
Chapter 18
Modelling Disequilibria and Equilibria

18.1 Introduction

Previous chapters presented models describing the activities of households and en-
terprises, where the main stress was placed on real processes. The models allowed
generating the demand and supply of goods and services in the commodity markets,
and demand and supply of labour force in the labour markets. In this chapter the
equilibration mechanisms in these markets will be discussed. Firstly, the mecha-
nisms of the quantitative, mainly short-term adjustments will be described in terms
of changes in: (a) inventories, (b) the rates of capacity utilization (production fac-
tors), (c) foreign trade. Then the mechanisms of price and wage adjustments will be
discussed, linked to the unemployment rate analysis.

The point of departure will be the basic national account identity that for the past
behaviour has the following well known form:

Xt = Ht + Et − Mt (18.1)

and

Ht = Ct + Gt + Jt + �Rt (18.2)

where (all variables in constant prices):

Ct is personal consumption from disposable income,
Et is exports,
Gt is consumption of public institutions,
Ht is absorption by domestic final users,
Jt is investment expenditures,
Mt is imports,
�Rt is changes in inventories and reserves,
Xt is GDP.

To analyse the potential states of equilibria (or disequilibria) the description of
economic agents’ behaviour must be complemented first by specifying the public
sector equations (to generate its consumption Gt , employment and wage funds) and
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the foreign sector equations (to generate exports Et and imports Mt ). Secondly, the
equations explaining producer prices must be supplemented using the equations for
other agents, i.e. a comprehensive price system needs to be constructed. But most
of all, it seems indispensable that adequate economic regimes be distinguished, so
that the particular components of identities (18.1) and (18.2) can be alternatively
identified either as the demand of economic agents or supply from them.

18.2 Modelling the Global Disequilibria

In macroeconometric models, global demand for domestic production (GDP) at the
macroscale (XD

t ) is usually determined as a sum of its components, as in (18.1) and
(18.2). In the disequilibrium models that do not assume that demand and the supplies
delivered to final users (XS

t ) could be balanced even temporarily, i.e. assume that
XD

t �= XS
t , the supply equations are specified for XS

t .
In the disequilibrium models the central role is played by potential output. Its

volume may vary depending on the assumptions concerning the availability of pro-
duction factors. If the availability is unconstrained, the final demand XD

t can be
met. Otherwise, if there are constraints on the availability of fixed capital, the po-
tential output XK

t can be generated; if there are scarcities in labour force avail-
ability, the potential output XN

t will be determined (Barro and Grossman 1971).
There may also exist deficits in energy or raw materials supplies, their most fre-
quent causes being constraints in the availability of imports (or in the balance of
payments) that generate the potential output XM

t (Florczak and Welfe 2000; Welfe
and Welfe 2004).

The generation of potential output implies the use of production functions (Welfe
2000). As mentioned in the previous chapter, the Cobb-Douglas and CES functions
were used the most frequently (Dreze et al. 1990). For the sake of simplicity, the
Cobb-Douglas production function will be used below.

Potential output generated with a fixed capital constraint, i.e. assuming its full
utilization, will be obtained by using the following formula:

XK
t = BAtK

α
t N

K(1−α)
t (18.3)

where NK
t is the number of jobs, NK

t < NS
t .

Potential output generated under constrained availability of labour force, i.e. as-
suming full employment, will be obtained with the following formula:

XN
t = BAtK

α
t N

U(1−α)
t (18.4)

where NU
t = NS

t −UN
t and NS

t is the labour force supply, UN
t is natural unemploy-

ment.
Full employment is understood here as the potential number of working-age peo-

ple reduced by the amount of natural unemployment resulting from the conditions
associated with the job-seeking process (Coen and Hickman 1976).
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The generation of potential output constrained by inadequately available energy
or raw materials implies that the production function should be extended by in-
troducing additional explanatory variables. A disequilibrium indicator was used in
most cases, showing the degree to which the demand for energy or raw materials was
met. At the macrolevel these constraints mostly translated into constraints affecting
imports or the current account in the balance of payments.

The potential output for the above variants established, the global supply of do-
mestic products to the final users XS

t can be obtained from the following equation:

XS
t = (

X
K−ρ
t + X

N−ρ
t

)−1/ρ (18.5)

where 1/ρ is a mismatch coefficient or if the constraints in the supply of energy or
raw materials are additionally considered:

XS
t = (

X
K−ρ
t + X

N−ρ
t + XM−ρ

)−1/ρ (18.5′)
Using the general assumptions concerning the aggregation of economic agents’ ac-
tivities, the total output provided for final users, i.e. GDP, can be determined from
the following formula:

Xt = (
X

D−ρ
t + X

K−ρ
t + X

N−ρ
t

)−1/ρ (18.6)

For the West-European countries and Poland the mismatch coefficient estimates
were close to 0.02 (Dreze et al. 1990; Welfe et al. 1996).

The empirical results of the presented investigations show that constraints in the
availability of machinery and equipment played an important role in the 1970s and
1980s, but in the subsequent years the final demand constraints were decisive. The
results obtained for Poland were approximately similar, however in the late 1970s
and in the early 1980s the restrictions on the availability of raw materials, including
imported ones, were strongly accentuated.

