even though based on a micro foundation this model add-
resses itself to typical macro economic problems, related

to inflation and the determinants of economic growth.

The advantages of this approach are many. We can move
specification down to typical decision units (the firms)
instead of having to deal with relationships between
statistical artifacts at a more aggregate level, when

it comes to observation and measurement. We can draw
upon the wealth of relatively high quality statistical
micro information that exists on e.g. the business sector.
We introduce measurable concepts that are well known and
easily understood, and, above all, we construct a con-
sistent "measuring grid"” by which micro statistics are
organized within the framework of the national accounts.
This in itself is worth the modelling effort, and for
such statistical organizing purposes the model is already

useful,.
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If we entertain the higher ambition, as we do, to use
the model eventually for empirical analysis of the
Swedish economy, the approach presents us with one large
obstacle. Realism in micro specification in combination
with explicit modelling of market processes necessitates
that we give up well known, standardized econometric
estimation techniques, as far as several sections of the
model go. In a way this is no unusual thing today.
Practiéally all large scale macro modelling projects in
existence have been forced by formidable statistical
problems to break text-book rules of clean procedure much
in the same way as we do, and rely on extraneous infor-
mation and intuition to get out of what would otherwise

have been an insoluble task.

Oour model addresses itself to macro problems. This means
that theirvsolution should meet the same requirements as
those of conventional macro models. This in turn means
that requirements on realism in micro specification are
much less demanding than what would have been the case

if our attention had been focussed on some particular
micro problem. Hence, we can argue that our model can
always be specified in such detail that we can safely
assume, a priori, that it contains the correct macro
hypotheses, albeit together with a whole lot of incorrect
specifications or irrelevant features. Our first and
fundamental empirical postulate, hence, is that as we
confront the model with new empirical information we
discard irrelevant (incorrect) alternatives only, without
running the risk of throwing out the correct alternative.

This means that the modelling effort will have to be
defined as a never ending process that is continually
improved - or abandoned - as it is confronted with new
test information. By this simple reformulation we manage

to make a virtue out of the difficulties.

Although also a theoretical problem (inflation might be
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due fundamentally to a micro phenomenon that we have
simply forgotten to specify) in practice we have to deal
with a numerical (estimation) problem. Which (numerical)
parameter combination, among many possible ones that
satisfy our requirements of fit, is the correct one?

This is no uncommon problem in econometrics although the
least squares method provides a procedure to choose namely
the parameter combination that gives the best fit in terms
of minimizing the sum of squared deviations. In theory we

1) although it is

can use that principle of choice also,
rather arbitrary if we happen to have a cloud of parameter
combinations of equal power in the close neighbourhood ’

of the combination that happens to be picked.

This means that our estimation problem might be even more
crudely empirical, namely to choose, without conventional
rules of thumb, from a very large number of well defined
combinations between which we cannot discriminate easily.
Fortunately, our experience has not been of that kind.

We have rather found it difficult to find one good alter-

native.

Hence, we have to turn our problem formulation around
again. For those specifications that we are, so to speak,
satisfied with in terms of their ability to trace econo-
mic development according to our criteria, we have to
devise techniques to check carefully that we have not
happened to come upon a specification that is incorrect.
And if we happen to find several specification alterna-
tives among which we are unable to discriminate, we
simply need more empirical knowledge, that we don't have,
in order to choose. In science, as in decision making,

it is often far more important to see clearly what one

doesn't know than being able to account for one's knowledge.

1 Search technigques to fit simulation models automati-

cally have been developed for simple cases, see e.d.
Powell (1964 & 1965).
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This is the way we go about estimating the parameters of

the model.

a) Problem_(objectives)

This model has been designed to deal with two problems

that are not well handled by conventional approaches.

These problems are:

To formulate a micro explanation for inflation
and to

study the relationships between inflation, profits,

investment and growth.

The two problems obviously overlap to some extent. The
first is a typical macro problem and constitutes the
core of current economic debate against the backdrop of
more than half a decade of experience of much above nor-
mal inflation on a global scale. The second problem
requires a micro approach to be tractable for analysis

in a meaningful way.

Once ready to handle these two problems, as mentioned
earlier, the model will also be capable of handling other
problems, that we will leave out here to simplify the

1)

exposition.

The inflation task requires that we identify the channels
through which foreign price impulses are transmitted
through the Swedish economy and the micro parameters that
are important for the speed and magnitude of that transmis-
sion. We also have to identify domestic sources and how
they create inflation. The way in which expectations are
formed is thought to be especially important here. We also
have to identify how various inflationary processes may

D See e.g. the experiment described in Eliasson (1976b).
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affect macro behaviour in real terms, like employment.
The labour market is of particular interest. Finally, we
want to identify the strings that can be pulled by policy
makers to affect the process. We want to include the con-
ventional fiscal and monetary weaponry in the model even-
tually. More importantly, the model will offer a unique
possibility to experiment with e.g. the structural para-
meters of the labour market. Some trial experiments of
that nature have already been made although the model is
not yet complete. There will also be a possibility to
introduce rough schemes of wage, profit and price con-
trols and study their impact within the domain of the

entire model.
There are two levels of ambition involved here.

We may be satisfied with getting a feel for the magni-
‘tudes and direction of effects involved. We might also
want to trace time profiles of various effects more
precisely. The two dimensions normally cannot be kept
apart as is commonly assumed in comparative static ana-
lysis. We have found through experimentation, however,
that some sets of parameters have a unique influence on
long-run trends, others on cyclical behaviour around
these trends and others again operate both in the long
and the short run. Even though we are far from finished
with this classification of parameters, we have used this
experience to devise a two stage "estimation" procedure
that fits our two problems nicely.

The first step is to calibrate the model so that it
traces a chosen set of long-term trends of the Swedish
economy well, disregarding altogether the cyclical as-
pect. Table 2 gives the reference trends and tracing

performance of a recent experimental run.

The second stage involves tracing the cyclical behaviour

of the same variables satisfactorily.
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The precision requirements at this second stage are
probably quite small, since most of the cyclical fea-
tures of inflation seem to originate outside Sweden, by
way of our exogenous variables. The second stage becomes
important if we want to include other problems in the
formulation of our model as well. This is only tentative
within the present project, so we leave it out for the

time being.

This delimitation of the level of ambition is even more
appropriate for the second problem, the relationships

between inflation, profit, investment and growth. Here

the medium-term development becomes even more central
together with micro specifications. It is a well recognized
experience that these relationships cannot be identified
in macro approaches. Lags between cause and effect are
usually long, involving, as a rule, an intricate feed
back machinery between experience, expectations, planning
and technical delays. This means that macro aggregates are
a blend of firms in different stages of development that
erase the relevant features, while a momentary cross-
section picture does not identify the time dimension.
Since the model imitates the whole machinery we can bring
out the desired time and cross-section features at will.
In a way the analysis will consist in describing what
happens to a cluster of variously composed firms when the
economy is subjected to various macro happenings, occa-
sioned exogenously, by policy making or by inconsistent,
joint behaviour by the firms themselves. We are especially
interested in identifying the role of profits for macro
behaviour (growth) in an economy (model) populated by
firms whose profit responses have been unusually well

imitated, we believe.

Again, the first calibration stage, mentioned above,
(satisfactory trend tracing) is all we need to reach in

order to handle our second problem.
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Table 2 Trend comparison (MACRO - INDUSTRY), annual
(change in percent)

Sweden

1950-74 RUN 67 RUN 88 RUN 96
(24 years) (July 76) (Oct 76) (Nov 76)

1) Production (Q) 4.6 2.7 3.5 5.0
2) Hours of labour

input (L) -0.9 -3.9 -2.3 ~-2.4
3) Productivity

(PROD) 6.1 6.8 5.3 6.7
4) Value producti- '

vity (PROD x P) 10.0 - - 11.7
5) Product price (P) 4.7 5.4 3.3 4.7
6) Wage level (W) 9.7 13.6 9.4 11.9
7) Investments, cur-

rent prices (INV) 9.5 7.7 5.4 8.3
8) Ditto, constant

prices (INV/PDUR) 4.3 1.1 2.7 3.8
9) Rate of unemploy-

ment (RU)Y ' 1.8 17.6 11.9 10.0
10) Sales (S) 8.8 8.2 6.0 9.8

Note: This table has been inserted for illustration only.
It makes very little sense for an outside reader
until a full description of the experimental set
up has been made ready.
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b) A _priori assumptions

Let us now deal with the a priori inclusion of knowledge
in our model. Empirical information enters our model in

seven ways:

(1) The causal or hierarchical ordering of model modules.

What depends on what and in what order (see e.g.

Figure 1).

(2) Structural parameters, e.g. defining the relation

between maximum possible inventories and sales or
trade credit extensions associated with a given

value of sales.

(3) Time response parameters, e.g. how exactly are his-

toric observations transformed into expectations.

(4) Start-up positional data (like capacity utilization

rates).

(5) Start-up historic input vector (e.g. on which to

apply time reaction coefficients to generate expec-
tations in EXP sector).

1)

(6) Macro parameters and accounts identities (e.g. in

consumption function).

(7) Exogenous inputs (like foreign prices).

The hierarchical ordering is the first step from a
completely empty formal structure to saying something
about the world. All theory in economics has to have
something of type (1) in it to be called economic theory.
Without the use of operational, meaningful or measurable
variables not much empirical knowledge is brought in.
Consumer preference schemes and the marginal productivity
of capital are concepts or variables that are close to
being empty since we have no good measuring instrument

Or senses to touch them. We refer to the concept of a

Keynesian model and immediately bells start to ring.

b To the extent possible we use outside information

from econometric studies here.
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Keynesian represents a general class of causal orderings
of economic variables that all correspond to a measurement

system (the national accounts) that we are familiar with.

The great advantage of our model is that we bring the
hierarchical ordering very close to two excellent measure-

ment systems. At the micro firm level we are dealing only

in terms of the firm's own accounting systems and at the

macro level we are truly Keynesian., It is not necessary
to be a professional economist to assess and understand
most of the structural micro parameters of type (2) and
to provide the start-up historical and positional data (4)
and (5). This is definitely an advantage that outweighs
the loss of econometric testing potential. This informa-
tion is brought in as a priori assumption. We take it

for given (true) in the causal specification.

Most evidence brought in here is based solidly on inter-
nal planning and information routines within firms as
described by Eliasson (1976). The specification there-
fore appears to be as close as one can get to the buttons

that are actually being pushed in the decision process.

The causal ordering (1) is essential for the properties
at the macro level. Such orderings between periods re-

place the time reaction coefficients in macro models.

c) Selection criteria

Under this model specification scheme the numerical
estimation problem is in practice isolated to the time
response parameters under (3). Here we have practically .
no outside knowledge to draw on except trying out various
sets of combinations and to check so that the total model
behaves as an economy of our choice. For this we have

to design a procedure and to obtain a data base that

represents the economy we are studying.
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d) Data base

————— - — -

Two sets of data are needed; one set to operate the

model and another set to assess performance.

The second set is macro statistics from the Swedish na-
tional accounts that will uncritically be said to rep-

resent Sweden.

The first set is more specific to our model. We need a
micro firm data base of at least 5 years (annual data)
and a set of positional data for the last year to get
the model started. And we need a forecast or an assump-
tion {(or historic data if we trace history) for the exo-
genous data for the simulation period. We would also
like to be able to start simulation at a date of our
choice, which means that the micro data base should,
preferably, stretch far back in time. In practice this
means that except for the last few years, we will not

have all the data we need.

Model building, model calibration and data collection
must take place simultaneously. Thus much of the data
we need for model testing will not be available until
most of the calibration work has been done. This is how
we solve this dilemma.

Until now we have experimented with the model on histo-
ric, five year input vectors for the years 1970-74 for

each firm. Fortunately, 1974 is the peak of an inflationary
profit boom in the business sector. The simulation run

then begins under conditions that are very similar to

those prevailing during the year when our historic national
accounts test data begin, namely 1950 (the Korean boom).

To get at micro data at an early time we had to be satis-
fied with synthetic data. For the time being macro sub-
industry data for 1970-74 (four subindustries) have
simply been chopped up into 50 firms applying a random
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technique that preserves the averages of each subindustry.
On the basis of this start-up information we have per-—
formed a series of preliminary calibration experiments
according to a procedure to be described below. Occasio-
nally we have included one or several real firms in a

simulation run to see what happens to them.

The next step, not yet embarked upon, will be to prolong
the micro data base back in time, using essentially the
same synthetizing technique but also enlarging the
number of firms. There are two reasons for this. We have
to check stability properties of the model when we vary
start-up data by moving back and forth over historic
time. In addition we need better and more precise test
historic data to evaluate model macro performance. The
change~over to this data base will take place at a time
when a new, extended version of the model is planned to
be ready. We expect that several parameters of the system
will have to be recalibrated after this changeover before
the model has found its way back to a good trendtracing
performance of the quality already achieved under much

more primitive conditions.

The final stage is to feed the model with a set of real
firms and to apply the same synthetizing technique on

the residual that remains between the subindustry total
and the aggregate of the real firms in each market. We

are thinking in terms of eventually having the 200 largest
Swedish firms in the model. When and whether we will reach
that ambition, or higher, depends not only on the amount
of work associated with arranging a proper data base but
also on the exact nature of internal memory limitations

on the computer side. For various reasons this stage will
be reached very late in the project. We are now experi-

menting with a sample of 50 firms.
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e) Calibration

Calibration has to be defined in at least two dimensions.

We need a set of criteria for a good "statistical fit".

These criteria, of course, relate back to the precision
requirements we have in dealing with the problems we
have selected, described already above. In econometrics
this corresponds to choosing the level of significance
and to some extent the estimation method.

We need a procedure of selection that guides us towards
a specification alternative that satisfies our criteria
and (NB) that is not a spurious one. These two steps are

summarized in Tables 3 and 4.

Table 3 MASTER CRITERIA FOR FIT

A, Certain macro industry trends approximately right
(within : 1/2 percent) over 20 year period (see trend

chart Table 2). This criterion is essential.

B. Same inter-industry-trends.

Same criteria for 5 year period.

C. Micro. No misbehaviour of obvious and substantial

kind, if it can be identified empirically as mis-
1)

behavior.

D. Identify (time reaction) parameters that work uni-
quely (or roughly so) on cyclical behaviour around
trends. (This criterion is not essential to handle

the two chosen problems.)

1) Since the model has not been designed to exhibit such

behavioral features there is no other ways to detect
them, if they are there, than by carefully analysing
each experiment. There is no use giving a "suspicion
list" and then limit attention to that list.
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Table 4 CALIBRATION PROCEDURE (TREND FITTING)

1.

2

3.

a)

b)

c)

d)

Find first reference case. Assess its qualities in

terms of A above,

Perform sensitivity analysis with a view to finding
new specifications that improve performance in terms
of A.

Ditto with a view to investigating the numerical
properties of the model within a normal operating
range (analysis). Check and correct if properties

can be regarded as unrealistic.

For each new reference case, repeat the whole analy-
sis of 2 b) systematically. The purpose is to ensure,
each time, that the new reference case is really a
better specification and not a statistical coincidence
and that the properties of the system revealed by

the sensitivity analysis above, and judged to be

desirable, are presented in the new reference case.

Subject model to strong shocks. Check for misbeha-
viour. (Especially fast explosive or strong contrac-
tive tendencies that are generated from shocks that
are obviously extreme but just outside the range

that contains a real but rare possibility.)

Define new and better references case. Repeat from 2.

We may say that the model we have designed is a combined

medium-term growth and cyclical model although the two

prime problems we have chosen only require that it imitates

macro reality (Sweden) well over the medium~term, say

five years, exhibiting a business cycle although not

necessarily a typical Swedish business cycle.

We may say that with these "empirical" reguirements we

have not moved far above a purely theoretical inquiry into
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problems of inflation and growth. We have done more in
so far as our numerical approach has allowed us to say
something not only about the directions of change but
also about the relative numerical magnitudes involved,
based on data from the Swedish economy. This is also

how the ambition of the current project has been defined.

Towards the end of the project we also hope to be close
to the following model performance; a specification that
traces five year macro trends in Sweden according to A
above quite well, irrespective of where in the period
1955-1970 we begin the simulations, (if we have the
necessary start-up data), and that reproduces a typical
business cycle in all the variables in A, if exogenous
variables, including policy parameters and start-up data
are correctly specified. For the model to be useful as

a support instrument in a forecasting context achievement

of this goal is a minimum requirement.

This preliminary paper aims only at a technical documen-
tation of the model specifications and the ideas behind
the approach. To understand the empirical problems in-
volved and to assess the potential usefulness of the
model a much more detailed account of the calibration
process is needed as well as a full description of the
experimental runs. The necessary material for such an
~account is not yet available although it is planned to be
included in the next, revised and less preliminary docu-

mentation to follow.
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MODEL



IT.

Gunnar Eliasson, November 1976

EXPECTATIONS AND TARGETS

Introduction

This is the sector of the model where the psy-
chology of entrepreneurship enters. The model,
as it stands now, is mainly centered around a
system of routine management of existing oper-

ations of the entity called an industrial firm.

This means that we will be concerned here with
the forming of expectations that are relevant
to existing operations and the setting of goals
(targets) for the same activities. This will
have to be a looking in the mirror approach to
the future. Any attempt to do anything beyond
this requires that we bring in knowledge and
information directly and exogenously from firms
(which is of course possible) or has to be
based on some sort of randomization (like
assuming that innovations are randomly dis-
tributed over firms), which has no empirical
relevance, except at the macro level. We then
have to assume, as all econometric models do,
that such events really occur as random noise.
If we can (which is doubtful) we can do the
extra thing of also investigating major noise
effects on the economy. This has been done |
by Forrester, Mass, etc and was done by Frisch

already in 1933.
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No one has so far been able to model change in
the existing economic structure, the creation
and introduction of new activities or the
Schumpeterian innovative process as endogenous
phenomena. The reason of course is the almost
complete lack of generalized empirical knowledge
about these matters and also the fact that

each discipline has to cross its own disciplin-
ary frontiers to bring such knowledge into its
theory (Eliasson (1976)). Such interdisciplinary
travel seems to have given rise more to personal
problems than to praise for those who have
tried. Third, most models, that we have seen,
would scream if we tried to accomodate such

mechanisms.

What we can say so far is that such mechanisms,
if we know them, can easily and happily be
incorporated in the model structure that we

have.

We distinguish between long-term expectations
on the one hand. They feed into long-term
plans, notably investment-growth plans, and
affect the long-term financing decisions as
described in the next chapter. On the other
hand we have short-term operating expectations

that affect production and sales decisions.

Expectations focus on prices, wages, sales

(markets) and to some extent interest rates.



Targets focus in on profits only, more specifi-
cally profit margins. There is strong evidence
that this target variable is the fundamental
one when we move up to the level of Corporate
Headquarters and that crude experience from the
past is what matters, not sophisticated calcu-

lations as to what is optimally feasible.l)

Long-
and short-run targets are essentially the same,
only that short-run targets may be temporarily

violated under the long-run target constraint.
Time has three dimensions here:

The long term, which focuses on a trend, which in
turn implies a continuation beyond the long-

term horizon (H). This way of looking at the
future is current practice among firms and it
allows a nice and consistent solution to the
problem of how terminal stocks should be treated
in a decision context.

The short term, which for us is synonymous with
the (annual) budget horizon, allows for busi-
ness cycle considerations in so far as this is

an empirically relevant consideration.

Updating each period is on the basis of the

current inflow of experience. As for targets

1) see Eliasson (1976)
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this is a matter of the margin allowed for
targets to be violated before corrective ac-
tion is taken. Targets are only set once a year

in the annual planning sequence.

Targeting (TARG-sector)

In this section we introduce a set of decision
criteria for the firm. They are based on a

general objective function that we believe

condenses the prime preference structure of Cor-
porate Headquarters of a large firm. We begin

by identifying this function in operational
terms and proceed to particularize a set of
decision rules (restrictions).

- w— — — o—— —

We assume that profits is the dominant goail
variable that guides decision making at firm
headquarter level., This assumption seems quite
well supported by evidence (see e.g. Eliasson
(1976)) if we imply only that all other vari-
ables are subordinated the profit objective. We
recognize the circumstance that the certainty
of information fades with future time and hence
warrants a distinction between short-run oper-
ational decisions, that can be modified from
period to period (here quarters), and decisions
that mean long-run irreversible commitments
(investment).



Any consistent accounting system allows us to

derive the following additive objective func-

1)

-
-

tion

L) Since this is the first place where symbolic

language enters, a few points on notation
should be mentioned.

The APL language that we use for programming
only takes ordinary letters. Systematic use of
only such letters makes reading very slow. To
keep good correspondence with the pseudo code
and this explanatory text and make these chap-
ters readable at a fairly high speed we use
(as systematically as possible) greek letters
here, and simply spell them out in the pseudo
code. Hence ol becomes ALFAl in the pseudo
code.

Indexes etc are always kept on level with other
symbols. Only when necessary to avoid confusion,
brackets are inserted to separate symbols.

CH in front of a variable always represents the
time difference or differential. Hence CHP (DUR)

means AP (DUR) ~ dgt(:DUR) £ At

D in front of a symbol or a set of symbols
always means relative change. Hence, DNW or
D(NW) means

CHNW
NwW

Functions are also, and conventionally, indicated
by brackets as QFR(L) (see chapter IV) that
defines the production (Q) possibility frontier
(QFR) as a function of L. It will always be
obvious from the text or the context when we

are indicating a function.

Finally note the fact that Q both stands for
quarter and output. Hence QQ means quarterly
production volume. Fortunately, in most of this
explanatory text it won't be necessary to dis-
tinguish between periods of various lengths.

49
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DNW +9=Mﬁd*RHOXﬁ+DP(DUR)XP+(RRN‘RI)*V’ (1)
md et e L
A B C D
GOAL = DNW +6~DCPI (2)
Q P
1)

A proof follows at the end of this chapter™’.
The variables are defined verbally and in

operational terms as follows:

NW = Net worth defined residually as shown
in table III:C in the next chapter.

6 = The rate of dividend (DIV} payout of
NW = DIV/NW

ol = S/A

S = Sales expressed in current prices

= Total assets, valued at replacement

costs
P = K1/A
K1l = Replacement cost of production equip-

ment as defined by the updating
procedure D1 in the next chapter.

W = Wage cost index

P = Product price index
CPI = Consumer price index
1)

See also Eliasson (1976, p. 291 ff)



RHO = Rate of depreciation of such equip-
mentl) in terms of Kl
K2z A-Kl= Other assets (inventories, given trade
credits, cash etc.)z)
Y = BW/NW = the debt (BW) net worth or
gearing ratio
NW = A - BW
RI = Rate of interest
M = Gross profit margin in terms of sales (8)
RRN = M5 - RHOXKI+RIXDP _ ,  ninal rate of return

A on total capital.
M#%S - RHO%K1+K1l%DP-RI%BW

RRNW W

We assume here that all stock entities are
valued at replacement costs. This means that
firm net worth (NW) has been obtained by a
consistent (residual) valuation method as shown
in table III:D in the next chapter. It is an
entirely empirical matter whether the decision
criteria derived from such valuation principles
are relevant, a circumstance that we will

discuss later.

L This requires that the following identity holds:
_ dKl _ K1 dp dk2
INV = T + RHO # K1 B * e + 3r where INV
is gross investment.
2)

Note that K2 is broken down into several

components in the next chapter.
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(1) states that the relative change in firm net
worth (DNW) plus the period's dividend payout
in percent of the same net worth (8) is the sum

of four components:

(A) The profit margin (M) times the ratio
between sales and total assets ().

(B) Calculated economic depreciation
(subtracted)

(C) Inflationary (capital) gains on assetsl)

(D) The leverage contribution defined as
the difference between the nominal
return to total assets and the (average)
interest rate on debt (BW) times the
debt net worth ratio (BW/NW).

It is easily demonstrated that:
RRN = A + B + C

It can furthermore be proved that:
DNW + 6 = (nominal return to NW) = RRNW

1)

used to obtain M has to be based on a replace-

ment valuation of raw materials and intermediate
products. This is a problem we have to face when

the model is fed with real firm data.

(4)

(5)

There is a problem here. If realized inflationary
gains are listed under (C) the costing principle



If we can presume that shareholders value their
assets in terms of their purchasing power and

that their purchasing power is defined in terms
of a basket of consumer goods, then their goal

variable reads either (from 5):

the real rate of return on net worth
(RRNW-DCPTI)

or (from 2):

the real (or CPI-deflated) growth rate
in net worth, inclusive of what is
currently made directly available in

the form of dividends.

For the consumer-~shareowner the appropriate
deflator should be the consumer price index
(CPI). This is not an appropriate specification
for the typical stockholder that influences
business decisions. It is quite unlikely that
he regards his wealth as a stored up consump-
tion potential, at least not with the weighting
system used to compute CPI in a normal country.
Since the deflator choice has only been intro-
duced to allow an outside assessment of busi-
ness performance we need not discuss this matter

further here.

The decision criteria that we will introduce

are all invariant vis-&-vis this choice.
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— - — ——— — — —— —— —— .

(1) tells us that four factors contribute addi-
tively to performance in terms of the objective
function (1) or (2). Two of these factors are

always matched by separate organizational units

within firms namely:
Investment-financing (long term) = D
and

operations decision making (short

term) = A

(B), the depreciation factor has no real organ-
izational counterpart. It is an important
factor but it rather defines the valuation
principles that go into asset measurements.

So far capital gains seem to have been neglected‘
in organizational terms (cf. Eliasson (1976)),
except for those organizations that live mostly
off capital gains like investment companies

etc. Recent inflationary experience, however,
has made firm management more aware of the
benefits as well as dangers of inflation. Maybe
the introduction of new inflationary accounting
systems in the future will be accompanied by

the institution of inflationary departments to
manage them as well as to promote a profit contri-

bution under C.
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The results of long-term investment financing
decisions and operational decision making are
mutually dependent in a way that will be mod-
elled in detail in the next chapter. The typicail
feature of firm management, however, is that
decisions under A and D are not simultaneous
but managed separately. This feature is the
rationale for keeping the long and the short

term separate.

The objective function (1) also gives the
rationale for the paramount concern with profit
margins, especially in U.S. manufacturing
firms. As long as sales-asset ratios are fairly
stable over time, M is a monotonous indicator
of profitability in terms of those factors that
are manageable in the short term. Stated in
more familiar language: An increase in the
profit margin in the short term always means an
increase in the return to assets. The short
term is defined to mean the production planning
period within which production plans cannot be

changed during implementation.

By breaking M down further as in (3) the separ-
able, additive targeting function (1) can be
further identified with the organizational
fabric. In the economy we are for the time
being (no purchased intermediate products and
no divisional separation of the firm unit as-
sumed) considering M as composed of three
factors:



56

- Labour productivity = Q/L
- Wage costs = W
- Product prices = P,

Prices are typically associated with sales
departments while productivity is managed and
determined within production departments.

While labour cost can usually be measured
properly at the location where it is applied
this is not normally so with prices or profit
margins. However, if prices and profit margins
can be measured only for the end (final) prod-
uct a whole series of performanée indexes based

on

WxL '
R . _ (6)

usually called unit labour costs, can always be

extended far down into the interior of pro-
duction departments. This also explains the
frequent use of unit labour costs as a perfor-

1)

mance indicator™’.

