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Abstract

This article presents three estimations of the output gap, one using the production function
method, and the other two by establishing the long-term product using cointegration
relationships (based on the production function of and the hypothesis of permanent income).
It also presents an analysis of time-relationships between the estimated output gaps and
selected measures of inflation using the covariance of a VAR-type stochastic process. The
methods employed yield different estimates of the output gap. However, if the time-structure
of the effects of these gap on inflation is taken into account, they lead to identical conclusions
and indicate the absence of inflationary pressure from the demand side until at least the end of
2003.
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1. Introduction

This paper presents estimates of the output gap in the Polish economy in 1996-2002.
The output gap, usually defined as the difference between the logarithm of the real GDP and
that of the potential GDP, indicates the imbalance existing in a real economy. Thus the
concept of output gap is based on the definition of unobserved potential output.

One can find various definitions of potential output in the literature. The applied
definitions depend on the objectives of the investigator. From the monetary authority’s point
of view still the most influential is the definition proposed by Okun (1962), who described
potential GDP as the maximum quantity of output the economy can produce under conditions
of full employment (which is understood as the maximum level of employment not generating
inflationary pressures). Later refinements of the definition stressed alternative aspects of the
above-mentioned qualification, ranging from the intensity of use of labour and capital (Artus
(1977)) and natural rate of unemployment (Gordon (1984)). Output gap is stressed in the neo-
keynesian models of the DSGE type (Dynamic Stochastic General Equilibrium) with sticky
prices (cf. Clarida, Gali, Gertler (2000)). Here the concept of potential output is different — the
equilibrium level reached without nominal rigidities, that is, with fully flexible prices and
wages.

Usefulness of the output gap concept for the monetary policy authorities is based on
the interpretation of the potential output as economy’s production capacity, that can be
assumed to be constant in the short-run. Positive output gap means that the demand exceeds
the supply, which implies inflationary pressure. In the medium-run the constancy of the
production capacity is violated, particularly increased investment demand can itself generate
an increse in capacity.

When interpreting the output gap, one should bear in mind that it reflects only the
demand pressure (domestic and foreign). Positive output gap can for example appear with
declining inflation in case of decreasing import prices or other cost-factors.

There is no commonly accepted methodology of calculating potential output. Methods
based directly or indirectly on Okun’s definition usually use the production function. On the
other hand, methodologies that decompose the product into permanent and transitory
components make use of concepts defining potential output as the long-run growth path of

GDP.



Due to importance of output gap in decision making process of monetary authorities
and the lack of commonly approved method of calculating the potential GDP, there is a huge
degree of uncertainty in this process. Uncertainty is also added because of the GDP measuring
errors, especially in the real-time (Orphanides, van Norden (2002)).

The authors decided to present the results of output gap calculations made using two
methods:

* a method based on a two-factor dynamic production function (estimated in the co-
integrated VECM system), in which the potential GDP is calculated as the product
resulting from the long-term level of inputs of means of production (Chapter 2);

* the GDP Permanent-Transitory Decomposition, using long-term restrictions in the
vector error correction model (VECM) imposed in an endogenous way by co-
integrating relationships; Chapter 3 contains the results for two views: one based on
the long-term production function and the other on the permanent income hypothesis.

As the output gap is connected with inflationary processes in the economy, Section 4 analyses
time dependencies between the estimated time-series of output gaps and various inflation
measures (CPI, PPI, GDP deflator and one of the core inflations). This analysis was made
using determined cross-correlations of the inflation and the gap, which are implied by the

covariance generating function of the VAR stochastic process.

2. Production function approach

Estimating the production function

In order to estimate the potential GDP of the Polish economy, the dynamic Cobb-
Douglas function' was selected as the production function. In this function, production can be

expressed as a combination of labour and capital inputs taking into account technical

" The Cobb-Douglas function was selected because of its simplicity and because of the difficulty in the economic
interpretation of alternative assumptions. Compare: Mc Morrow, Roeger (2001). The basic feature of the Cobb-
Douglas function is the assumption of the unit elasticity of the substitution. This assumption seems to be proven
by figures describing the Polish economy: in 1995-2001, the proportion of labour costs to gross value added was
between 50% and 53%, and it was almost identical in 1995 and 2001.



development as understood by Hicks. If constant economies of scale are assumed, it can be

represented as follows (cf. Zottowska (1997)):

