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1. Introduction

The idea to treat the disequilibria as "normal" but dis-
agreesble states of the economy 1is becoming widoaproad’. It has
an increasing impact on the econometrio macro-modelling, especia-
1ly of the socialist economies. One of the most important tasks
is to study empirically both the potentials and supplies of
commodities (and labour) on the one hand and the demand for pro-
.ducts and production factors on the other hand, with prices (if
endogenous) being typically explained in the inflationary frame-
work. The above approach does not necessarily assume a balanced
growth (i.e. the existence of equilibrating mechanisms - quanti-
tative adjustments other than prices). It may assume the prevaile
ing states of disequilibria in certain markets or blocks of equa-
tion.2. The model W=5 of the Polish economy which is described in

¥Prof. Dr., Head, Institute of Econometrics and Statistios,
University of zéas. ‘

! The analysts by J. K o rn ai (1980) of a ocentralized
command type economy prevailing a a certain historioai
zgriod in socialist countries, which produced chronic shortages
commodity markets, excess demand for labour and capacities
(investments) formed {he theoretical basis for many empirical
short and medium-term analyses. On the other hand, M. K &'l e ¢~
k 1 (1963) in his theory of growth of the socialist economies
has formulated the idees of barriers of growth being the source of
disequilibria (in foreign trade, balance of labour force and
material balances, first of all of raw materials and energy). Let
us note, that prices are assumed to adjust too slowly (after
a longltime lag) and thus do not play any significant equilibrat-
role.

, 2 The model that contains the description of supplies, demand

and either an equilibrating mechanism or the explanation of exe
Cess demand (supply) we used tocalla complet e model.
See W, Welfe 1976, 1978.

(93]




94 Wiadysiaw Welfe

this paper has the above oharnotorintio.’. Its structure was
shaped in 1982 along with the first results of estimations based
on the 1961=1979 sample. It is stil)l under testing. We shall con-
centrate on the description of the main assumptions being used
and the first results obtained.

2., The predecessors: VW3 models of the Polish eco

As the model W-5 borrows heavily from its predeceasors,
especially from the demand and supply versione of the earlier W-3
model of the Polish economy, let wus briefly characterize both of
them4. : .

The demand-oriented version was oconstructed in the early
seventies to desoribe the mechanisms characteristic for the opti-
mistic period of "accelerated"”, <fairly balanced growth of the
Polish economy. It assumed that the capacities at that period
were not fully utilized, that their higher utilization as well as
an increment of capacitiés might be easily obtained in short
periods of time to meet the rising demand. This was based on the
assumption that domestic resources and readily obtainable cheap
foreign credits would help to eliminate the existing bottlenecks
and guarsntee steady inflow of dimported raw materials and spare
parts, and especially new technologies from developed market
economies finding'no constraints on the import side. This gave us
the right to believe that both the intermediate and final demand
would be fully satisfied, disregarding how it was decided. We

=~ 3 The first model of the Polish economy (and possibly of
a soclalist economy) which explicitly specified supplies,require-
ments and exceas demand {aupgig) was the W=1 model constructed in
1971 (Wel fe 1973). It never been operationally used
because of the conatraints on the software side (nonlinearities)
as well as the unsatisfactory knowledge about the observable
disequilibria symptoms (indicators). The importance of that type
of econometric studies has been emphasized in several papers
(Welfe 1976, 1978) and in the late 70ties during the economio
criegis the idea of constructing a model of that oclass for Poland
was raised once again (C z e rwidski, Welf e 1982;K1ein
1982; W el £ e 982). A

4 The more comprehensive description of the versions of the
W=3 model can be found in Czy 2 ews ki, Dgbseski, Wel-
fe 1976; Welf e 1980,
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.have in mind the individual households decisions with regard to
the personal consumption, collective type decisions made by the
government with respect to the investment allocation as well as
the allocation of central budget to the services sector, and also
the decisions by trade organigzations with regard to exports. The
above assumptions explein why a demand oriented type of W-3 model
was built., It contained first of all demand equations which ex-
Plain the behaviour of households, the decisions being made by
industrial organizations with fogard to investment outlays cor-
rected at the top level = by the central planner, the increase of
inventories and foreign demand (exports). A system of equations
was constructed next that transformed the final demand to the
demand for gross output and not'output at the industry level.
Then, assuming that the primary factors are availsble in excess,
we tried to generate the required employment and eventually to
compare it with the existing labour force (the active population
in private agriculture was treated as a reservolr of potential
supplies of employees towards manufacturing industries). The
foreign trade equations were based on similar assumptions. Assum-
ing that the foreign demand will be met, the export equations
were specified as generating demand. Similary the import equations
described the domestic complementary demand either for raw ma-
terials and semi-finished products or for investment goods or for
consumers’ goods.For many years there has been no resl constraint
with regard to the imports except for goods satisfying final
~demand”,

- In the middle of the 70's it became obvious that the demand
determined model was not able to describe in an adequate way the
development of the Polish economy. The main reason was, that
several constraints arose which were not given before.They became
very severe in the late 70's. The major constraint came from the
import side. That was due to the restricted availability of
toreign‘credita in convertible currencies, and to their increased
expenditure on purchases of foodstuffs. In the same period,Poland
started to repay its foreign debt. Originally, the constraints
hit the import of consumer goods (except for foodstuffs). Then

5 For a more detailed description see W e l f e 1980, 1981,
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they affected with a certain delay the import of investment goods, .
which was in line with the policy of freezing and then declining
the investment levels. At the very end the restrictions were ime
posed on the purchase of the raw materials,semi-finished products
(chemicals etc.) and spare parts. These have been most severe and
caused, in the first line, a decrease of inventories and after-
wards less than proportional decline of industrial activities (as
some substitution in their use took place). The above constraints
Jointly with the energy restrictions had a far reaching negative
effect as the constraints spread all over the production sector
"producing" new bottlenecks. As & feedback exists between the
industries producing energy, raw materials and manufacturing in-
dustries, especially machinery and machine parts which can be
called bottleneck multiplier - the final negative impact was
higher than that directly imposed by the initial constraints.