L In fact unit labour cost is probably a much

more useful measure on the shopfloor, where

Q is defined by numbers of screws, than at

the aggregate, national level where output

has to be split into Q and P, a very arbitrary
thing to do, however one tries.
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With this algebraic exercise, we have ident-
ified the interests (goals) of top firm man-
agement. We have identified what factors affect
these goals. Some are fixed (structural) in the
short term, maybe not in the long term. Some
can be manipulated from period to period (like
productivity) as we will demonstrate later.
Some factors cannot as a rule be influenced by
firm management other than indirectly. About
these variables firm management must form an ex
ante opinion (an expectation) in order to make
a rational choice as to how to move those
variables that they can influence. The most
notable expectations variables are prices (P)
and wages (W). We will treat the psychology of

expectations in the next section.

Thus it only remains to define what should be
meant by a rational choice in terms of the goal

variables in (1).

- —— — ———— 1o ™ ot

It is obvious that if firm management knows the
best it will choose the best. If it doesn't know
some other choice procedure is needed. To under-
stand and to model the remote guidance and
control system of a large corporation three em-

pirical circumstances have to be kept in mind.
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(1) Top management or CHQ has neither got
the knowledge nor the competence to

solve lower level decision problems.

(2) Good performance of the entire company,
measured in terms of, say, the objec-
tive function (1), requires "good sol-
utions" to decision problems all the

way down to the shop-floor level.

(3) An alternative plan for the entire
corporation has no meaning if not
accompanied by an action plan as to
HOW to do something else.

From these "axioms" follow several conclusions.
Top management is synonymous with a downward
delegation of most important decision problems
that are solved by others without top manage-
ment knowing or understanding HOW. Hence, top
management is concerned with formulating the
Goals of the organization ("the organization's
interests"), breaking them down into operational
terms that are understood at all levels by
setting targets and enforcing them.

Plans as to how to enact alternative plans
always require solutions outside the competence
of top management. Hence alternative plans are

not made up at the CHQ master planning level.



There one is concerned with the required size

of financial risk buffers instead (next chapter).

In formula (1) a CHQ goal (objective) function
has been broken down into targets to the level
needed for our model purposes. What is missing
is only a principle for setting the numbers,

or a replacement for the conventional profit
maximizing principle. Our knowledge is that top
managers do not have the knowledge to work out
a HOW-plan except as a long winding iterative
downward-upward exchange of knowledge and sol-
utions each time a plan is drawn upl). We know
that such a convergence process towards the
optimal solution does not occur in practice in
the sense that the overall master solution is
transparent and intelligible at the top. (See
Eliasson (1976).) To solve our problem and still
formulate ourselves in termé that are empiri-
cally relevant we introduce the concepts of

feed back targeting, and the MIP principle (see

below) meaning simply a numerical method of
applying the right pressure when tuning the
targets. If this pressure is too tough it is
not taken seriously. If it is too soft, top
management is normally cheated to agree to

inefficient solutions.

L Many such decision processes have been

modelled during recent years on the basis
of the famous Dantzig-Wolfe (1961) algorithm.
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Since feasible target performance cannot be
calculated without full and open minded co-
operation from those who are supposed to do the
work, the only substitute method is to look at
past performance and gently step up performance
requirements without asking for impossible

things.

This method can of course be supplemented with
external information, say on competitors perfor-
mance, or by applying some market reference
guide e.g. by deriving tailor-made profit
margin criteria (or productivity criteria) from
a real rate of return requirement in terms of

)1,

We will introduce the following simplifications,
that seem to be backed by empirical evidence.

(1) Factor C in (1) is disregarded.

(2) Factor D is handled separately as a
long-term planning decision (see next
chapter) where new external financing
is decided on the basis of expected
long-term returns on borrowing (the
leverage factor) and financial risk

considerations.

L See example in Eliasson (1976, p. 170ff)



(3) Short term production, selling, hiring
etc decisions are governed mainly by

M~criteria.

These M~criteria are fixed on the basis of past
experience of what can reasonably be done and
the requirement is to maintain or improve (MIP)
past performance. The feedback historical refer-

ence target is defined:

(A) MHIST(t)= Ax MHIST(t-1)+(l-A) % M(t-1)
0g A <1 '

On this we apply MIP:
(B) TARG(M) = MHIST % (1+€)
(C) £>»0, but small.

This is the long run target that may be the
same in the short (annual) run or modified by a

cyclical factor.

Targets may be enforced more or less. The
toughness with which targets are enforced
determines how far search for better and better
solutions is forced on to the firm organization,
especially within the production system (see
Chapter IV). We don't have the empirical infor-
mation to come up with an enforcement formula.
This specification will have to await what we

can learn from experimentation with the model.

Targets are set once and for all for each year.
The toughest enforcement alternative is to

enforce these targets through the year without
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any cyclical and other modifications. This is

not realistic, but will be tried.

A second alternative is to apply the same

1)

(annual) target for each quarter™’. There is
evidence that schemes similar to these are

operated in some well managed firms.

A third step is to allow for cyclically vari-
able targets (empirical evidence does not
support such a device)z) or to allow for a

cyclically varying enforcement procedure.

We will experiment with a modification of the
last alternative, namely a cyclical target en-
forcement modifier that depends on the liquid-
ity position of the firm and long-term future
prospects. If these are bad and/or the liquid-
ity position bad, firms will be more prone to

enforce targets, notably by laying off people.

We note that this choice is based on rational-
istic considerations, that are not well sup-
ported by evidence. The same holds for the

1) The second alternative differs from the first

in that failure to satisfy targets the first
quarter does not raise targets for the suc-
ceeding three quarters.

2) see Eliasson (1974).
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introduction of explicit cyclical consider-
ations. However, the purpose of this model is
not only to imitate actual behaviour (this we
want to do as well as we can) but also to learn
how the economy behaves if behavioral specifi-

cations are changed.

Expectations functions (EXP-sector)

Expectations are fix points on the basis of
which the firm manipulates its parameters to
find a solution that satisfies its targets ex
ante. We recognize two types of influences on
the forming of anticipations. First and most
important, expectations are assumed to be
generated from internal experience. Such gen-
erating functions are labelled EXPI. We will
apply throughout modified versions of the feed-
back learning function formulated in Eliasson
(1974 b, p. 79 ££).%)
exogenous influences to enter the forming of

Second we will allow

expectations in various ways. All such exogen-—

ous influences are denoted EXPX.

L Profits and Wage Determination, Research

Report 11, Federation of Swedish Industries,
Stockholm.
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We introduce a generalized additive expec-

tations function:

EXP(6) = (1-R) #* EXPI(8) + R = EXPX(8)
0€ RZ1 '

R is the factor that determines the relative
importance of internal and outside influences
in the forming of expectations. In most in-
stances it will be determined outside the model

by ad hoc judgement.

Example: Suppose & represents the relative
change in the firm's product price. EXPI then
transforms past internal price experience into
a future predictor. EXPX in turn transforms
externally available price information into a
price forecast for the firm. Such external
information may be gathered from other vari-
ables, official forecasts, the general mood of
the market and sentiment in the economy etc.

In general we will apply the principle that the
more consistent and persistent exogenous infor-
mation the more likely that external signals
dominate over internal experience and the

higher R.

Since the two transformation functions EXPI and
EXPX produce identically defined expectations
by assumption, albeit with different numerical

(8)



any cyclical and other modifications. This is

not realistic, but will be tried.

A second alternative is to apply the same

1)

(annual) target for each quarter™’ . There is
evidence that schemes similar to these are

operated in some well managed firms.

A third step is to allow for cyclically vari-
able targets (empirical evidence does not

2)

support such a device) or to allow for a

cyclically variable enforcement procedure.

We will experiment with a modification of the
last alternative, namely a cyclical target en-
forcement modifier that depends on the liquid-
ity position of the firm and long-term future
prospects. If these are bad and/or the liquid-
ity position bad, firms will be more prone to

enforce targets, notably by laying off people.

We note that this choice is based on rational-
istic considerations, that are not well sup-
ported by evidence. The same holds for the

1) The difference between the first and the

second alternative is that failure to satisfy
targets the first quarter does not raise

targets for the succeeding three quarters.

2) see Eliasson (1974).
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Long-term expectations are fed into the invest-
ment-financing and growth decisions. The long-

term internal expectations generator is assumed

to be of a guadratic, feed back learning type:

EXPI (8) :=\KEXPI (8)+ (1-)) % (8+o% (8-EXPI (8) ) +P% (8-EXPI(8)) >
0&«X <1

)

This formula applies to all expectations vari-
ables that we are dealing with; for the time
being prices (P), wages (W), sales (S) and
interest rates (RI). The variables are normally
defined in relative growth terms, and (9) then
produces an estimate on the average, annual
rate of change for the future period defined as
"long-term". Expected change in 6 is a time-
weighted (declining weights) average of past
changes in 8. To this factor is added (1) a
fraction of a time-weighted average of past
differences between actual and expected changes
and (2) a fraction of the same time-weighted

differences squared.

A defines the weighting system. A Aclose to
zero means a heavy dominance of today in the
forming of expectations. The closer A is to 1,

the more important the pastl).

L The formula is identical to an exponentially

declining weight system.

(9)
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O% (8- EXPI(8)) is a correction factor
for systematic mistakes in the past,

also weighted in by A.

B% (6- EXPI(8)?) defines the effect of
variation in expectational hits, irres-
pective of which way mistakes go. A
firm may operate in a completely
erratic (random) environment to the
extent that (G—EXPI(G)) averaged over
time is 20 even though period ob-~
servations on the same variable may
have very large absolute values. If so
the mere uncertainty involved should
suggest caution, if say a single, very
large negative (8-EXPI(8)) means
something uncomfortable for the firm.
Hence p should be negative while

should be positive.

The weighting system will be assumed to be
identical between firms. Hence differences in
expectations between firms depend solely on a
different "variable-experience" and on the
coefficients o and p in (9) and R, that may be
said to signify the firm's learning response (o),
the firm's attitude to uncertainty (p) and its

degree of extroversion (R), respectively.

Experimentation will start by using five years

of historic experience to generate expectations.
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Empirical evidence suggests that firms use
quite crude transformations of past experience
in their planning routines. It happens fre-
quently that no business cycle is allowed to
enter plans. A fully calibrated model will have
to be as realistic as possible in this respect.
For experimental purposes, however, it will
always be of interest to ask how the economy
behaves with and without such considerations in
plans. And the model allows rather sophisticated
expectations, moods and sentiments to be exper-
imented with. Since we believe expectations to
be an important motor in the economy we will
allow for the possibility of entering quite
complex devices already now. Until we know more
about the importance of expectational mechan-

isme, experimental "knowledge" will have to do.

We know, furthermore, that executive decision
makers are frequently subjected to information
generated as in (1) and (2) or apply the same
kind of calculation themselves, intuitively.
Hence modifications related to the short run
should most appropriately be entered as a
separate short-term or cyclical modifier of
long-term expectations. This is done by apply-
ing a cyclical modifier to the internal expec-
tations function EXP(8) in (9).

EXPISHORT (8) = CYCLE%EXPI (8)

(10)



CYCLE is a transformation function that spreads
EXPI unevenly over a future period. It can be a
simple sinus function or a more complex cyclical
spectrum that is continuously updated during a

simulation. (10) is not yet in the model program.

e - — — — — o~

Expectations tie in with the annual budget
procedure. Operations planning in the model is
on a shorter time basis, for the time being by
quarter. Experience during the year, hence, is
allowed to affect e.g. production planning
through updated expectations. This is well in

line with business practice.

Updating implies a gradual relaxing of annual
expectations if disproved by experience. The
firm enters the first quarter expecting one
quarter of expected annual change to be realized
(no season assumed). For the three consecutive

quarters this simple expectation is modified

by:

oExp (8) = BEEC) 4 yx ((0x0)

- EXE(8) (11)
Thus the realized quarterly deviation from
expectations corrects next quarter initial
expectation with a factor (/. Obviously the
within-year quarterly, adaptive expectations

formula (11) is analogous to the between-year

expectations formula (9).
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Sales expectations (S)

Sales expectations deserve special mention

here, since we have modelled business practice

to be to project expected market growth, assess
the firm position in terms of its market share,
project a preliminary sales plan and then to

try it out step by step. This means a departure
from conventional economic theorizing in so far
as demand and supply (DS) curve analysis has very
little relevance. It is the nature of this

search that matters and DS curves are so tran-

sient that we cannot catch them.

Firms are assumed to begin their sales fore-
casting by a market assessment based on EXPP.
The total market is called MARK and each firm
applies (9) to obtain a preliminary appreci-
ation of market growth EXPIDMARK, assumed to be

consistent with EXPP. This "harmonic" assump-

tion presumes no strategic market maneuvres by
the firm and no expected strategic maneuvres on
the part of other competing firms. In other
words, if the firm enters the market with its
offering price EXPP it also expects to maintain

its previous market share ES and:

EXPDS = EXPDMARK
EXPS = EXP(ES % MARK) = ES % EXPMARK



Later on we will try to build more fun into the
model by introducing a trade off between offering
prices EXPP and market shares ES. In doing so

we have to establish a link over time between
long-term planning and short-term operational

planning.

71



12

SUPPLEMENT TO CHAPTER II

PROOF OF ADDITIVE OBJECTIVE FUNCTION (1)

Assume no taxes.l)

Cash flow identity

: dK
dBW - 2
TT.— RI # BW DIV + Ic =TI + It (A7)
Definition of gross investment spending:
dk -
o1 _ar
INV = 3t 3t * Kl + Kl (B)
“ = Operating profits (gross), inclusive
of depreciation
RT = Average rate of interest on net debt (=BW)
Kl = Replacement value of production equip-
ment on which the depreciation rate (E)
is applied to obtain depreciation
(=¢ % Kl)
Kl = The corresponding volume measure, ob-
" tained by deflating Kl with the investment
goods deflator p* ‘
K2 = all other assets, same valuation
NW = Net worth residually determined from:
A = Kl + K2 = BW + NW

L) For an extension of the separately, additive
targeting formulae (1) with taxes included see
Eliasson: Business Economic Planning, (Wiley)

1976, p.293ff. See also Eliasson: Two Papers

on Planning and Efficiency, Economic research

Repub Bl3, Federation of Swedish Industries -
Stockholm, October 1976.
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Now reshuffle terms in (A) and insert in (B):

Tr—gxxl—R1x3w+g—l§x1<lzDIV—gEW+dtl+dt2
-
da
dt
From the definition of the nominal rate of return
to net worth:
T dp |, dBW da
RRNW__H—EXK]‘ RI*BW+3_E*K1=DIV_——dt *§_W__+§__Ex__§&_
NW NW BW NwW A NW
LT\J;"“Q ~——y —
) dNW
dt/Nw
(8 is dividend pay out rate).
Furthermore follows:
dar _
e
T -pax -Styx P opxx, Lk anv
RRNW = LP" 2, B peeW,dt, 1, de, 2 _,4,4dt
A NW NW P NW P NwW NW
| —
RRN
and
dap aw
_ BW, _ BW , dt BW, _ , , dt
RRNW—RRNX(1+NW RIﬁ:NW+P i:(l+NW~—9+W
- A _ ;. BW _ »
since W= i+ T 1 + w
(y = leverage factor)
Thus:
ANW dP/ dP/
RRNW=-C-1-E—-+({}=RRN+(RRN+ dt _ 1) x¢ + —2t
NW B g B
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QED

>l

_2
dp
dt , &
P A
\_..Y..__,J

+ (RRN - RI)ky

. —
\'s

D




ITI.

Gunnar Eliasson, November 1976

INVESTMENT-FINANCING - THE LONG RANGE PLANNING
DECISION (sophisticated version, not yet in

program)

Introduction

A useful way to delimit the concept of a firm
is to view it as a financial system (Eliasson
(1976, p. 242 f)). Such an approach has a rich
operational content. The entity so delimited
tends to coincide with something that is
usually larger than the judicial firm unit,
something closer to the sovereignty domain of a
Corporate Headquarter. We are principally
concerned with the character and location of
the mechanisms that regulate in- and outflows
of funds or rather what makes it possible for a
financial system to retain its funds and to
attract new funds. With this approach we have
to model the very complex decision machinery
that ties together all the production - distri-

buting and financing activities that go on.

Complex decisions normally cannot be solved
simultaneously. As a rule they have no unique
solutions even at the application of infinite
effort to screen all available information.
Solutions are normally engineered by super-
imposing a separation grid on the organization
that delegates decision making under a master
constraint. One property of most decision

systems, hence, is that sub-decisions as a rule
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are inconsistent when pieced together and based
on different assumptions and information. The
consequences of such illfitting machinery,
however, are normally marginal in importance
for the total organization, compared to the
impact of other factors, or they are at least

believed to be.

As argued in the preceding chapter one typical
dividing line runs between the long run and the
short run and separates operational production
management, concerned with M in (1), from
decisions on investment financing matters. In
firms this demarcation line is very clear both
in terms of organizational separation and
methods of handling problems. In fact the
investment financing probklem represents the
typical CHQ function while production decisions
are delegated to operaticnal departments and
not integrated sideways and upwards. The busi-
ness system in the model will have this typical

feature built into it.

We have already introduced the master CHQ
objective function and broken it down to match
various organizational sub-departments. One
such department is in charge of the long-

term financing function vested with CHQ and
oriented towards securing a sufficient and
stable flow of long-term finance. This is
allocation of resources over time. Not necess-
arily integrated with this function of course

is the internal investment allocative (the "in-
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vestment institute") function concerned with
horizontal trade offs at each point in time.
Should investment funds be channelled into
division X or Y. Since we are for the time
being only concerned with a one product firm,

1)

allocation is only over time. The investment
financing sector also introduces the short term

commercial banking function being concerned

with short-term borrowing and investment ac-
tivities (cash management) .

Hence the investment financing block is built

around the following four modules of behaviour:

I. Long term - 5 vears:

Long-term profit target and growth

plan generates 5 year external financing
requirements (balance sheet - profit-
ability criteria)

ITI. One year, long-term borrowing decision:

Long-term financing requirements from
I, plus liquidity assessment and

credit market appraisal manifest

itself in next year long-term financing

decision (final)

1) But this is where allocation between firm

units has to enter, should we decide later

to expand the model.
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III. Investment decision and cash management

(quarter to quarter)

IV. Realization phase:

The firm enters each period (quarter)
with a financial frame allotted for
investment. This budget frame is
compared with the proposed investment
plan. And a compromise solution follows.
Excess liquidity is then invested at
the short-term deposit rate and needed
short-term borrowing is assumed to be

available at the going interest rate.

IT defines the actual liquidity position and it
may seem surprising that the only leverage that
the long term has on behaviour (in the model)
is through this liquidity position. In fact
this specification corresponds well with the
typical practice to leave all investment de-
cisions pending or subject to revision until
the so called appropriations procedure, which
is normally a quarterly or even more frequent
affair. This specification corresponds well
with typical firm practice of keeping as many
hands free as long as possible rather than
betting on a probable but not very likely
future position (cf. Eliasson, (1976)).



We also have to recognize that we are working
within an accounting framework model imitating
CHQ planning. We have not modelled how long-
term foresight affects R&D spending or the
choice of investment projects etc. This is
probably appropriate specification. CHQ screens
projects or project groups from a budgetary
point of view. It does not initiate projects or
make technical choices. Neither have we mod-
elled the bindings associated with large invest-
ment projects that cannot be stopped once
started. This is a misspecification. However,
for normal analysis at the macro level this
will be of marginal importance since revisions
in plans seldom will be larger than allowed by
such bindings. In fact, when dramatic events
take place even large ventures in progress may
be halted.

Long term plans

An initial sales projection is entered from the
expectations block. After application of simple
sales-asset relationships a first, crude invest=-
ment plan is obtained. This plan is fed through
the production system. Assuming normal, oper-
ating (capacity utilization) rates, profit
margins can be calculated and checked against
targets. This procedure is somewhat backward
compared to actual practice since investment

plans, or rather requests, are normally pre-
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pared by operating departments on the basis of
sales plans. It is quite possible to generate
investment requirements directly out of the
production system the way it is actually done,
but considering the complexity of the pro-
duction and investment financing system together
it would be technically very awkward and hardly
rewarding. We choose not to do so for the time
being and the two approaches gquite conceivably

should give approximately the same results.

If M-targets are not satisfied, sales plans are
reduced until satisfaction is reached (in
(3.9.4)). Dividends to be paid out next year are

now decided on.

In case we decide later on to split firms into
a set of production units tied together with a
CHQ financial function, this is the place where
this function should be. A horizontal M trade
off across production units then has to be

added to what we already have.
Next follows a balance sheet check.

Maximum debt leverage on the balance sheet is
currently calculated along the lines of a
Donaldson (1961) type earnings coverage criterion.
Financial risks are assumed to be proportional

to expected, excess cash outflows divided by

net worth, properly valued in current prices
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(called NW)l). Maximum leverage is then assumed
to be a (linear) function of the nominal rate of
return minus interest cost and calculated risk.
We thus arrive at the MAX ¢ factor in (4) which
is formally derived in a supplement at the end

of the chapter.

Borrowing associated with the long-term growth
plan derived earlier (in (3.9.4)) is now checked
against the MAX {§ criterion (in 7.1). Borrowing
and sales growth are reduced (if necessary)
until a state of satisfaction is attained. We
now have the long-term plan.

We can now calculate (in 17) total external
finance needed to clear the long-term growth

plan finally established.

The one vear, long—-term borrowing decision

External finance, expected to be needed, is now
desired to be of a long-term quality. How much
of needéd external funds for the next long-term
period (from now to H) that should be borrowed

long-term next year depends on the current credit

L NOTE, however, that NW is not market wvalued.

Expected, future profits should not affect
the valuation! NW is residually calculated in
a balance sheet where assets are valued at

replacement costs. See table III1:C.
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market situation. (Note that the profit side of
the long-term growth plan has already been

checked and cleared in the previous step.)

We simply assume how much of expected long-—
term funds to be acquired next year to be
determined by the current difference between
the long-term and the short-term borrowing rate
{(11.1). If this formula gives less long-term
borrowing next year than the needed total for
the year the difference is made up for by
short-term borrowing up to planned requirements.

External funds are now acquired and added to
LIQ. For the time being we simply spread the
new cash evenly over the year.

There is one aberration from this straight
forward procedure that has not been modelled
yet. It involves an interface with targeting
(annual targeting, quarterly targeting or even
guarterly target enforcement). (See 15). Since
this block already has got two full search
processes there is no hurry adding this third
complication. In fact there will be a device
that allows us to shut off one, two or all
three complications in experiments where their

presence is not important.

The added device is a target modifier that

allows two responses. First, a deliberate



internal, cyclical stabilizing of production
should be allowed for, through production for
inventories, the hoarding of labour and a
contracyclical timing of investments. This
means absorbing more of the cyclical variation
internally by accepting larger cyclical swings
in profits. A higher average (long term) profit
level should be an expected consequence and the
liquidity position plays a crucial role for the
financial capacity to take the higher short-

term risks.

Second, unforeseen events or strong cyclical
swings in profits cannot reasonably mean that
average "feed back" profit targets are rigidly
maintained each quarter. Here again the size of
the liquidity buffer can be substituted for a
deliberate cyclical timing of targets.

The investment decision

The first step in the investment decision
process occurs in the form of a calculated
investment budget constraint. This budget
constraint is contingent upon expected cash
inflows less outflows and the allowed change in

LIQ.

Second, current capital categories are regarded
as mandatory investment both in the plan and in
the actual realization of plans. In order to
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sell, firms have to follow market practice in
trade credit extensions. Hence CHK2 (OTHER) in
Table III:C depends more or less directly on
CHS. Liquidity (LIQ) is a prime concern in
financial risk management and provision for a
LIQ buffer takes priority over investment. The
same holds for purchasing and intermediate
stockbuilding needed to keep production and
sales going. A problem arises when we want to
introduce speculative stock accumulation and
decumulation for raw materials and intermediate
goods (chapter VIII). We believe it to be re-
alistic to assume that the expected capital
gains involved are so large as to make such
stockbuilding take priority over INV. Hence the
calculated investment budget constraint (INVF
in 17.3) has to be reduced by the cash require-

ments from such extra stock accumulation.

Third (17.2), next period (gquarter) planned or
desired investment spending from the long range
plan is entered, the smallest of planned invest-
ment and the revised budget frame constitutes
the final investment decision for the periodl).
This is a final decision and QINV so determined
enters capital goods markets next period (quar-

ter) as final money demand.

1) Even though in reality it is not. See

Eliasson (1976, p. 128ff).
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We believe that a better alternative specifi-
cation would be to have the quarterly invest-
ment plan derived from the long-run plan, first
adjusted downward for the presence of excess,
unused capacity on the equipment side. The
specification of such an alternative has been

entered in the pseudocode as (17.4).

With the specifications now entered in the
investment financing block we have made the
size of the firm entity dependent upon its
internal generation of cash flows (read prof-
itability) and its willingness to acquire new

external funds.

This willingness in turn depends on expected
long-term profitability over and above the cost
for external finance (the rate of interest)
after consideratign of financial risks. Long-
term expected profitability in turn, again,
depénds on the expected productivity properties
of new investment and how this higher quality
investment combines with the existing pro-y

duction system and éxpected prices and wages.

Short-term disturbances (mistaken and revised
expectations) affect the rate with which this
growth plan is realized.

There is always the possibility that returns to
pure financial investments may be so high as to
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make it more profitable for the firm unit to
invest its internal cash flow outside itself.
This alternative is only allowed in the model -
as it is now specified - as a reduction in

its propensity to borrow long-term (which may
become negative) and indirectly in so far as a
bad profit performance may mean a deteriorating
cash position and a need to keep more liquidity
invested short-term in the credit market.

We have not tried to model the typical feature

of large business firms to transform themselves
gradually into investment companies and commer-
cial banks as well as being master planners of

a set of production and distribution units (3ee
Eliasson (1976, Ch VII)).

One would perhaps like to see the choice between.
internal plow-backs of profits versus investing
them in the credit market at higher returns

(for sore companies) explicit in the model. I
suggest, however, that we leave out that
alternative for the time being. The reason is
that firms simply do not plan their operations
that way. One of the reasons for this seemingly
unrational behaviour probably is the corporate
taxation system. A reduction in internal profit-
ability requirements (compared with direct
financial investments) is normally associated
with tax systems in industrial countries due to
the tax leakage that occurs when funds are
distributed as dividends. Furthermore, fiscal
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depreciation allowances that are faster than
economically motivated exercise the same cash
containing influence on firm management as well
as stock owners, who prefer to get their money
back as capital gains (from successful invest-
ments) in share prices that are taxed at a
lower capital gains rate.
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Financing accounts and nomenclature

Table III:A Profit and loss statement

Sales (S = P % S)
1)

- Purchases (PZ % Z) :
~ Wages and :>><:

Salaries (W % L)

= Operating + Interest charges (RI2%BW)
Profits (M % S) + Depreciation charges (RHO#xK1)
+ Interest Income + Net profits
(RI1XLIQ)
= Gross profits = Gross profits
+ Capital Gains + Capital Gains

aj Inventories (realized)

b) Inventories (not real-
ized)

c) Other equipment etc
(= K1 % DP(DUR))

TOTAL PROFITS = TOTAL PROFITS

L) When more than one input category is involved
we interpret (PZxZ) as a vector product.