In the dynamic stochastic general equilibrium (DSGE) models the equilibrium
conditions are determined for the major economic agents participating in final de-
mand. The agents are households (private consumption), public institutions (social
consumption), investors and exporters. The demand of these groups of economic
agents is compared with the supply of products directed to them. The supply is rep-
resented by the output of the “final goods producers”. This rather strange category
may contain trading and logistic firms and exporter firms. This “output” is composed
of domestic products (manufactured by domestic “producers of intermediate prod-
ucts”) and imported products. As a rule, the supply flows are aggregated using the
CES function. For example, the supplies of consumer goods directed to households,
CS

t , are obtained from:

CS
t = γ

(
δX

C−ρ
t + (1 − δ)M

C−ρ
t

)−V/ρ (18.7)

where:

XC
t is supply of domestic products directed to households,

MC
t is imports of consumer goods directed to households,

ρ > 0 is a parameter linked to the elasticity of substitution σX,M : σX,M1/(1 + ρ).
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This approach is particularly attractive from the perspective of analysing com-
modities flows going to final users. However, its implementation encountered seri-
ous informational barriers, especially in the case of the flows of imported commodi-
ties. The constructors of the supply-determined macromodels of the former CPE
countries faced similar difficulties (Welfe 1992).

18.3 Modelling Demand of Public Institutions (Social
Consumption)

For the description of the domestic final demand to be complete, the functions rep-
resenting public institutions’ demand for consumer and investment goods must also
be specified. The most important here is the demand financed from the government
budget.

In general, a simple hypothesis is proposed, assuming that the public institu-
tions’ demand for consumer goods (Gt ) is a non-linear function of the real current
expenditures of the government budget. The respective inertia must be introduced,
recognizing the dependence on the existing infrastructure. Hence, for the long-run
we have:

lnG∗
t = b0 + b1 ln(BCPt /PGt ) + εt (18.8)

where

BCPt is the current expenditures of the government budget,
PGt is the deflator of public consumption;

in the short-run we have:

� lnGt = a0 + a1
(
Gt−1G

∗
t−1

) + a2� ln(BCPt /PGt ) + α3� lnGt−1 + εt (18.9)

In several models the explanatory variable is equal to the current expenditures ad-
justed for debt service and/or military expenditures, if the latter are ranked higher
by the government.

Investment demand is usually assumed to be exogenous. Regarded as an impor-
tant instrument of economic policy, it expresses the more or less arbitrary decisions
of the government.

18.4 Modelling Inventories

In the demand-determined macromodels where demand, including final demand, is
met, its component, i.e. the demand for an increase in inventories and reserves �Rt ,
is distinguished and special equations are built. In the disequilibrium models where
the supply of commodities was directly specified, inventory changes were residual
and played an equilibrating role. They retained the role also in the equations of the
aforementioned demand-determined models.
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The macroeconometric models of less-developed countries and the former CPE
countries used production functions to generate output and, consequently, to allocate
the supplies of commodities and services among final users. At the macro-scale, the
global supply XS

t was determined as a sum of value added in particular sections. Its
volume usually did not match the volume of global demand—market equilibrium
was ensured by appropriate inventory changes �Rt . In these models, the following
identity was defined:

�Rt = CD
t + GD

t + JD
t + (

ED
t − MD

t

) − XS
t (18.10)

At present, it is used rather rarely. Other adjustments mechanisms predominate
in macromodels. The accuracy of inventory changes calculated from an identity is
non-satisfactory. This makes the attempts to explain the demand for an inventory
increase more appealing.

In the specification of the equation explaining the demand for inventory increase
the main stress must be placed on the major functions of inventories and reserves.
They must ensure the continuity of production and trade. Hence, they should ex-
pand correspondingly to growing output and trade. The volume of the inventories of
finished commodities depends i.a. on how precisely enterprises can predict the de-
mand for output, as indicated in Chap. 17. Regarding raw materials and materials,
their volume is determined by the frequency of their periodical supply. Moreover,
they function as a buffer that protects production and trade processes against the
possible demand shocks or commodity supply shocks (Lovell 1961, 1962).

The above premises were applied in macromodels to specify the inventory func-
tions. The desirable level of inventories depends on the level of output (or sales). It
is assumed that this adjustment process follows with a lag:

R∗
t = b0 + b1Xt − b2Rt−1 + ξt (18.11)

where: R∗
t is the desired level of inventories at period end, b1 > 0 and 0 < b2 < 1.

The impacts of shocks, whether they follow from changes in the factors deter-
mining demand Dt(·) or from changes in the factors determining supply St (·), have
short-term implications. They are introduced into the short-term equation:

�Rt = α0 + α1
(
Rt−1 − R∗

t−1

) + α2�Xt + α3�Rt−1

+ α4
(
Dt(·) − St (·)

) + ξt (18.12)

The above shocks are frequently characterised using the rate of capacity utilization
WXt . Its increase is associated with inventories decline and its decrease is followed
by their expansion (α4 < 0).

In general, the prediction accuracy of an inventory increase is not high. Hence,
only a few models treat the results of forecasts as important signals for enterprises,
heralding the likely business cycle changes.

In the multisectoral models attempts were made to distinguish equations explain-
ing particular kinds of inventories, such as finished commodities, work in progress,
raw materials and materials (Juszczak 1982). The equations were specified for par-
ticular sections of the national economy, including the inventories of the trading
organizations (cf. equations in the W-5 model of the Polish economy, Welfe 1992).
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18.5 Modelling Adjustments in the Production Sector

In the demand-determined macroeconometric models output is determined by de-
mand directed to enterprises (allowing for changes in the inventories of finished
goods). This demand influences the demand for production factors that basically
falls short of the full utilisation of their resources, so some or all of the factors
remain in excess. The changes in this demand can be partly handled by adjusting
appropriately capacity utilization and/or the utilization of equipment and employ-
ment.