The above description indicates that to be able to forecast
and simulate the developments on a macroscale = the supply side
of the economy had to be modelled. A supply-oriented version of
the W=3 model was constructed at the end of the 70's® and it
proved efficient in explaining economic crises during that period
and forecasting the decline of the activities until 1982 and the
prediction of the recovery in 1982/1983.This model is consequent-
ly supply-determined as it generates the net and gross output
from the production functions, then allocates the output among
'final users by means of euﬁply equations being approximations of
balance identities. Imports were constrained by total exports and
the assumed balance of trade, directly 1nfervening in the produc-
tion functions, -

3« The model W5 and the economic disequilibria
e ————}

Having a supply-determined model only it occurred not feasible
to perform serious studies with regard to the deep disequilibria,
which were plaguing the national economy. To make progress - the

I Its operational version, obtained after introducing some
simplifying assumptions, is recently used in performing forecasts
and simuletions. See Juszoczak, Welfe 1982 and
Lubera, Potargowicsz, Welfe 1982,
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simultaneous analysis of the demand side was 1ndiaponaab1;. That
led us to the construction of the W-5 model of the Polish economy.

Let us characterize the above mentioned problem of analysing
disequilibria in the production sector 4in some more detail., They
may be of a complex nature. In many industries, we can observe
idle capacities because 'of the constraints on the supply side
mostly due to shortages in“energy and material supplies. In some
other industries, mosi., hize Jrudusiig investment goods we can
notice that unutilized capacities are due to the “classical" fac-
tors, i.e. demand constraints. Let us take an example from the
electro-engineering industry. The underutilization of the capaci-
ties in this industry is only partly due to the restrictions in
supplies of raw materials and semi-finished imported products. It
is mainly due ¢to deep cuts in investment outlays not compensa-
ted by a respective increase of exports,i.e. demand for machinery
and equipment. The exports cannot simply expand as quickly as the
domestic investments have been declining. In this ocase we had a
mixture of factors that caused a decline of activities in the
electro~engineering industry. This was ocharacteristic also for
other branches of the national economy. Thus, we arrive at the
conclusion that to describe the changes in the disequilibria we
need both supply and demand equations.

Therefore, the first characteristic feature of the model W5
is that it combines the two versions of the previous W-3 model in
one. On the one hand, we have a system of equations generating
supply. Supply is broadly understood: we mean by it generation of
primary production factors,productive capacities, and the produc-
tion itself (being import-constrained), and the allocation of the
produced commodities among the final users. On the other hand,
the model generates demand, i.e. the final demand of households,
government, investors,exports and its transmission to the produc-
tion level and then the demand for imports and also the required
employment. Having defined such & system the following question
must be anawered..Should this system be closed, i.e. equilibraied
or not? A system is equilibrated if we assume that supply equals
domand7.

Tsee Welte 1976, 1978.
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Let us take a simple example. We shall assume that for the
description of the consumer market the supply and demand funce
tions have been defined. The supplies of oconsumer goods at the
retail level (CS) depend on the production (QS), imports (M) and
prices (PC). We thus have

CS = g(QS, M, PC) aupply.

The consumers’ demand (CD) is detemmined by real income (Y)
end prices (PC), Then

If we assume that CD = CS = C, where C means consumers’ real
expenditure, we can have mah: options. The classical option is of
course thé assumption that the prices clear the market and so PC
will be endogenized by solving for PC the market system. Then, we
might drop either the supply which 1is being done typically, or
demand. The rationale behind the first solution is a belief that
changes in supply will follow those in demand (at a given price
level ). Sometimes another option might seem more realistic. If
the factors determmining the expected supply are strong enough and
the prices are kept constant the adjustments in thé demand can be
achieved via the income changes. Or to put +this in yet another
way = if the planner would like to satisfy the consumer demand,
given the total supply of consumer goods and unchanged prices, he
would have to adjust the nominal incomes (YP) in such a way that
CD = CS. The precondition is that the planner is able to control
the wages or incomes. However, the adjustment of wages downwards
is hardly feasible and as the Polish experience shows, it is also
difficult to control the rates of wage increases. In all the last
5 or 6 years,we faced a situation that the plana with regard to
the pay-roll were overfulfilled®,

The other most appealing possibility for the planners would
be to assume that supply equation vanishes and from the supply
equation either domestic production (QS) or imported supplies (M)
will be determined.Then it must be assumed that there are no con-

8 It can be claimed that & skilled planner will be able to
evaluate the likely level of the overestimation of the plan and
calculate it in his forecast.
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straints either in the foreign trede or with regard to the
domestic production, i.e.either idle capacities must be available
or their increase feasible. This solution uses the fremework of
a typioal material balances technique.

Alsuning this or that type of equilibrium or balanoodnoll. we
are going in fact to resign from an iiilioit determination of
either supply or demand function. However, the above assumption
does not seem realistio enough. The opposite might be typlically
true, i.e. that demand does not equal lupply C8 # CD, In this
case the system is left open.

One of the features of the model W-5 18 that in two broad
commodity markets the assumption has been made that the equation
systems are open. We have the consumer goods market where both
demand and supply are determined, but not equalized, The other
block of the model where the subsystem is left open is the produc-
tion measured at the producers’ level. The factual production of
13 industries is being generated from the constrained production
functions, while the demand for products of the above industries
is obtained from transformation of the final demand. Por the
sample period, which covers 20 years one can expect that the
estimates of both supply and demand should be very close to each
other, provided suitable disequilibria indicators were used. But
any simulation excercise that does not assume this type of balance
will show the likely difference between supply and demend. If the
uger likes to perform simulations aimed at resching the balance
he might either solve the system with respect to chosen variables
determining demand and/or supply (being residual), or use optimal
control techniques to arrive at solutions close to balance.

4. General characteristics of the model W<5
m =30 ———— -3

The model W=5 418 large and this is partly due to the fact
that many blocks sppear twice explaining démand and supply. Lot
us present now the general characteristics of the model., As it
stands now it has more than 800 equations, emong them more than
& half being stochastic (the details are shown in Appendixz 1).