Table III:B Cash flows
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Gross profits
(MxS + RIS1%LIQ)

New Borrowing

(CHBW + RAM%BW (LAG)
(Equity Financing)

TOTAL INFLOWS

f)
9)

h)

Interest (RI%BW)
Amortization (RAM#BW)
Dividends (DIV)

Taxes (T)

Change in inventories net
of unrealized capital gains
Change in liquidity (CHLIQ)
Change in accounts
receivable etc

INV

TOTAL OUTFLOWS
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Table IITI:C Balance sheet

Assets Liabilities
MACHINERY Long~term borrowing (BWL)
ETC (K1) Short-term borrowing (BWS)

INVENTORIES (K2(STOV)=K21l)}| Net worth (NW)
(a) in official balance sheet
CASH etc (K2(LIQ)=K22) (b) tax credit (potential tax)

OTHER (K2 (OTHER)=K23)* (c) net of potential tax
but tucked away.
Total assets (A) = A

*) Mainly trade credit extensions.



Updating of balance sheet

(D1)
(D2)
(D3)
(D4)

(D5)

(D6)
(D7)

Note:

(D8)

Note:

K1:=K1 (1+DP (DUR) —RHO) +INV
K2=STOV+LIQ+OTHER=K21+K22+K23

K1+K2=A
K2 :=K2+CHSTOV+CHLIQ+CHOTHER
CHOTHER=l§£ % CHS (trade credit extensions net)
[——
o =S/A =¥
p=Kl/A **(1-p)=K2/A and K2 = iég ¥ S

ok and p may vary over time. Since all
account tables III:A, B, C will be
updated each period, past pericd ol and ¢
can always be calculated and used for
next period projections. This seems to
be a practice often followed in firm
internal planning although at a much
more detailed level. See Eliasson

(1976, CH. 6.1.).

CHSTOV : =DP%STOVF+CHSTOF%P
+DPZ%STOVZ+CHSTOZ%PZ

STO stands for volume of inventories
(See Block X)

STOV stands for value of inventories

(STO % price index)

F stands for finished goods
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(D9)

(D10)

(D11)

Z for all intermediate goods (purchases)

(Cf. Chapter VIII. Note the variation

in nomenclature.)

CHLIQ=M#%S+RIS%LIQ-INV~-
- ¥ *CHS-CHSTOF%P
~CHSTOZ%PZ-RI%BW-DIV+CHBW
(cash flow identity)
CHBW.=INV+CHLIQ+CHSTOFXP+CHSTOZXPZ+%§EiCHS+RIxBW+DIV
-M#%S-RIS1xLIQ
(cash flow identity. Same as D9.)

Updating of INVEFF to be used in
Block 4 (4.1.3) to update production
possibility frontier:

INVEFF:=S/K1
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SUPPLEMENT A:

TECHNICAL SPECIFICATION OF INVESTMENT-FINANCING
BLOCK (Sophisticated version, not yet in pseudo

code or program)

1.1 EXPL(DS) :=Y % EXPL(DS) + (l-¥) % DS (from EXP block)
DA:= DS
1.3 DK1l:= DA
2. INV/K1l := DK1-DP(DUR) + RHO {(Definition)
3.1 Calculate from 1.3
Kl year by year to horizon (=H)
3.2 Enter EXPLDP (DUR) from EXP block and RHO
from block 4 (exogenous)
3.3 Calculate INV year by year to H from (2).
Note: We choose to obtain the "trial"

INV paths this way rather than
feeding the preliminary EXPL(DS)
etc into the production block to
derive (indirectly) investment
requirements. Cf. discussion in
text on calculation of INV from
balance sheet rather than through
production system.

3.4 Enter QFR(L) with last period L from (4.01)

Enter NU = normal expected long-term

capacity utilization ratel)

L Either by assumption or average of past, say,

5 years.
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3.6.1
3.6.2

3.8

3.9.1
3.9.2

4.1

Calculate NUxQFR(L)

Assume no change in L and that DTEC=DQTOP
Enter INV from 3.3

Quarterlize INV. Deflate by EXPLDP (DUR).
Enter in (4.1.3)

Calculate DQTOPl each year to H

D (NU%QFR (L) ) :=DQTOP1

Calculate _

NU%QFR (L) on Horizon year (L same as now)

On H

M:= (EXPLP%NU%QFR(L) - EXPLWXL)/(EXPLPXNUXQFR(L))
(Same formula as (3) in Chapter ITI).

Compare M with TARGLM from Block 1
Check for SAT
Note: If we decide later to split

the firm into a set of pro-
duction units held together
by a financial function, this
is the place to do it

If SAT go to (3.9.4)

If not SAT |

lower EXPL(DS) with X percentage points

and repeat from (1.2) until SAT

EXPRIL:=EXOGENOUS

EXPRIS :=EXOGENOUS

enter EXPLDS from (1.l) (or final value),
EXPLDP (DUR) from (3.2) and M from (3.7)
in (4) to obtain MAX ¥.
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(5.

6.1
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Calculate
MAX W 1=

A% ( (L+RISCO) %Ms o~ (RHO% P+RI-DPDUR) ~RISCO% (1-B) %DS) +B
(I+A%RISCO% (L+RAM* (1~ P) *DS—0%xM)

(See derivation in supplement B.)

Enter business cycle in S and calculate

consequences for M and INV in H year plan.

Note: Rate of capacity utilization has
to enter as determinant of
guarter to quarter INV)

Calculate CHDLIQ:=LIQD-LIQ from (13)

Calculate for next year:

1-p
oL
and then for following years making CHDLIQ:=CHLIQ

DIV := 8%NW(LAG)
6 := EXOGENOUS.
Note: that LAG refers to the previous

CHBW:= (INV+ %CHS+RI%*BW (LAG) -M%S+DIV+CHDLIQ) / (1-RI)

year. DIV adds up with total income

in household sector.

Calculate
NW:= %x(MxS—INV—%ingHS—RIxBW(LAG)—CHBWx(l—RI))
Note: Formula (6.1) is identical to

(5.2) except that NW has been
lagged one period reflecting
the fact that dividends are
normally calculated on profits
realized some period before.
When NW is measured for the
current period (5.2) is a book
identity and in (6) we have
simply solved for NW
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1)

Calculate
BW:= BW + CHBW
Calculate
W = BW/NW

CHECK for Y & MAX Y each year
(Alternative Check for (7.1) only year H).
IF SAT go to (10) ’

IF NON SAT take away as much net

borrowing as needed (no
more) to satisfy q/—target
each year

Add up reduction in CHBW each year 0 to H

and divide by H to obtain annual average: =X

Reduce EXPL(DS) with the help of Iformula:
Reduction (in percentage

points) of planned long _=Y=(X(I—RI) )

term annual growth rate : S (LAG)

in sl

Reduce INV/K1 by:

Reduction in investment 7  _ iid £ Y % S(LAG)
Value planned per year o

CHBW: = CHBW - X for each year

Note: CHBW so calculated for first

year defines maximum borrowing
allowed for next year (long
and short term) under normal

circumstances

(7.3) and (7.4) are derived from (5.2). When CHBW is
reduced as in (7) only INV and CHS are affected.
Since CHKl= ﬁé_x CHS we obtain (7.3).

To obtain (7.4) we use (2). A reduction in

CHS leaves DP(DUR) and RHO unchanged. Hence (7.4).



(9.

lo.

11.1

We now have the long-term (H-year) plan +
annual budget (by quartér):

INV from (7.4) and (2)

Kl dito

DS from (7.3)

DA from (1.2)

DBW from (7.5) and so on.

Quarterlize INV as in (3.5) and whatever

else that is needed by quarter.

(Tentative) . Enter business cycle in long
term S by applying the factor CYCLE in
(10) in chapter IT.

Calculate consequences for M and INV and
LIQ (see later) in H-year plan. We then
have to enter the rate of capacity util-
ization as determinant of quarter to

quarter INV)

One year, long—-term borrowing decision

Add CHBW in (9) for all years 0 to H

ADD(H) CHBW: = Y (= total borrowing, new,

long term)
Note: Y is expressed in expected

current prices each year.

Calculate long-term borrowing for
year immediately ahead as:

R 4 ' (RIS - RIL)
CHBWL: = g (1 +(3/ % =TT )
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11.2

12.

13.

14.

Note: There is the possibility of

making RIL firm-local and
dependent upon firm %’. RIS
is short-term interest rate
and RIL long-term interest
rate.
If CHBWL in (11.1) for first year is
smaller than CHBW in (9) make up for
difference by borrowing short term
(CHBLS) .

Add one quarter of CHBW (total) to

cash position beginning of each quarter
and calculate EXPQLIQ from the long-
term plan.

Note: For the time being we use

this simple device.

Calculate desired LIQ as:

expected excess

LIOD = F (S, cash outflow

)

Note: Say, a linear relation.

Excess cash outflow is de-
fined as in the following
supplement B, but for next year

only.

Calculate expected LIQE from (12) and
expected cash outflow

LIQE - LIQD
LIQD

defines the firm's short-term (next




(15.)

vear) liquidity status as seen from

within the firm.

Short-term target modifier

LIQE -~ LIQE
LIQD

LIQ - LIQD
LIQD

determines the extent to which short-

and/or (per gquarter)

term operations M-targets are tempor-
arily modified downwards because of
unexpected or excessively strong
profit influences.
Such modifications also relate to
specific decisions:
(a) production for inventories
(b) hoarding of people
(c) contracyclical timing of
investment
Note: This tentative device is

inserted to handle real life
mechanisms. Firm management
(I) may want to behave ration-
ally in the long run but
dares not because of a peril-
ous LIQ position.

(II) It may be rational to
take drastic action but
social and other consider-
ations suggest otherwise.
Hence, we have to make a

distinction between firms
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l6.

17.1

17.2

(17.3

17.4

17.5

that deviate upwards and
downwards from a normal or
average M-trend. I consider
this device empirically

important.

Calculate from (14) and (15) maximum
contribution from LIQ next quarter as:
CHLIQP: = LIQE - LIQD

Note: CHLIQP may be negative.

Investment decision

Investment finance allocated next

quarter (final decision):

INVF: = MXQPLANS—lingPLANCHS°(I+RAM)XBW—DIV—CHLIQD

Quarterlize INVF to QINVF.

QPLANS is obtained from (4.3.10) in

PROD planning block as:

QPLANS: = QEXPP % (QPLANQ - OPTSTO + STO)
Calculate from chapter VI planned

intermediary inventory build up over

and above guarter planned use. Call

this CHTESS.)

Enter QINV from (8).

QINV: = MIN (QINV, QINVF-QCHTESS)

Final decision. Repeat every quarter.
Alternative:

QINV: MIN(QINV1, OQINVZ2, QINVF-QCHTESS)
QINV] QINV2 = QINV in (8)

under normal circumstances. However, when

i

f

the rate of capacity utilization goes down
below a certain level, then QINV2 < QINV1.



19.

20.

Q0

Define (1 - m)/NU = X
QINV2

and m =Y

NU is entered from (3.4)

For 0 < X g 1 Y = 1

For X > 1 Y = -)13< 1

(Tentative.) Split QINV into wvarious
types of INV, depending upon whether
they affect QTOP or TEC in production
block.)

QINV from (17.4) enters as final money
demand in capital goods marke*s. (Next
period) .

Market DP (DUR) determines volume QINV

that updates production system.

Residual LIQ invested currently (each

quarter) at (RIS - XI).

XI: = Exogenous (difference
between short-term borrowing
and deposit rate and equal to
profit margin in banking sys-

tem) .
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SUPPLEMENT B:

DERIVATION OF THE MAXIMUM GEARING RATIO

The global objective function of the corporation has

been defined in formulae (1) in chapter II as:

GOAL=DNW+9-DDEFL=(l+?)X(MX&—RHOXF+DPDURX#)—RIXV—DDEFL (1)

Y BW/NW = gearing ratio or leverage

) DIV/NW = dividend pay out rate

DEFL = chosen general price deflator e.g. CPI
BW + NW = A

ol = S/A

p = K1/A

K1+K2 = A

Thus (l- )=K2/A and K2 =

il

il

1-¢
) ¥ S
Define nominal (money) return to A as:

RRN = Mxol - RHOXP +DPDURXP (2)

Define the risk rate associated with borrowing
(as assessed by the firm) as:

EXPECTED EXCESS CASH OUTFLOW
NW
1),

or more precisely™’:

RISK=RISCO*

1) The factor RISCO may be entered as a constant

or be represented by the past variation in,
say, M%S/NW. In the second version it can be
updated currently.



(RI+RAM) *BW+K2%CHS/S—-M%S
NW

RISK is defined to be comparable to RRN or RI.

RISK=RISCOx

RAM = rate of amortization on BW.

We know that

-ISQ * Cstﬁ%=(l—g)x(l+%ww)xms=(l—(_;) % (l-Y)%DS

Thus:
RISK=RISCOX(?ﬁ(RI+RAM+(l~P)XDS—GXM)+(l”P)XDS-“XM)

Assume:
MAX W = A% (RRN~RI-RISK)+B

Then from (2) and (3B):
MAXW:(l—AxRISCOx(RI+RAM+(l-ﬁ)xDS—dxM))=

=Ax((l+RISCO)Xder(RHOXP+RI-DPDUR)—RISCOX(l—ﬁ)XDS)+B

(5) is (4) in pseudo code on previous pages. QED.

103

(3B)

(4)

(5)



104

SUPPLEMENT C:

PROVISIONAL INVESTMENT FINANCING SECTOR

(now in program as block 10)

This provisional I-F sector is designed to be
used in a "slimmed" version of the model. The
investment function that updates the production

system is of a simple cashflow typel):

INV =M % S - RW % CHS + CHBW - RI x BW

Investment is assumed to be equal to current
(profit) cash inflow (M % S), plus net inflow
of borrowed funds (CHBW), less mandatory
financing of current assets (RW % CHS) and
interest payments (RI x BW). The assumed
mandatory claim on financial resources from
short-term trade assets 1s assumed to be
proportional (RW) to the change in sales
value (CHS) which is a rough but nevertheless

2)

reasonable approximation

L) It is also a simplified version of my "capital
budgeting theory of investment". See p. 31ff
in The Credit Market, Investment Planning
and Monetary Theory, Uppsala 1969.

2)

RW is in the neighbourhood of -0.3 and has
been fairly stable over time. See Eliasson

op. cit. p. 57.
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INV is determined end of each quarter by the
data set of the same quarter. It affects the

production system the next quarter.

Determination of the rate of borrowing (CHBW)

The borrowing decision is assumed to originate
in a trade~-off between the nominal expected
return on total assets (RRN) and the rate of
interest (RI). By definition:

Kl + working capital stock = NW + BW (2)
K1 = The "value" of production equipment
NW = net worth of firm, residually estimated
from balance sheet, where all assets are
valued at reproduction costs.
Define the stock of current assets asl):
K2 = RW % S (3)

and total assets (see table) as:
A =Kl + K2 = BW + NW (4)

Define the real rate of return on total assets
(RR) as:

_M%*S - RHO % (1 + DP) % K1

RR iy

(5)

L Note that we deliberately misspecify here,

since K2 includes finished goods inventories.



106

RHO = rate of depreciation on production
equipment. Same rate as in pro-

duction system.

DP (DUR) rate of change in capital goods
price index. Endégenously determined

elsewhere in model.

By definition also:
Ki:= Kl % (1 - RHO + DP) + INV % (1 - RHO) (6)

Assume that the rate of net borrowing is lin-
early dependent on the difference between the
nominal return to total assets (RRN = RR + DP)

and the nominal interest rate (long term).

Thus:
DBW = ALFA + BETA % (RR + DP - RI) (7)

ALFA > 0
BETA > 0

RI(LON3) = Long-term interest rate.

And so:

INV=M%S~-RW%CHS-RIxBW+ (ALFA+BETA% (RR+DP-RI) ) *BW (8)

(8) is assumed to apply each quarter. Updating
of K1 is by (6) and working capital stock and
BW by the generating formulae (3) and (7). We
can then generate a rough balance sheet of each
firm each quarter and calculate NW residually

as indicated:
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Assets Debt
K1l NW (residually determined)
K2 BW

SUM

1l
g
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Gunnar Eliasson, November 1976

PRODUCTION PLANNING AND LABOUR DEMAND

Introduction

This model block describes the firm production

system and the choice sequences that finally

lead to a preliminary production plan and a

labour recruitment plan.

The production system of the firm is assumed to

be fully described by four sets of data:

1)

2)

3)

4)

A function determining maximum
possible output each period for each
level of employment, the "production
possibility frontier", if one so

likes (potential).

A function that determines how this
function shifts in response to invest-

ment (time change).

A set of measures of the distance
between actual production and maximum

possible production (position).

A description of HOW the firm ap-
proaches or retreats from the pro-
duction possibility frontier within

each period. (Search.)
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The production possibility frontier QFR(L) is
described by instructions (1) below as a

1)

function of labour input™’.

Analytically it is very similar to a conven-
tional production function, except that we do
not allow aggregate capital stock volume or a
corresponding capital services measure to
enter. Rather, a vector of performance coef-
ficients has been substituted for capital.
Together with the level of output, called Q,
this vector determines productivity each
period. The distance between actual production
and what is technically feasible, under various
conditions, is determined endogenously in the
model. We call this "search for profit target
satisfaction" within the production system.
This search process makes average firm pro-
ductivity endogencus. It is technically rather
involved and is specified by the set of in-

structions (4.3) in the pseudocode.

The production possibility frontier is gradu-
ally shifted from period to period due to
investment spending. Investment spending is

determined in the long-term investment financing

L We have not yet settled for a definite

reference system. Consequetive numbers refer
to equations in this chapter. More complex
numbers with a 4 and a dot and one c¢r more

figures refer directly into the pseudocode.
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section (chapter III). New investment is
characterized by higher performance (productivity)
rates (called MTEC) than average potential
productivity (TEC). New investment affects
(potential) productivity in proportion to new
potential capacity added, net of depreciation.

MTEC is entered exogenously by assumption.

The shifting of the production possibility
frontier each quarter is described in instruc-

tion set (4.1) in pseudo-code.

It is partly a semantic, partly a real question .
whether we have "disembodied" or "embodied"
technological change in our specifications. The
breaking in of a production system (read a
factory) is usually a long winding thing that
takes years. Part of this postponed productivity
growth source we pick up by the creation of
slack that is later activated (see below) - but
not all. We also know that strategic investments
or reorganizations (not necessarily involving
the spending of large sums) often boosts overall
productivity substantially. The model - as it
stands - is not capable of telling how this
takes place. New technologies are mixed with

0ld and stirred well. The outcome is a shift in
the average (Q, L) curve called QFR(L) in the
diagrams and MTEC can of course always be
manipulated exogenously so that we get the (Q,
L) numbers right. We plan later to introduce a
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distinction between capacity augmenting and
productivity augmenting investments. Perhaps
the embodiness problem can be better handled
then.

Two resource utilization rates are introduced;
one that measures the potential increase in
production due to an increase in the utilization
of unused but "employed" labour (step 1 to 2 in
diagram IV:1) and one that measures the extent
of unused equipment capacity on top of unused
labour by a conventional definition (step 2' to
3'). The two utilization rates added (the
distance 1' to 3') correspond to a conventional
rate of (equipment) capacity utilization measure,

expressed, however, in terms of added output.

To operate the model, positional start up data
on these utilization rates are needed. Such
data for the 250 largest Swedish firms were
collected for the first time in the 1975
planning survey of the Federation of Swedish

1)

Industries

During simulations the utilization rates are
endogenously determined and updated from quarter
to quarter by changing production plans (search)

and investment as described by diagrams IV:2-4.

An extra feature has been added to the pro-
duction system, namely the possibility to

activate "“"structural" or "reserve slack" (read

L Virin op.cit. 1976.
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productivity) called RES in diagrams, when
particular management pressure is exercised.
This occurs when firms have difficulties in
satisfying their profit targets. A necessary
complement to this feature is to explain how
such reserve slack accumulates within the firm.
This accumulation is part of the investment
process in so far as that we assume that part
of the productivity potential of new investment
is not made full use of. "Wasted" productivity
is potentially there in the form of a reserve,
but up to a limit, above which it becomes true
waste for good. Firms that are successful for a
long time and never have to resort to slack
activation, hence, tend to accumulate slack in
the production system and waste potential
productivity. On the other hand competitive
pressure and frequent target non—sétisfaction
tend to keep this waste at a minimum and RES
below the maximum allowed. This, however, does
not necessarily have to be a healthy thing in
the long run, since investment spending may be
affected negatively. Thus the model contains a
continuous balancing of the benefits from
competition in terms of static productivity
increases and the benefits of profitability in
terms of happy‘firm managers that invest optimis-

tically for future growth.

The presence of various forms of slack within

(firm) organizations has been assumed in much
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theorizing during the last two decades (Simon,
March, etc) and strong evidence on its presence
in a guite well defined sense can be presented
(Eliasson (1976)). This only codifies the
principle that when organizations are having an
easy time the efficiency in utilization of
resources gradually decreases and/or facilities
and functions, not necessary for or even in-
jurious to current operations, are instituted -
and vice versa when the firm is experiencing

difficulties.

Both resource utilization rates and "reserve
slack" are what we have called slack variables
that are activated according to a predetermined
sequence as the firm plans to increase its
level of production each period. Unused labour
capacity is first put to use. Further increases
require the hiring of additional labour to man
unused equipment capacity. Additional increases
in output in the short run‘(each guarter) means
crowding of production facilities and/or putting
relatively low performance equipment into
production and, hence, lower returns in terms

of output.

Production possibility frontier

Somewhat simplified (cf. specifications Block
(4.0.1) in pseudocode) the production function
or production frontier (QFR) has the following

specification:
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OFR= (1-RES) #0TOP% (1-e ¥ *L) (1)
This is the static (each period) {0, L} relation-

ship. No capital stock measure is needed. In-

vestment affects the output potential through

updating of QTOP and Y (see below). QTOP rep-

resents maximum possible output at the application

of infinite labour and the activation of the

entire slack potential called RES.

The functional form of QFR (shown in Diagram

IV.1l) has the conventional mathematical prop-

erty of declining marginal output when ex-

panding labour input along the curve. Furthermore:
dOFRL) - (1-RES) x QTOP % § % e /T (1B)
and:

dOFRL0) - (1-rES) x QTOP % § (1c)
If we define:

TEC = ¥ % QTOP (1D)
we have:

dOFRID) — (1-mES) % TEC (1E)

and (1-RES)%TEC measures labour productivity of
the last piece of equipment to go out of busi-

ness as the firm contracts operations along QFR.
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Expansion of output along QFR on the other hand
clearly yields a declining marginal contribution
for each additional input of labour and, hence,
a declining average productivity QFR/L. This
gives a desirable convexity to the production
system. Performance (productivity, profit-
margins) will improve as labour is discarded

and better and better equipment (on the average)
will be put to use as this contraction goes on.

Equipment is updated by investment (see below)
from the origo end. The specification of QFR(L),
hence, embodies both technology (productivity)
vintages and the order by which these vintages
are activated in and combined with L or taken
out of production. As a consequence the de-
creasing marginal output of adding more people
(L) to an existing production apparatus (we
call it "crowding") is automatically taken care
of. Since we feel no need or urge to study or
explain how this combination takes place we can

use this very convenient formulation.

Each period, each firm is described by its
QFR(L) and its current operating status some-
where inside QFR(L), say, point 1 in Diagram
IV:1. The vertical distance 1 to 2 measures
redundant labour in terms of the potential
increase in output the firm is capable of
without adding to its labour force. The vérti—
cal distance 2 to 3 (to QTOP%(1l-RES)) measures
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the maximum, ultimate extra increase in output
that the firm is capable of by hiring additional
labour but (NB!) without activating any slack.
QTOP% (1-RES) is of course out of reach being by
definition the asymptot towards which QFR
converges when more L is applied. Distance 1 to
3 along the vertical scale can be said to

define unused equipment capacity.

From 1975 estimates on 1 to 2 and 2 to 3' are
collected from individual firms within the
annual planning surveys of the Federation of
Swedish Industries. In fact this research
project has guided the formulation of the
questions asked and the response rate has been
surprisingly high considering the complexity of

1)

the questions™'.

The reason for the high response rate most
probably is that questions have been phrased in
a format that corresponds well to thinking and

planning routines within large firms.

The question relating to the distance 1 to 2 is

quite straight forward and need not be commented
on, except, of course, that the questioning tech-
nigque is new and the assessment of the quality of
data will have to await further experience. To

measure the distance from 2 to 3' is more compli-
cated since QTOP%x(1-RES) is by definition outside

L 87 percent of the number of firms surveyed.
See Virin: Industrins utveckling 1974-76
enligt Industrifdrbundets Planenkdt, special

study D. Industrikonjunkturen, spring 1976.




the economical operating range. Instead firms
have been asked to estimate maximum, economical
output under favourable business cycle con-
ditions, say point 3'. Let us assume that they
tell us the point where expected marginal value
product equals the expected Y?ge. We will not

know and there is no need to Hence, the
operating rate estimates we obtain for pos-
itioning of firms are rather 1' to 2' (21 to
2) and 2' to 3' along the vertical scale. We

will call them A2l and A22 respectively.

Besides the positioning of firms within QFR
these data (NB!) also provide what is needed to

approximate the numerical form of QFR(L).

Since point 3' on the vertical scale is assumed
to approximate (1-RES) QTOP in (1)2) and since

L) i.e. where EXP(P) % §9§§i£l = EXP(W). Let us
note, that if we believe in our EXP's as rep-
resentative for firm EXP's this equation should
hold if marginal conditions hold. The deriva-
tive is immediately available, since we have
QFR specified.

2)

Firms do not "recognize any Q" larger than Q
in 3' as economical. Hence, there will be a
kink in QFR that makes dQFR/dL = 0 beyond L

in 3°'.
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{QFR(L), L% in 2 is known from the survey, (1)
can be solved numerically for J. Knowledge of L
in 3' can then be used to check whether firms
have delivered consistent datal). I see no way
of obtaining an estimate on RES (and hence

QTOP) except by a priori assumptionZ).

The whole idea about the reserve slack variable
RES is that firms do not know themselves about
its exact magnitude. CHQ applies top-down
pressure when targets are not satisfied. CHQ
knows that the reserve is there. Lower level
management who knows HOW are forced to activate
it. From this position, which is empirically
sound (see Eliasson (1976 p 234-239)), we should
not attempt any further direct measurement by
guestioning firms on RES for the very reason
that they cannot provide better information

than our Jguesses.

Updating QFR(L)

Updating of potential output change by a firm

can be separated into two sets of instructions;
(1) updating of QFR(L) and (2) updating of the
positional description of the firm. Both steps

take place each period (quarter).

b In 1975 L data for the pbint 3 were not asked

for.

2) After this positional assumption has been
entered, however, RES is endogenously updated
by the model. See instructions (4.1.3) through

(4.1.6) in pseudo code.
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Since capital stock does not enter the pro-
duction system explicitly, the "coefficients"
are updated instead by investment (INV). iNV is
determined separately as described in the
Investment-Financing section in chapter III.
New investment originates there each gquarter
and affects TEC, QTOP and RES. At the same time
(or rather before) old equipment is depreciated
by writing off potential output in a fashion
that preserves the vintage and ordering combi~-

nation described earlier.