Y, = A(a,L)" (BK,)"™

where Y, is the production (GDP in this case), L, and K, are the inputs of labour and
capital, respectively, while o, and p, are technical development functions in the meaning of

Harrod and Solow, respectively. As it is difficult to separate labour productivity growth from
capital productivity growth, the production function is often presented as follows:

Y, =TFPL°K,™,

where TFP; means the total factor productivity and reflects technical development
increasing the productivity of both labour - due to the improved qualifications of employees,
and capital - due to the introduction of advanced technologies. By having this structure, the
TFP, variable makes it possible to introduce variations in the 4 factor, and thus take into
account factors which cannot be explained by technical development. One of such factors is
the effectiveness of social resistance to the introduction of new technologies (cf. Prescot
(1997)).

The direct estimation of the production function using the ordinary least square
method (OLS) does not seem to be a proper method for at least two reasons. Firstly, the inputs
of labour and capital cannot be treated as independent, so the assumption that explanatory
variables are exogenous does not hold (cf. Griliches, Mairess (1995)). Secondly, according to
the economic theory, at least GDP and capital are generated by non-stationary stochastic
processes, so the use of OLS may lead to spurious regressions.

One of the methods allowing to avoid the above methodological errors is the
cointegration analysis. In this paper, the system was estimated in the form of a vector error
correction model (VECM), according to the Johansen (1991) procedure. The cointegration
relationship between production and inputs of labour and capital estimated in the above way
can be considered as a well-estimated production function provided that the model has been
correctly specified.

The quarterly data was used for empirical analysis. To eliminate the effect of seasonal
movements on the results, all variables were adjusted seasonally using the multiplicative
moving average method. The labour input (L;) was assumed to be equal to the number of
employed persons according to the Labour Force Survey (LFS). The variable describing the

capital in the Polish economy (K;) was assumed to be equal to the gross value of fixed assets



in the national economy in different quarters.” The data on real GDP (Y,) is taken from
publications of the Central Statistical Office.

The results of unit root testing based on the Dickey-Fuller test with the generalised
least square method (GLS) indicates that the logarithms of the seasonally-adjusted Y, L, and
K, variables are integrated of order one (Table 1). Thus there are grounds for looking for

cointegrating relationships between these variables.

Table 1. Results of the unit root test

Conclusion at the 0.1

Variable | DF-GLS statistics L
significance level
Alog(Y)) -1.99%* I(1)
Alog(L;) -2.00%* I(1)
Alog(K,) -1.91* I(1)

* significant at the 0.1 significance level
** significant at the 0.05 significance level

Source: Own calculations

In the first stage of estimation it was assumed that the 7FP, variable could be
approximated by the exponential trend, i.e. a linear trend after calculating the logarithm.
Cointegration test results indicate that there is one cointegrating relationship between the Y,
L, and K, variables at the 1% significance level. This is so both in the case of the trace test and
the test of maximum eigen-value (Table 2). Consequently, the VECM system was estimated

with the assumption that there is one cointegrating relationship.

Table 2. Johansen cointegration test

Hypothesis: number of Maximum eigen-value

cointegrating relationships | Eigen-value Trace statistic statistic
None 0.74 53.07%** 37.38%**
No more than one 0.28 15.68 9.06

**% hypothesis rejected at a 0.01 level of significance

Source: Own calculations

The approximation yielded the following estimate of the long-term relationship

between GDP, labour input and capital input:
— 7 0,57 £~ 0,43 0,29+0,01
Y=LK, e '

The estimated long-term relationship parameters have the expected signs and are

statistically significant. The same can be said of the o adjustment matrix parameters (for one

2 Calculations done by Marcin Kolasa and Roman Sawinski, DAMS, NBP.



cointegrating relationship it has the form of a vector), corresponding the equations describing
labour and capital dynamics. The evaluations of adjustment parameters indicate that the
equilibrium state is regained quicker through labour input (half of the adjustments lasted no
more than 3 quarters) than through capital input (half of the adjustments after 10 quarters).
This seems intuitively right and is consistent with observations of how the economy works.

The adjustment parameter in the equation describing GDP dynamics has the wrong
sign, but statistically it is no different than zero. This characteristic has important implications
for the entire system and is related to the idea of weak exogeneity (cf. S. Johansen (1991)).
The weak exogenous character of GDP in relation to the cointegrating relationship can be
interpreted by saying that adjustments stem only from production factors, and not from
production itself. This result indicates the demand-related nature of the GDP, which means
that the production factors are employed according to the aggregate demand.