In fact there are fewer behavioural equations than stochastie
ones because in some cases the stochastic equations are simply
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epproximations of identities. The reason is that because of data
deficiencies not all the components of an identity (the balance)
are known or expressed in the same units.

There are more than 160 exogenous variables but among them
leas than 50 are strictly exogenous, the others are dummies which
have been introduced to impose the shocks 1in paremeters. Very
often they can be regarded as reflections of the central planner’s
interventions, that took place in the past. For instance, if the
prices for alcoholic beveragea had been increased for about 50 or
70%, this change would be extremely difficult to explain by means
of accumulated costs of alcohol fabrication or by accumulated ex-
cess demand. Dummy stays for a decision, that has behind it the
above mentioned rationale. The variables which are strictly exo-
genous characterize either the impact of changes of the world
economy or of the weather conditions. On the other hand, the
variables being exogenous end at the same time representing the
economic policy measures have been traditionally the goverament
consumption (which will be 'endogenized in the near future), then
variables determining the allocation of total investment and among
the main spheres and industries and also the number of shifts
worked in the industry being one of the most important indicators
of the utilization of capacities. Some <financial variables have
been treated as exogenous too. They represent the government
policy with regard to taxation and other financial measures (sub=-
sidies etc.). The prices are generally endogenized but many possi-
bilities of intervention have been offered in the form of dummies
introduced into the price equations.

5« The structure of the model

The structure of the model c¢an be decribed by indicating
what blocks of activities were distinguished and what d4s the
aggregation level. Let us stress that the model has been enlarged
ag compared with the W-3 model. Typically, the models constructed
for the socialist economies cover the real processes but not the
finencial ones, except for wages and incomes. Ve tried to enlarge
the model W-5 by including the blocks explaining the financial
processes, i.e. the incomes and expenditure of socialized firms,
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of the state budget, and balances of payments, investment financ-
ing and money flows. The level of disaggregation is similar as in
the W-3 models = the productive sector is divided into 11 indus-
tries, there are specific classifications of oomnodities and acti-
vities for final users oto.9

The first block deals with employment, nnd it generates hours
worked and both demand by industries and total supplies of labour
force. The second block describes investment and investment pro=
cess. It generates the demand for investments by industries being
mainly determined by the expected net output (increase). This 1is
corrected taking into account the constraints with regard to the
total investments, i.e. proportionally to the ratio of total re-
quired investments to those assumed by the government; the latter
being related to the desired levelof total consumption expressing
the policy of protecting the attained levels of the living stand-
ards. Then, the supply of investment goods is determined:the buil-
dings and constructions depend on the activity levels of the
building industry,whereas the supplies of machinery and equipment
are assumed to meet the demand (domestic investment and exports).
This ensures the global balance between supply and demand for ine
Vestment goods. The investment outlays (by industries) are trans-
formed within an investment process characterized by speoific
lags into investments put into operation (gross capital forma-
tion)s At the very end of this process, we will have & block
showing the formation of fixed assets, taking into account the
initial volume plus gross oapital formation minus estimated scrap-
Pings (Pig. 1).

The next block characterizes the generation of output. The
detailed description of the production functions will be given
further on. Now,let us note that the block generates the capacity
output, the supply,which is typically equal to the actual output,
sales of output, and the demand for output by industries. Because
We are using both net and gross output the equations are defined
for both of these indicators (Fig. 2).

The consumer is described in a separate block. The domestic
Production and imports determine the supplies of consumer goods
to the wholesale trade (adjusted for exports), which in turn

9 See Tab. 1.
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Fig. 1, Investment outlays-production

Getermine the sales -at the level of the retail trade = with a
distinction made between the soclalized and the private trade. At
the very end supplies to households are shaped.On the other hand,
the consumer demand is generated in a traditional way (personal
income and relative prices being the main explamatory varfables).
Both supply and demand are elther left unbalanced or adjusted
using general or specific instruments (prices, additional supplies
etc.) (PFig. 4).

The inventory levels and changes are the ingredients of a

separate block of the model. They depend on activity levels and
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Fig. 2. Production sector

also on changes in demand-supply relationships. Unfortunately,
they do not intervene much in the rest of the economy because of
great difficulties, first of all, in measurements, and secondly,
in utilizing that type of information. Therefore, for the time
being this block is mostly post-recursive.
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Fig. 3. Balances

The foreign trade block defines both import and export equa-
tions as demand functions. The specific feature of the model is
that it generates the initial demand for imports and then come
pares the totel money demand with the available money fund deter-
mined from exports and the net <finaneing of foreign operations.
This adjustment works in one direction, it cuts the demand if it
is higher than disposable funds (Fig. 2, 3).

The traditional component of the financial side of the model
consists of wages which depend on labour productivity, the rate
of inflation and policy interventions, and total wage bills are
obtained viea identity. It also contains the formation of personal
income which depends on wage bills, pensions and earnings from
the private sector (mostly agriculture). The new feature is that
we tried to incorporate in the model the elements of the so called
balance of money receipts and expenditures of the households and
the private sector used in the planning and controlling of money
flowa by the National Bank, This balance 1s rather more or less
devoted to the characteristics of the money-flo;a‘than to analysis
of the consumer behaviour.

Several elements of the financial accumulation of the entere
prises (gross surplus) ere given in the model and they are put
into a complex framework with the block covering the state budget.
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Inflation Loop

H.g. 4. Market

The state budget 1noludoa revenues and expenditure explained in
the model by rclating the items to the levels of activities gene-'
rating revenues and to the level of activities financed from the
budget roapoctivoly. The only problem which is to be solved is
the incorporation of the banks financial operations in the model,
This will help closing the system of financial flows.

The balance of payments was incorporated into the model in
& rough way as the data were published fairly Ilate with no suf-
ficient detail. The model generates the total debt,the expected
Payments (including interest rate) and also total recelpts and
expenditure from foreign trade, including finencisl transfers.