First, old output capacity is written off at

the rate RHO (see 4.1.2 in pseudo code) which
(ceteris paribus and no new INV) bends the
QFR(L) curve in Diagram IV:2 downwards. Second,
new INV enters. (4.1.3) with a new and superior
productivity specification MTEC that is exogen-
ously determined (see 4.1.1l). The current
investment value INV is transformed into current
output value by the ratio between value added
and replacement valued production capital (K1).
This ratio is currently updated in INV-FIN
section (chapter III). This is current procedure
in firm planning routines. It allows firms, and
us, to avoid to introduce the conspicious
concept of a capital stock directly in the
production context. Since the tranformation
ratio, called INVEFF (see 4.1.3) is always

there the replacement value of production
equipment is implicitly there as well and can
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1)

immediately be calculated™’, however, not the
volume of capital stock, which is the concept

we want to avoid.

The numerical estimation of INVEFF is somewhat
arbitrary. For the time being we simply esti-
mate the average ratio from balance sheet data
and update the ratio from period to period.

The nice thing, however, is that time will
provide us with a more satisfactory set of data
that links investment spending and our pro-
duction function directly. From the planning
Surveys of the Federation of Swedish Industries
we will get a time series of the utilization
rates A21 and A22 and investment spending INV
for individual firms. This should allow us to
estimate the relationships between INV and QTOP
and ) change in (1) directly.

A fraction (called LOSS in (4.1.3)) of the new
output potential added by investment is immedi-
ately sidestepped into the reserve slack (RES)
potential that accumulates up to a maximum value
(RESMAX in (4.1.2)). Beyond RESMAX the LOSS
fraction evaporates and becomes waste (see

4.1.6). This determines the change in QTOP (in

1) It also enters each quarter in the balance

sheet, table IITI:C in chapter III.



4.1.3) and MTEC now boosts TEC in proportion to

new QTOP in (4.1.7)1).

As for the change in position of the firm when
passing the period line (N.B. NO decision on
the part of the firm is involved) two things
have to be considered. There is an automatic
retirement rate which means a reduction in L
i.e. less redundant labour and/or a movement
ralong QFR towards origo. As described elsewhere
the new delay lay-off rules in Sweden (called
the Aman laws) are explicit in the modelz).
Period change means a reshuffling in this
vector in the sense that redundant labour is
either employed in production or comes closer
to being actually fired. (See 4.1.0 and para-
graph 6 in next chapter.) Note, howevet, that
firing only takes place when profit-targeting

regquirements are not satisfied.

The absence of physical capital stock in the

production system may cause both distrust and

distress among some readers. It is possible that

1 Note that a harmonic average has been used.

2) Experiments can be run with and without these

"laws". One set of such experiments are re-
ported in Eliasson (1976 b).
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we have made things more difficult for our-

selves than is needed.

Literature offers a menu of stereotype devices
to solve our specification problem through a
production function, where aggregate production
capital enters explicitly. We would prefer,
however, to avoid this type of specification
for two reasons. First, certain features, that
I would like to see in the total model on the
monetary side, most probably will not agree
with the presence of a "physical" production
function with aggregate capital explicit.
Second, the programmatic approach already taken
on the production side is both somewhat novel
and more realistic and hence a more desirable
specification, that we would like to retain.
Besides we can very nicely bypass a perennial
controversy in economics. At the same time we
land in a new controversy, that, however, to us
seems both more meaningful and capable of
- constructive results. We have to specify the
production system numerically firm by firm.
Even though we know that the information is
available within each firm, it will be diffi-
cult to obtain these data by conventional
econometric or other measurement techniques.
The alternative and possible method will be to
proceed by trial and error, to learn from
experimenting with the model and checking

against available statistics and to be content
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with the knowledge that we will never know the
"truth" of the individual firm. In fact we will
be in about the same position as corporate
headquarters of a large firm which never con-
trols the numerical structure of its production
system, but manages it from a distance on the
basis of approximate knowledge and pressure (see
Eliasson (1976, p. 234)). This procedure is
capable of model imitation, if paired by im-

agination.

Search for satisfying production plan

The firm is now in position to begin desciding
on its production plan for the period. All the
economic circumstances are now brought to bear
on the production system} First firms transform
their sales expectations from the EXP section
into a preliminary production plan by adding or

subtracting a desired change in stock-building:

_ EXP(S) . (OPTSTO-STO) (2)
EXP (P) TMSTO

PLAN(Q) :

The provisional production plan equals the
expected sales volumel) plus a fraction (TMSTO)
of the difference between optimum and actual
inventory volumes. TMSTO = 1 means that firms

plan to close this gap each period.

L Note that (2) presumes that no raw materials

or semimanufactured goods enter production.
This is so in the present version of the

model program. See however chapter 6.
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A complicated search process begins within the
production system that is repeated each period
(quarter) for each firm. The production system
has a specification which means that the firm
will follow a particular search sequence that
is determined by (l) expectations (2) initial
position within QFR(L) and (3) the numerical
specification of QFR(L) and TARGM. Search takes
place along "segments" that are either curved

or linear.

Two devices will be used; one economic called
SAT that terminates search and one technical
SOLVE that determines the new position of the
firm at a (Q, L) point, where the profit target
is satisfied. At a target satisfaction (SAT)
point the following should hold: '

PLANL%EXPW

1- OFR (PLANL) %xEXPP

> TARGM (33)

and the L-point is obtained by inverting (1);

QroP . ;. | (1-RES)=%QTOP }

PLAN (L) = RFQ(Q) = =& (1-RES) %QTOP-Q

(3B)

Specification is such that search will normally
terminate within one "segment" or "path", not

in a corner. This is why we need SOLVEl).

L SOLVE only has to be activated when SAT is

reached along a non-linear segment of the
recognized output limits. It gives an ap-
proximate numerical solution using the Newton

Raphson method. See (4.3.12) in pseudo code.
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SAT is a criterion that determines when profit
targets (TARG M, see chapter II) have been met
to satisfaction. This search procedure is run

through for each firm each period.

- — — —— . — m— — t— — Vot

The initial sales estimate for the next period
arrived at is found not to require any hiring

of new labour. Since there is a steady "natural"
retirement this means an actual decrease in
employment (4.3.0). Cost calculations on the
basis of expected wages and prices, however,
show that profit targets are not satisfied. The
firm knows by experience or is assumed to believe
that production and sales can always be stepped
up somewhat to improve profits. This 1is a
rational step to take if there is spare product
storage capacity available. Hence the firm
tries an increase in production not higher

than:

EXP (S)

m + MAXSTO - STO) (4)

X:=MIN(QFR (L),

It stops as soon as target satisfaction is
reached (if it is) along the path A to B in
diagram IV:3 (A is the initial position). If
SAT is not attained, then a lower employment
level is checked until SAT within the limits
prescribed by the AMAN Laws ((4.3.3), path B to
C in diagram IV:3 and (4.3.10). See further
next chapter.)
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If this does not help, the firm begins to cut
down both production and labour along path CD
along the production possibility frontier. When
target SAT is reached SOLVEl) for the corre-

sponding production plan.

If target SAT is still out of sight when SEARCH
is down at a production plan at D below the
initial production level at A middle management
begins to sense the first signs of a crisis
situation. Normal operating practise does not
help to solve the profit problem. Plans to re-
organize production, cut out some activities,
get rid of redundant staff etc are activated
from top down and the fraction of the slack
reserve (RES), that can be activated at short
notice is put to use, meaning that productivity
can be improved by getting rid of people without
lowering the level of production (path D to E).

Slack activation stops as soon as targets are

satisfied (4.3.7)2).

If SAT is still not reached even when the
immediate productivity reserve has been used in
full firm management recognizes a crisis situ-

ation and begins to discontinue production lines

1) Path CD is a non-linear segment and the Newton

Raphson method has to be used to solve for QPLAN.
2) Note, however, that the AMAN Laws may constitute
a legal impediment to the attainment of SAT
until after a 6 month delay.
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1+RESDOWN
1-RES

from E towards the origin. The convexity of the

and contract operations along ( ) #QFR

production possibility curve should normally
guarantee a solution with target satisfaction
before zero, with some production lines in

operation.

We should note here again that the labour

market laws represented by the AMAN vector (as
long as they are called in) are always obeyed
until just before the origin, or bankruptcy.
Furthermore the strength by which search is
pushed all the way through ABCDE and finally to
the origin depends on (1) the toughness of

profit targets and (2) on top management will-
ingness to relax targets temporarily. For the
time being we do not have the possibility to
relax targets in the program, although the
principles for temporary target relaxation have
been discussed in the investment financing
chapter. We expect this willingness to depend

on the current financial situation, although we
know that attitudes on this point differ substan-
tially between firmsl)
tation with the model has demonstrated that the

. Preliminary experimen-

firmness with which this target device is

exercised is imperative for the behaviour of

1) e.g. between U.S. and European firms. See

Eliasson (1976).
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the whole economic system. This is a desirable
property, since the presence of target devices
of the kind specified in firm life is now

guite well documented (Eliasson (1976)).

If initial sales expectations are expansive to
the extent that additional labour is needed we
are at a point A on QFR somewhere beyond B in
Diagram IV:4. The first step is to check whether
this is an overoptimistic expectation in terms
of profits (4.3.5). If OK this is the plan. If
not, convexity of QFR and the margin require-

1)

ment make us move left towards B. If profit
satisfaction is reached before B this is the
plan. If not, the whole thing was a mistake and
we begin discarding redundant cost items. Since
we are already on QFR and have tried the data
there the next step is activation of slack
(4.3.7) from B to C and then - if this does not
help - contraction begins from C in the direction

of the origin in Diagram IV:4.

1) N.B. we are here in direct formal conflict with

the profit maximization rule. If the initial Q

dQFR

plan happens to be at a point where EXP(P) % ——— > EXP (W)

we should move north to increase profits. Now we are
moving down, decreasing profits but increasing profit

margins.
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The difference between the search procedures
activated from two different expectational
positions illustrates the dominating importance
of the hierarchical ordering of the decision
machinery over mere numerical specification.
Here numerical specification of the entire
production system is identical in the two
cases. However, differences in initial position
and attitudes start up different search se-
quences that follow different paths and yield
different results if not brought to the very
end (nullification in the origin). In this case
expansionary initial plans means that the firm
passes over less beneficial-stopping points
below QFR. The only question that remains is
whether this difference is an empirically
relevant one. The question posed is both
operational and testable and it is probably -
lacking the empirical information for the time
being - quite sound. Expansionary expectations
can be expected in rapidly expanding firms.
This property is already embedded in our expec-
tations functions. Also targets are determined
on the basis of the past. If satisfaction is
not reached on path AB in Diagram IV:4 there is
no reason for firm management to search for an
even less satisfactory solution below QFR. Hence,
strong expansion in’the past breeds expansionary
expectations and contributes to better pro-
ductivity performance by making firm management
more aware of the potential, than would other-
wise have been the case. It should be noted,
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though, that set-backs in profit performance

through competition or the business cycle may
break this beneficial attitude. In the model

this happens through a gradual (feed back)

deterioration of expectations and targets.
The preliminary operating plan

Once a SAT point has been found this is also
the preliminary operating plan. The steps taken
are illustrated in Diagram IV:5. First, when
passing the period limit, investment updates
QFR, that shifts, normally outward. Second,
normal retirement etc shifts the initial
position of the firm left to a new initial
position. When the search process has been
completed the new production plan PLANQ has
been found. Preliminary labour demand is ob-
tained by solving the inverse of (1) for L and
subtracting the existing labour force:

PLAN (CHL) : PLAN (L) -L

il

The firm is now positioned to adjust its labour
force to correspond to its production plan. If
this adjustment can take place, then

PLANQ = Q. |

PLAN (CHL) may be negative and labour is put on
file for lay offs in the AMAN vectors that

(5)
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describe the lay off delay required in present

Swedish legislationl).

Otherwise two things can happen that disturb

the preliminary plan. The firm may be raided by
other firms and loose people or it may look for
people (including raiding other firms) in vain.

This is described in the next section.

L An experimental analysis on the model of
this labour market device is found in
Eliasson (1976 b).
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DIAGRAM IV:1
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DIAGRAM IV:3
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DIAGRAM IV:5
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Gunnar Eliasson, November 1976

LABOUR MARKET PROCESS

Introduction

The market is the place where micro volume
behaviour is welded together by endogenously
determined prices into macro aggregates. This
is the essence of the micro-macro approach. The
proposition has to be that aggregation func-
tions are time dependent and unstable and that
the effects on aggregates of such instability
over time cannot be treated as additive random
noise with negligible variation, as is conven-

tionally assumed.

The labour market process in principle involves
the whole labour force. In practice individuals
are actively involved if affected by the search
process to be described. The penetration of
that search process is an indicator of market

performance, as is also indirectly, differences

in pay for the same volume and quality of

labour.

The labour market is a central section in the
model. Firms that desire to increase employment

are here competing with one another and with

~the service sector and the Government for a

pool of workers. The labour market is already
the most complex section of the model, despite
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several simplifications. There are three
reasons; first it is an important sector econ-
omically as well as socially. One origin of the
inflationary process - a central theme of this
inquiry - is located here and this is the place
where human beings appear and their material
standard is determined. Second, the labour
market offers more modelling opportunities than
other markets and behavioral blocks, partly
because of the availability of statistical
information. Hence, this block has been mod-
elled in a way that gives a broad menu of
choices as to further elaborations. Third,
search processes in themselves require not only
involved and intricate chains of program in-
structions but also more computer time than
needed for the solving ofia conventional equation

system.

Nevertheless the specification now to be pres-
ented is what I would like to name an unsophis-
ticated version of what we hope will later be
possible to achieve. The most important clash
with realism is the restriction to homogenous
labour and the absence of overtime work. Further-
more, we will not allow any direct interaction
between the business sector on the one hand and
the service and Government sectors on the

other. The service and Government sectors will
be treated as aggregates only, with the simplest
possible specification. This is in contrast to
the industry sector, which is detailed down to

the firm unit.
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Labour market search

The sector sequence is as follows. At the
beginning of each quarter all new entries to

the labour market are allocated to the pool of
unemployed (LU) or rather the pool of job-seekers.
New entries are determined exogenously. Before
each sector enters, normal retirement is sub~-
tracted on the basis of exogenous input data.

The same rate is applied to each firm.

The service sector enters first each period,
then comes the Government and finally the

firms.

The service sector and the Government are re-
stricted to the pool of unemployed in their
choice of people. Since they enter first, this
pool, however, is quite large because of the
recent £ill-in with new entrants to the labour
merket. The service and Government sectors are
not allowed to raid one another or the industry
sector. This somewhat unrealistic specification
may be relaxed later if we succeed in introducing
heterogenous labour. The average wage (and salary)
levels differ a lot between sectors, partly
because of differences in pay for the same job
but mainly because of different mixes between
skilled and unskilled labour. Hence, as long as
we maintain the homogeneity assumption and work
with actual, real-life data, the service

sector, for instance, would be unable to recruit
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people in direct competition with industrial
firms, where the average wage is 20 per cent
higher. Similarly, if we allow firms to raid
the service and Government sector, those
sectors might loose a major share of their
labour force during a business upswing. This
whole problem falls back 100 per cent on the
fact that we work with a micro based market
process. It would go away by definition in a
macro model. It has already within the service
sector where we have no micro interaction. For
the time being we attend to this by a simple,
temporary trick to obtain reasonable behaviour
of the model.

The service sector

The service sector thus enters the labour

market as an aggregate. A profit target is

defined for the sector which is assumed to
operate without capital and with an exogenously
determined rate of productivity change. This
target is aimed at each quarter and the sector
discards or hires people each quarter to the
extent that the profit target is satisfied on
the basis of past quarter wages and prices.

Since output is assumed to be proportional to
labour input this device also determines next
period service output, if the necessary, de-
sired increase in employment can be obtained

from the pool of unemploved.
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The wage offer is the change in average manu-

facturing wages the quarter before.

Preliminary offering prices are raised as much

as wage~-offers less the exogenously determined

productivity change.

The service sector can only get people from the
pool of unemployed and not yet employed and
labour is assumed to be forthcoming out of this
pool to the extent they are demanded at wages
offered. If the pool is not large enough,

planned output is curtailed correspondingly.

Output, so determined, is fixed and offered in
the service market. The price level in the
service sectof, however, is not determined
until after the confrontation with the consumer
demand function (see chapter VII and Block 7.3
in pseudo code). Profit targets may be violated.

Profits in the service sector is 100 per cent
treated as household income in the model, as
specified in this paper. The very large profit
margin in the service sector is mainly due to
the fact that most businesses in the sector are
not incorporated. Hence, the owner's income
appears as profits in official statistics.
There is also a sizable capital invested,
mainly in the form of stocks, that we have
neglected for the time being.
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To introduce stocks here we will have to split
the sector in one part of intermediary traders

1 and one part

between industry and households
devoted to pure service production directly for

the households.

This sector approach to the labour market, that
we have adopted, may be interpreted as a codi-
‘fication of the business sector as the wage
leading sector; this is at least the case as

long as wages in the business sector are in-
creasing. It is, however, more or less a matter
of periodization that we allow the service

sector to enter the labour market first. Alterna-
tively, we could have made the service sector
enter after the business sector the period

before.

The production-profit system of the service

2)

sector has the following specification

(M-TARGM) %¥P%A 1%L

CHL:= = + RET % L (1a)
Q = OUTPUT (Supply) = Al % L (1B)
1)

Wholesale and retail sale. See section 3 on
market intermediaries in chapter VIII.

2) All Z indices, identifying the service sector,
have been deleted for simplicity.



Al = Exogenous technology factor

S N -l A T | N
M=1-35=1-37%5
1)

TARGM = Exogenous

The offering price is calculated:
PRELP: = P%(1+X-DAl)

This price equalizes M with TARGM if

a) planned output AlxlL can be sold at

that price and

b) if CHL can be hired at the wage Wx(l+X),
when X is the relative wage change in

the manufacturing sector the period

before.

Government Sector

The Government sector is treated almost ident-

ically to the service sector. The principal
difference is that output this time is exogen-
ously determined. We may even call it a policy

parameter. Output is then distributed free of

charge. There is no price.

1)

here as well.

Maybe we should introduce a smoothing formula

(1C)

(1D)

(1E)
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The Government sector influences the price

level only indirectly, through its demand on
labour resources. We should be able to analyse
the impact on the price level of the Government
sector or - by the alternative interpretation -
of fiscal policy making, under the qualifi-
cation that total Government output is restricted
upwards by labour available in the pool of
unemployed and not yet employed.

Like the service sector the Government can only
recruit people from the pool of unemployed. It
offers the same wage increase as the service
sector, but comes in second and runs a larger
risk of not getting enough people. If it cannot,
which should be an unlikely situation, Government

output decided on is simply not realized.

Specification of the production system is
identical to the service sector. Productivity
change is exogenous and there are no profits.

See pseudo code 5.3.

Industry Sector

More sophistication is entered with recruitment

by the business or industry sector. Preliminary

recruitment plans of each firm were determined
in chapter IV:4. (Also see Block 4.3 in pseudo
code). Firms are now ranked in decreasing order
by PLANDL in (5.4.1.1). They start searching
the labour market in that order.



Each firm is given a probability of being

raided equal to its employment as a fraction of
the total labour force, excluding those now
employed by service and Government sectors
(5.4.1.6). The probability of seatch leading to
the unemployment pool is calculated analogously.

Each firm has its own expectations as to next
period's wage, EXPW. Its offering wage is a

fraction A of its expected wage change:
OFFERW:= W + X\ *EXPCHW

When the period starts all firms adjust their

own wage levels to their own offering wage.

When the firm searches the unemployment pool,
labour is forthcoming at that wage offer up to
THETA per cent of the pool each time (see
5.4.1.9).

When the firm raids another firm a matching of

wages takes place.

If the offered wage is higher than the offering
wage in the searched firm plus a fraction
(gamma), then the firm acquires up to THETA per

cent of the raided firm's labour force. Thus:

IF OFFERW(I) » OFFERW(II) % (1 + GAMMA)
(2)
THEN CHL: = MIN(THETA % L(II), PLANCHL(I))
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{(Note: I identifies the active, attacking
firm and II the raided party.)

The raided firm responds by adjusting its wage
level upwards by a fraction of the experienced
wage difference to reduce the likelihood of

another, similar experience.
W(II)=OFFERW(II):=OFFERW(II)+KSIXOFFER{W(I)—W(II)} (3)

If, instead, the searching firm meets a firm
with a higher wage level it obtains no new
labour. However, it responds by adjusting its

own wage level and offering wage upwards:
OFFERW(I)=W(I) :=W(I)+KSI%OFFER(W(II)-W(I)) ‘ (4)

This search process is repeated N times each
period. The adjusted L and W numbers reached
after N attempts are entered as final for the

period.

If a firm has lost so much labour that there is
no redundant labour, and some more, its prelimi-
nary production plan has to be revised downward
correspondingly. Ditto for a firm that has not
been able to recruit labour according to its

plan.



The wage and output change for the period can
now be calculated and both figures feed back
into the expectations block to update expec-—

tations for the next period.

The AMAN vector

For firms that still have redundancies in their
labour force (= most firms), and that are under
target pressure to the extent that they decided
in PRODPLAN block to layoff people, a separate
device applies. To account for the new Swedish
labour market legislation (the Aman laws), that
allows lay-offs only after a 6 month delay, a
so called AMAN vector has been entered between
the decision to lay-off labour and the actual
1ay-offl). Redundant labour is filed there in
two guarterly cohorts. People in the second
cohort at the end of a period can be fired the
next period. The cohorts are filled in, emptied
or moved one step forward each period for each
firm. Actual firing always awaits the end of
the labour market search. Then the last cohort
is emptied into the pool of unemployed. Note
here, that when checking for target SAT in the

L) An experimental analysis on the model on

this labour market device is found in
Eliasson (1976 b).
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production system, labour in the AMAN vector is

subtracted from total Ll).

It should be noted finally that the unemploy-
ment pool is identical to the conventional
concept of unemployment only at the end of each
guarter. This definition in turn is consistent
with the specification that the model only

generates quarterly ex post data. Beginning of

each quarter the unemployment pool is a vari-
able of considerable magnitude, since it has
been amplified by new entrants and those being
dismissed (according to plans) by the service

sector.

1) Note that this does not mean that all redundant

labour is in AMAN. This 1is only the case when
the firm cannot reach SAT before being on
QFR, where no redundancies exist; see (4.3.10) in

pseudo code.
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Gunnar Eliasson, November 1976

EXPORTS, INVENTORIES AND INTERMEDIATE GOODS
(FIRM LEVEL)

All chapters so far, except the previous one,
have dealt with the specification of the model
(or theory) of a firm. Before we proceed (in

the next two chapters) to allow all firms to be
confronted with demand a few additional features
of the firm model have to be introduced. These

are:

(1) an explanation of how much of firm
output that is sold abroad

(2) the inventory planning system and

(3) the input of raw materials and semi-
manufactured goods (intermediate

products).

The last mentioned mechanism is not yet in the
program and has to be treated rather crudely

for practical (data availability) reasons. All
these three sections could as well have been
entered in the expectations-production planning
chapters. However, this would have been at the
additional expense of whatever pedagogical
transparency we have mustered so far. So this

is the chapter where we relax the assumption of
the purely domestic company that manufactures its
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product out of thin air with the application of

labour and capital equipment.
Exports (section 6 in pseudo code)

The majority of the large firms that will
dominate the group of identified firms in the
model will export well over 50 per cent of
their output. For firms in the raw material
subsector the export ratio for most firms will

be 70 per cent and above.

Exports are said to be the prime mover of the
Swedish business cycle. It is in this model.
And one of the first and most important exper-
imental questions will be to investigate under
what conditions the model can generate a pure
domestic business cycle of the kind we have
observed during the post-war period and under
what circumstances export market changes spread

to the domestic economy.

Swedish sﬁpplies in foreign markets will be ex-
plained consistently with the behavioral speci-
fication in the firm model. Exports are part of
firm total (sales) planning. Firm management
considers the economics of total expansion
irrespectively of where its output finally winds
up. Foreign sales and price experience also
blends with the same domestic experience in the
EXP sector. What we have to do here is to
complement market supply with an export linkage
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factor. This factor (the export ratio) is
explained by the relative foreign and domestic

price development:

FOR DPDOM » DPFOR

XR :=XR~XRsk Y% (DPDOM-DPFOR) (6.1)
ELSE

XR:=XR+ (1-XR) % Y % (DPFOR-DPDOM)

This export leakage function makes the export
share dependent upon the relative development
of foreign (PFOR) and domestic prices (PDOM)
with a delay. Domestic prices will be endogen-
ously determined. Foreign prices are exogen=-

ously entered.

The rationale for having (6.1l) of course is the
fact that we can roughly assume labour pro-
ductivity and wages to be the same in production
for export and domestic markets. Hence from (3)
in chapter II the only variable factor in
relative returns on export and domestic business

1)

is the price fetched in respective markets™’.

1) This will hold also when we introduce inter-

mediate goods and raw materials later in this
chapter, since there is no reason to expect
differences in purchase prices for the same
inputs in Swedish production for various
markets.
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Relative returns to capital or relative profit
margins should be the guiding variable and we

might as well write:

FOR CHMDOM 2 CHMFOR

XR :=XR-XR#%) % (CHMDOM-CHMFOR)
ELSE
XR:=XR+(l—XR)xP(CHMFOR—CHMDOM)

This expression can be demonstrated to be

l). XR should vary

approximately equal to (6.1)
very much in phase in both versions because of

the common price impulses.

(6.1) is not synonymous with (6.1.B), but (6.1)
is much simpler to use if the price-variables

are readily available.

There will normally be a difference in profit
margins on export and domestic sales. This
variable might very well be of different signs
from year to year. If the difference persists
over time, however, both formula (6.1l) and
(6.1.B) will tend to move XR either to 1 or to

1) Remember from (3) in chapter II that M=(l-é§g)
LW
Hence CHMFOR = (5 prog) #DPFOR+XXX

"XXX" is roughly the same whether you differ-
entiate MFOR, MDOM or M since {L/Q, w3} are

common factors.

(6.1.B)



zero. This is quite rational in theflong run in
the kind of oversimplified models that we
normally use. The only empirical problem that
we have is to assess the rate at which change

can take place, by fixing Y.

A more realistic explanation of Swedish ex-
ports, however, than this simple version, would
have to deal with much more difficult problems
than functional form. Our formulation would be
fair for a firm that is mainly supported by
domestic markets (e.g. a normal U.S. firm) and
regards exports aé a marginal operation. This
is not so for the large Swedish firms that have
had to develop foreign markets to support
growth. For a large number of Swedish firms
Sweden is a marginal market. For some of them
formula (6.1) would perhaps be acceptable,
since bad margin performance in Sweden compared
to elsewhere would tend to increase the export
snare and perhaps make it close to 1. For the
majority of Swedish firms with export shares
ranging between 30 and 70 per cent the problem
is more difficult. For them the export market
is needed to support overall scale economics
and efficiency. It is often quite rational for
such a firm to operate with substantially
reduced margins either in domestic or foreign
markets, since the additional products corre-
sponding to one market can be produced at

drastically reduced unit costs.
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For them a strong reduction in the export share
would mean either a very strong increase in the
domestic market share or a serious problem.
Unfortunately, we cannot model such relevant
complexities at the present stage. One empirical
requirement that we place on the model is,
however, that individual firms do stay within

reasonable shackles in simulations.