Hence the obvious need that changes in enterprises’ capacity utilization rates
and/or in particular production factors be monitored, as mentioned in the previous
chapter.

Solving this problem effectively poses several difficulties. Firstly, in many coun-
tries the information on the capacity utilization rate (WXt ) is limited. The Wharton
Index used in the quarterly Wharton models of the US economy that was developed
the earliest by comparing output with its values in the peak years was applied in
the manufacturing industry (Klein and Summers 1966). In the European countries
surveys making direct enquiries to enterprises about their capacity utilization rates
were used (Grzęda-Latocha 2005). The application of these indicators is somewhat
inconvenient, because to use them in forecasting equations explaining their dynam-
ics must be built.

The concepts where the effective output (Xt ) is compared with potential output
derived from the production function seem to be the most appropriate theoretically
and free of the above disadvantage. If the potential output were determined to ensure
the full utilization of the fixed capital (XK

t ) as in (18.3), then the rate of capacity
utilization will be obtained from:

WXK
t = Xt/XK

t (18.13)

If the potential output were defined to ensure full employment (XN
t ), then the rate

of capacity utilization will be calculated from:

WXN
t = Xt/XN

t (18.14)

In this case, the precision of the estimates of the capacity utilization rates will
depend on the computation accuracy of potential output. The above characteristics
of the rate of potential output were broadly used in the macroeconometric models
of the USA (Coen and Hickman 1976) and other countries, including Poland (Welfe
2009).

The rates of capacity utilization play a far-reaching role in macroeconometric
models. They are introduced as explanatory variables representing market tensions
not only into the equations explaining prices, but also into the foreign trade equa-
tions. Let us mention that in the equations explaining prices central banks often use
a simplified procedure for capturing the effects of market tensions, which involves
the construction of an indicator comparing effective GDP with GDP trajectory rep-
resented by an appropriate trend, which was mentioned in the previous chapter.

Macroeconometric models rather infrequently use the scarce information on the
utilization rate of machinery and equipment as opposed to the use of information on
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employees’ time worked. The latter allows analysing the utilization rate of employ-
ees’ potential working time (Fair 2004), as well as the utilization rate of production
potential by adjusting the number of shifts (Welfe 1992).

18.6 Modelling Unemployment

In the market economies labour market disequilibria are represented by unemploy-
ment, i.e. by the difference between labour force supply and employment. This
understanding of unemployment can be found in the demand-determined macroe-
conometric models. In the supply-oriented models the excess demand for labour
predominates, frequently related to hidden unemployment.

The level of unemployment is understood as registered unemployment or unem-
ployment estimated through special surveys, such as LFS. Macromodels mostly use
registered unemployment.

In macromodels, the level of unemployment UNt and the rate of unemployment
Ut are most frequently generated from respective identities:

UNt = NS
t (·) − ND

t (·) (18.15)

and

Ut = UNt /N
S
t (·) (18.16)

where

ND
t (·) is the demand function for employees,

NS
t (·) is the labour supply function.

The above functions were specified for labour supply in Chap. 16 and for the
demand of the enterprise sector in Chap. 17 (cf. Phillips 1958). The total demand
for employees involves also public sector employees. Their number is either treated
as exogenous or, preferably, generated from the equations that take into account
the available infrastructure (frequently represented by lagged employment) and the
likely changes in the level of total salaries assumed in the government budget. In
this case, we have:

NPD
t = α0 + α1N

PD
t−1 + α2�

(
F DP

t /WPP
t

) + εt (18.17)

where

NPD
t is public sector’ demand for employees,

FPP
t is total salary fund for the public sector officers,

WPP
t is average salary in the public sector.

In the long-run, average salaries paid in the public sector vary like average wages
in the enterprise sector:

WPP
t = AWPα

t eξt (18.18)
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Generating the rate of unemployment as a residual from identity (18.16) usually
yields results that are not sufficiently accurate. The estimation (and prediction) er-
rors of the demand and supply functions add up. Hence, attempts were made in sev-
eral macromodels to estimate the changes in unemployment rates using the reduced
specifications of the demand functions ND(·) and of the labour supply functions
NS(·). It can be assumed in the short-run that labour supply changes slowly, so the
impact of the changes can be either ignored or represented using a trend function.
The most important are factors affecting employment demand, i.e. output and the
effects of technological progress (Nickell 1984). This means that the rate of unem-
ployment can be determined using the utilization rate of production capacities WXt

and the rate’s fluctuations can be explained by the GDP fluctuations in the business
cycle:

Ut = BWXβ
t eμt+ξ

This approach is far from being excellent. As mentioned, the estimates of the ca-
pacity utilization rate can be obtained using competitive methods and are not highly
accurate.

The observed unemployment rate represents the effects of changes in the labour
market caused by employees changing employers (frictional unemployment) and
the long-term tendencies arising from the permanent unavailability of jobs (struc-
tural unemployment). In the literature, Friedman (1968) and Phelps (1970) views
were prevalent. They proposed distinguishing the category of natural unemploy-
ment, representing labour market equilibrium. They found that the economic pol-
icy instruments designed to reduce the rate of unemployment made it lower only
temporarily and were followed by an increase in inflation (cf. Blanchard and Quah
1989).