Thus, we can say the finanoial side was largely developed in
the model in comparison with its predecessors and other comparaw-
ble models. Nevertheless, taking into account that the economic
reform in Poland tends towards & broad use of the financial ine
- 8truments in the economic policy - we have to determine how to
link the financial sector with the real sector = introducing in
the latter respective financisl indicators as explanatory veria-
bles. Such an example dealing with the activation of private
Savings for instance, can be easily indicated. The interest rate
which has been inoreased several times during the last few years,
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is an instrument which may lead to the increase of propensity to
save, provided its level exceeds the rate of inflation.

The last block of the model deals with the prices. As it has
been mentioned, the system of prices covers the whole national
economy. The major role is played by the prices at the producers’
level (deflators of gross output)., The following assumptions have
been mades the price changes are costedetermined,i.e. they depend
on changes in prices of material inputs (in the recent period
especially import prices) and labour ocosts which on the other
hend, depend on wage policies and wage negotiations and trends in
the productivity of labour. Secondly,the unit financial eccumula-
tion (gross surplus) may reflect either the inflationary, fiscal
pressures or the demand constraints that express the central
planner’s preferences via the indirect taxes or subsidies. The
last case may be illustrated by the 4inoreases 1in alcohol or
cigarette prices which are determined not according to the cost
increases but are prompted by the actions aiming at diminishing
demend. The specification of those equations is not satisfactory
enough at the moment as it mostly observes the prinoiplo of cost
push rathar than oquilibrating considerations,

6« The prodhction.tunotion
= —— ]

The problem of constructing the production functions, men=-
tioned above, is the most orucial if we wish to explain the eco-
nomic crises which hit the Polish economy during the late seven=
ties and at the beginning of the eighties, as well as to explain
the future path of recovery. The question 41is how to adjust the
production functions so as to be able to explain the underutiliza-
tion of capacities which was being estimated for mining and manu~
facturing industries at 40% in 1982,

We mostly used the Cobb=Douglas type of production functions.
The typical specification of the production function 1s that the
net output (X) is a log-log function of fixed assets (K), employ~-
ment (N) and technical progress (T). It defines in fact the cepa~
city output. It may be understood in a different way according to
whether the production is constrained by the existing machinery
equipment (potential capital) or by available labour input(poten-
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tial hours worked HS or potential employment), In the first case
we have (disregarding the specifioc form of the function ):
~ capital-constrained capacity (net) output XK:

X = 2(K, HK, T, o), : F G

where: HK « the number of hours worked, sufficient to wutilize
fully the available machinery and equipment, 1.e. HK = h(K); e =
= disturbance term,

In the second case:

= labour-constrained capacity (net) outpuf X3

XN = £(K # WZ, HS, T, o), - (2)

where WZ - the average number of shifts being a proxy for a coef-
flolent of adjustment of the time being worked by machinery and
equipment to the available working time of the employees -~ HS,
A8 there are not available statistiocal data about the capaci-
ty output or utilisation of capacities 4n Poland (the seame 1is
mostly true for other socialist countries) we had to develop the
concepts of measurement of the above mentioned indicators ourselw
ves. X k
The main idea was to extend the notion of production function
to cover the potential output constrained by all other production
factors, especially material and energy inputs MQ, equal to fac-
tual production in the case when the potential output 41is less
than demanded. It thus means we have to specify explicitly the
8bove menvioned constraints. Pirst of all, let us notice that the
Conastraints in materiel inpute affect the time being worked. If
there was no substitution between these two factors = the decline
in hours worked could exhaust the effects of material input
decrease. We have for the time being worked (H): ‘

H=h, T, M¥,, o), (3)

Wheres MY~ stands for sn indicator of input constraints - to. ba
explained below, T - represents a declining time trend in the
&verage number of hours worked per employee,and for the potentisal
Smount of working time (HS):

HS = W(N, T, e). (4)
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This is,however, not the case, as workers are not necessarily
fired and are offered temporary extra jJobs within factories (this
wes the common experience during the 1981/1982 orisis). Secondly
the statistice of time worked are typically biased -~ hours not
worked are not fully reported. There is another reason which is
not less important, If. there are _constraints in spare parts or
raw materials ocoming from imports and 4f the substitute-ability
is not very high then the efficiency of use of materials declines.
This means that to obtain the same output an {norease in the
inpute is needed, which are either of inferior quality or of in-
ferior efficiency, That 1a what we have really observed in the
industry starting from 1979 0, That gives an additional argument
towards introducing material inputs as a special variable into
the equation system. In fact the constraints on input, especially
.on import aide reflect two items: the physical deécline of output
due to the import constraints, secondly the decline in efficiency
of material use.

Let us analyse in some more detail how the indicator of shor-
tages in material inpute can be constructed. Several authors have
been arguing that the problem can be solved by a simple extension
of the list of explanatory variables of the production function,
i.e. by means of adding a variable being proxy for material input.
In this way energy was introduced as an explanatory variable, to
allow for energy constraints in the 70’s. In our case it should
be rather the raw materials being in short aupply. oapcoially
those imported from the hard currency areas., The results will be
misleading as there were constrained possibilities of substitu-
tion for either domestic or produced elsewhere materials. Let us
illustrate this point.Suppose we have a Cobb~Douglas type produc-
tion function and if there are no returns to scale, then the sum
of elasticities with regard to fixed capital (K), employment (H)
and imports (M) should be close to 1. We would expect that the
elasticity with regard to imports would be between 0.1-0.3 (the
other two adding up to 0.7-0.9).This would mean that aay addition
of imported raw materials by 10% would add %o the annual output