For the estimation, two restrictions were imposed on the VECM system. The first has
a normalising nature, the second is connected with the assumption of constant economies of
scale. The quotient test of the likelihood ratio imposed on the restriction system indicates that
there are no reasons for rejecting the hypothesis of their legitimacy (at the probability of
0.65). The system describes the dynamics of endogenous variables well, and this is proven by
the high coefficients of determination and the tested lack of autocorrelation of the random
component. The roots of the characteristic polynomial corresponding to the system show it to
be stable.

The last stage in estimating the production function is to replace the exponential
deterministic trend approximating the total factor productivity with the TFP,” estimation. For
this purpose, after estimating the production function using the exponential trend, residual
values of the production function without the trend were calculated and smoothed using an
HP filter. At the end, the process of estimating the production function was repeated in an
analogous VECM system, in which the dynamic structure and restrictions of the original
system were maintained, but the exponential trend was replaced with the estimated 7FP, . The
calculated elasticities of the product in relation to the input of production factors differ from
those previously calculated only at the third decimal place. Consequently, the final estimation

of the production function can be described by the following formula:
Yt - TFR*Lt0,57Kt0,43 ’
where T. FP,* is the series of residuals after smoothing with the HP40 filter.

The estimated function was then used to calculate the potential production.



Potential labour input

According to the methods used by OECD (cf. C. Giorno et al. (1995)), the potential
labour input used to calculate the potential production is obtained from the following formula:

L"=LF(1- NAWRU),

where LF is the labour force, while NAWRU is the non-accelerating wage rate of
unemployment. Hence L corresponds to the number of employed persons at the natural
unemployment rate”.

Labour was assumed as the number of professionally active persons according to LFS,
but it is more difficult to estimate the NAWRU. The starting point was the method proposed
by Elmeskov (1993), in which the change in the rate of the wage inflation is proportional to
the difference between the actual unemployment rate and NAWRU, which can be expressed as
follows

N log =-a(U —NAWRU) ,a >0

where W — wage level, U — unemployment rate. The underlying methodology is thus
consistent with the Phillips curve supplemented with adaptative expectations, according to
which the expected wage inflation in the current period is equal to the rise of wages in the
previous period (cf. Staiger, Stock, Watson (1996)). Assuming that the NAWRU is constant
between any two consecutive quarters allows one to calculate the a parameter for subsequent
periods and as a result, to calculate the NAWRU series.

The method proposed by Elmeskov is used for annual data, so it seems right to modify
it for calculations based on quarterly data. In this study, the modification consists in replacing
the current value of the U variable with a distribution of its lags, i.e.

N logW =—-a(¢(L)U — NAWRU),a>0

where ¢(L) is a lag polynomial of order four, while L is the lag operator. A
hypergeometrical distribution of ¢(L) polynomial coefficients was assumed so as to take into
account the delay with which the labour market situation impacts on the wage rise. The
resulting formula is:

AP(L)U - N logh

NAWRU =@(L)U -
(L) N logh

* The equilibrium unemployment, NAWRU and NAIRU terms, though used synonymously in many studies, are
not really equivalent. Cf. Kwiatkowski (2002), p. 154.



The drawback of the Elmeskov method is that the short-term NAWRU generated by
this method changes to a great extent as real unemployment changes, which can be explained
by the impact not only of the unemployment level, but also its changes, on wage inflation.
This problem is usually reduced by smoothing the series using the Hodrick-Prescott filter (cf.
Giorno et al. (1995)).

The use of the HP filter gives rise to the generally known doubts about choosing the
right smoothing parameter and the end of sample bias. As there were no other premises, the
smoothing parameter of 1600 was adopted, which is the same value as that chosen by Hodrick
and Prescott (1980) and the standard parameter used for quarterly data®. The problem of the
beginning of the series can be easily eliminated by adding data from 1992 — 1994 to the
NAWRU calculation. The end of the series bias is far more problematic. Thus the most recent
elements of sample have been adjusted so that the average NAWRU level in 2002 is
approximately 16%°, which the author believes corresponds to the current level of equilibrium

unemployment in Poland.