The NAIRU (non-accelerating inflation rate of unemployment) concept derived
from the analysis of the relations between entrepreneurs and employees (Layard
et al. 1991) found more general applications. The NAIRU is an “equilibrium” un-
employment rate such that exceeding it makes the rate of inflation go down and
its decrease is followed by an increase in the rate of inflation. The values of the
NAIRU computed for the USA oscillated around 6 % whereas for Western Europe
were higher between 8–9 % (Elmeskov 1993).

To compute the NAIRU several simplifying assumptions concerning the equa-
tions explaining average wages and prices that serve as a point of departure must be
introduced. For the sake of demonstration, let us derive the NAIRU using the long-
run equations of average wages and prices. The equations will be shown by means
of the logs of variables.1

The equation explaining the nominal average wages before tax reads as:

wpt = α0 + α1p
c
t−1 + α2wyt − α3ut + α4t

w
t (18.19)

where pc is a consumption deflator, tw is social contributions, wyt is labour produc-
tivity.

1This example follows the modified derivation shown by Whitley (1994, pp. 102–103).
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The long-run real average wages will be obtained assuming that the elasticities
with respect to prices will be calibrated at levels equal to one and that no lags are
present. Hence:

wpt − pc
t = α2wyt − α3ut + α4t

w
t (18.20)

Considering that the logarithm of the consumption deflator can be presented as the
difference between the logarithms of producer prices (pt ) and indirect taxes (t it ):

pc
t = pt − t it (18.21)

after substituting to (18.20) we shall have:

wpt − pt = α2wyt − α3ut + α4t
w
t + t it (18.20′)

The initial producer price equation, following (17.55), reads as follows:

pt = β0 + β1
(
wpt − wyt + twt

) + β2p
m
t + tzt (18.22)

where

pm
t is import deflator,

tzt is corporate income tax.

The long-term producer price equation will be obtained based on a simplifying
assumption that price elasticity with respect to labour costs is one, β1 = 1, and
the import deflator can be obtained by multiplying the world prices (pw

t ) and the
exchange rate (ert ): pm = pw + ert .

As a result, we have:

pt − wpt = wyt + twt + β2
(
pw

t + ert

) + tzt (18.22′)

hence

wpt − pt = −wyt − twt − β2
(
pw

t + ert

) − tzt (18.22′′)

The NAIRU defining equation will be obtained by comparing (18.20′) and (18.22′′):

−α3ut = (α2 − 1)wyt − (1 − α4)t
w
t − t it − tzt − β2

(
pw

t + ert

)

hence

α3ut = (1 − α2)wyt (1 − α4)t
w
t + t it + tzt + β

(
pw

t + ert

)
(18.23)

This derivation of NAIRU shows that its level depends on the tax rates and the
exchange rate, and on level of productivity.

Alternative methods were applied. The first uses the rates of growth of vari-
ables, the second is based on the reduced Phillips formula, utilizing the Kalman
filter (Elmeskov and MacFarland 1993).

A simplified approach was elaborated similar to that applied in calculating
NAWRU as shown below.

The NAWRU (non-accelerating wage rate of unemployment) is an alternative
concept that has found a broad use. This unemployment rate is not followed by
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an increase in average wages. It was originally developed for the OECD mod-
els (Elmeskov and MacFarland 1993). Its estimates can be found in many Euro-
pean macromodels, including those for the OECD member countries (Bårdsen et al.
2005). It can be derived from the following equation:

UNAWRU
t = Ut − (

�Ut/�
3wt

)
�2wt (18.24)

where

wt = ln WBt

To avoid irregular shocks the HP filter was commonly applied.

18.7 Modelling Foreign Trade

18.7.1 Introduction

The equations explaining exports and imports have been present in all macroecono-
metric models since their beginning. Many models initially treated foreign demand
as exogenous (in the world economy models it was generated for particular country
by the system). Later on, endogenized foreign demand served as a characteristic of
the links with the world economy that could be shaped by the improving competi-
tiveness of the exporting country.

In the supply-determined models and the general equilibrium models the export
supply functions were also specified.

The macroeconometric models’ equations explaining domestic demand for im-
ported commodities and services are specified in most cases. This demand depends
on the level of domestic economic activity, as well as being sensitive to the level of
imports’ competitiveness vis-à-vis domestic production. In a few models attempts
were made to explain the supply of imported commodities. A relevant example is
the DSGE models, where the sources of imported products were established.

The foreign trade equations cover not only its total volumes. The most frequent
disaggregation distinguishes commodities and services. The commodity imports are
decomposed by their use, i.e. into consumer goods, investment goods, and interme-
diate commodities, with fuels being frequently distinguished. The world economy
models frequently use the UN SITC classification of exports and imports.

In many macroeconometric models the foreign trade flows were decomposed
using also the geographical and political criteria (Bożyk et al. 1973; Czyżewski and
Welfe 1990).

The discussion in this section will concentrate on the presentation of the exports
and imports equations, bearing in mind their role in balancing the economy; the
review of the structure of the import and export price equations will be postponed
until the next section and the role of the above equations in modelling the balance
of payments will be presented in one of the next chapters.
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18.7.2 Equations Explaining the Demand for Exported Goods

Foreign demand for commodities exported by a country is composed of the demand
of particular countries represented by the appropriate fractions of their global im-
ports. Macromodels distinguish the most significant importers or their groups, such
as EU members, or use total world imports (equal to total world exports). Exports
volumes are treated as exogenous, except that they are explained by the pertinent
variables like in the multicountry models, first of all by GDP. The models that be-
long to the above class usually assume that the exports Eit of the i-th country can
be obtained as a sum of the products of the components of the international trade
matrix aij by the volumes of foreign countries’ imports Mjt , i.e. Eit = ∑

j aij ·Mjt .
The matrix components were often assumed to have constant values, which implied
the necessity of updating them (Hickman and Lau 1973; Klein et al. 1999).