10 The gross output astill increased but the net output started
deoreasing, i.e. material inputs (per unit) increased.
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by 1=36, which seems reasonable, if this is associated with the
quality or efficiency inorease of the imported materials against
the domestic ones, This, however, does not explain the decline of
the activities of the industry, which will be associated with
& decline in imports of raw materials by say 10%., The Polish ex-
perience indicates that the decline of output might be proportio-
nal or slightly less than proportional to the decline in imports
(elasticities are in fact 0.7=0.9). It i1s not very difficult to
explain what went wrong. The dssumption that the raw material
imports are substitutes for the other factors of production holds
true only within a small range of changes in other production
factors. Otherwise, imports are complementary to the use of other
factors. Their decreased level has now moved to the position of
efficient constraint, whereas "normally" it never does. Thus the
satisfactory specification will imply that the 4impact of input
restrictions should be constrained to the periods when they
really occur.It technically means to introduce a suitable defined
dumny. Now we have to answer how to define the “"disequilibrium
indicator" associated with material inputs being in short supply.
This can be done in several ways''. The main idea 1is that the
above indicator should compare the available material input with
the necessary (normative) input. Generally we can write for such
an indicator MQ™ 4 :

"Q*'[? '(?). “1]' (3)
i 9, 11218 (?)Q A

0 otherwise

and 0 <A1 <1, 1close to 1
or

= (S - &) - Uy, 3

1 12 MQ% < Q%
Where U, =' | o otherwise

A

13¢e Walzte 1982,
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where: MQ - total material input, (MQ/Q)* = normative unit ma-
terial input, UQ% - percentage rate of change of MQ, similarly

for d%o
Combining the results obtained so far we ocan write the

following formula for the production function,explaining the real
output (provided there is no demand constraint):

IS = 2(K - Wz, H, T, MQ%,, e), (n
where the lag for M3 was introduced to take into mocount the fact
that the impact of input constraints 4is pnot immediate (due to an
inventory buffer).

Aocording to our experience, the indiocator given by(5) yields
results tnat are more stable (in simulation exercises) than the
indicator specified by (6), where the rates of growth of inputs
versus the rates of growth of gross output were used.

On the other hand, we had to adjust also the gross output.The
relationships linking net output and gross output need adjustment
being reverse to that introduced in production functions. This
relationship was originally simple as it was assumed that the
marginal rates of gross output to net output are constant. The
decline of efficiency of material inputs means that this rate
increases, i.e. that the decrease of net output must not be accom-
panied by a decline of gross output. Hence, we have the following
equation genornting gross output:

QS = £ (XS, MQ*,, e)s (8)

It 18 not certain whether the elastiocities of net output with
regard to imports or other material inputs determined for the
case of decreasing imports (or other inputs) will be similar for
the reverse case of increasing imports (material dinputs), 1.e.
whether we obtain increased efficiency of inputs associated with
improved utilization of machinery equipment and labour forge of
the seme size., There might be a lag in response to the increased
supplies, as in the first line the inventories have to be rebuilt
and the changes in the product mix may imply further increase of
inventories,
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7.Vrhoﬁprinoipal.coonomiornoohaninmsrdoaoribad by the modol

In the demand-oriented models the relationships between
investment and output are characterized by the well-known accele-
ration principle, whereas in the supply-determined systems there
is a feedback which might be called inverse accelerator type of
lolataonship. It is as follows.The '‘production of investment goods
1nornanoo the capacities with some delay in time, among others of
the industries producing machinery, equipment and of the building
industry. That increases the output of those industries. Thus, we
have a feedback which is long-term being completely different
from the classical accelerator. In the model W~5 the relation-
ahips were specified in a slightly different way being, to some
extent, a mixture of these iwo above mentioned mechanisms. This
is shown in Pig. 1. In its upper part, the net output (supplies)
by industries adds up to the NMP produced. Given the exogenous
net investment share we obtain net investment and hence total
investments and investments in the material product sector. This,
compared with the required investments in MNP sector, ylelds the
implied corrections in demanded investment outlays by industries.
The adjusted investment outlays materialize in the fixed capital
formation (after allowing for appropriate lags) and thus increase
the capacities of industries and consequently their output es
well as total NMP, This loop 4is obviously different from the
inverse accelerator as in this case the physiocal output of in-
dustries producing investment goods does not determine the totsl
level of investment activities. It is assumed that this level is
being determined from the top (by adjusting demand for investment
outlays - according to the desired levels of fpbrsonal consump-
tion). It follows that if the supplies of buildings and construce
tion projects are dependent on the aotivity 15§i1'dt building ine-
dustry (and building materials) - the supplies of machinery equip-
ment being residual adjust the totsal supplies to total (corrected)
demand, The feedback runs through the entire national econonmy,
being not constrained to the sector of investment goods produc-
tion. It must be asdded that the supplies of bulldings and con=-
struction prdjects influence the levels of investment activities
in the housing sector. As they co-determine the investment levels
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in MP psector their decline (increase) will be competitive with
regard to investments in the productive sector.

The initiael demand for investment outlays by industries is
determined in the model taking into mccount the expectations about
the gross and net output demand, These requirements for the in-
vestment putlays are further adjusted according to the rules
described above, The total adjusted requirements for investment
outlays in MP sector generate the requirements for machinery and
equipment and thus for the production of the eléctro-engineering
industry. The requirements for buildings and construction projects
are residual, They egain influence the gross output of the build-
ing industry and co-determine the total 1requirements for the
gross output by industries. As they further on co-determine the
requirements for investment outlays, the loop is being closed. Ve
have thus the feedback of an accelerator type which 4ie however
modified according to the general policies of allocation of the
distributed national income. , : :

The components of the production seoctor are highly inter-
dependent (see Pig. 2), These feedbacks are realized with appro-

priate lags. If we start with the fixed capitel, taking into ac~

count the hours worked,and arrive - using the production function
- at net and gross output of separate industries, then (with one
year lag) the scarcities in supplies of the products of these in-
dustries being inputs in other industries oreate new constraints
captured by the production functions. If the loop is closed then
we have a feedback celled a bottleneck multiplier. On the other
hand, the source of shortages can be the import constraints. They
can have a far reaching impact. If they cause & decline in output
and this diminishes exports, then given the foreign trade prices
and expected balance of trade -~ the imports are afreotod again.
This feedback will be called an import bottleneck multiplier.