Chart 1. NAWRU level in Poland, 1995-2002
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Since the NAWRU value for the end of the sample is assumed arbitrarily, the estimate

of the potential GDP and the output gap should also include a sensitivity analysis taking

* Discussion of the effect of using smoothing parameters in the HP filter in: Canova (1993).



account of a possible wrong estimate of the equilibrium unemployment. This analysis is
presented later on in the text. The estimate obtained on the basis of the actual unemployment

level according to BAEL is presented in Chart 1.
Estimating the potential production and the output gap

According to the methodology developed in OECD (cf. Giorno et al. (1995)), the
following formula is used to calculate the potential GDP:

Y = f(K,,L,,TFF),
where ;" is the potential GDP and f'is the estimated production function.

If the estimated Cobb-Douglas production function is used, the potential GDP for the

Polish economy can be calculated using the formula below
Y, =TFP'L K, ""
After the potential GDP has been estimated, it is possible to calculate the output gap as

the difference between the actual and potential GDP level. The results for Poland are

presented in chart 2.

Chart 2. GDP, potential GDP and the output gap as a percentage
of the potential GDP in Poland (seasonally adjusted data)
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> In comparison, the NAIRU rate for Poland estimated using the SVAR method was 15% in mid-2002 and grew
by about 1 percent annually. Cf. BRE Bank S.A. (2002).



The results of output gap estimation using a method based on the production function
show that this gap was positive until the third quarter of 1998, and then it fell below 1%. In
the second half of 1999, GDP was almost equal to its potential level. From the beginning of
2000, the output gap was negative and kept worsening until the end of 2001. Since 2002, GDP
has been returning to its potential level.

It has already been mentioned that the estimation of the potential GDP and the output
gap it implies depend on the estimation of the NAWRU unemployment rate. The elasticity of
GDP in relation to labour input indicates that the underestimation (overestimation) of
NAWRU by one percentage point decreases (increases) the potential GDP by 0.6% — 0.7%.

As a result, the output gap decreases (increases) by 0.6 — 0.7 of a percentage point.

Decomposition of the potential GDP growth in Poland

One of the advantages of the method based on the production function is that it can be
used to calculate the contribution of particular factors to potential GDP growth. If the
professional activity rate is defined as the proportion of employed persons to the number of
inhabitants older than 15 and if the estimated production function is used, the rate of potential
GDP growth can be broken down into five factors using the following formula:

Alog(PKB*) = Alog(TFP*)+0,57Alog(L) +0,57Alog(s) +0,57Alog(1— NAWRU) +0,43Alog(K)
where: L is the number of inhabitants older than 15 and s is the professional activity
rate defined above.

Graph 3 shows that the long-term GDP growth in Poland in 1995-2002 was mainly
driven by the increasing total factor productivity. In every quarter of this period, the share of
TFP in the potential GDP growth exceeded 60%, or even 90% in 2002. Between 1995-2002,
the potential GDP increased on the average by 2.9 percentage points a year due to the TFP
growth. Over the entire period analysed, the contribution of the capital growth and the growth
of population older than 15 were also positive, and amounted, respectively, to 1.6 and 0.6 of a
percentage point. The breakdown reveals unfavourable trends on the Polish labour market. As
a result of the decreasing professional activity rate, the long-term GDP growth rate was 0.5
percentage points lower every year. Since the end of 1998, the NAWRU unemployment level
has been growing in Poland, slowing the potential GDP growth in this period by 0.6
percentage points a year on the average. The growing NAWRU can be interpreted as a

symptom of unemployment hysteresis.
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Chart 3. Decomposition of the potential GDP growth (year on year) in Poland
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3. Permanent-transitory decomposition of the GDP

An alternative approach to determining the potential output, used both in the economic
theory and empirical research, is to treat it as the long-term GDP trend. The disputed issue is
the method of determining the trend, as a theoretical concept, on the basis of time series of a
relatively high frequency.

Econometric research based on the stochastic description of economic phenomena
concentrates on the permanent-transitory (PT) decomposition of the product time series. In
this approach, the potential product is treated as the permanent part of output established by
eliminating the effect of transitory disturbances.

The starting point of the analysis is a VAR-type dynamic econometric model
composed of variables integrated of order one. There should be long-term relationships
between the variables making up this system, consistent with the selected economic theory®.