The exporters’ reactions to foreign demand changes were not immediate, which
seems to be due to the traditional conclusion of contracts with an appropriate lead.
Hence the suitable lags in the adjustments to changes in foreign demand.

The empirical long-term relationships show certain stability, as well as revealing
that growth tendencies are stronger for exports than for global imports as implied
by the elasticity of exports with respect to the summary imports of foreign countries
which is higher than one. This result does not seem justified, being rather an indi-
cation that some important factor has been omitted. It was therefore suggested that
the long-term elasticity of exports (calibrated) should be equal to one, meaning a
stable share of the given country’s exports in global imports. The introduction of the
structural changes and qualitative improvements could be represented through an
exponential trend, the use of which could bring down the aforementioned elasticity
to a level close to one (Whitley 1994).

Foreign demand is modified along with changing competitiveness of exported
products. This competitiveness is most frequently expressed through the exporting
country’s relative prices, or the relative labour costs or relative unit costs which are
used more rarely. Price competition has been recently giving way to quality-based
competition, so the absolute values of estimates of the price export elasticities have
been declining in the last years.

In the short-run, unexpected shocks in the domestic markets disturb export activ-
ities in several ways. Shocks, such as floods, that impose constraints on the supply
to the domestic markets or induce increases domestic demand are compensated for
by lower supplies for exports. To represent the disturbances the common charac-
teristics of the market tensions are used, such as the utilization rate of productive
capacities.

The above examination leads to the following long-run equation explaining the
foreign demand function for exported commodities:

lnED∗
t = α0 + α1 lnMW

t + α2 ln
(
P E

t /ERt

)
/P W

t + εt (18.25)

The short-run foreign demand function is specified as follows:

� lnED
t = β0 + β1

(
lnED

t−1 − lnED∗
t−1

) + β2� lnMW
t + β3� ln

[(
P E

t /ERt

)
/P W

t

]

+ β4� ln WXt + β5� lnED
t−1 + εt (18.26)
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where

ERt is exchange rate—domestic currency/world currency,

MW
t is imports of the distinguished territory,

P E
t is export deflator in domestic currency,

P W is import deflator of the distinguished territory,
WXt is the utilization rate of productive capacity.

As mentioned, the estimate of the long-run elasticity α1 exceeded one in many
models (for Poland it was 1.2). Hence it was frequently calibrated, assuming α1 = 1.
Then the exponential trend was introduced into the long-term equation (18.25). No-
tice, that the equation could be reduced by introducing the ratio between exports
and global imports as the explained variable.

In the major UK models the long-term export elasticities with respect to relative
prices were between −0.28 and −0.40 (Whitley 1994); for Poland they were sub-
stantially lower (−0.11) (Welfe 2002). The short-term elasticities with respect to
global imports were usually smaller than one. However, the short-term export elas-
ticities with respect to relative prices were higher in absolute terms than the long-
term elasticities, thus displaying stronger short-run sensitivity of the world markets.

18.7.3 The Exports Supply Functions

Commodities intended for exports were modelled mainly in the supply-determined
macromodels. Regarding the demand-determined models, their builders most fre-
quently gave up the construction of separate exports supply functions, assuming
that supply followed effective demand. The models built in the former CPE coun-
tries usually contained the supply functions that represented the export potential of
the economy, without assuming that foreign demand would be met. More recently
the exports supply functions could be found in the CGE models, and particularly in
the DSGE models. The equations are special in that they decompose the supply of
export commodities by its origin, i.e. into the supply of domestic products and of
imported commodities (re-exports).

The initial specification of the exports supply function started with the poten-
tial domestic output, the aim being to estimate the amount by which the domestic
production potential was larger than domestic demand. The domestic production
potential was represented by either global output (Qt ) or global domestic output
GDP (Xt ).

The offer of commodities for exports depends also on the profitability of exports.
Its changes are related to the changes in the relative export prices, i.e. in the relations
between the prices paid for exports (P E

t ) and those obtained in the domestic markets
(Pt ).

Hence the long-run exports supply function (ES
t ) will be specified as follows:

lnES∗
t = α0 + α1 lnXt + α2 ln

(
P E

t /Pt

) + ξt (18.27)
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In the short-run, the effects of shocks produced by varying supply to the domestic
users must be introduced. They are typically represented by the rate of capacity
utilization (WXt ). Therefore, the short-run equation will have the following form:

� lnES
t = β0 + β1

(
ES

t−1 − ES∗
t−1

) + β2� lnXt + β3� ln
(
P E

t /Pt

)

+ β4� ln WXt + ξt (18.28)

In the DSGE models the notion of exports potential is frequently extended by the
explicit introduction of reexports into the supply equation. Let the global volume of
the commodities for export be SE

t ; then, using the DSGE models terminology, the
supply from “the producers of final goods” intended for export will equal:

SE
t = γ

(
δXE−p

t + (1 − δ)ME−p

t

)−v/p (18.29)

where

XE
t is the output for exports from the “producers of intermediate goods”,

ME
t is imports for reexports.