The model contains also some minor feedbacks linking prices.
It has been assumed that export prices to the non-socialist
countries depend on the propensity to export. The export prices
of commodities. sold to the socialist countries are assumed to he
effected by the domestic inflationary pressures. These price in-
crements co~determine the earnings from exports and thus imports.
The imports may indirectly influence the exports and thus the
changes in export prices.
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The interrelationships in the proceases of distribution of
the NMP, 1.e. in the process of balancing output and demand are
shown in Fig. 3. The output (supply) determines employment, oco=-
determines wages and personal incomes and thus influences the con-
sumer demand. It also determines the investment outlays and,thus,
. the adjusted requirements for investment gooda. Therefore, the
two main components of the final demand are influenced by total

supply (by industries) which does not imply that they must equal
each other. . AT AW

Pigure 4 shows relationships in the markets of consumer goods
and illustrates the inflationary process. The starting point is
the production. It determines market supplies, retail psales and
supplies of consumer goods directly to the consumer, This is com-
pared with the demand, which i1s determined by real inocome and
relative prices. No assumption has been made so far that the
‘Prices vlear the markets. No feedback of the multiplier type is
to be found in the model because we had ocut off the possibilities
of adjusting the production of the consumer goods to the changes
in the consumer demand.

There is an inflationary type of feedback in the model. The
‘inorease of labour costs characterized by the ratio of the wage
bill to the total output produces pressures on the costs side
towards an increase of the producers’ prices.The producers’ prices
then determine the reteil prices. At the very end they determine
the living cost index. This egain introduces pressures towards
the wage increases.As the average wages are constitutive elements
©f the wage bill (their increase may be, however, compenseted by
the increase of productivity of labour), thus we have & typical
inflationary feedback in the model. This latest interrelationship
Oocurred especially strongly in the last 3 years during the sociel
Warest.

8. Pinal remarks

The model attempte to capture the latest economic develop-
ments characteristic for the Polish economy, which may have more
general significance,They are characterized by an economic orisis
©f unique depth and tendencies to recover slowly. The description
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0f the above phenomena proved to be very uncertain, because all
the changes introduced in the model to deal with them are basi-
cally determined using only a few observations. These are the
observations of the last 5 years if we begin with 1977. The model
has been originally estimated using the last observation from
1979 Just now we try to re-estimate the model using the up-dated
Anformation for 1980-1981.0ur experience with the supply-oriented
model shows, however, that the year 1982 may bp of a decisive
value for the estimation of parameters for the period of the
crisis and for the future projections. As we were not able to in-
crease the sample size for the moment, then instead of nlinc more
statistical obaservations we were trying to put. as much as Juﬂgo—
ment poauiblo into the model specification. Therefore, our model
is not purely econometric because the values of many paru-otor'
are based on extraneous information. It seems, however, observing
the practice of those who are utiliging the models in  developed
countries, that the application of as much as possible extraneous
information helps to arrive at more aoourtto prediction and nilu-
lation results. '

Azzcndix 1:

o;noral dcaoz@gtion of the model W5

Humber of endogenous variables =

= number of equations LT 899
among them = stochastic = 408
-~ identities SRRl &
- number of exogenous variables ' 141
Data used for estimation: 1961-1979
Methods of estimations e 0LS

Blocks of equations distinguisheds

1. HOURS WORKED (HP), EMPLOYMENT (N), LABOUR PRODUCTIVITY, SHIPTS
WORKED (W2) ‘ g

2. INVESTMENT OUTLAYS, DEMAND (J...D), CORRECTED (J), surrmz-
(J+s.88), DEFLATORS (PJ) ' '
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3.
,4'

5e

6.
Te

8.
9.

10,

11.

12,

13,
4.

15,

PIXED ASSETS - GROSS CAPITAL PORMATION (I), PIXED ASSETS (K),
ADJUSTMENTS (DK...I), NBT PIXED CAPITAL FORMATION (DK)
CAPACITY OUTPUT - GROSS (QK), NET (XK), UTILIZATION (WIK),
POTENTIAL HOURS WORKED (HP,,.K) :

GROSS OUTFUT (Q), NET OUTPUT (X) - DEMAND, GROSS OUTPUT SUPPLY
(Q8), DEFLATORS (PQ), NET OUTPUT SUPPLY (XS), DEFLATORS (PX),
INDUSTRIAL SALES (QQS)

NATIONAL INCOME DISTRIBUTED (XG, XGS) DEFLATORS (PXG)
WHOLESALE SALES: PROCUREMENT SALES (8SC), MARKET SUPPLIES
(SR...S), DOMBSTIC AND IMPORTED; DEFLATORS (PSR) RETAIL SALES
(CH), DEFLATORS (PCH), SUPPLIES TO THE HOUSEHOLDS (o...a); CON-
SUMERS" DEMAND (C), DEFLATORS (PC)

INVENTORY INVESTMENT (DR) and STOCKS (R), DEFLATORS (ma)
FOREIGN TRADE: IMPORTS DEMAND (M...D),CORRECTED (M),DEFLATORS
(PM); EXPORTS (E), DEFLATORS (PE), BALANCE OF TRADE (SEM)
MONEY INCOMES AND EXPENDITURES OF HOUSEHOLDS AND NON~SOCIALI-
ZED SECTOR; MONEY INCOMES (Y...PP), EXPENDITURES (c...rr).
MONEY SUPPLY (BOPP)

WAGES AND PERSONAL INCOMES AND SAVINGS - AVERAGE WAGES (zr) g
WAGE BILLS (FP), PERSONAL INCOME (Y), DEFLATORS (PY), SAVINGS
- STOCKS (OL), INCREASE (POL), FINANCIAL EXPENDITURE (SBY),
INVESTMENT EXPENDITURE (JKMLP) :

FINANCIAL ACCUMULATION - PRIMARY PFACTOR INCOMES (YU, V),
PINANCIAL ACCUMULATION (GROSS SURPLUS) (AP)

STATE BUDGET - INCOME (BY), EXPENDITURE (BB)