Despite these relevant considerations the

simple formulation (6.1) does pinpoint the
variables at work on the firm export share and
it should be mentioned finally that we are
making it difficult for us by avoiding common
scientific short—-cuts such as tying firm exports
directly to an exogenously given foreign market

growth rate, which would have been much "safer".

The inventory system

Many economists believe that the origin of
business cycles of to-day should be looked for
in the inventory cycle; inventories being on
the one hand the buffer that picks up the
consequences of mistaken expectations and on
the other hand a sizable demand component with
a series of feed back multiplier effects. One
empirical question that we are asking ourselves
is whether mistaken expectations are really
capable of generating the typical business

cycle of an industrialized country, alone,



without the oscillatory mode built into the
whole sequence of intermediate inventory sys-
tems throughout the economy (raw materials,
intermediate production through several stages
all the way up to the wholesale and retail
sectors and households). Do economic agents
react on the red and green lights (red light
theory) or on the car immediately ahead.
(Tailgating theory.) We do not know and have to

introduce both versions simultaneously.

For each inventory system (product stored) we

will introduce three ratios:

OPTSTO
%752 = BETA
MINSTO
SIRSTS 1= SMALL
MAXSTO
opTsTo - BIG

(8.3.1) defines the optimum inventory (volume)
level in terms of the current sales volume.
Firms are assumed always to gear production
(and purchase) plans so that inventories change
in the direction of the optimum level calcu-
lated on the basis of expected sales. This
mechanism has already been explained for
finished goods inventories in chapter IV (see
(4.2.1)). The determination of BETA, may be
very important for the cyclical properties of
the economy described by our model.
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For each inventory type we also introduce a MIN
and a MAX level expressed in terms of the
optimum level. The three ratios (BETA, SMALL,
BIG) are very operational concepts. They are
quite often handled numerically within firm
planning routines. They usually vary somewhat
over time although there are firms that use a
fixed set of coefficients over long periods in
their planning and budgeting routines (Eliasson
(1976)) . Determination of these coefficients,
however, requires access to internal information

within the firm.

MIN is the level below which management (under
normal conditions) will never allow inventories
to go. Similarly MAX defines the upper limit.
For convenience we will regard MAX as maximum
storage capacity disregarding the fact that our
definition then requires BIG to vary, since
sales volume normally varies more over time than

warehouse capacity.

To specify the inventory system numerically
(and eventually we will deal with at least two
inventory components; finished and intermediate
goods) two methods are possible. We can measure
actual inventory-sales ratios for all firms in
a market and/or for individual firms and assign
the ratios by some ad hoc, intuitive method.
This will probably do quite well for the kind

of macro analysis we have in mind.



The second and more appealing method would be
to question firms on their (BETA, SMALL, BIG)
ratios and their current STO-sales volume ratio

(to measure the degree of start up disequilibrium)

and then to assume fixed coefficients in simu-

lation runs.

Intermediate products and stocks (not yet in

program)

Each firm is identified with one market for
finished products. Each firm also has a purchase
pattern related to all other markets. There is
no possibility of getting hold of this purchase
pattern for each firm. Internal accounting
routines seem to be devised so that separate,
very extensive statistical inquiries are needed
for CHQ itself to obtain this information. Our
solution is to "aggregate up"” the Swedish Input-
Output matrix as close as possible to the
inarket segmentation that we use for the model
and then apply the average input delivery
pattern of each cell (= market) to each firm
classified on the market. If enough firms are
represented in each market individual errors
originating in this deliberate mis-specification

should tend to cancel.

In principle, each physical output unit (Q)
requires an input (volume) of raw materials and
intermediate goods. We expect these input-
output coefficients to be constant over time.
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The volume to volume input-output coefficients
will be estimated by relating purchases to

value added, both expressed in current prices.

A point estimate for one year may be all that
is possible. If so, it is normally distorted by
inventory movements, so hopefully some average

over several years can be obtained.

From then on we will allow the input-output
coefficients, expressed in current prices, to
vary in response to variations in relative
input-output prices even though the "physical"

coefficient is assumed to be fixed.

Hence we know that the production plan for the

year PLANQ consumes

IMQ(I) = IO(I) % PLANQ
IMQ(I) stands for physical units of output from

marke: I.

This will cost the firm an expected:
EXPIMP(I) % IMQ(I)
for the same period.

Each firm is expected to have stocks of such
intermediate input goods. For each type of

goods we define a MAX, an OPT .and a MIN relation-
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ship to the level of salesl), as in the previous

section.

Stability of production requires that stocks be
kept above MIN levels. MAX levels are determined
roughly by physical storage capacity.

The firm purchase decision involves (for éach
purchase category) an estimate on the current
use (consumption) of such goods for the period
and a decision as to where between MIN and MAX
to adjust stocks. This last decision relates

directly to the expected price gain on advance

buying and vice versa.

Each firm applies a price expectation function
of the conventional smoothing type for each
purchase market. We expect the experience of
the immediate past to dominate strongly in the
formation of expectations for the immediate

future (one year or one quarter)z)

L) There will always be a problem to decide which

variable each stock type should be related
to. Since practically all sequential stocks
follow sales indirectly we use sales to avoid

confusion with too many scales.

2) Maybe we should even run this EXP function on

quarterly data. This requires that (with a
smoothing formula) last quarter price infor-

mation be used as a start-~up datum.
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The purchasing decision is completely recon-

sidered each quarter based on what firm manage-
ment expects price change to be over the next,
say, year. Hence we define EXPDP(I) to represent
the expected price change over the next 4
quarters and EXPP(I) the price at the end of
these 4 quarters. P(I), the price of the current
quarter (0) and EXPDP(I) is sufficient to
determine EXPP(I) end of quarter 4.

The purchasing decision is taken early in the
sequence of planning steps described in earlier
blocks, and before the preliminary production

plan has been arrived at.

Additional storage capacity plus planned use
over a future 4 quarter period defines the
scope for inventory build up in response to
expected price increases. Planned use is calcu-
lated on the basis of planned sales volume for
the long-term plan (first year). This estimate
of planned use for a 4 quarter period is then
rolled on each quarter. The only component that
changes is the difference between MAXSTO and
actual STO. ‘

If EXPDP 0 we now assume:

QIMQ(I): = SPEC % ((planned use) + MAXSTO(I)- STO(I))

PLANS

planned use: = IO% XD



SPEC1 = SPECll % EXPDP (I)

0<SPEC1l1s<1 (the upper limit has to be enforced)

PLANS is first year in long-term sales expec-
tations from EXP block.

Note that the decision to purchase IMQ(I)

refers to the next quarter 1.

If EXPDP < 0 we assume instead:

QIMQ(I): = SPEC2 % ((planned use) - STO(I) + MINST(I))

SPEC2 = SPEC22 #x EXPDP (I)

Lower limit:

QIMQ(I) 3 (Plannjd USE€ _ (STO-MINSTO))

Upper limit:

Maximum financing allocated from investment

%)

financing block (if lower than lower limit,

some other financing requirement has to yield).

If within lower and upper bounds we assume that
the firm budgets:

(P(I) + = Py ormMo(1)

EXPP (I)
4

*) pivided by EXPP.
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for next quarter purchases of Q(I) and immedi-

ately proceed to realize the decision.

Firms in market (I) have already made up their
production plans and their supplies in the

market are given. I propose the following two
alternative market processes. They should both

be experimented with:

(I) Domestic supplies and inputs of T
given in physical terms elsewhere in
model. Total supply in physical terms
and total demand in money terms are
added up and the clearing price deter-
mined. The clearing price is fed bhack
to producers who decide how much they
want to keep in inventories. A new
volume supply is then obtained and the
clearing prices are recalculated on
the basis of an unchanged money demand.

That gives the price for the quarterl)

and input goods I are then distributed

to firms in proportion to their original

money budgets (now all spent).

(IT) Alternative II is a little more sophis-
ticated. The first step is as before.

When confronted with the new clearing

1 This is analogous to the household~-firm

interaction but it runs in the opposite

direction.
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price offer, buyers still want to buy
originally planned volumes whatever
the new price level. If foreign prices
are lower than this domestic price
offer, imports fill in the remainder
at this price preventing the domestic
price from going up further this
quarter. If foreign prices are rela-
tively higher and/or if supply volume
larger than demanded, alternative I

decides.

As soon as the purchase has been realized

inventories are updated:
STO(I): = STO(I) + QIMQ(I)

As soon as the production plan has been finally
settled in (5.4.3.1) actual use of intermediate
goods for the quarter can be calculated by
applying IO as above and stocks can be updated

again.

The above treatment of purchases refers to two

sectors in the model, raw materials and inter-

mediate goods. We can, if we wish, merge the

two sectors in this context assuming rigid

proportions for each firm.
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Gunnar Eliasson, November 1976

VII. HOUSEHOLD CONSUMPTION BEHAVIOUR

Introduction

This sector of the model interacts with the
industry sector in a way to be described in the
next chapter. For didactic reasons I want the
presentation of supply and demand sides separ-
ated although the two sides will be more or

less merged in the program.

In principle household spending and saving
behaviour as specified in this section relates
to one household. For the time being we will

assume, however, that all households are ident-
ical. We are in practice presenting a macro
model module. As things stand now we have
prepared for an easy transfer into micro speci-
fication. It is lack of empirical knowledge
rather than formal and technical problems that
blocks the way.

Consumption of one household follows a priority
ordering by a set of spending categories along
the lines suggested by Stone (1954), Dahlman-
Klevmarken (1971) and others in so called
linear expenditure systems. Novel features

introduced here are (1) that saving figures as
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a 'consumption' category. This means that the
"budget constraint" is defined as disposable
income (DI) rather than total consumption. Also
(2) a swap between saving and purchases of
consumer durables is allowed for. The idea is
that purchases of durables include an element

of saving. Total household wealth is the sum of
financial assets and the stock of durables. A
shift in the direction of more financial assets
means consolidating the liquidity position of
the household. It is essentially a timing
device. It occurs a) when the real return to
financial assets increases and b) when the job
market goes recessive. Finally (3) the expen-
diture system formulated is not linear, although
the linear version used by Dahlman-Klevmarken
(1971) appears as a special case when non lin-
earities when the three novel features mentioned

above are removed.

For the time being our ambitions for the house=-
hold sector are low. We only need a link between
income generated in the economy and the markets
for goods and services of the production sectors
specified. The expenditure system is a device
for splitting total disposable income in a

rough and ready way into expenditure streams
directed towards these markets.

Income available for spending period 1 is

income generated the period before. For the

time being we identify the period with a gquarter.
If desired, the model layout is such that a
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monthly specification can be introduced. To
simplify the symbolic representation all Q
prefixes, indicating quarterly specification,

have been deleted.

For each spending category (I), a desired, or
essential, level of consumption is defined (for
each household):

CVE(I) = ALFAl(I)+ALFA2(I)=*CVA(I)

CVA represents the "addicted" level of con-
sumption and ALFA 1 and ALFA 2 measure the
strength with which the household wants to
maintain this addicted level. Hence CVE may be
labelled the desired level of consumption. ALFA
2 larger than 1 means an urge to increase
consumption over time and vice versa for ALFA 2

smaller than ll).

For non~durable goods CVA is represented by

consumption volume during one or several past
periods. For durables CVA is the consumption
level desired by the household, which is in
turn assumed to be proportional to accumulated
household stocks of durables (see below).

L For most applications at the macro level we

will not have any reason or knowledge to keep
CVE and CVA apart. We simply make ALFAl=0 and
ALFA2=1. However, see comments to proof of (9)

in the main text below.

(1)



For saving CVA is replaced by the gap between a
desired level of household wealth and actual
wealth (see below).

We will distinguish between the following
household spending (market) categories:

(1) Non-industrial goods (homes etc).
Prices and volumes determined 100 per

cent outside the model.

(2) Domestic, protected industrial goods
markets (non-durables, mainly food).

Prices determined in the modell).

(3) Non-durable industrial goods, prices
determined partly in model and partly

exogenously in international markets.

(4) Service consumption. Prices determined

in model.

L Market (2) might turn out too small to make

separate attention reasonable. In the ex-
perimental runs so far market (1) has simply
been disregarded; The investment goods market

(5) is shared jointly between households and
firms. Preparatory work has been done (see CH.VI)
to include a pure inter-business market for
intermediate goods. However, intermediate goods

are not yet neither in pseudo code nor program.
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(S) Durable industrial goods. Prices
determined partly in international
markets. No distinction will be made
between durable household goods
markets and investment goods markets.

(6) Saving (Credit market)l).

Markets 3 and 5 will be supplied by imports as
well as domestic producers. Domestic producers
for these markets will alsco sell part of their
output abroad. In the experimental set up of
the model presented here each firm will sell
its entire output in only one of the three
markets (2, 3 or 5) for industrial goods.

The following symbols will be used:

C(I) = consumption value, type
(market) TI.

P(I) = corresponding domestic price
index.

CPI = consumer price index.

SP (DUR) = spending on durable goods

(N.B. not consumption).

SP (NDUR) = gpending on nondurable goods
and services = C for the
corresponding market.

SP (SAV) = SAVH household saving.

1) The credit market is only represented bv an

exogenous interest rate.



For didactic reasons we start by defining the
"desired" consumption levels, beginning with
nondurable consumption (= no accumulation of
stocks). Then we introduce a desired wealth
function and a function explaining durable

consumption.

Desired durable consumption is then transformed
into desired spending on durable goods. Finally
a function explaining desired saving is intro-
duced. All spending categories are then entered
into a price, disposable income trade—off
formula that runs off a market specified spend-
ing plan for each vector of offering prices
presented from the suppliers (industry sector,

service sector etc).

After a predetermined number of interactions
with the suppliers the then prevailing vector
of offering prices is fixed. Households deter-
mine the volumes they want at these prices and
markets are cleared by adjustment of inven-
tories. Using actual or addicted levels of
consumption as weights a consumer price index
(CPI) is finally calculated.

Nondurable consumption (NDUR)

Nondurable consumption covers those categories
where spending and consumption can be con-
sidered approximately identical each decision

period (= gquarter). No stockbuilding is assumed
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to take place even though this assumption is
violated occasionally in reality (e.g. for
clothing and food stored in a freezer). We
define the addicted level of consumption by

introducing a feed back "smoothing" formula of

the typel):
= . C(I)
CVA(I): = FE(I) % CVA(I) + (1 - FE(I)) =% B(T) (2)
CVA(I) is updated each period. We heed a start
up value on CVA that is based on past consump-
tion (volume) levels in a way that is consistent
with (2). This is obtained by weighing together
the historic C/P series with a series of expo-
nentially declining weights.
Saving
Saving by households (SAVH) is assumed to be
governed by a desire to maintain a certain
"desired" ratio between household financial
wealth (WH) and disposable income (DI):
WHRA = ULF + ALFA3 % (RI- DCPI) + ALFA4 % RU (3)2)
L — s
e

1) Note that FE in (2) is called SMOOTH in

pseudo code.
2) Temporary saving for some particular pur-
chase goal, like a home, is not allowed by
(3). This possibility is introduced through
what we later call SWAP.



RI = nominal rate of interest

RU = rate of unemployment

WHRA = wealth disposable income ratio

we® = WHRA#%#DI = desired wealth in terms of (3)

ULF is a factor that varies from household to
household. It is entered exogenously. The WH/DI
ratio is also assumed to depend linearly on the
real rate of return to saving (RI-DCPI) and a
measure of Job-market security (the rate of

unemployment RU).

Desired saving in terms of (3) is now defined

as:
SPE (SAV) = (WH® - wH)

which can be reformulated as:
SPE (SAV) = WHRA % DI -~ WH

For later updating purposes we will introduce
the following definition of saving already
here:

CHWH RI % WH + SAVH

(31}

Note that desired saving is not the same as

1)

actual saving (SAVH) ’. The change in household

1) In fact SPE(SAV) = (WHRA%DI-WH)+DI*SWAP. See

pseudo code (7.4.4.). SWAP is defined in
conjunction with the treatment of durable

goods purchases.

(4)

(4B)

(5)
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financial wealth is defined as the sum of
interest income on actual wealth and new (actual)

saving.
Hence:
WH: = (1l+RI)%xWH + SAVH (5B)

Updating by this formula will take place end of
each period or end of each year depending upon
how exactly we want to imitate interest calcu=-
lations on bank depositsl). SAVH is entered end
of each period when the household expenditure

pattern has been finally determined.

Each period for each household a desire to swap
part of desired saving for purchases of durables
or vice versa will be defined. This swap is
determined by (A) the return to saving when
waiting to buy a piece of average durable
equipment and (B) by an element of cyclical
caution. This factor, that we will call SWAP

is derived from 6 in (3), and
SWAP=CHO=ALFA3%CH (RI-DCPI)+ALFA43%CHRU (6)
SWAP is a savings determinant that operates

directly on decisions to spend on durable
equipment. It belongs to the savings function.

1) see pseudo code (7.9.3).
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Since we do not have a deterministic formu-
lation of our system it is practicable to have
it entered directly as a determinant of durable
goods spending. To attain this we will simplify
the specification (3) of the desired wealth-

disposable income ratio to:
WHRA : =ULF (3B)

and shift the SWAP component over to the next
section. The empirical rationale for this is

the assumption that the time average of SWAP is
zero, or, if different from zero, a long time
average of SWAP will change in a constant

relation to ULF. By assuming this we will solve

the empirical problem of determininé ULF exogen-
ously. In fact, we can determine ULF by a smoothing

device like (2). We will do so. This will not

affect (4B)Y).

L Under our present assumption that each house-

hold is the average household ULF can now be
determined directly from a national accounts
time series of SAVH data. When we split
households on different categories later on,
we need at least one set of group cross
section estimates on ULF. If we can assume that
the relative group sizes of ULF from this
cross section is maintained over time we can
use the aggregate national accounts time
series to get a group time series of ULF.

The basic reason for entering this "empirical”
simplification is that within the foreseeable
future we will not be able to obtain more

than aggregate SAVH time series data.
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Durables

Durabels have the property that the accumulated

stock value defined as:

STODUR : ={SPE(DUR)+ (1 +DP(DUR) )% STODUR}X (1-RHODUR)
DP (DUR) = Rate of change in durable

goods prices.
SPE (DUR) = Household spending on dur-

ables (purchases)

yields a service each period, that in turn
constitutes consumption (C(DUR)) of that good.
This consumption is defined as a fraction (the
rate of depreciation RHODUR) of the stock wvalue

accumulated or:
C (DUR) :=RHODUR #% STODUR
STODUR:=(1-RHODUR) %STODUR

From (8) follows that as long as RHODUR is con-
stant, the value of durable consumption can
only be varied through variations in the stock
of durable equipment. This stock in turn
changes because of changes in the price of
durables, the service (consumption) outtake of
the stock and the purchase of new durables. The
purchase is the action parameter of the house-
hold.

(7)



Desired purchases of durables are assumed to be
geared to a long run desired level of consump-
tion (CVE(DUR)) determined from past consumption
levels as in (1) and (2) and a short-term swap

factor between saving and spending on durables;

_P (DUR) %CVE (DUR)

SPE (DUR) : =——— 2

- (1+DP (DUR) ) *STODUR~DI%SWAP

SWAP is brought in from (6). See end of section
for proof.

Finally, the desired level of consumption of
durables CVEDUR is obtained by feeding (2) or

. C (DUR)
(2B) with past §Tﬁﬁ§)data'

The new feature of this durable spending func=-
tion is that in times of jobmarket insecurity
or rapid rates of inflation the household may
switch between accumulating financial wealth
through saving and wealth in the form of durable
equipment. SWAP is the switch factor. Since
consumption of durables is proportional to the
stock of durabels, accumulation means more
consumption and vice versa. If you don't buy a
new car you cannot compensate for this loss of
quality of consumption (maintain your previous

consumption) by running (down) your car faster.
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Proof of (3)

From (7) and (8A) we get the actual consumption

value of durables as:
C(DUR) = RHODUR % {SP(DUR) + (1l+DP(DUR)) =% STODUR%

Replacing C(DUR) with CVE(DUR) times P (DUR),
the desired consumption, gives desired spending
(SPE instead of SP):

P (DUR) % CVE(DUR)

REODUR (1+DP (DUR)) =* STODUR

SPE (DUR) :=

Under certain circumstances defined by (6) nouse-
holds plan to reduce desired durable purchasing
via SWAP in order to increase saving. Hence the

last term in (9).

Note here that if SWAP > 0 follows CVExP >»C.
Househoulds then allow their consumption of
durables to fall below the desired or essential
level in terms of (l1). This possibility is
intended and motivate that we keep the distinc-
tion between CVE and CVA. CVA then is the
minimum or addicted level. Extreme circumstances

are required for C/P to go below CVA.

Adjustment to income constraint

Total spending (NB) has to add up to disposable
income by definition. By calling SPE(DUR) in
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(9) and SPE(SAVH) in (4B) we havel’

SUM (SP) =DI : (10)
where SP is actual, not desired spending.

When confronted with market suppliers house-
holds will be presented with several feeler-
vectors of offering prices. For each of these
vectors the household balances off various
spending components against one another and
decides on a preliminary spending plan. To
obtain this balancing we introduce a STONE-type

expenditure, distribution formula:

BETA3(I)
DI/CPI

xspE(I)} (11)

SP(I)=BETA1(I)XSPE(I)+{BETA2(I)+ ix{DI-SUM(BETAl(I)X

2)

ALL BETAl % 0
SUM BETA2(I) = 1
SUM BETA3(I) = 0

L Occasionally saving may turn negative. This
also means that total spending is larger
than DI. However, we can still keep DI as
the income constraint.

2)

To obtain a volume estimate of desired dur-
able spending needed in (l11) for balancing
against the price vector we have to deflate
SPE (DUR) in (9) by past period P (DUR).
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The first additive component in (11l) tells how
total available income is distributed on various
spending (consumption, saving) categories in

the first allocation round. The second component
in (11) tells how residual income (what is

left) is allocated. Note that this residual
income may be negative. The conventional approach
by Stone (1954) and his followers have been to
use only BETA2 (a linear formulation). BETA2
divided by the share of total income allocated
then can be interpreted as the income elasticity.
As long as we stick to this formulation (i.e.
BETA3=0) we can draw directly on the empirical
results of Dahlman-Klevmarken (1971) with the
qualification that they have excluded household
saving in their linear income allocation model
and assumed total disposable income to be

income after tax less saving. By introducing
BETA3 we have added a non-linear factor. The
idea is that BETA3 is negative for spending
categories that increase their share in the

long run. As real income (DI/CPI) grows the
second factor within brackets grows absolutely
and the whole elasticity component within i.” }
increases, as intended. The problem with this
variable elasticity approach is how to split

Dahlman~-Klevmarken's (1971) somewhat biased
. . ‘ BETA3(I)

estimates on the time average of {BETA2(I)+DI/CPI

into BETA 2 and BETA3 coefficients. For the

time being we are experimenting on the assump-

tion that BETA3=0, which allows a more direct

access to Dahlman-Klevmarken's results.
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After N confrontations with suppliers in each
market the Nth offering price vector is fixed
as actual prices. Consumers calculate what they
will buy of goods and services at those prices
from (11). Volumes not bought add to suppliers
inventories. Desired saving in (4B) has been
entered into each market trial as the same
given datum. SWAP has been shifting somewhat
depending upon DCPI . After the Nth confron-

tation SAVH can be determined residually as:
SAVH = DI - SUM {SPE(NDUR, DUR)} (12)

Consumer price index (CPI)

The consumer price index is determined on the
basis of the P(I) vector by a conventional
weighing formula. It would be of interest to be
able to experiment easily with different weighing
svstems that can be called in as we please. I

suggest at least two systems of weights. The

conventional:
_ C(I) —
VIRT(I) = (1) I =1, 2,...5, ... (13A)

and the less conventional with "addicted" con-

sumption levels as weights:

VIKT(I) = CvA(I) I =1, 2,...5, .... (13B)
from (2) or (2B).

In (13A) C and P refer one period back in time.
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SUPPLEMENT TO CHAPTER VIT

MODEL SPECIFICATION: HOUSEHOLD BLOCK

In data: (I

i

market = consumption category)
CVA initial (see (4.1.A7A)) .

P feeler price vector from business system.
DI from labour market and business system.

Aggregation to household gives household dis-

posable income (DI).

(Under this provisional specification aggre-
gation will be to all households. This means
that total disposable income is SUM QW in

industry, service and Government sectors!)

Consumer price index (CPI)

suM{QcC (1)} SUM(CVA(I)%P (I))

N smsa{_QC(I))S or CPI = SumM(CVA(I)) (3)
QP (I)
Note: Inclusive of service sectors from

Block 5.2 and Block 7.3.



General transformations

-1

Initial: CVA(I): = SUM(VIKT(t)xS{Zit))
P P(I;t)
_ C(I)
Feed back: CVA(I): = FE#CVA(I)+(1-FE) %5 )
Desired level:
CVE(I): = ALFAl(I) + ALFA2(I) % CVA(I)

Non-durable consumption (2, 3, 4)

SpP = C
Note: SP = spending.
Use: (4.1) and (4.2)

— — — — — — —

SPE (NDUR): = P(NDUR) % CVE (NDUR)
Durables
C(DUR): = RHODUR % STODUR

Use: (4.1) and (4.2)
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(4.1A)

(4.1B)

(4.2)

(5.1)

(5.2)

(6.1)



_ P (DUR) %CVE (DUR)
RHODUR

SPE (DUR) : (1+DP (DUR) ) *STODUR-DI%SWAP

SWAP: = ALFA3%CH(RI-DCPI) + ALFA4 % CHRU
Updating:
STODUR: = (l—RHODUR)x{SP(DUR)+(1+DP(DUR))XSTODUR}

Saving

To obtain the "addicted" financial Wealth/Disposable
income ratio WHRA use (4.l1) on past WH/DI for T

years.

SPE(SAV): = (WHRA%DI-WH) + DI % SWAP
Note: in (4.2);

ALFAl: = +DI % SWAP

ALFA2: = 1
Updating:

WH: = (1+RI) % WH + SAVH

Adjustment to income constraint (by quarter)

BETA3(I)§ x

SP(I): = BETAl(I)xSPE(I)+§BETA2(I)+—BT7E§T

X{DI - SUM(BETAl(I)xSPE(I)%

(6.2)

(6.3)

(6.4)

(7.1)

(7.2)

(7.2)

(8.1)



10.

11.

12.

ALL BETA 1 30

SUMBETA2(I) = 1 (8.
0

SUMBETA3 (I) =

Note 1: SPE(I) from (5.2), (6.2) and (7.1)
after division by 4.

Note 2: SP(I) can be split into a price and
volume component by (5.2) and (6.2)
for I =1, 2, ... 5. In (6.2) for
durables suppliers offering price is
simply entered at two places to calcu-
late SP(DUR). SP(DUR) is then divided
by the same price to obtain spending

volume as a return signal to suppliers.