The supply of commodities intended for exports redefined as above will substi-
tute GDP in both the long-term equation (18.27)

lnES∗
t = α0 + α1 lnSE

t + α2 ln
(
P E

t /Pt

) + ξt (18.27′)

and the short-term equation (18.28) explaining the supply of exports:

� lnES
t = β0 + β1

(
ES

t−1 − ES∗
t−1

) + β2� lnSE
t + β3� ln

(
P E

t /Pt

)

+ β4� ln WXt + ξt (18.28′)

Assuming that the long-run elasticity of exports supply with respect to global
supply SE

t is one, i.e. that in the long-run α1 = 1, then the ratio of the exports supply
ES

t to the potential exports supply SE
t can be treated as an explained variable. This

ratio will be dependent on the relative prices (the Armington model, Armington
1969). For the long-term, we have:

ln
(
ES

t /SE
t

) = α0 + α2 ln
(
P E

t /Pt

) + ξt (18.30)

where the elasticity α2 stands for the competitiveness of the commodities to be
exported. It is worth knowing that special computations are needed to estimate the
volumes of the commodities intended for exports.

18.7.4 The Imports Functions

The import of commodities and services performs two major functions. Firstly, it is
to complement the range of commodities and services that are either not produced
domestically or produced in insufficient amounts (complementary imports). Sec-
ondly, imports compete against the domestically produced goods, thus contributing
to higher efficiency of domestic supplies (competitive imports).
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In the simplest case, the imports equation describing the first function can be
specified as an identity, with imports defined as a residual. At the macro-scale this
will be:

Mt = Ht + Et − Xt (18.31)

In the multisectoral models this identity holds for the distinguished commodity
groups. In these equations imports play a balancing role. This becomes particularly
clear, when output represents potential domestic output.

However, macroeconometric models use most frequently imports functions that
represent mechanisms generating demand for imported commodities and include
competitive issues.

The competitive intensity is usually represented by relative import prices de-
fined as the ratios between import prices (in domestic currency) P m

t and domestic
producer prices Pt . Hence, at the macro scale the long-run equation will have the
following form:

lnM∗
t = α0 + α1 lnXt + α2 ln

(
P M

t /Pt

) + ξt (18.32)

Many authors assume that the share of imports in GDP is constant in the long-
run. Therefore, imports elasticity with respect to GDP (calibrated) can be assumed
at a level equal to one (α1 = 1). With this assumption, the explained variable can be
redefined as the share of imports in GDP, i.e. Mt/Xt . In this case, the relative prices
will be the only explanatory variable:

ln(Mt/Xt ) = α0 + α2 ln
(
P M

t /Pt

) + ξt (18.33)

It must be added that this relationship represents the result of optimizing the be-
haviour of economic agents that choose from among the domestic and imported
commodities (the Armington model).

The acceptance of the above assumption is sometimes associated with an incli-
nation to allow for structural changes, which leads to an increase in the growth rates
of imports. An exponential trend is then introduced (Whitley 1994).

In the short-run, the shocks likely to come from unexpected changes in domes-
tic demand represented by changes in the capacity utilization rate (WXt ) or from
changes in foreign direct investment (BJ

t ) are introduced. Then the short-term equa-
tion will have the following form:

� lnMt = β0 + β1
(
lnMt−1 − lnM∗

t−1

) + β2� lnXt + β3� ln
(
P M

t /Pt

)

+ β4� ln WXt + β5� lnBJ
t + ξt (18.34)

In many macroeconometric models commodity imports are decomposed accord-
ing to their use. There are distinguished imports of intermediate commodities (MZ

t ),
investment imports (MJ

t ) and consumer goods imports (MC
t ). The long-term equa-

tions explaining the demand for the distinguished groups of imported commodities
will be specified below.

It is generally assumed that the imports of intermediate commodities depend
directly on gross output (Qt ):

lnMZ
t = α0 + α1 lnQt + α2 ln

(
P M

t /Pt

)
(18.35)
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where the relative prices are defined as the ratios of intermediate commodity prices,
if the appropriate information is available. The multisectoral models, including the
input-output models, use the data on the import-output ratios showing the unit use
of materials and fuels.

The demand for imported, mostly complementary, investment goods mainly de-
pends on the expansion of the domestic investment activities. In the case of the
emerging economies a special channel for the imports of investment goods is distin-
guished, namely foreign direct investments (FDI).

Hence we have:

lnMJ
t = α0 + α1 lnJV

t + α2 ln FDIt + α3 ln
(
P MJ

t /P JV
t

) + ξt (18.36)

where

JV
t is investment expenditures on machinery and equipment (constant prices),

P MJ
t is the deflator of imported investment goods,

P JV
t is the deflator of domestic investment expenditures on machinery and equip-

ment.

The demand for imported consumer goods is treated as competitive in most cases,
which gives importance to the relative imports prices. The complementary imports
help meet the domestic consumption. However, the major explanatory variable is
the total consumption Ct , mainly because of restricted data availability. Hence we
have:

lnMC
t = α0 + α1 lnCt + α2 ln

(
P MC

t /P C
t

) + ξt (18.37)

where P MC
t is the deflator of imported consumer goods and P C

t is the deflator of
individual consumption.

In the multisectoral models imports are decomposed further. The SITC classifi-
cation is used most frequently to this end. Among the intermediate commodities the
import of fuels is often distinguished.

As mentioned, the estimates of the long-term elasticities of imports with respect
to GDP are either close to one or slightly exceed one. The long-term elasticities of
consumer goods imports with respect to total private consumption are much higher,
reaching 3 in the extreme cases. The price elasticities for the UK ranged between
−0.5 and −0.8 (Whitley 1994) and for Poland between −0.3 and −0.8 (Welfe and
Welfe 2004).