This condition imposes recursive cross-restrictions on the parameters on the moving average

% In the econometric sense, the existence of long-term relationships means that there is a stationary linear
combination of I(1) variables. A relationship like this is called a cointegrating relationship.
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representation of original model, leading to the representation of the vector error correction
(VECM). The next step in the analysis is the PT decomposition of disturbances affecting the
system. The decomposition itself and identification of both types of disturbances is made
endogenously in the system, using the long-run restrictions imposed not implicitly on the
VAR system by VECM. The last element of the identification process is the assumption that
short- and long-run factors are independent (uncorrelated). The number and type of both sorts
of disturbances is implied by the number of cointegrating relationships in the system
(permanent disturbances are called common trends). The mathematical details of the
described decomposition, developed by Yang (1998), are presented in Appendix.

PT decomposition methods are often based on strong assumptions. Multivariate
Beveridge-Nelson decompositions (Evans, Reichlin (1994)) or unobservable factor methods
(usually solved using the Kalman filter) assume that the trend of product is a random walk
process and ignore the adjustments of potential after occurring of a permanent shock. The
potential is then an imagined level of the product achieved after all the transitory adjustments
died out. However, research, using Real Business Cycle models, indicates that the transitory
dynamics of permanent productivity shocks also influence potential output (Lippi, Reichlin
(1994)). The method of trend determination used in this study takes into account not only the
long-term impact of permanent disturbances, but also the accompanying transitory
adjustments. Compared to other methods based on cointegrating relationships (incl. Cochrane
(1994), Duspaquier, Guay, St-Amant (1999)), which take transitory adjustments into account,
this methodology developed by Yang properly identifies the number of permanent
disturbances affecting the system (which is equal to the number of common stochastic trends
governing the behaviour of the whole system). In addition, this procedure does not require
multiple estimations (as do the above mentioned methods), thus it’s relative efficiency.

The basis for the decomposition is the estimation of the VECM, in which the
permanent relationship is advocated by a certain economic theory. A decision was made to
estimate two systems:

* The PT-PF model, based on the long-term production function hypothesis;
* The PT-PIH model, based on the permanent income hypothesis.

12



The PT-PF model

The analysed dynamic system is composed of 3 variables: the real GDP, the number of
employed persons (data from LFS study) and the capital’. All variables are measured
quarterly and were adjusted seasonally using the TRAMO/SEATS® method. The sample range
is 1995-2002.

The variables making up the system are integrated of order 1 (cf. table 1) and the
economic theory defines the cointegration relationship in this system as the Cobb-Douglas
production function (discussed in more detail in Chapter 2). This justifies estimating the
system as a vector error correction mechanism (VECM).

A restriction of constant returns to scale was imposed on the cointegration relationship
parameters (validated successfully by the Likelihood Ratio test at the probability level of
around 0.82). The estimated GDP elasticity of labour input is 0.493 (with error 0.09), and
product elasticity of capital input is 0.507 (with error 0.09). Johansen tests of rank of
cointegration (trace and the maximum eigenvalue) confirm, just as the economic theory
suggests, that there is one cointegrating vector for the described system (with a slope and
trend in the cointegration relationship) — see table 3. The existence of one cointegration
relationship was also confirmed by eigenvalues of the VAR(4) corresponding to the analysed
VECM system: two of them reached values close to 1, while the remaining eigenvalues were
definitely lower, implying the existence of two common stochastic trends, which, in a three-
dimensional system, means one cointegration relationship. The precise form of the long-run

relationship is as follows:

— 70,493 £-0,507 _-0,055+0,009
Y =LK e '

Values of adjustment coefficients to the previous period's disequilibria (the error
correction term) for labour and capital inputs have the appropriate signs, implying
convergence to the long-run path, and the following respective values: —0.20 (meaning that
50% of adjustments is done after 3 quarters) and —0.05 (one half of adjustments take place in
3 years). The speed of adjustments of the labour is greater than of capital, which is consistent
with the theory. Estimation results imply that the parameter measuring the strength of output

adjustments to the long-run level is statistically insignificant, which is referred to as the weak

" Calculations done by Marcin Kolasa and Roman Sawinski, DAMS, NBP.

¥ The choice of different seasonal adjustment was an effect of desire to get more smooth data without random
deviations, which is important when using methods making use of long-run properties of time series. On the
other side, with the PF approach, the emphasis was on leaving annual dynamics of the data intact. The different
character of employed methodologies is thus the reason for estimating two production functions using different
data sets.
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exogenity of product with respect to the cointegration vector. As the production function
describes the supply side of the economy, the implications of weak exogenity of product seem
to suggest the demand driven nature of product: in reaction to a disequilibrium, the adjustment

is done only by production inputs, whereas changes in labour are definitely faster.