Interaction with suppliers

See next chapter. From this interaction final

prices and consumption volumes are obtained.
Then calculate

SAVH = DI - SUM SP(NDUR,DUR)

Then update by (7.3) by annualizing SAVH.
Then calculate

CPI by (3).

Then update by (6.4) by entering SP(DUR) and
DPDOM (DUR) .
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Gunnar Eliasson, November 1976

VIII PRODUCT MARKETS, IMPORT COMPETITION AND INVENTORY
ADJUSTMENT
1. Introduction

We have now reached the stage where ex ante
supply and demand have to be merged into a
unique quantity-price solution. This is again
accomplished through a trial and error (search)
process in the product markets. For practical
reasons obviously differentiated products in
each market are forced to be homogenous and to
catch the same price in each market wherever
they come from and wherever they go. Thus
market imitation here is more rough and ready
than in the labour market. In fact, firms are
marketing homogenous units of consumption
quality (units of consumer bliss) in a market
that works so well that no price differencesl)
appear. In fact, firms are competing with their
profit margins which define their survival and
growth potential, as we have demonstrated in

chapter I (formula (1)). Differenées in profit

L Since there will be no opportunity to measure

such things we do not model them.



margins in turn derive from labour market
imperfections (differences in wages) and/or
from differences in productive efficiency.
Prices are, as noted, identical per unit of

output.

Four market functions have to be treated in
this chapter. First, we have to define how
exactly imports compete with domestic pro-
ducers. Second, we specify the relationship
between producers and market intermediaries
(wholesale and retail sector). Third, we model
the interactive trial and error search between
suppliers and households and fourth, we de-

scribe the final inventory adjustment.

Imports

Pormally imports enter Sweden much in the same
way as exports leave Sweden. Price differentials
between Swedish domestic and foreign markets
push goods flows in the direction where better
trading margins are to be fetched, that is

where prices are highest. Thus:

FOR DPFOR » DPDOM

IMPR:= IMPR - IMPR % of % (DPFOR-DPDOM} (1)
ELSE

IMPR:= IMPR + (1-IMPR) % o« % (DPDOM-DPFOR)
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IMPR is the market import qudta or ratiol). If

domestic inflation rates are higher than abroad,
domestic markets tend to attract imports, IMPR
2)

increases, and vice versa“®™’.

As for exports, importers or foreign'exporters
react with a lag (one quarter). Because of
transport distances we assume no trade-off be-
tween domestic and foreign mérkets within the
period. Once IMPR has been decided on the basis
of past quarter data, delivery volumes are
fixed and are assumed to be marketed in full at

whatever price the market determines.

Thus, in each trial and error interaction
between suppliers and households within one
particular period the same, fixed import supply

volume is entered.

L Note the possibility of studying import con-~

trols at the level of an entire market by
makingel=0 or simply fixing IMPR.
2) NOTE IMPR as determined in (1) above is
applied to the market size the previous
quarter to determine import volume this

guarter.
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Market intermediaries (not yet in program)

It is very unusual for households to buy their
goods directly from the producers. Wholesalers
and retailers enter in between as distributors.
§uch intermediaries mean a lot for the competi-
tive features of consumer goods markets. Since
this model does not operate in terms of dif-
ferentiated products and direct product compe-
tition in each market, wholesale and retail
intermediaries won't figure in their most
important capacity, namely as competitors (or
collusionists) and exhibitors of what range of
products are available. In this model they will
only appear in their third function of moving
the goods from the factory gates to the retail
shops. With this in mind it is quite reasonable
to lump them all together into one body for
each market that charges a mark up for their
transport service, much in the same way as the
service sector is treated in chapter III.

There is one important distinction. This sector
holds inventories and takes a certain risk if

consumer behaviour is erratic.

Hence, the following things happen between pro-
ducers and households in each goods market.

Intermediaries are assumed to be very myopic in
their expectations since they can always correct
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their mistakes in full the next period. On the
basis of last quarter volume sales, they

assess their inventory position and plan in=-
itially to order new goods from producers and
to move stocks to optimum levels and to realize
a sales volume increase of the same magnitude
as the previous quarter. Hence, intermediaries
entif the market with the following opening
bid™’:

(l+DSV)XXSVx(l—TARGM)%OPTSTO—STO

ORDV:
EXPDP

offering price (2)

ORDV stands for ordering value and XSV for

expected sales value of the same product.

Producers respond by telling whether they can
supply this and their offering price. Inter-

mediaries respond by offering to buy:

il

(l+DSV)xXSVx(1~TARGM)+SPECX{MAXSTO—STO}

{ORDV:
F# {EXPDP-OFFERDP}

SPEC (3)

Il

SPEC is a time reaction coefficient (SPEC for

speculation) that determines the rate at which
dealers want to fill up their warehouses. This
rate depends on how much they expect prices to
change over the next four quarter period com-

pared to the price they are offered now.

1 Everything quarterlized.
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We may stop here or continue iterations, as we

wish.

When stocks have been updated intermediaries

stand ready to supply households with:
SU = (STO-MINSTO)*(1-TARGM) (4)

at EXPP and in competition with an import
volume supply already fixed. Market prices are

then determined as described in the next section.

Profit margins, labour demand and productivity
are treated as in the service sector specified
by (lA-F) in chapter V. Profits from this sector
feed into the household sector in total since
they consist of either wages to employed labour
or owners income by definition.

Household demand and supply interactionsl)

Household demand derives from the expenditure

system introduced in the previous chapter. This
system simply tells how households will divide
up their income between saving on the one side
and various consumption categories on the other

in response to a given price vector.

1 I here explain what is now in the program. In

the program households and firms (= producers)
face one another directly.
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Firms supply this price feeler PRELPDOM at

which they are willing to supplyl):

OPTSU: = Q+ (STO-OPTSTO) : (5)

With foreign supply added, total initial market
supply is:

OPTSUDOM: = Q+ (STO-OPTSTO)+SUFOR (5B)

Initial firm supply is entered from the pro-
duction system after labour market search,

when the production plan has been finally fixed
on the basis of a given and known labour force

(see pseudocode (5.4.3.1)).

Households now tell firms what volumes they are
willing to buy by feeding the PRELPDOM feeler
vector into their consumption function. On the
basis of this information‘firms respond by
stepping up the offering price slightly if
demand (volume) turns out to be larger than

expected and vice versa.

Households again respond to this revised price
feeler by telling a new demand volume and the

whole thing is repeated N times within the limits

L Note that we have to treat firms as a group

here. The offering price hence is the average

offering price. See (7.1.2) in pseudo code.
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set by total supply volumes in (5B) and total
household income. Thereafter period prices and

household purchases are assumed set.

On the household side saving can now be calcu-
lated residually.

On the firm side we now know how much exports
and households together have taken out of their
production and what has happened to total

stocks.

Since we have chosen not to individualize firm
behaviour in the market a substitute distri-
bution algoritm for inventory change has to be
entered (see (8.1) in Pseudo Code).

The total change in finished goods inventories

is determined at the end of product market
iterations and is distributed proportionally

to size over firms. For individual firms this

may mean that stocks will exceed upper storage
limits or fall down below minimum storage re-
guirements. This is solved by setting STO equal to
MAX or MIN STO respectively for these individual

firms.

The adjusted total change in STO is then distrib-
uted proportionally over the remaining firms.
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MODEL PSEUDO CODE

The MOSES computer simulation program is written
in the APL languadge. In this publication we do
not include a listing of the program; instead

we give the following "pseudo-code" specifi-
cations, which in a more English-like syntax

depicts the APL program.

The computer simulation is forwarded through
time in a very straight-forward way. Unless
otherwise indicated by branching instructions,
etc, the equations are executed one by one.
(For one year, the quarterly blocks 3-9 are
repeated 4 times).

Note that, Moses being a micro-based model,

the execution of one equation often means
several assignménts, for firms, markets,
household groups, etc. We do not use an indexing
system in the pseudo-code; in general it will

be clear from the context if equations (and
variables and parameters) refer to global
entities or to firms, markets, etc. This
information can also be found in the variable

listing which concludes this section.



Part 1 of 3

o
o)}
YEAR
| I L. 1
YEARLY YEARLY QUARTER YEARLY
EXP TARG UPDATE
| | [ I [ | | 1
QUARTERLY QUARTERLY PRODPLAN LABOUR tEXPORT. DOMESTIC STOSYSTEM QUARTERLY INVFIN
EXP TARG MARKET - MARKET [ RESULT
(sep.,) (sep.)
f | T I 1
LUUPDATE PRODFRONT INITPRODPLAN FIRMSTO MINSTO FINALQPQSQM| | QUARTERLY
SEARCH OPTSTO CUM
MAXSTO

MOSES Block Diagram




Part 2 of 3

LABOUR
MARKET

§ ZLABOUR} GLABOUR

INDLABOUR}

| LABOUR | . LABOUR | E PLANQ
. SEARCH | %UPDATE : LREVISE
S I R

LABOUR CONFRONT LABOUR

SEARCH SEARCH

INPUT OUTPUT

MOSES Block Diagram:
Detail of Laphou» Market hlock

L6



Part 3 of 3

MOSES Block Diagram:

Detail of Domestic Market block
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0. Yearly initialization

(YEARLY INIT)

At the beginning of each year, the following

variables are set to zero:
cuMQ, CUMM, CUMSU, CUMS, CUMWS, CUML

They are all updated each quarter in the block

"Quarterly Cumulation".
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1. Yearly Expectations

(YEARLY EXP)

Exponential smoothing is used as a special case

of weighted time averages. In chapfer IT the
smoothing factors SMP, SMW, SMS and the exogenous
constants El, E2 and the "extroversion" coefficient
R do nbt vary between firms. DP, DW, DS were

computed last year in block "Yearly update".
1.1 Prices

1.1.1 EXPIDP:= SMP x EXPIDP +

{1—SMP§ X {Dp + El1 x (DP-EXPDP) - E2 x (DP—EXPDP)ZS

1.1.2 EXPXDP := EXOGENOUS
1.1.3 EXPDP:= (1-R) x EXPIDP + R x EXPXDP
1.2 Wages

1.2.1 EXPIDW:= SMW x EXPIDW

+ {1-sMw} x {DW+EL x (DW-EXPDW) - E2 x (DW-EXPDW)”}
1.2.2  EXPXDW:= EXOGENOUS

1.2.3 EXPDW:= (1-R) x EXPIDW + R x EXPXDW



201

1.3 Sales.

1.3.1 EXPIDS:= SMS x EXPIDS

+ §1-sMs} x fDs + E1 x (DS-EXPDS) - E2 x (DS-EXPDS)” |
1.3.2  EXPXDS:= EXOGENOUS

1.3.3 EXPDS:= (1-R) x EXPIDS + R x EXPXDS
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2. Yearly Targeting

(YEARLY TARG)

The targeting function is a special case of the
smoothing device in block 1, with R = E1l = E2 =
The fed-back value of margin M is computed in
the block "Yearly update". The fraction EPS

increases target pressure (if it is not = zero).
2.1 MHIST:= SMT x MHIST + (1-SMT) x M

2.2 TARGM:= MHIST x (1 + EPS)
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3.1 Quarterly Expectations

(QUARTERLY EXP)

Long-term expectations are transformed to a
quarterly basis. In all quarters except the
first one, a trade-off takes place with respect

to immediate experience.

3.1.1  QExppp:= ZXEDE
QEXPDW: = Eﬁ%?ﬂ
QEXPDS:= Eﬁ%&é
3.1.2 (Not in the first quarter each year)

QEXPDP:= QEXPDP + FIP x (QDP - QEXPDP)
QEXPDW:= QEXPDW + FIW x (QDW - QEXPDW)

QEXPDS:= QEXPDS + FIS x (QDS - QEXPDS)

3.1.3 QEXPP:= QP x (1 + QEXPDP)
QEXPW:= QW x (1 + QEXPDW)

QEXPS:= QS x (1 + QEXPDS)
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Quarterly Targeting

(QUARTERLY TARG)

CUMM from block "Quarterly cumulation"

NRS-1

QTARGM:= TARGM + S-NRS X

(TARGM-CUMM)

(This formula may generate too high
"target pressure" on firms. As a
consequence, an unrealistically large.
number of firms contract production
to zero and go out of production. A
device called NOPRESSURE can be used
in simulation experiments to assure

that always QTARGM = TARGM)
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4.LU Updating of unemployment

(LUUPDATE)

Retirements are computed, and new entries to

the labour force are added to the pool of

unemployed.

4.LU.1 LF:= LU + LZ + LG + SUM{(L)

4.1.U.2 L:= L x (1L-RET)

4.LU.3 AMAN1,2,3:= AMAN1,2,3 x (1-RET)

4.1LU.4 LU:= LU x (1-RET)

4.LU.5 LU:= LU + ENTRY x LF
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4.0 Production Possibility Frontier

In block 4, the following function describes
the relationship between labour input and
maximum production for a firm under normal

profitability conditions:

TEC

4.0.1  OFR(L) = (1-RES) x QTOP x (1L - e Q2TOP

The inverse of this function will also

be used:

_ QTOP (1-RES) 'x QTOP
4.0.2 RFQ(Q) = Fg¢ * In {T-REs) x QT0P - O

4.1 Determining Change in Production Frontier

(PRODFRONT)

Productivity of quern equipment is updated.
Depreciation is accounted for.

A fraction of total investment (LOSS) does not
influence production capacity directly but is
directed to the "residual slack", and can be
used in future expansions only if current slack
is low. Productivity has to be updated since

old and new equipment differ in quality.

)



4.1.1

4.1.2

4.1.3

4.1.4

4.1.5

4.1.6

4.1.7

4.1.8

MTEC:= MTEC x (1 + QDMTEC)

(QDMTEC is entered exogenously)

QTOP:=QTOP x (1-RHO)

QINV x INVEFF
QP

QCHQTOP1:=(1-LOSS) x

(QINV and INVEFF from

investment-financing block)

QCHQTOP2:=MIN (LOSS x

207

QINV x INVEFF RESMAX~RES

QP

RESMAX-RES

T-RESMAX (QTOP+QCHQTOPL1) )

(The slack RES cannot exceed RESMAX)

QCHQTOP : =QCHQTOP1+QCHQTOP2

RES:= RES x (QTOP+QCHQTOPl) + QCHQTOP2

QTOP+QCHQTOP
rEC:= QTOP+QCHOTOP
' QTOP QCHQTOP

TEC T MTEC

QTOP:= QTOP + QCHQTOP

RESMAX

14
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4.2 1Initial Quarterly Production Plan

(INITPRODPLAN)

This initial plan is based on the sales forecast,
plus the desire to keep the stock at its "optimal"

level.

QEXPS

4.2.1 QEXPSU:= OEXDD

OPTSTO - STO i
4 x TMSTO

4.2.2 OPLANQ:= MAX {O,QEXPSU +



4.3 Search for Target Satisfaction

(TARGSEARCH)

This block describes how a firm varies its
combination of labour input and production
level to satisfy its profit margin requirement
(TARGM) . When the target is reached, search is
terminated; this means that each section within
4.3 is entered only if the firm has not yet

found a satisfactory plan.

The diagrams and search paths on the next page
explain how this search process has been
modelled. Note that search will probably

terminate within one of the paths, and not at a

corner. Two cases can be distinguished, depending

on whether the initial plan implies recruitment

or not.

Two devices called "SAT" and "SOLVE" are
referred to throughout the block; they are

described in 4.3.11 and 4.3.12.

The specification in 4.3 holds for each firm,

one at a time.
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4.3.0 Is the initial plan feasible, and does

it imply recruitment?

IF QPLANQ > QTOP x (1-RES)

THEN GOTO 4.3.6
ELSE IF QPLANQ > QFR(L)
THEN GOTO 4.3.5

ELSE CONTINUE

4.3.1 Does the initial plan give satisfaction
at "1" in the diagram?:
IF SAT(QPLANQ,L)
THEN QPLANL:=L

GOTO 4.3.10

4.3.2 Increase production with same labour
force. Raise until production frontier

or stock limit is reached (path 2).

Q2:=MIN(QFR(L) ,QEXPSU + MAXSTO - STO)

IF SAT(Q2,L)

L x (QEXPW/4)
(1-QTARGM) x QEXPP

THEN QPLANQ:=

QPLANL:=L
GOTO 4.3.10
ELSE IF Q2=QFR(L)
THEN GOTO 4.3.4

P

ELSE CONTINUE

——
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4.3.3 Cut down labour force, still producing
up to the stock limit (path 3).

IF SAT(Q2,RFQ(Q2))

THEN QPLANQ:=Q2

(1-QTARGM) XQ2XQEXPP
QEXPW/4

QPLANL:=

GOTO 4.3.10

4.3.4 Reduce production down to QPLANQ, with
corresponding decrease in labour force

(path 4).

IF SAT (QPLANQ,RFQ(QPLANQ))
THEN QPLANQ,QPLANL :=SOLVE
 GoTo 4.3.10 |
ELSE Q7:=QPLANQ

GOTO 4.3.7

4,3.5 With an initial plan implying recruit-

ment, will the profit target be reached?

IF SAT(QPLANQ, RFQ(QPLANQ))
THEN QPLANL:= RFQ (QPLANQ)

GOTO 4.3.10



4.3.6

First step in search when initial plan

implies recruitment (path 6).

IF SAT(QFR(L),L)
THEN QPLANQ,QPLANL:=SOLVE
GOTO 4.3.10

ELSE Q7:=QFR(L)

Keep production at the level Q7 (as
it resulted from 4.3.4 or 4.3.6),
but reduce the slack RES and thereby
the labour force. RESDOWN is an
exogenous constant (path 7), telling
how much slack can be reduced during
a single quarter.

IF SAT(Q7,RFQ(Ipieseimmms * 7))

THEN QPLANQ:=Q7

(1-QTARGM) xQ7xQEXPP
OEXPW/4

QPLANL:=

1. Q7x(1-RES)
RES:=1 QFR (QPLANL)

GOTO 4.3.10

ELSE RES:=RESDOWNXRES
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4.3.8 With the new, lower, slack from 4.3.7, try
to reach target by reducing production

and labour force (path 8).

IF SAT(0,0)
THEN QPLANQ, QPLANL :=SOLVE

GOTO 4.3.10

4.3.9 No plan could be found that satisfies
profit target. The firm is eliminated
from the model, and the labour force

is added to the pool of unemployed.

LU :=LU+L

NULLIFY this firm

4.3.10 QPLANQ and QPLANL have now been decided.
The AMAN vector, describing the 2-quarter
lag of firings, is updated. (AMANl can

be fired this quarter).

LAYOFF :=MAX (L-QPLANL, 0)
AMAN1 :=MIN (LAYOFF,AMAN2)
AMANZ2 :=MIN (LAYOFF-AMAN1,AMAN3)

AMAN3 :=LAYOFF-AMAN1-AMAN2



4.3.11

4.3.12

"SAT": This device is used to find out
if a certain combination Q/L of planned
production and labour force will satisfy

profit targets.

IF L>0

._ 1. Lx(QEXPW/4)
THEN MARGIN:= l- & —~rois

QEXPW/4

ELSE (L=0) MARGIN:= l= 4 mu&  TECxOEXDD

(The case L=0 is used in 4.3.8)

IF MARGIN 2 QTARGM
THEN SAT:= TRUE

ELSE SAT:= FALSE

"SOLVE": This device solves the equation:

_ QPLANL x (QEXPW/4) _
1 - OFR(OPLANL)xQEXBP ~ QTARGM

for QPLANL, with an error léss than
0.1 %. Once QPLANL is found, QPLANQ

is also calculated as
QPLANQ:= QFR (QPLANL)
(See the program for details on how

the equation is solved, using the

Newton-Raphson iteration method) .
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4.3.12

SOLVE in detail

The equation is

QPLANL x (QEXPW/4)

l -
TEC
'Q—T-O—P'XQPLANL
(1-RES) x QTOP 2} 1~ e X QEXPP
Substitute y = g%%ﬁ x QPLANL
TOP
%ﬁg— X v x (QEXPW/4)
1- — = QTARGM
(L-RES) xQTOPx (1-e Y ) xQEXPP
1-eY - QEXPW

(1-QTARGM) % (1-RES) XTECxQEXPPx4 > ¥
With a substitution this gives

l—e—y=b.y

or f(y) =b.y+e -1=0

' -y
with f (y) =b - e

(b>0 must hold when we enter SOLVE,

else no solution can be found).

= QTARGM
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We want to use Newton-Raphson's formula

Y_ET(X_)__
£ (y)

y:=

with the starting value Y = 1/b, which is
surely greater than the exact root, and gives

1]
convergence with all f£/f positive.

Exemple of one~firm SOLVE:

v SOLVE
[1] Y«:B«OFRXPV+(1-0TARMM I (1-RES)YxPRCXxORYPPxy
[2] LOOP:+L0OP+D<0.001xY«Y =D ((RxY)+(*-Y)-1)2(B=-(*-Y))
[31] OPLANO<OFR OPLANIL<YxQMOD:TRE(
9

For b 1, this algorithm gives the correct
result y = 0. The possibility of b 0 must be

checked, however.

The algorithm is easily modified to the case
where it should be applied to several equations

simultaneously.
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5. LABOUR MARKET

(LABOUR MARKET)

5.1 Updating of unemployment

(LUUPDATE)

(This block has been moved to block 4).



5.2 Service sector labour market

(ZLABOUR)

Service sector takes the labour it wants from the

pool of unemployed. Wage increase in service sector

is equal to average wage increase in industry last

quarter. Offering price is calculated.

5'2.1

5.2.2

5.2.3

5.2.4

5.2.5

5.2.6

5.2.7

TECZ:= TECZ x (1 + QDTECZ)

(QDTECZ ‘is entered exogenously)

QCHLZ is calculated to use last quarter's

surplus (or deficit) profit (compared with

targets) to increase (or diminish) lakour
force. Notice that QCHLZ also includes
substitutes for the retired.

(QMZ-QTARGMZ ) xQPZXTECZXLZ
QwWz /4

QCHLZ:= +RETxLZ

(QTARGMZ is entered exogenously)

(If QCHLZ > LU we put QCHLZ=LU)

LZ :=LZ+QCHLZ-RETXLZ

LU :=LU~QCHLZ -
Notice that if QCHLZ < 0, this means that

people are fired from service sector.

OWZ : =QWZx (1+QDWIND)

QQZ:= TECZ x LZ

219

Offering price is calculated to make QMZ=CTARGMZ

QPRELPZ : =QPZx (1+QDWIND-QDTECZ)
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5.3 Government sector labour market

(GLABOUR)

Government sector takes the labour it wants from
the pool of unemployed. Wage increase is equal to
average wage increase in industry last quarter.
As government services are provided free, there

are no prices or profit margins.

5.3.1 QCHLG : =LGxRET+REALCHLG
(REALCHLG is entered exogenously)

(If QCHLG LU we put QCHLG=LU)

5.3.2 LG :=LG+QCHLG-RETXLG

5.3.3 LU :=LU-QCHLG

Notice that if QCHLG < 0, this means

that people are fired from government

sector.

5.3.4 QWG : =QWGx (1+QDWIND)
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Industry sector labour market

(INDLABOUR)

This block consists of three parts:
Labour search

Labour update

Revision of production plans

They are all further specified below.

Labour search

(LABOUR SEARCH INPUT; CONFRONT; LABOUR

SEARCH OUTPUT)

Describes the sequence of actions that
determine the labour force in every firm

for the next quarter.

In LABOUR SEARCH INPUT, (5.4.1.0) some

help variables are introduced.

In CONFRONT (5.4.1.1 - 5.4.1.11) the
actual interaction for new labour takes

place.
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Firms are ranked in order of the
planned relative change in recruitment.
" Each firm is allowed to "attack"
another firm, chosen at random (the
probability for a given firm to be
chosen is proportional to its size).
The desired change in new employment
(CHL) is continuously changed. Firms
strive to make CHL equal to zero.
Firms that achieve this objective
refrain from further raiding of other
firms. This procedure is repeated
NITER times (NITER is an exogenouosly

given number).

In LABOUR SEARCH OUTPUT (5.4.1.12 ~
5.4.1.13), results are summarized and

layoff lags accommodated.
5.4.1.0 Help variables and initial wage offering:

CHL:= QPLANL - L

WW: QW + IOTA x (QEXPW - QW)

i

LL: L concatenated to LU (The pool
of unemployed will take part in

the interactions)



5.4.1.1

5.4.1.2

5.4.1.3

5.4.1.4

5.4.1.5

5.4.1.6
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Rank firms in decreasing order after

CHL/L.

Repeat 5.4.1.3 - 5.4.1.10 NITER times
(one time representing one attack from

each firm).

Repeat 5.4.1.4 - 5.4.1.11 NTOT times
(one time representing an attack from

one firm).

Select the firm that is to perform the

next attack (from the ordering in 5.4.1.1).

Denote it by I.

IF CHL(I)< O THEN go to 5.4.1.10 (in
this case the firm does not want any

more labour).

Choose a firm to attack. Denote the firm
being attacked by IT. (The selection is
done at random by a function called
CHOOSE. The probability for a certain
firm to be choosen is the size of its
labour force, divided by the sum of the
labour forces in all firms plus the

number of unemployed).
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5.4.1.7

5'4.1.8

5.4.1.9

We now check whether the attacked firm
really was a firm (II £ NTOT), or whether
it was the unemployed (II=NTOT+1)
(cf comment to 5.4.1.0).
IF II< NTOT

THEN go to 5.4.1.8

ELSE go to 5.4.1.9
We now check whether the attack was a
success (i.e. whether the wage of the

attacking firm was high enough) or not.

IF WW(I)> WW(II)=*(1+GAMMA)
THEN WW(II):=WW(II)+KSISUCCx (WW(I)-WW(II))
go to 5.4.1.9
ELSE WW(I) :=WW(I)+KSIFAILx(WW(II)*(1l+GAMMA)-WW(I))

go to 5.4.1.10

If we come to this statement, the attack
was a success, and labour is moved from
firm II to firm I. If the "attacked firm"
was the unemployed, (i.e. II>NTOT) the
attack is always a success. |

(In the program 5.4.1.9 is a function

called TAKE L FROM)



5.4.1.10

5.4.1.11

5.4.1.12
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CHLNOW : =MIN (THETA%LL (II) ,CHL (I))
LL(I) :=CHL (I)+CHLNOW

CHL (I) :=CHL (I) ~CHLNOW
LL(II):=LL(II)-CHLNOW

IF IIg NTOT

THEN CHL(II) :=CHL(II)+CHLNOW

One attack is completed, go to 5.4.1.3.

All firms have had the opportunity to

attack once, go to 5.4.1.2.

(Labour market interactions are now

completed) .

Summarize results; abandon help variables:

LU:= Last component in LL

QCHL:= LL - L

QCHW:= WW - QW
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5.4.1.13

People who leave one firm for another
are subtracted from the layoff-lagging

vector AMAN in their first firm.