18.7.5 The Equations Explaining the Supply of Imported
Commodities

The demand-determined models assume that the potential supply of commodities
that importers may offer is unconstrained, hence the effective supply tends to match
the demand for imported goods. The supply conditions are affected by import prices



362 18 Modelling Disequilibria and Equilibria

that will be discussed in the next section. Attempts have been made within the gen-
eral equilibrium models and the DSGE models to estimate the supplies of imported
commodities by looking at their sources.

18.8 Price Systems

18.8.1 Introduction

Prices perform many important functions in national economies. Changing, they
clear the markets. They allow the flows of commodities and services to be trans-
formed into the flows of incomes and expenditures (as deflators), i.e. they guarantee
a transition from the real sphere to the sphere with financial flows (Courbis 1977;
Tobin 1972). The most important role is played by the producer prices; the specifi-
cation of the equations explaining these prices was shown in the previous chapter.
In this section the discussion will be extended to include the equations explaining
final goods prices and the prices of production factors that together constitute the
price system functioning in the national economy. The discussion on how inter-
est rates and exchange rates are generated will be postponed until the next chap-
ters.

18.8.2 Equations Explaining the Prices of Domestic Final Goods

In specifying the equations explaining the prices of consumer or investment goods
it is commonly assumed that the prices depend, as appropriate, on producer prices,
import prices, trading mark-ups and indirect taxes (mainly VAT).

At the macro scale, the most frequent explanatory variables are GDP deflators;
in the multisectoral models the deflators of gross output (or production sold) are
applied in particular sections.

Like the retail price indices, the deflators of private consumption (CPI) are mostly
computed as the functions of the geometric averages of GDP deflators, import de-
flators and indirect taxes. For the long-run, we have:

lnP C∗
t = α0 + α1 lnPt + (1 − α1) lnP MC

t + α2 lnT V
t + εt (18.38)

where T V
t is the rate of indirect taxes (VAT).

In the short-run, we have:

� lnP C
t = β0 + β1

(
lnP C

t−1 − lnP C∗
t−1

) + β2� lnPt

+ (1 − β2)� lnP MC
t + β3 ln�T V

t + εt (18.39)

The value of the parameter α1 can be interpreted as the share of commodity flows
of domestic origin. If the information on the decomposition of the consumer goods
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supplies is available, the value can be appropriately adjusted. Then Eq. (18.38) can
be used to estimate price elasticity with respect to indirect taxes.

Equation (18.39) can be used to determine the rate of inflation and to make com-
parisons with the inflationary target assumed by the central bank.

Many macromodels decompose the deflators of consumer goods according to
the groups of commodities and services, using the permanent components (core
inflation) rather than the transitory components, such as the prices of agricultural
products or fuel prices (those depend on the world business cycle).

The deflators of consumption of public institutions P G
t are structured similarly to

the deflators of private consumption. The deflators of inventories and their changes
have a similar property.

The equations explaining the investment goods prices, i.e. the deflators of in-
vestment expenditures P I

t , have a simple structure, because the prices usually do
not include indirect taxes. Investment expenditures are frequently decomposed into
amounts allocated to machines and equipment—here the deflators depend mainly
on the prices in the electric machinery industry and on imports—and into amounts
spent on buildings and constructions, where the deflators depend on the defla-
tors in the building industry and transport. In general, the long-term equation
reads:

lnP J ∗
t = α0 + α1 lnP

Q
t + (1 − α1)P

MJ
t + εt (18.40)

and the short-term equation has the form:

� lnP I
t = β0 + β1

(
P I

t−1 − P I∗
t−1

) + α2� lnP
Q
t

+ (1 − α2)� lnP MJ
t + εt (18.41)

where P
Q
t is the deflator of the appropriate section (or industry).

18.8.3 Equations Explaining Export and Import Prices

To specify the functions explaining export prices special assumptions about ex-
porters’ behaviour must be imposed. Following some Scandinavian models, it may
be assumed that the exporters’ role in price formation is meaningless, so the export
prices are fully determined by the world prices:

P EW
t = P W

t (18.42)

where

P EW
t is the export prices of the exporting country in the world currency,

P W
t is the world trade prices.

Many macroeconometric models assume, though, that exporters can efficiently
compete in the world markets based on their export prices. Therefore, the effective
prices of exported commodities will reflect the compromise between the world trade
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impacts (world prices) and exporters’ activities (domestic prices converted into the
world currency). When the homogeneity restriction is taken into account, the long-
run equation will have the form:

lnP EW∗
t = α0 + α1 lnP W

t + (1 − α1) ln
(
P E

t ERt

) + εt (18.43)

where ERt is the exchange rate, P E
t is export prices in domestic currency.

Allowing for the impacts of the likely shocks in exporters’ behaviour, in the
short-run the equation will be formed as shown below:

� lnP EW
t = β0 + β1

(
lnP EW

t−1 − lnP EW∗
t−1

) + β2� lnP W + (1 − β2)� ln(Pt/ERt )

+ β3� lnUE
t + εt (18.44)

where UE
t is a variable representing the shocks in behaviour.