BALANCE OF PAYMENTS - EXPORTS (Bss,), IMPORTS (u...). CAPITAL
FLOWS AND DEBT (BD)

PRICES (P) (other than indicated in pravious blooka)

Note: First letters of the reapective symbols are given.For

l!iooa two symbols are indicated, the first P means price. Letter
D at the end of a symbol indicates demand, letter 8 =~ supply.
Letter P standing at the end of a symbol stands for valuation in
Surrent prices. ‘

The diaggg;ggdtion level. : :
The blocks representing primary taotor' of produotion.produo-

tion and its allocation are grouped according to the industrial
Subdivision into (generally denoted by H)
= agriculture (R)
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forestry (L)
- mining and manufacturing (Q)
among them:
= fuel and power industry (QF)
- metallurgioc, chemical end mineral industry (QM)
- electro-engineering industry (QE)
« light industry (QL)
= food industry (QR)
- building industry (B)
- transportation and communication (T)
~ trade (H)
- others (PO) :
and in non-material services seotor:
- housing and communal services are distinguished (EM),
The specifio groupings for different final users include
(denoted by K3
- the consumption - of toodatuxta. alcoholio beverages, tobacoco,
textiles and apparel, other nondurables, durables, services
- the investment = buildings and construction projects, machinery
equipment, others
- inventory inorease - in trade channels, others tnbrioa&oda 'ork
in progress, raw materials and materials
- foreign trade - SITC classifioation is used to diltinsuilh agri~-
cultural products and foodastuffs, other raw materials, fuel and
energy, machinery, equipment, others.

Agpdndix 2

The list of symbols used to define
the variables mentioned in the paper

AP ~ financial accumulation of enterprises

APO* -~ other non-matéerial expenditure of enterprises
c « personal oconsumption
CH - retall sales in socialized trade

CTA - gales in catering trade
DR = inventory changes
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exports

total exports

total world exports

exports to non-socialist countries

exports to socialist countries

total exporte of non-socialist countries

wage bill. locialisod seotor

hours worked

consumption of material goods, nonp-aﬁbrill services
sector

investments put into oporation (groes oapital formation)
investment outlays

investment outlays, construection projects

investment outlays, residential and communal construce
tion '

investment outlays in material production sector
investment outlays, machinery and equipment

investment outlays, nonsnatcrial l.rviool seoctor

net investment outlays .

fixed assets, end of year

urban population

imports -

total imports

imports from non-soocialist countries

imports from socialist countries

total imports of CMEA countries

imports of machinery and equipment

imports (uno) of raw materials, aoni-finiahod produoti
and energy :

employment

savings, stock end of year

prices of consumer goods, index

retail prices in socialized trade, index

retail prices in catering trade, index

export prices to non-socialist oouniries, deflator.
export prices to socialist countries, deflator

imports from non-aooialiat countries, dotlator

imports from socialist countries, dotl.tor

= gross output deflator
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PSR -~ market supplies of consumer goods, deflator

PX - net material product, deflator

PY - deflator of personal incomes

Q - gross output

QB - gross output of building industry

QE - gross output of eleotro-engineering industry

R - inventories, end of year

SG - difference between national 1noono prodnood and dis~

tributed and losses

SNEMP¥* . balance of trede with non-socialist countries
SSEMP* < balance of trade with soolalist countries
SR

vz
WIBKS = capacity utilization rate in building industry

WXIKKS =~ capacity utilization rate

WIEKS =« capacity utilization rate in electro-engineering indu-

<

- market supplies of consumer goods
= time :

- technical progress indicator

- nunber of shifts

stry
« net material product (net output) . .
= net output originating in building industry
- net output originating in electro-engineering industry
- national income distributed J
- real personal incomes
‘= average wages

Notes:

#* - denotes an oxogcnoua variablé

D
H
K

=

t

added after the symbol denotes demand

added after the symbol indicates the branch of industry

added after the symbol defining final users’ purchases indi-
cates the particular commodity group :

added after the symbol defining hours 'ortod. employment and
output = denotes a variable,the values of which were ndju;t0¢
to the full capacity utilization level

edded after the symbol indicates that t¢he variable has been
expressed in current prices, otherwise - in constant prices
added after the symbol denotes supply

added before the symbol denotes & dummy variable. Variables
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.

showmn in oircles are exogenous, All wvariables indicating
values are expressed in billions of slotys. Constant prices
of January 1, 1977 were used,

Azgondix 3

Typical mouioat.ton of oquat:lou in the simulation version
ot the W-5 model

Demand ' Supply

1. Employment (N), hours worked (H)s _
NH = a, + a,XH % UND + a,(XHS/NH)_;+ NH = b, + b XHS % UNS +
+ a5DN3 + b, (XHS/NH )..1- + b,Dls
!ﬂ-c +o1lm+o.‘,m‘1 ' NS exogenous, UNS = 1 - UND

, 2. Invutnont outlays (J)a ;

JIBD-. +.1Jm1+.2n+a3umm = XG3 « CXG - G = DR
JiD = Z:JIHD, -o°.+c1m_1+,J-b°+b1mm-~1-ﬂ

"+o2mnuss+c3m o m e g+ 2,(3W/IWD)

TN s a4 4 JKM, JD = JMD + JN JBUSS = g, + g;QBS
.mm-o +o,.m 3 | ”ﬂmsa-J-Jnoss

3 Pixed assets (x). gross capital formation (I),
_corrections (DI...I): ; ;
“ nm |

»V.‘: “7

, AR :l.-O
+ bam ;

DKBI o o° P c,IB 4 ozlmx
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4. Capacity output (X...K):