Table 3. Johansen cointegration test for the PT-PF model

Hypothesis: number of Maximum eigen-value

cointegrating relationships | Eigenvalue Trace statistic statistic
None 0.73 51.58%*x* 37.06%**
No more than one 0.33 14.52 11.36

*** hypothesis rejected at a 0.01 significance level

Source: Own calculations.

Because of the quarterly frequency of data used for estimation, the short-term dynamic
is reflected by rates of growth to the 3 order (this corresponds to a four lag VAR in levels).
A zero restriction on lags of the 2™ order was imposed on the short-term dynamics (this was
successfully validated by the Wald significance test of regressor group). This restriction was
imposed on the short-term dynamics to gain degrees of freedom while assuring the description
of the seasonal pattern. All free (not implied by the restrictions of common trends) roots of the
characteristic polynomial are located within a unit circle, which implies system stability.
Lagrange Multiplier tests of the auto-correlation indicate that there are no reasons for

rejecting the hypothesis of the zero autocorrelation of disturbances up to the 12™ order.

Chart 4. Output gap in the PT-PF model as a percentage of the potential
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The course of the output gap in 1996-2002 is shown on chart 4. In accordance with the
assumptions for the decomposition, the output gap is stationary in the econometric sense.
Both the ADF non-stationary test and the complementary KPSS stationary test successfully
validated the appropriate hypothesis at the 0.05 significance level.

In 1996-1998 the gap is positive and reaches a peak equal to 1.15% of the potential
GDP, later the gap became negative, with a local minimum
(-1.8%) in the third quarter of 2000. In 2001, the tendency of the economy to regain
equilibrium was interrupted again, with another minimum at —0.8%. However, recent

observations again show signs of the economy returning to equilibrium.

The PT-PIH model

The construction of the model and the nature of long-term restrictions are consistent
with the permanent income hypothesis (PIH). The system consists of three variables,
measured quarterly (the sample range is 1995 - 2002) and seasonally adjusted using the
TRAMO/SEATS method: the real GDP, consumption and the short-term real interest rate.
These variables are integrated of order one (cf. Table 4). For GDP and consumption, the
appearance of the unit root in time series is economically justified (cf. King, Plosser, Stock,

Watson (1991)), but there 1s no clear agreement among economists as to the real interest rate.

Table 4. Results of the unit root test

Variable | DF-GLS statistic Conclusion at 0.1
significance level

Alog(Y)) -1,99%* I(1)

A(r) -2,58%* I(1)

Alog(C) -3,59%** (trend) I(1)

** significant at a 0.05 significance level

Source: Own calculations

In this system, the long-term relationship is defined as a stationary consumption/GDP
ratio, independent on the interest rate. Imposing a restriction on the system, that eliminates the
interest rate from the long-run relationship (successfully validated by the Wald test at the 0.4

probability level), led to the estimated elasticity of consumption in relation to the product
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equal to 1.0076. This confirms the hypothesis of the stationary proportion of consumption to
the GDP’.

The results of the Johansen cointegration rank test (see Table 5) indicate that there is
one cointegration relationship at a 0.08 significance level. The existence of one long-term
relationship is proven by an analysis of the eigenvalues of a corresponding VAR. Two
eigenvalues are close to one (equal in module to 0.96), while the other are lower, which
implies that there are two common stochastic trends in the system, and hence one co-

integrating relationship.

Table 5. The Johansen cointegration test for the PT-PIH model

Hypothesis: number of Maximum eigenvalue

cointegrating relationships | Eigenvalue Trace statistic statistic
None 0.43 22.38%* 15.802*
No more than one 0.207 6.58 6.51

* hypothesis rejected at a 0.1 significance level

Source: Own calculations

The analysis of coefficients of the model at the error correction mechanism leads to
the following conclusions:

* consumption adjusts very quickly to the equilibrium level (coefficient equal to —0.35)
— more than half of the adjustments is finished after 2 quarters and 75% of adjustments
take place after 3 quarters;

* as in the previous system, the product is weakly exogenous (statistically insignificant
in terms of adjustment coefficient);

* there are also strong movements of the interest rate, which does not directly participate
in the error correction mechanism, but its effect is visible in the short-term dynamics
of the system.