EXIT:= MAX(0,-QCHL)
IF EXIT> AMAN1 + AMAN2
THEN AMAN3:= AMAN3 - (EXIT-AMAN1-AMAN2)

(but AMAN3 3 0 must hold)

IF EXIT > AMAN1

THEN AMAN2:= AMAN2 - (EXIT - AMAN1)

(but AMAN2 3> 0 must hold)

IF EXIT > 0

THEN AMAN]:= AMANl - EXIT

(but AMAN1 > 0 must hold)



5.4.2.1

5.4.2.2

5.4.2.3

5.4.2.4

Labour update

(LABOUR UPDATE)

Layoff is accomodated. Wage increase
in the industry is computed. Labour force
and wage is updated for each firm, as

described in the previous block.

Layoffs; AMANl is a limit on how many

people a firm can fire this quarter.

SACK:= MIN (AMANl, MAX(0,L + QCHL - QPLANL))
QCHL:= QCHL - SACK
AMAN]:= AMAN1l - SACK

LU:= LU + SUM(SACK)

Wage average and trend:

._ SUM(L x QW)
OLDQW:= ==grurs

._ SUMZ(L+QCHL) x (QW+QCHW)!}
NEWQW: = SUM L+QCHLY

._ NEWQW _
QDWIND:= Grpow - 1

Update labour force and wage:

:= L + QCHIL

QCHW

ODW:= ow

OW:= QW + QCHW

Unemployment:

CHRU:= LU - RU
LU + LZ + LG + SUM(L)

RU:= RU + CHRU
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5.4.3.1

5.4.3.2

5.4.3.3

5.4.3.4

Revision of Production Plans

(PLANQREVISE)

If a firm has lost too much of its
labour force, or could not meet
recruitment plans, its production plan
must be reduced. The new level of
production assigned to the variable

QQ is determined in this block. Optimum

sales volume is computed.

QPLANQ:= MIN (QPLANQ, QFR(L))
(QFR is the production frontier as

described in block 4.0)

om0 .~ SPLANQ
QDQ: ——66~— 1

Q0:= Q0 x (1 + QDQ)

QEXPSU + OPTSTO~STO

QOPTSU:= MAX{b,QEXPSU X Q0 z
4 x TMSTO
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6. EXPORT MARKETS

(EXPORT)

Export share and supply, price and sales in

foreign markets are determined.

6.1.1 IF QPDOM > QPFOR
e v o 1 QPDOM - QPFOR
THEN X:= X - X X 7w X S5FOR
1 QPFOR - QPDOM

ELSE X:= X + (1-X) x T % TMx X OPDOM

This formula can make X>1 or X< 0.
If this happens, X is put equal to

one (or to zero).

6.1.2 QSUFOR:= X x QOPTSU

6.1.3 QPFOR (1 + QDPFOR) % QPFOR

..

(QDPFOR is entered exogenously).

6.1.4 QSFOR:= QSUFOR #* QPFOR
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7 Domestic Product Market

(DOMESTIC MARKET)

This block describes the interaction
between firms and households, resulting
in domestic prices and sales volumes for
a quarter (service sector is also
treated). It consists of the following

parts:

l. Market Entrance
2. Household Initialisation

3. Market Confrontation

4, Computation of Household Spendings
5. Computation of Total Buyings
6. Price Adjustments

7. Adjustment to Minimum Stock
8. Domestic Result

9. Updating of Households™ Data

Computationally, blocks 4, 5, 6 are

sub-blocks to "Market Confrontation".

Functionally, blocks 1, 6, 7, 8 describe
the behaviour of firms. Blocks 2, 4, 9
form an integrated model of household

behaviour and can be studied separately.



Block 3 is the link between firms and
households. Block 5 is included to
adjust demand to import competition and

to handle the firms” investments.

The following abbreviations denote

household spending cathegories:

NDUR - Services and non-durable goods.
Z - Service (subset of NDUR).

DUR -~ Durable goods.

MKT - All NDUR and DUR, with the

exception of the service sector.

SAV - Household saving.

231



232

7.1 Market Entrance

(MARKET ENTRANCE)

Each firm ccmputes its optimum sales
volume. When determining an initial
offering price, firms plan as if prices
in domestic and foreign markets will

develop similarily.

7.1.1 QOPTSUDOM:= (1-X) x QOPTSU

SUM[QOPTSUDOM % gggzgg

7.1.2 QPRELPDOM:= QPDOM X =mu aaBmaGDoM)

(The average is from firms to markets,
giving one preliminary price for each

market)



7.2.1
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Household Initialisation

(HOUSEHOLD INIT)

Disposable income per household

QDI:={QMZ x 0SZ + LZ x 9—11-2— + 16 x ZE + soM(L x

+wH x X

"Essential" consumption volume (NDUR,DUR)

CVE(I):= ALFAl(I) + ALFA2(I) x CVA(I)
(CVvA, "addicted" volume, is updated each

quarter in 7.9.4).

QW

4

} /NH
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7.3.2

Market Confrontation

(MARKET CONFRONT)

(This market specification subroutine

is provisional. We should 1) Have a

more sophisticated termination criterion
than simply a fixed number of iterations
or 2) Let each iteration correspond to

a period of time within the quarter,

having the cumulated lapse of time
terminate iterations at the end of a

quarter) .

Adjust import shares IMP. Form the
vector PT of trial prices. Let tirms
and households interact a pre-specified

number of times.

IF QPDOM > QPFOR

1l - IMP < QPDOM - QPFOR
4 x TMIMP QPFOR

THEN IMP:= IMP +

IMP < QPFOR - QPDOM
4 x TMIMP QPDOM

ELSE IMP:= IMP -~

This formula can make X> 1 or X< 0.
If this happens, X is put equal to one

(or to zero).

PT (MKT) := QPRELPDOM

PT(Z) := QPRELPZ



7.3.4

7.3.5

7.3.6
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Perform 7.3.3 - 7.3.5 MARKET-ITER times:

Compute household spendings (see 7.4)

Compute total buyings (see 7.5)

(Not in the last iteration)

Adjust prices (see 7.6)
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Computation of Household Spendings

(COMPUTE SPENDING)

This block describes how households
react to a set of trial offering

prices in respective spending categories.
It will interact with firms several
times in an iterative manner. The
spending categories correspond to the
firms' markets and the service sector.
Prices are called PT (trial) and QPH
(last quarter's final prices).

QDI and CVE come from block 7.2.

All variables have an order of magnitude

referring to one household, not to the

aggregate.



7.4.3
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Preliminary Consumer Price Index (CPI),
based on new prices in all spending

cathegories:

__suM(oc(r)) ¥
QPRELCPT:= son 25D
PT(T)
CHDCPI:= %gg%&gg; - 1 - QDCPT

Nondurables consumption, essential spending

QSPE (NDUR) := CVE (NDUR) x PT(NDUR)

Durables, essential spending

swAP:= ALFA3 x (SHRL - CHDCPI) + ALFA4 x CHRU

PT (DUR) xCVE (DUR)

QOSPE (DUR) := REODUR

PT (DUR)

- am—————————r— — J
OPH (DUR) xSTODUR~-QDIXSWAP

X) Experiments will also ke made with

the following formula:

SUMLCVA(I) x PT(I)]

QPRELCPI:= SUM (CVA (1))
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7.4.4 Essential level of saving:

QSPE (SAV) := (WHRAxQDI-WH)+QDIXSWAP

(WHRA is updated in 7.9.4)

7.4.5 Adjustment to income constraint

("I" denotes NDUR,DUR,SAV)

QSP(I) :=BETAl(I)xQSPE(I) +

BETA3 (I)
+iBETA2(I) + oot /QPRELCPIKX {QDI -

- SUM(BETAl(I)xQSPE(I))g

where all BETAl 2 0
SUM(BETA2)=1

SUM (BETA3) =0

7.4.6 For all non-saving cathegories, QSP2> 0
is enforced. Thus at this stage
SUM(QSP) > ODI might hold. This is
accomodated in the block "Household
Update", where savings are recomputed

as a residual.



7.5.3
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Computation of total buyings

(COMPUTE BUYING)

Sum over households to obtain total
spending for each spending category
(= market). Add firms' investment to
demand in durables sector (fixed sum
of money, no matter what the price
is).

Adjust for import (an exogenous fraction)

.and convert from money to volume.

QTSP:= SUM(QSP)

(Sum over households, not over categories)'

QTSP (DUR) := QTSP (DUR) + SUM(QINVLAG)

(Sum over all firms).

QTBUY:= (1-IMP) x QTSP/PT



240

7.6 Price Adjustments

(PRICE ADJUST)

This block describes how firms (in
each iteration) adjust their prices,
once households have responded to a

set of prices with provisional spendings.

The common goals of the firms in a
market is to keep prices (sales sum)

up and the stock at OPTSTO.

7.6.1 IF QTBUY < SUM(QOPTSUDOM)

ABS (EXPXDP) x PT

THEN PT:= PT = = (MARKET ITER-1)

ABS (EXPXDP) x PT

ELSE PT:= PT + 1= (MARKET ITER-1)




7.7

7.7.2

7.7.4

7.7.5
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Adjustment to Minimum Stock

(MINSTO ADJUST)

Market interactions may result in

a demand that would lower stocks below
minimum levels. In that case, spending is
reduced in this block. (Equations 7.7.1-7.7.4
hold for markets, not for individual firms.

7.7.2 - 7.7.3 also hold for service).

QMAXTSUDOM : = MAX{O,SUM[QQ + (STO-MINSTO) - QSUFOR]%

QMAXTSUDOM)
QTBUY

REDUCE:= MIN (1,

007 )
' QTBUY

(Por service, REDUCE:= MIN (1
QSP:= QSP x REDUCE

QTBUY:= QTBUY x REDUCE

QINVLAG:= QINVLAG x REDUCE (DUR)

(Holds for each firm).
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7.8

7.8.1

7.8.2

7.8.3

7.8.4

7.8.5

Domestic Result

(DOMESTIC RESULT)

Domestic price is updated in each
market (cf. QPH in 7.9.5 which also

contains the service sector price).

Total change in stock level is computed
for each market. If demand was so

small that the maximum (total) stock
level is exceeded, the excess quantity

is assumed "burned".

... PT(MKT) _
QDPDOM: = QPDOM 1

QPDOM:= PT (MKT)

QPZ:= PT(Z)

QCHTSTO:= MIN (SUM(MAXSTO-STO), SUM(QQ-QSUFOR)-QTBUY)

QSZ:= QTBUY(Z) x QPZ
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7.9 Updating of Households' Data

(HOUSEHOLD UPDATE)

This block adjusts household variables
after firm-households interactions,
resulting in a set of prices and a
final household spending pattern.
Trial prices (PT) are then made final

(QPH) .

7.9.1 Nondurables consumption

QC (NDUR) := QSP (NDUR)

7.9.2 Durables consumption and update

PT (DUR)

OPH (DUR). %2 STODUR + QSP(DUR)

STODUR:=

' QC (DUR) := RHODUR x STODUR
STODUR:= (1-RHODUR) x STODUR
7.9.3 " Saving

QSP (SAV) := QSAVH:= QDI - SUM{QSP(NDUR,DUR&

WH:= WH + QSAVH
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7.9.4 Addicted levels

(I denotes NDUR and DUR)

CVA(I):= SMOOTH (I)xCVA(I)+(1-SMOOTH (I))x %%%%%
' | Wi *%)
WHRA:= SMOOTH (SAV) xWHRA+ (1-SMOOTH (SAV)) X 5iz

7.9.5 Prices
QPH:= PT

OLDQCPI:= QCPI

suMm(gc(r)) X

SUMiQC(I)

QCPI:=
QPH(I)

QDCPI:= (QCPI - OLDQCPI)/OLDQCPI

x) See note to 7.4.1

XX) In a first phase of the project,

SMOOTH (SAV)=1 will be used. This
will have the effect of a fixed

(exogenous) WHRA.
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8. INVENTORY SYSTEM

(STOSYSTEM)

8.1 Distributing change in inventories over firms

(FIRMSTO)

Change in inventories industry by industry (from

block 7) is distributed over individual firms

in each industry. Thereafter domestic sales are

calculated as a residual.

8.1.2

Some firms might end up with inventories
outside the prespecified limits. We
adjust for that:
IF STO> MAXSTO

THEN QCHTSTO :=QCHTSTO+STO-MAXSTO

STO:=MAXSTO
ELSE IF STO< MINSTO
THEN QCHTSTO :=QCHTSTO+STO-MINSTO

STO :=MINSTO

The rest of QCHTSTO is distributed over
the firms.

IF QCHTSTO > 0

MAXSTO-STO
SUM (MAXSTO-STO)

THEN STO:=STO+

- MINSTO-STO
ELSE STO:=STO+ SHi(MINSTO-STO)
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8.1.3

Domestic sales are calculated.

QSUDOM:= QQ-QSUFOR-QCHSTO

QSDOM:= QSUDOM x QPDOM

(Where QCHSTO for each firm is the sum of
the changes in inventories made in 8.1.1

and 8.1.2.)
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8.2 Reference Inventory Levels

The levels MINSTO, MAXSTO, OPTSTO are computed

based on last quarter”s sales as follows:

8.2.1  MINSTO:= SMALL x (4 x %%

8.2.2  MAXSTO:= BIG x (4 x %%)

8.2.3 OPTSTO:= MINSTO + BETA x (MAXSTO - MINSTO)

(In the computer program, these levels are not
implemented as variables but as value-returning

sub-routines).
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9.1 Calculating final prices, sales and profits

(FINALQPQSQM)

We have the values of prices and sales in foreign
and domestic markets, and calculate total sales
and average prices. This enables us to determine

this gquarter's profits.

9.1.1 QSU:= QSUFOR + QSUDOM

QSFOR + QSDOM _
Qs

9.1.2 ODS:=

9.1.3 Q0S:= QSFOR + QSDOM

9.1.4  qop:= 934080 _

9.1.5 QP:= QS/QSU

L x (Qw/4)
Qs

9-106 QM:= l -

LZ x (QWZ/4)

9.1.7 QMZ:= 1 - 0s%
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9.2 Quarterly Cumulation

(QUARTERLY CUM)

Production, sales, wage sum, and labour force are

cumulated. An up-till-now margin is computed.
9.2.1 CUMQ:= CUMQ + QQ
9.2.2 CUMS:= CUMS + QS

9.2.3 CUMSU:= CUMSU + QSU

9.2.4  CUMWS:= CUMWS + L x %ﬂ

(NRS-1) x CUML + L

9.2.5 CUML:= NRE

CUMWS

9.2.6 CUMM CUMS

1 -
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10. Investment Financing {(provisional)

(INVFIN)

Update book value of production equipment,
and calculate this gquarter's rate of return.
New borrowing depends on inflation and on
current rate of interest.

Investment has a one-quarter delivery

lag. Profits and new borrowing are used

for investment, except for an amount

RW x 4 x QCHS used td keep working

capital at a certain fraction RW of

sales.
10.1 Kl:=Klx (1—RHO+QDPDQBf1 (DUR) ) +QINVx (1—RHO)
10.3 QCHS:= QS x %ESDS
10.4 QCHK2:= RW x 4 x QCHS
10.5 K2:= K2 + QCHK2

10.6 QCHBW: = BWx(ALFABW+BETABWX(%BB+QDPDOM(DUR)— %1))
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10.7 BW:= BW + QCHBW
10.8 NW:= K1 + K2 + STO x QP ~ BW
10.9 QINV:= QINVLAG

10.10 QINVLAG:= MAX{O,QMXQS—QCHKZ + QCHBW - —125 X BW}

QTOPxQP

10.11 INVEFF:= Ri
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1l1l. Yearly Update

(YEARLY UPDATE)

Yearly production, price, wage, sales, and
margin are computed, based on cumulation in

block "Quarterly Cum".

cuMQ _

o) 1

11.1 DQ:=

Q:= Q@ x (1 + DQ)

CUMS/CUMSU _

11.2 DP:= £ 1
P:= P x (1 + DF)
11.3 Di:= CUng/CUML -1

Ws= W x (1 + DW)

CUMS

11.4 DS:= S

-1

S:= S x (1 + DS)

11.5 CHM:= CUMM - M

M M + CHM

L 1]
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Listing of Variables and Parameters

The following pages give a descrip-
tion of all variables and parameters
occuring in the pseudo-code (and
hence in the computer program). Vari-
ables and parameters described in the
textual documentation, but not yet
included in the computer program, are
expi%ined in the main text when they

are first introduced.
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Exogenous Variables:

The following variables are treated as exogen-
ous, as the model now stands (see the following
pages for an explanation of each variable):
Related to foreign markets: QDPFOR

Related to technological progress: QDMTEC, QDTECZ
Related to expectations: EXPXDP, EXPXDS, EXPXDW

Related to public sector: REALCHLG, RI

Others: ENTRY; TARGMZ
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ALFABW - CONSTANT USwRp IN 'INVYFIN' TO DETERMINE FIRMS'
CHANGE IN BORROWING,

ALFAL

t

rONSTANTS USED TN 'HOUSEROLD INIT' TO DETERMINE
'RESFNTIALY CONSUMPTION VOILUMF FOR FACH '
SPENDING CATFRORY.

CONSTANTS USFD IN 'HROUSTHOLD INIT' TO DETERMINFE
'RSSENTIALY CONSUMPTION VOLUME FOR FACH
SPENDING CATRGORY,

ALFA?2

CONSTANT USED IM YCOMPUTE SPENDING' TO
DETERMINE THE SHORT-TERM SWAP BETWEEN SAVINGS
AND SPENDINGS ON DURABLES.,

ALFA3

CONSTANT 1SRN TN 'COMPUTE SPFRNDING' TO
DRTERMTNE THE SHORT-TRERM SWAP BETWFEN SAVINGS
AND SPENDINGS ON DURABLES.

ALFAL

AMAN - FOR FEACH FIRM, A THREFE-COMPONRNT VECTOR
ACCOMODATING THRE TWO-QUARTRR LAG OF LAYOFFS.
THR FTRST COMPONRNT HOILDS THFE NUMBER OF PROPLE
THAT CAF BFE FIRRD THIS QUARTER, FTC.

BETA - CONSTANTS USED TO COMPUTE OPTIMUM INVENTORY
LRVFLS TN RRLATION TO ‘MINSTO' AND ‘MAXSTO'.
SAME FOR AL, FTRMS WITHIN A MARKET.

RFTA1 - CONSTANTS USED IN ‘'COMPUTE SPENDING' TO ADJUST
SPENDINGS IN DIFFFRENT CATRGORIFS TO THE INCOMF
CONSTRAINT, ALIL BFETA120

BETA2 - CONSTANTS USED IN 'COMPUTF SPENDING' TO ADJUST
SPENDINGS TN DIFFRRENT CATEGORIFS TO THE INCOMF
CONSTRAINT, SUM(BETA2)=1.

RRETA3 - CTONSTANTS USED IN 'COMPUTFE SPENDING' TO ADJUST
SPRNDINGS TN DIFFERENT CATFGORIES TO THE INIOMF
CONSTRAINT, SUM(BFTA3)=0,

BIr - ON FACH MARKET, THF FRACTION OF YFARLY SALFS
THAT FIRMS CONSIDFR AS INVENTORY MAXIMUM.

RW - A FTRM'S TOTAL BORROWINA, UPDATED IN 'INVFIWN',

CEDCPT - ATTEMPTRED RISF IN CONSUMRER PRICF INDEX BETWEEN
QUARTERS (A FRACTION). COMPUTED IN 'COMPUTE
SPENDING' FACH TIMF HOUSEFROLDS MERT AN OFFFRING
PRINE VECTOR 'PT',

CPL - FACH FTRM'S CHANGF IN LABOUFP FORCE. A HFLP

VARTABLFE USED WITHIN 'LABOUR SFARCH' TO
ACCOMODATE MARKET INTERACTIONS.



CHM -

"HRI -

cuMr, -

coMM -

Mo -

niMs -

CUMSU -

TUMWS -

CVA -

CVE -

DISTR -

no -

DUR -

DW -
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FOR FACH FIRFM, ITS CHANGE JN PROFIT MARGIN FROM
ONE YRAR TO ANOTHFR (A DIFFTRENCF BRETWEEN
FRACTIONS), COMPUTED IN 'YRARLY UPDATE'.

QUARTRRLY CHANGE TN RATF OF UNEMPLOYMFNT (A
DIFFRRFENCF BFETWEEN FRACTIONS). COMPUTED IN
'LABOUR UPDATE'.

FOR FACH FIRM, A CUMULATION OVER THFE YFAR OF
THE NUMBFER OF FMPLOYED,., UPDATED IN 'QUARTFRLY
oMy,

FOR FACH FIRM, A CUMULATION OVFER THF YRAR OF
ITS PROFIT MARGIN, UPDATED IN 'QUARTFRLY CUM'.

FOR FACH FIRM, A CUMULATION OVER THF YFAR OF
ITS PRODUCTION VOLUMF . UPDATED IN 'QUARTRRLY
cuM?Y,

FOR FACH FIRM, A CUMULLATION OVER THF YFAR OF
IT8 SALFS VALUR. UPDATED TN 'QUARTRRLY CUM'.

FOR EACH FIRM, A CUMULATION OVER THE YFAR OF
ITS SALRS VOLUME. UPDATED IF 'QUARTERLY CUM'.

FOR ®RACH FTRM, A CUMULATION OVRR THFE YFAR OF
IrS WAGF SUM, UPDATED IN 'QUARTERLY CUM'.

A HOUSEHOLD'S 'ADDICTED' CONSUMPTINN VOLUME IN
FACH SPENDING= CATERORY (UNITS PFR QUARTER).
UPDATED IWN 'HOQUSFEHOLD UPDATE',

A FOUSEHOLD'S 'FSSENTIAL' NONSUMPTION IVMN FRACH
SPENDING CATFGORY (UNITS PFR QUARTER). COMPUTED
Iv YHOUSFFROLD INIT',

A HRLP VARIABILFE USED IN 'FIRPMSTO' TO DISTRIBUTE
TINVEMNTORY ADJUSTMENTS AMONG FIRMS.

FOR FACF FIRM, ITS YERARLY CHANGFE IN SALES PRICE
(A FRACTION). COMPUTED IN 'YRARLY UPDATE'.

FOR FACH FIRM, ITS YFARLY CFANGE IN PRODUCTION
VOLUME (A FRACTION). COMPUTED IN 'YFARLY
UPDATFE', ‘

FOFP FACH FTRM, ITS YFARLY CHANGFE IM SALES VALUFE
(A FRACTION). COMPUTED IN ‘'YRARLY UPDATE'.

A VECTOR INDEX, GIVING 'DURABLES'/'INDUSTRIAL
INVRSTMFNT GOODS' DATA FROM A VECTOR.

FOR FACHR FIRM, ITS YFARLY WAGF CHANGE (A
FRACTION), COMPUTRD IN ‘'YRARLY UPDATFE'.



FNTRY =

EPS =

PXTT -

RXPDD

RXPDS -

EXPDW -

EXPIDP

RXPIDS

RXPIDW

EXpYnp

FXPXDS

FXPXDW

7 -

vy -

A PARAMETFER RFRULATING TFE INFLOW OF NFW
PERSONS TO THF LABOUR MARKRT (QUARTFRLY
FRACTION OF THFE TOTAIL LABOUR FORCE). SOFAR
FXOGRENOUS AND CONSTANT,

A CONSTANT FORCING FIRMS T0O SEARPEN THFIR
PROFIT~MARGIN TARGETS AS COMPARFD WITH
HISTORICTAL DATA.

FOR FACH FIRM, DISCRRPANCY BETWEREN ACTUAL AND
PLANNED TLABOUR FORCFE (AFTFR MARKFT
INTRRACTIONS). HRLP VARTABLF USFD IN ‘'LABOUR
SFARCH' TO ACCOMODATE 'AMAN' LAYOFF LAG.

FACH FTRM'S REXPRECTED CHANGR IN SALFES PRICE FOR
A YFAR (A FPACTION). COMPUTED IN ‘'YRARLY EXP',

FACH FIRM'S EXPFCTED CHANGF IN SALES FOR A YFEAR
(A FPACTION), COMPUTED IN ‘'YFARLY FXP'.

RACH FIRM'S EXPRCTED WAGF CHANGF FOR A YFAR (A
FRACTION). COMPUTED IN 'YFRARLY EXP',

FRACH FIRM'S 'INTERNALLY' FXPECTED CHANGFE IN
SALFES PRICE FOR A YRAR (A FRACTION)., UPDATFD IN
YYRARLY RXP',

FRACH FIRM'S ‘'INTERNALLY' FXPECTFD CHANGE IN
SALES FOR A YEAR (A FRACTION). UPDATED IN
YYRARLY FXP',

FACH FTRM'S 'INTFRNALLY' FXPECTFED CHANGFE IF
WAGE FOR A YFAR (A FRACTION), UPDATED IN
‘YRARLY FXP',

IV FACEF MARKFT, THF 'EXTERNALLY' FEXPRCTFD
THANGE IN SAL®S PRICE FOR A YFAR (A FRACTION).
ENTERERED EXORENQOUSLY.

IV FEACH MARKRT, THE 'EXTERVALLY' EXPRECTED
CHANGE IN SALFS FOR A YEAR (A FRACTION).
RNTERED EXOAENOUSLY. '

TN RACF MARKFT, THF YEXTRRNALLY' RXPRCTED

CHANGF IN WAGF FOR A YFAR (A FRACTION). ENTERED
EXQOGFNOUSLY .

A CONSTANT 1ISFD IN 'YFARLY FXP' T0O UPDATE

'TNTRRNALY FXPECTATIONS ON PRICES, SALFS, AND
WAGES.,

A CONSTANT USED IN 'YEARLY EXP' TO UPDATFE

'"IVTRRNAL' FXPROTATIONS OM PRICES, SALES, AND
WAGES
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FTP -

PrAq -

FIW -

rAMMA -

VD -

INVRFF -

I0TA -

KSIFAIL -~

Ksisuce -

K1 -

K2 -

L -

LAYOFF -

A CONSTANT DRSNRIRING FOW FIRMS TRADE OFF ONMLY
JUST EXPERIFNCED PRICF CHANGE AGAINST
LONGRR-TFRM EXPRCTATIONS. USFD IN 'QUARTFRLY
FXPY,

A CONSTANT DRSNCRIRING HOW FIRMS TRADF OFF ONLY
JUST FEXPERIFNCED SALES VALUFR CFANGF AGAINST
LONGER-TFRM EXPFCTATIONS. USED IN ‘QUARTERLY
EXP',

A CONSTANT DRSCRIBING HOW FIRMS TRADE OFF ONLY
JUST FEXPRERIENCED WAGE CFANGR AGAINST
LONGER-TERM EXPRECTATIONS. USFD IN 'QUARTERLY
EXP',

A CONSTANT PRLLING HOW BIR WAGR INCREASE 1S
NEFDED FOR A PFRSON THAT FE SHOULD LFAVE HIS
JOB FOR A NFW ONF, USFD IN ‘'LABOUR SFARCH?',.

TMPORT SHAR® IN EACH MARKET. UPDATED IN ‘'MARKET
CONFRONT !,

FOR FACH FIRM, ITS INVESTMENT EFFRCIFENCY

(INCREASE IN QUARTERLY PRODUCTION VALUF,
DIVIDED BY INVFSTMENT). COMPUTED IN 'INVFIN',

A CONSTANT USED BY FTRMS TO FORM THEIR INITIAL
WAGFE OFFFR IN 'LABOUR SFARCH®,.