The estimate β̂2 = 0.43 was obtained for the stability period in Poland (Welfe
2002). Ignoring the likely impact of the 2008 shock would be misleading, though.
The US dollar and euro exchange rates increasing suddenly by 20 % did not cause
any decline in the export prices denominated in the two currencies, but contributed
to higher domestic prices of domestic exports, i.e. to exporters’ surplus. This effect
could be captured by making an appropriate change to the variable UE.

t . Otherwise,
assuming in this case (18.42), Eq. (18.44) could be solved for export prices in do-
mestic currency P E

t .
Imports deflators expressed in the world currency are commonly assumed exoge-

nous. In the world multicountry models the deflators are computed as the weighted
sums of the deflators of the exporting countries’ exports to the country where the dis-
tinguished importers are based; the weights are obtained from the aforementioned
world trade matrix. The deflators expressed in domestic currency are obtained from
an identity that converts the world currency prices into domestic prices using the
appropriate exchange rate:

P M
t = P MW

t · ERt (18.45)

where P MW is the import prices in the world currency.

18.9 The Economic Mechanisms in the Real Sphere

In economic analyses based on macroeconometric models it frequently becomes
necessary to treat jointly the relations in the real sphere. In such cases the multiplier
analysis is commonly used. It helps identify the joint impacts of a single shock by
treating the real sphere as a subsystem of the national economy (Klein et al. 1999).

In the demand-determined models three major economic mechanisms entering
into the simultaneous feedbacks are typically distinguished (Welfe 2005). They are
represented by the following multipliers: consumer multiplier, accelerator, and in-
flationary spiral.

The consumer multiplier summarizes the impacts of a single shock increasing
household consumption. A rise in consumer demand (Ct ) is followed by larger do-
mestic output (Xt ), modified by appropriately expanding competitive imports of
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Fig. 18.1 Complete demand determined models. Real flows. Source: Klein et al. (1999, p. 113)

consumer goods. Growing output entails an increase in the number of working hours
and, with a lag, in the number of employees (Nt ) that is adjusted by the impact of
technology changes. The wage bill and households’ disposable incomes additionally
grow and finally consumer demand expands.

The generalized consumer multiplier accounts for relationships containing finan-
cial flows. When the government budget increases its current expenditures the con-
sumer expenditures of public institutions (Gt ) also grow, as well as the wages bills
related to public officers and old age and disability pensions, which increases house-
holds’ incomes and stimulates their demand. The domestic output grows even more
and the conditions for initiating the consumer multiplier are created.

The accelerator represents the relationships that control the investment process.
An expected increase in production capacity triggers an rise in the demand for
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Fig. 18.2 Inflation. Source: Klein et al. (1999, p. 124)

investment goods. As a result, the domestic production of investment goods grows
larger, constrained by additional imports of investment goods. Further increase takes
place in the manufacturing industries. All this leads to stronger expectations of a
production capacity increase.

These relationships are represented in Fig. 18.1.
The simplest version of the inflationary spiral is a summary of the relations be-

tween nominal wages and prices. An increase in the nominal average wages paid in
the production sector will make labour costs grow, unless neutralized by increased
labour productivity. The wage pressure will lead to an increase of producer prices
and consequently of retail prices (CPI).

This has effect on the increase in nominal wages. It is worth noting that
this feedback contains a mechanism reducing the rate of inflation, because the
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Fig. 18.3 Complete supply determined models. Real flows. Source: Klein et al. (1999, p. 112)
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aforementioned increase in labour costs is generally unrelated to the increases in
other items of production costs, such as import prices or interest rates. The likely
impacts of changing interest rates and exchange rates will be discussed in the last
chapter. Let us note that this system of wage and price equations, additionally en-
riched with the equation explaining the exchange rate, can be treated as a system of
simultaneous equations. Hence it can be the subject of detailed cointegration analy-
sis (Welfe 2002).

These relationships are shown in Fig. 18.2.
In the supply-determined models there is no room for the above economic mech-

anisms to function. Other feedbacks are entered instead.
In the case of consumer goods markets it is supply realized through market trans-

actions. The changes in consumer demand are followed only by changes in excess
demand. Hence, there are no conditions for changes related to the consumer multi-
plier to take place. A short-term supply-type consumer multiplier will appear instead
(Barro and Grossman 1971). An increase in excess demand reduces labour force
supply—this decreases output and commodity supply, so excess demand grows even
larger. The decrease in the output can be partly offset, if the wage bill and household
incomes become reduced at the same time. In the case of Poland this hypothesis was
only partly confirmed, as the growing excess demand was followed by a declining
number of hours worked, but not of employees (Welfe 1992).

In the above models the long-term supply accelerator plays an important role. An
increase in the supply of investment goods augments (allowing for lags) the stock
of fixed capital and subsequently of output and supplies, including the supplies of
investment goods. This mechanism was a vital component of the policy of growth,
particularly in the industrializing, developing countries (Welfe 2001).

In this class of models the short-term foreign trade multiplier can be additionally
identified. An increase in exports determines the increase in aggregate imports and
thus in production and exports.

The multisectoral models may have the bottleneck multiplier for chronic con-
straints in the supply of intermediate products. For instance, fuel delivery restric-
tions may constrain output as well as the energy industry, ultimately resulting to an
energy crisis.

The above relationships are reproduced in Fig. 18.3.
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dowego (Forecasting models of international trade). Warszawa: PWN.

Coen, R. M., & Hickman, B. G. (1976). Constrained joint estimation of factor demand and pro-
duction function. Review of Economics and Statistics, 52, 287–300.

Courbis, R. (1977). Les modeles de prix. Pour la prevision et la planification etude comparative.
Paris: Dunod.
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Welfe, W. (Ed.) (2002). Długookresowy, makroekonometryczny model W8D-2002 gospodarki

polskiej (Long-term macroeconometric model W8D-2002 of the Polish economy). Acta UŁ,
Folia oeconomica, 172. Łódź: Wydawnictwo UŁ.
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