-u°+l1ﬂ ‘lnm-bo-f
+ byIn(KH » WZH" ) 4
# (1 = by) [1n HES +

+ 1n(WZH"®%/wzH)] + byt +
+ b,ln |y (e
WIHKS = XHS/XHK

5. Gross output (Q) and net output (X)s

QH = a, + 31QL ¥ .2cx + .,Jx + Q4RH 1n XHS = b, + b11n(m*m)+

where: L » H . + (1 = Dby)ln HE + byt +

+ byln M7 +

i G L () A
XH = o, + 0,QH + o M7, QHS = 4, + 4,XHS + QMQ*,

QAP = QHS ¥ PQH
XHP = FHP + AFPHP + AFOHP

6. Net material product (X) and national income
distributed (XG):

X= ) XHXG=CX+0Q+JNBTD +DR XS'm ) XHS XOS = XS - 5Q
H ‘

H :
SGD = X = XG SG = b, + byXS + by(ED - MD)
. ) mp . ) o
H H

Notice: MQ¥* ana [59 : (59)*] #U, are explained in the text,
pp. 111=112 )

7. Sales = wholesale (SR), retail (CH),
personal consumption (C):

CKD = a, + a4CKD_, + lzf + QJPOK/PY SRHP = SRH * PSRH
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ém (except services) SRH = b, + b,QHS + bz(nﬂ-lﬂ)

CKP = CKD # PCK CHK = o, + %;913538

CHKP = CHK * PCHK
CKS = do + a,cm: + azcm:

CIS = CEKS (exoluding servi-
ces)CXC = CXS + UCX
8. Inventory investment (DR) end stocks (R):
RK = a, + 8,0KD + 68K, + a,QHS  DRK = RK - RK_, DR = Z,an
(quasi balanoc)

DRH = b°+b1m+b2m_1 RH = RH_.‘ + DRH DRHP =
= DRH + PDRH

9. Foreign trade - exports (E):
EH = &, + a,EHS + a,PEHS + aBMQ:,
ED = EH EHP = EH #* PEH

EN = o + ©,EKNS + c,(PEN/PEKNS)+

+ o MQ¥, ENP = EN * PEN
ES = ED -« EN  ESP = ES # PES

Imports (M):

MHD = &, + 84QHS + 8, JK + a,CK + MS = b, + D4ES + by(BES_, =~

nn-Zm MSP = MS # PMS SSEMP = ESP-
‘e NP

ISDIO +°1m+°2(m,n) m.m‘m MN =

+03I3D1+c4m = MNP/PMN

MND = MDD - MSD MP = MSP + MNP MD = MS + M¥

MH = MHD + (MD/MDD)
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10. Money incomes (Y...) and expenditure (C...) of
households and private sector (double PP at the
end of the symbol):

YKPP = a + &, YKP + a,UYKP { CKPP = b, + b,CKP
YPP = ;mp OPP = ) CKPP
K

11, Average wages (2), wage bill (P?), personal income (Y),
‘saving (DO):

ZHP = a, + 51(x38/ﬂﬂ) + 52P¥ + PHP « ZHP * NH FP = ZE;IB?

+ QBUZHP :
YP = b, + byFP + b2 (FP) + b,UYP Y= YP/PY DOP = YP - CXSP
(other expenditures)

12, Financial dccumulation (gross surplus) of
enterprises (AP):

AFHP = a, + a,QHP + a,UAFH . AFP = ‘Z:AJHP
13. State budget - income (BY) and expenditure (BB):

BYHP = s, + a,XHP + a,UBYH BBKP = by + b,QHP + b,GP

14. Prices (P):

m . :
PQH = (8, + o,PUH + ) o,PQJ,)+  PXH = XHP/TH PX = XE/X
. L _
#H
+ XHP/QH
PSRH = b, + b,PQH m-k+Z’k181’Q!!+
o , '+ k,UPCH
PCK = o + 0,PCHK + 0,PCTA PY = d, + 4 RCX
. PCX = CIP/UI
PJBUS = o, + 0,PQB PINUS = 2, + £,PMT + £,PQE
PJH = go + g1PJBUS + & PJHUSf PJ = JP/J

+ g3U?JH
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P

PEH = b, + h,PEES + h,EH/XS PES = 4 + 4,PES_, + $,PX +
+ 1,(ES/MSRWP)
PEN = 3, + §,PEES + J,(EN/XS)
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Wiadystaw Welfe

MODEL GOSPODARKI POLSKI W-5t
OGOLNE ZAZOZENIA I PIERWSZE REZULTATY EMPIRYCZNE

Model gospodarki Polski W5 siuiyé ma jako narzg¢dzie analizy
polskiego kryzysu, 4Zrédex jego powstania, zZwigqzane] z nim nierdéwe
nowagl ‘oraz scenariuszy odpowliadajgocych alternatywnym drogom wye
¢hodzenia 2z kryzysu. Stanowl on w istoocie znacznle rozbudowang,
podazowo zorientowang wersje modelu W3, W szozegdlnosci rozbudo=
wane zostaly =znacznie funkcje produkeji oraz réwnania opisujgce
przepracowane roboczogodziny dosta:z Sbr konaumpoyi:gch; okre=
slone zostaly ponadto zdolnosci produkeyjne oraz stop ich wy=-
korzystania. '

W modelu W~5 podjeto takse prébg budowy systemu réwnai opisu-~
jaoych popyt tina{ny i podredni, w :Eoudb zblizony do ujgoia zaw
stosowanego wczeéniej w popytowo zZorientowanych wersjach modelu
We3, Dzigki temu uzyskano mozliwosé hadania nierdwnowagi na po-
:t:giejproducentdw oraz gospodarstw domowych (konsumpcji indywi-

ej)e.

Nowymi cechami modelu jest:

- jawne wprowadzenie priorytetdéw centralnego planisty dotg—
czgcych relacji konsumpcja-~inwestycje, zmian alokacji nakiaddw
inwestycyjnych oraz alternatyw dla bilansu pZatniczego,

- wigczenie do podmodelu sektora finansowego réwnai opisu-
jacych wpiywy i wydatki budsetu Eaﬂstwa finansowanie nakiaddéw
inwestycyjnych 1 gXéwne elementy bilansu piatniczego.

Model W=5 gzawiera ok. 840 rdwnai, szacowany by: na danych
obejmujgeych lata 1961-1979 przy .usyciu klasyoznej MNK.