A CONSTANT, USFD IN 'LABOUR SFARCF', WFRICH
TERLLS BY HOW MUCH A FIRM RAISFS ITS OWN WAGE
LEVEL, AFTER IT HAS PRRFORMED AN UNSUCCESSFUL
ATTACK,

A CONSTANT, USED IN 'LABOUR SFARCHE', WHICH
TELLS BY HOW MUCH AN ATTACKRD FIRM RAISES ITS
WARE ILFVREL AFTER IT HAS LOST PART OF ITS LABOUR
FORCE,

FOR FACH FIRM, THF BOOK VALUR OF ITS PRODUCTION
FQUIPMENT. UPDATED IN ‘INVFIN'.

FOR RA7E FIRM, ITS CURRFNT ASSETS. UPDATED IN
YINVFEIN ',

FOR FACR FIRM, ITS LABOUR FORCE, UPDATFD IWN

'LIUPDATE' (RFTIRFMENTS) AND IN 'LABOUR UPDATF'
(OTHER CHANARS),

FOR FACH FIRM, DISCREPANCY BETWEEN ACTUAL AND
PLANNED LABOUR FORCE (BFFORF MARKET

INTERACTIONS). HELP VARIABLE USED IN 'TARGET
SFARCHY TO ACCOMODATE 'AMAN' LAYOFF LAG,.



LNss

Lu -

Lz -

M -

MARKETITFER -

MAXSTO -

,IHTAQT -

MINSTO -

MKT -

MTE

NDIR

NH -

TOTAIL LAPOUR FORCF IN THF RCONOMY, UPDATED IN
'LUUPDATE Y,

ROVERNMENT LABOUR FORCF, UPDATED IN 'GLAROUR'.

FACH FTRM'S TLABOUR FORCE, A HELP VARTABLFE USFD
WITHIN 'TLAROUR SFARCH' TO ACCOMODATFE THE MARKET
INTERACTIONS .,

A CONSTANT, TRLLING HOW MUCE OF FTRMS'
JINVESTMRENTS THAT ARF DIRFATED TO THF STRUCTURAL
SLACK,

NUMBRER OF PROPLE UNEMPLOYED. UPDATED IN
'TLUUPDATE AND AT VARICUS PLACES WITHIN BLOCK
'ILABOUR MARKET!',

SERVICFE SFCTOR LABOUR FORCFE, UPDATED IN
'ZLABOUR',

FOR FRACH FTRM, ITS YFARLY PROFIT MARGIN (A
FRACTION), COMPUTED IN 'YFARLY UPDATF'.

NUMBER OF ITERATIONS ON DOMESTIC PRODUCT
MARKRT, USED IN 'YMARKET CONFPONT',

FOR FACH FIPM, ITS 'MAXIMUM' INVENTORY LFVET
(VOLUMR TFRMS). COMPUTATION IS DESCRIBRED WITHIN
BLOCK 'STOSYSTEM',

FOR FACF FIRM, AN AVERAGE OF PAST PROFIT
MARGINS (A FRACTION), UPDATRD IN 'YFARLY TARG'.

FOR FACH FIRM, ITS 'MINIMUM' INVENTORY LEVFL
(VOLUMF TRRMS). COMPUTATION IS DFSCRIBED WITHIN
RLOCK 'STOSYSTEM!',

TMDEX VARIABLE, RXTRACTING FROM 'SPENDING
CATEGORY' VECTORS DATA THAT APPLY TO INDUSTRIAL
MARKFETS ,

on RACH MARKFT, TECENOLORY FACTOR OF MODERN
RQUIPMENT (POTENTIALLY PRODUCED UNITS PFR
PERSON AND QUARTER). UPDATED IN ‘PRODFRONT'.

TNDFEX VARIABLFE, FXTRACTING FROM 'SPENDING
CATEGORY' VENTORS DATA THAT APPLY TO
NON-DURABLFE CONSUMPTTION CATFGORIFS,

NUMBFR OF HOUSFFOLDS - A CONSTAN 'F MODFL
NOW STANDS. ONSTANT, AS TH
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NITRR -

nyp -

OPTSTO -

ORDFER -

260

PRIMCHSTO -

PROPCHSTO -

PT -

oc -

OCHBW -

ACHK?2

OCHL

NCHLG

NUMBRR OF ITRRATIONS OF THFR LABOUR MARKFT FACH
QUARTFER, USFD IN 'LABOUR SFEARCH'.

FOR FACH FIRM, ITS NRET VALUE AS THF RFESIDUAL
RETWREEN TOTAI ASSETS AND BORROWING. COMPUTED IN
VINYFTN Y,

FOR FACH FIRM, ITS 'QOPTIMUM' INVENTORY LEVEL
(VOLUME TFRMS). COMPUTATION IS DESCRIBRD WITHIN
BT,OCK YSTOSYSTEM'.

VEZTORP, TELLING IN WHICH SFQUFNCE FIRMS ARE
ALLOWED T0 MAKF ATTACKS ON THF LABOUR MARKET
(BI? RFLATIVFE RECRUITMFNT PLAN GOES FIRST).

FNP RACH FIRM, ITS YFARLY AVERAGFE SALES PRICF.
UPDATFED IN 'YFARLY UPDATE'.

A HFLP VARIABLF USFD IN ‘'FIRMSTO' TO DISTRIBUTE
INVENTORY ADJUSTMENTS AMONG FIRMS,

A HFILP VARIARLFE USFED IN 'FIRMSTO' T0O DISTRIRUTF
INVENTORY ADJUSTMFNTS AMONG FIRMS.

ON FACF MARKET, FIRMS' COMMON OFFERING PRICE T0
HOUSRHOLDS IN ONE ITERATION. FIRST COMPUTED IN
'"MARKET CONFRONT'; LATER UPDATED IN ‘'ADJUST
PRICES!',

FOR FACH FIRM, ITS TOTAL PRODUCTION FOR A YFAR
(VOLUME). UPDATFD IN 'YRARLY UPDATE',

A HOUSRFOLD'S CONSUMPTION IN FACHF OF THE
SPENDING CATFGORIRS (VALUR® PER QUARTFR).
COMPUTED IN 'HOUSFEOLD UPDATE'.

FOR FACH FIRM, ITS QUARTFERLY CRANGE IN
BORROWING, COMPUTED IM ‘INVFIN',

FOR FACH FIRM, ITS QUARTFRLY CHANGF IN CURRENT
ASSFETS. HELP VARIABLE USFD IN ‘'INVFIN'.

FOR FACH FTRM, ITS QUARTERLY LABOUR FORCFE
CTHANGRE DUF TO LABOUF MARKRT INTERACTIONS
(RETIREMENTS ARF NOT INCLUDED). COMPUTED LAST
IN 'LABOUR SFARCH'; UPDATED IN 'LABOUR UPDATE’®

IF LAYOFFS OCCUR,

NUMERR OF NEW PERSONS IN GOVERNMENT SECTOR
LABOUR FORCE FACH QUARTER (INCLUDING
REPLACEMENTS FOR RFTIRFMENTS).



OCHLZ -

ONHOTOP -

OCHOTOP]

QCHATOP2

QCHS -

QrETSTO -

OrHEY -

QrPI -

apneT -

QpI -

ODMTR( -

onp -

@DPDOM -

@DPFOR -

-

NUMBRER OF NEW PFRSONS IN SERVICE SECTOR LAROUR
FORCE EACH QUARTER (JINCLUDING RFPLACEMENTS FOR
RETIREMENTS).

FOR ®ACH FTRM, QUARTERLY CHANGFE IN PRODUCTION
CAPACITY 'QTOPY DUR TO INVRSTMENTS. COMPUTED IN
'"PRODFRONT' .,

PRODICTTION CAPACITY INCRFASE THAT CAN BF USED
REGARDILESS OF SLACK COMNSIDRREATIONS, COMPUTRED IN
'PRODFRONT ',

THAT PART OF A PRODUCTION CAPACITY INCREASE
WHICH IS DIRECTED TO THE FIRM'S SLACK., COMPUTED
Imm YPRODFRONT?',

FOR FACH FIRM, ITS QUARTFRLY CHANGF IN SALES
(ABSOLUTE VALUF TERMS)., HFLP VARIABLE 1IN
‘INVFINT,

ON FEACH MARKRT, TOTAL QUARTRRLY CHANGRE IN
JTNVENTORY 70 RF DISTRIBUTED BFTWREEREN FIRMS.
COMPUTED IN 'DOMFSTIC RFESULT'.

FOR FACH FIRM, ITS QUARTFERLY WAGE CHANGF IN
ABSOLUTE TRRMS, COMPUTED LAST IN ‘'LAROQUR
SFARCH!',

CONSUMFR PRICE INDEX, UPDATED IF 'HOUSEHOLD
UPDATE?',

QUARTERLY (CRANGRF IN CONSUMFR PRICFE INDEX (A
FRACTION). COMPUTED IN 'HOUSFHOLD UPDATE'.

A HOUSFROLD'S DISPOSABLF INCOME FOR ONE
QUARTER., COMPUTED IN 'HOUSFFOLD INIT'.

ON EACH MARKFET, THE RATE OF TRCHNOLOGY UPRRADE
FOR PRODUCTION FQUIPMENT (A FRACTION ON
QUARTERLY BASIS). ENTERED FXOGENQUSLY.

FOR RATH FIPM, ITS QUARTERLY INCRFASE IN SALES
PRICE (A FRACTION). COMPUTFED IN ‘'FINALAPQSQM'.

ON EACH MARKET, THF QUARTFRLY INCREASE IN
DOMESTIC PRICF (A FRACTION). COMPUTFED IM
'DOMRSTTT RRSUTT,

ON FACH MARKFT, THE QUARTFRLY INCREASE IN

FORFICN PRICE (A FRACTION). FXOGENOUSLY ENTRRFD
IN 'EXPORT', h
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ang -

ans -

QDTRCZ -

anw -

aOnyIND -

QFXPDP -

EFEXPDS -

QFXPDW =~

ORYPP .

QAFRXPS -~

OFXPW -

OFR -

aQINy -
QINVLAG -

oM -

FOR EACH FIRM, ITS QUARTERLY INCRFASFE IN
PRODUCTION VOLUME (A FRACTION). COMPUTED IN
'PLANQREVISFE?,

FOP FACH FIRM, ITS QUARTFRLY INCRFASF IN SALFS
VALUF (A FRACTION), COMPUTED IN 'FINALQPQRSQM',

QUARTFRLY UPGRADF OF TECHNOLOZY FACTOR FOR THE
SERVICE SFNTOR (A FRACTION). EXOGENOUSLY
ENTERRED IN 'ZLABOUR',

FOR FACH FIRM, ITS QUARTFRLY WAGFE INCREASF (A
FRACTION),., COMPUTED IN 'LABOUR UPDATE'.

AVFRAGE WAGw INCREASFE IN THF INDUSTRY DURING
ONFE QUARTER (A FRACTION). COMPUTED IW 'LABOUR
UPDATE',

FOR EACH FIRM, ITS EXPECTATION ON PRICE
JNCRRASF FOR THFE NEXT QUARTER (A FRACTION).
HrRLP VAPIARBLE USFED IN 'QUARTFRLY FXP'.

FOR FACH FIRM, ITS EXPECTATION ON SALES VALUE

INCREASR FOR THE NEXT QUARTFER (A FRACTION).
HELLP VARTABLFE USED IN ‘QUARTERLY EXP',.

FOR FACH FIRM, ITS EXPECTATION ON WAGF INCREASFE
FOR THR NEXT QUARTER (A FRACTION). HFELP
VARTABLE USED IN 'QUARTRRLY EXP'.

FOR FACH FIRM, ITS FXPECTED SALFS PRICE FOR TFE
NEXT QUARTFR, (COMPUTED IN ‘'QUARTFRRLY EXP'.

FOR FACH FIRM, ITS FRXPECTFD SALFS VALUE FOR THE
NEXT QUARTFR. COMPUTED IN 'QUARTERLY EXP'.

FOR FACH FIRM, ITS RXPRCTED WAGF LFVEL FOR THFE
NEXT OUARTFR (FXPRFRSSFD ON A YEARLY BASIS).
COMPUTED IN 'QUARTERLY EXP',

FOR FACH FIRM, ITS PRODUCTION POSSIBILITY
FROWTTIER (VOLUME PFR _QUARTFR) AS A FUNCTION OF
IT™S LAROUR FNORNE. COMPUTATION IS DRSCRIBED
WITHIN BLOCK 'PRODPLAN'.

FOR FACH FIRM, ITS QUARTFRLY INVESTMENT (VALUF
TRRMS)Y, COMPUTRD IN 'INVFIN',

FOR XACH FIRM, ITS IFNVESTMENT FOR THE NEXT
QUARTER (VALUR TERMS). COMPUTED IN 'INVFIN',

FOR RACH FIRM, ITS PROFIT MARGIN DURING A
QUARTFR (A FRACTION). COMPUTRD IN 'INVFIN'.



OMAYXTSUDOM - FOR FRACH MARKET, MAXIMUM SALRES VOLUMF FOR A

oMz -

QOPTSU -

QoOPTSUDOM -

QPDOM -

OPFOR -~

QPH -

QPLANL

OPLANQ -

QPREILCPI -

QPRELPDOM -

QPRELPZ

Q‘DZ -

aQ

-

QUARTER DUF TO 'MINSTO' CONSTDFRATIONS. EFELP
VARIABLE USED WITHIN YMINSTO ADJUST'.

PROFTT MARGIN TN THE SERVICE SECTOR DURING A
AUARTER (A FRACTION), COMPUTED IN
'FINAT,QPQSQMY

FOR FACH FIRM, ITS OPTIMUM SOLD VOLUME DURING A
QUARTRER, COMPUTED IN ‘'PLANQREVISE'.

OPTIMUM SOLD VOLUME ON TH® DOMESTIC MARKET
(UNITS PER QUARTFR), COMPUTFED FOR EACH FIRM IN
'MARKET FNTRANCE',

FOR RACH FTRM, ITS SALFES PRICF DURING A QUARTER
(AN AVRERAGR BETWEFN FORFJIGN AND DOMESTI
PRICE). UPDATFED IN 'FINALQPQSQM!',

ON FACH MARKET, TFE DOMESTIC PRICF DURING ONE
QUARTRER, UPDATFED IN ‘DOMRSTIC RFSULT'.

oy RACH MARKET, THE FORFIGN PRICE DURING ONFE
QUARTFR, UPDATED IN 'FXPORT',

DOMFSTIC PRICF IN FACH SPENDING CATFGORY AS
HOUSFHOLDS SFFR THFREM,., UPDATFD IN 'HOUSEHOLD
UPDATE ',

FOR FACH FIRM, ITS PLANNFED LABOUR FORCE FOR A
QUARTFR, COMPUTED IN 'TARGET SFARCE'.

FOR RArH FIRM, ITS PLANNFED PRODUCTION VOILUME
DURING A QUARTFR. COMPUTED IN 'INITPRODPLAN';
REVISED IN 'TARGRT SEARCH' AND IN
'PLAVNQRFVISE'.,

PRELIMINARY CONSUMFR PRICF INDFX, COMPUTED IWN
'COMPUTE SPENDINGY FEACH TIMF HOUSEHOLDS MFET AN
OFFFERING PRICR VECTOR 'PT'.

ON FACH MARKRT, THF FIRMS' INITIAL OFFERIN%
PRTICE T0O HOUSFHOLDS. (COMPUTED IN 'MARKFET -
ENTRANCE Y,

PRELIMINARY PRICE IN THF SERVICE SECTOR DURING
THFE QUARTER TO COME, COMPUTED IN 'ZLABOUR'.

PRICE IN THE SFRRVICE SECTOR DURIN” ONFE QUARTER.
COMPUTED IN 'DOMRSTIC RFSULT'.

PRODUCTION FOR A FIRM (UNITS PFR QUARTER).
COMPUTED IN 'PLANQRREVISE'.
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ez - (POTENTIAL) PRODUCTION IN THFE SFRVICFE SECTOR
DURING ONE QUARTFR (VOLUME). COMPUTED IN
'ZLAROUR' .,

QRR -~ FOR FACH FIRM, ITS RATFE OF PETURN (A FRACTION
ON A YRARLY BASIS). COMPUTED IN 'INVFIN' FACH
QUARTER.

Qs - FOR FACH FIRM, ITS SALES VALUE DURING ONE

OQUARTFR, COMPUTED IN 'FINALQPQSOM?®,

QSAVH - HOUSFHOLD SAVINGS (PFR QUARTER AND HOUSFHOLD).
COMPUTED IN ‘HOUSFHOLD UPDATE' AS A RFSIDUAL.

QsSboM - FOR FACH FIRM, ITS DOMESTIC SALFS VALUE DURING
ONE QUARTER, COMPUTED IN.'FTRMSTO'.

QSFOR - FOR FACF FIRM, ITS FORREIGN SALES VALUF DURING
ONF QUARTER. COMPUTED IN 'FXPORT?',

QSP - HOUSREPOLD SPENDING IN EACF SPENDING CATEGORY
(VALUF PER QUARTFR). COMPUTED IN ‘'COMPUTE
SPENDING' IN FACH ITERATION ON THE DOMRSTIC
MARKET.

QSPFR - 'PSSENTIAL' FOUSFHOLD SPENDING IN EACH SPRNDING
CATERORY (VALLU? PER QUARTFER). HFELP VARIABLF
USED WITHIN 'COMPUTE SPENDING!

QAsu - FOR FACH FIRM, ITS SALES VOLUMFE DURIN% ONE
QUARTEER, COMPUTED IN 'FINALQPQSQM'.,

QsuUnoOM - FOR FACH FIRM, ITS DOMFSTIC SALES VOLUME DURING
ONE QUARTFR. COMPUTED IN 'FIRMSTO'.

QSUFOR - FOR FACH FIRM, ITS FORFIGN SALES VOLUME DURING
ON®E QUARTFR., COMPUTED IN 'FXPORT'.

sz - QUARTRRLY SALES VALUR IN THE SFERVICE SFCTOR.
COMPYTED IN 'DOMESTIC RFSULT'.

OTARGM - FOR FACH FIRM, ITS PROFIT-MARGIN TARGFT FOR A
QUARTFR (A FRACTIONM). COMPUTRED IN 'QUARTFERLY
TARG',

QTBIY - TOTAL, BUYING IN FACH SPENDING CATFGORY (UNITS

PERR QUARTFER). COMPUTFD IN 'COMPUTE BUYING' IN
FACF ITRRATION ON THRE DOMESTIC MARKET.

Qrop - POTENTTIAL OUTPUT FOR A FIRM (UMITS PER QUARTFR)
AT ZFRO SLACK AND INFINITE LABOUR FORCE.
UPDATED IN 'PRODFRONT?® ,



nrse -

ow -

QWG -

Wz -

RFALCHLG

REDUNFE -

RES =~

RFSDOWN -

RESMAY -

RET -

AGGREGATE HOUSRFOLD SPENDING IN FACH SPENDING
CATEGORY (VALUR PRR QUARTRER). HFLP VARIARLFE
UDSED WITHIN 'COMPUTE BUYING',

FOR FACH FIPM, ITS WAGF LFVFEIL (FEXPRFSSFD ON A
YRARLY BASIS) DURING ONFE QUARTER, UPDATFD IV
'LABOUR UPDATF',

GOVERNMENT WAGFE LEVEL (FXPRFSSED ON A YFARLY
RASTS) DURING ONE QUARTER, UPDATED IN
'GCLABOUR?',

SERVICE SECTOR WAGF LEVEL (FXPRESSED ON A
YEARLY BASIS) DURING ONFE QUARTER. UPDATFD IN
YZILAROUR?',

FOR FACH FIRM, MAX PRODUCTION FOR A QUARTFER
REGARDING SALFS PLAN AND INVRENTORY MAXIMUM,
HAELP VARIABLE USED WITHIN 'TARGFET SFARCH',.

FOR FACH FTRM, MAX PRODUCTION FOR A QUARTFER
REGARDING ACTUAL LABOUR FORCE AND SLACK
LIMITATIONS., FRLP VARIABLF USED IN 'TARGET
SEARCH',

FOR FACHF FIRM, A QUARTERLY PRODUCTION LEVFL,
BELOW WHICH STRUCTURAL SLACK IS RFALIZED. FFELP
VARIARLE USRD WITHIN 'TARGET SFARCH'.

A CONSTANT IMPLYING HOW MUCH FIRMS RELY ON
EXTERNAL INFORMATION WHEN THEY FORM
FXPECTATIONS (TN 'YEARLY EXP')

NET CHANGF IN GOVERNMENT EMPLOYMENT (PFRSONS
PER QUARTER). ENTERFD EXOGENOUSLY IN 'GLABOUR'.

FOR FACH SPENDING CATFRORY, A FRACTION BY WHICH
SPFNDINGS MUST BF REDUCED DUFE TO LIMITED

SUPPLY., HFLP VARJTARLE USFED WITHIN 'MINSTO
ADJUST ",

STRUMTURAL SLACK FOR A FITRM (FRACTION)., UPDATED
Im 'PRODFRONT' AND (UNDFR TARGFT PRESSURF ONLY)
IN 'YTARGET SEARCH!',

A CONSTANT TELLING BY HOW MUCF FIRMS CAN REDUCE
THFIR SLAMNK DURING ONF QUARTER,

A CONSTANT TRLLING MAXIMUM SLACK ANY FIRM CAN
POSSIBLY HAVE.

RETTREMFNT RATFE ON THE LABOUR MARKFT (A
FRACTION ON QUARTFERLY BASIS).
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RFO -~

RFO -

RFODUR -

RI -

RII -

SMALL -

SMOOTH -~

SMP -

]

SMS

SMT

STODUR -
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FOR RACH FIRM, THE MINIMUM LABOUER FORCFE NFEDED
AS A FUMCTION OF DRSIRED PRODUCTION (VOLUMF PFR
QUARTER), THFE COMPUTATION IS DRSCRIBED WITHIN
BLOCK 'PRODPLAN'; THIS IS THFE INVERSE FUNCTION
TO 'OFR(L)'.

DREPRECTATION RATF OF PRODUCTION EQUIPMFENT (A
FRACTION ON QUARTFERLY BASIS).

DEPRFCIATION RATF OF CONSUMRR DURABLE G0O0DS (A
FRACTION ON QUARTERLY BASIS).

RATF OF INTERFEST, FXPRESSED ON A YFARLY BASIS.
ENTERED EXOGENOUSLY.

RATE OF UNEMPLOYMENT (A FRACTION). UPDATED IN
'LABOUP UPDATFE'.

A CONSTANT GIVING FIRMS' DESIRFED AMOUNT OF
WORKING CAPITAL AS A FRACTION OF SALES.

FOR FACF FIRM, ITS SALES VALUR DURING ONE YFAR.
UPDATED JIN 'YFARLY UPDATE',

FOR FACH FIRM, NUMBER OF PFOPLF FIRED DURING A
QUARTER, HRLP VARIABLF WITHIN 'LABOUR UPDATE'.

TNDEXTPG VARITABLE, (IVING SAVINGS COMPONENT OF
HOUSEHOLD SPENDING VECTORS,

ON FACH MARKFET, THFE FRACTION OF YFARLY SALES
THAT FIRMS CONSIDFRR AS INVENTORY MINIMUM,

TONSTANT USED BY HOUSFHOLDS TO.(FACH QUARTER)
TIME-SMOOTH THEIR ADDICT®D CONSUMPTION LEVELS
AND SAVINGS RATIO,

NONSTANT USED RY FIRMS TO (FACH YEAR)
TIMRE-SMOOTH THRIR PRICFE EXPRRIFNCES.

CONSTANT USED BY FIRMS TO (FACH YEAR)
TIMF-SMOOTH THEIR SALES RXPFRIFNCES.

CONSTANT USFD BY FIRMS TO (FACHF YEAR)
TIME-SMOOTH THREIR PROFIT-MARGIN HISTORY.

CONSTAFT USFD BY FIRMS TO (FACH YEAR)
TIMF -SMOOTH TFRIR WAGFE FXPERIFENCES.

FOR FACH FIRM, ITS CURRENT INVENTORY LEVFEL
(VOLUME TERMS). UPDATFD IN 'FIRMSTO'.

FACH FOUSFHOLD'S STOCK OF DURABLE G0OODS (VALUF
TRRMS)., UPDATFD IN '"HOUSFFOLD UPDATF'.



SWAP -

TARGIM -

TARGMZ -

TEC -

TECZ -

THFTA -

TMIMP -

TMSTO -

TMX -

WH -

WHRA -

WW -

A FACTOR DFTERMINING THE SFHFORT-TFRM TRADF-OFF
BETWEEN SAVINGS AND SPENDINGS ON CONSUMRR
DURABLES. COMPUTED IN 'COMPUTE SPENDING'.

FOR FPACH FTRM, ITS PROFIT-MARGIN TARGET FOR ONE
YRAR (A FRACTION)., COMPUTED IN 'YFARLY TARG'.

PROFIT-MARGIN TARGET IN THFE SERVICE SFCTOR (A
FRACTION), ENTERED EXOGENOQUSLY,.

TECHNQLORY FACTOR FOR A FIRM (UNITS PEF MAN AND
QUARTER). UPDATED IN ‘'PRODFRONT',

TECHNOLOGY FACTOR FOR THE SFRVICF SFECTOR
(POTENTIALLY PRODUCED VOLUME PER MAN AND
QUARTRER), UPDATFD IN 'ZLABOUR'.

MAXIMUM FRACTION OF A FIRM'S LABOUR FORCFE TFAT
IT CAN LOOSE AT ONFE LABOUR MARKET ATTACK. USED

IN 'LABOUR SFARCH',

FOR RACF MARKRT, THE TIMF CONSTANT TO ADJUST
IMPORT SHARE.

TIME CONSTANT FOR FIRMS WHEN ADJUSTING
INVENTORY DISCRFEPANCY (YFARS). USED IN
'INITPRODPLAN' AND IN ‘'PLANQREVISF'.

TIME CONSTANT FOR FIRMS WHEN ADJUSTING EXPORT
SHARE IN ‘EXPORT' (YFARS; COMMON TO ALL FIRMS
ON A MARKET).

FOR FACH FIRM, ITS AVFRAGFE WAGF DURING ONE
YRAR, COMPUTED IN ‘'YFARLY UPDATE'.

FACH HOUSEHOLD'S WFALTF (CURRENT VALU® OF ITS
BANK DRPOSITS). UPDATED IN 'HOUSEHOLD UPDATE'.

FACH HOUSFEEHOLD'S ADDICTED WRALTH RATIO
(QUOTIRNT BFTWERN BRANK DFPOSITS AND QUARPTERLY
DISPOSABLE INCOME). UPDATED IN 'HOUSEROLD
UPDATE?' .

FACH FTRM'S WAGF., A HELP VARIABLE USFD WITHIN
'LABOUR SFARCH' TO ACCOMODATE MARKFET
INTERACTIONS.

FOR RACH FIRM, ITS EXPORT SHARFE (FRACTION OF
SOLD VOLUME), UPDATED IN 'EXPORT®,

INDEXING VARTABLE, FXTRACTING SERVICE SECTOR
DATA FROM A SPENDING CATEGORY VFECTCR.
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