The short-term dynamics of the system was approximated by rates of growth of variables up
to 3" order, which is consistent with the quarterly frequency of the data. On the basis of tests
of the Lagrange Multiplier of the joint residual auto-correlation, one can say that the adopted
scheme of transitional dynamics correctly approximated the dynamics of this phenomenon,

eliminating auto-correlation from disturbances (up to the 12" order). All free eigenvalues of

? Stationarity of consumption-GDP ratio doesn’t imply validating the Permanent-Income Hypothesis, especially
in its strong version of Hall (1978)

16



the system are smaller than one, so the described system is stable (the variables in the system

return to sustainable growth paths).

Chart 5. PT-PIH model output gap in percentages of the potential
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The output gap generated by the PT-PIH model (see chart 5) is stationary (both the
ADF and the KPSS tests at the 0.05 significance level successfully validate the hypothesis of
the stationary nature of the gap). Its course in time is similar to the PF model (cf. chart 4), but
the scale of imbalance is smaller (the maximum deviation of about 1% of the potential GDP).
It is worth noting that the moment when the gap changes the sign is in the second quarter of
1999, it reaches minimum in 2000 and the break in the growth trend in 2002. Recent

observations confirm that economy is heading towards equilibrium path.

4. Links between the calculated output gaps and inflation

The output gap determines the disequilibrium in the economy, and its size affects the
course of inflationary processes. A positive output gap means that the aggregate demand
exceeds the short-term production capacity, which results in an increased utilisation of

production factors in subsequent periods and through the cost-price spiral causes an
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inflationary pressure in the economy. The mechanism by which the gap affects the inflation
has been demonstrated in theoretical models with imperfect price-elasticity (cf. Clarida, Gali,
Gertler (2000)).

The impact of the output gap on inflation can be measured using several tools. One of
them is the Phillips curve, i.e. the direct estimation of the above relationship. However, it
imposes a priori restrictions on number of lags in equation.. One way to avoid this problem is
to calculate the cross-correlations between the current inflation and the delayed gap, ordered
according to the increasing time-interval between the two series.

In the case of the short time series, an important limitation on using cross-correlations
to assess the strength and time lag of the gap effect on inflation is the significant decrease in
the precision of estimators as the delay grows. This problem can be solved by constructing a
two-dimensional stochastic process generating output gap and inflation data, and then
determining its covariance-generating function (cf. Hamilton (1994), pp. 261-268).
Normalisation of the elements of this function generates theoretical correlation relationships
in time between the analysed time series, implied by the features of the stochastic process
describing the joint development of these series.

Charts 6, 7 and 8 present the theoretical coefficients of correlation between the
estimated output gaps and different price change measures, obtained by assuming a VAR-type
data generation process. The horizontal axis shows the quarterly lag of the gap in comparison
to the specific inflation rate. The following four measures of annual inflation were used in the
analysis:

* the consumer price index (CPI);

* the producer price index (PPI);

e the GDP deflator;

* one of the core inflation measures (IBNZP) — core inflation excluding the most

variable and fuel prices.
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Chart 6. Correlations — the PF model
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Theoretical correlations corresponding to the model for estimating the potential
production using the production function (PF) method indicate that there is a strong link
between the output gap and the inflation measures. In the case of CPI and IBNZP, the
maximum effect is seen with a one quarter time lag, for the GPD deflator — 2 quarters lag,
while the PPI reacts the most strongly in the current quarter. The strong correlation between
the gap and inflation (above 0.5) lasts for a year in the case of PPI and for 18 months in the
case of the other measurements. This indicates that the effect of demand-side shocks causing

inflationary pressure in the economy is relatively long-lasting.

Chart 7. Correlations — the PT-PF model
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The interactions between the output gap generated by the PT-PF model and inflation
are weaker, and the time structure of these links is different. The maximum effect of the gap
on CPI and IBNZP is seen in the current quarter, while for the PPI and the GDP deflator it
occurs in the third and fourth quarters respectively. It is worth noting the relatively strong link
between the gap and CPI, PPI and IBNZP inflations in the current period, while the effect of
the gap on the GDP deflator only becomes visible after half a year has passed. The links
between the gap and the analysed inflation measures expire in 6 — 9 quarters, depending on
the index. Due to low levels of correlation coefficients (especially in the case of GDP deflator

and IBNZP) one should be careful in interpreting the PT-PF model results.

Chart 8. Correlations — the PT-PIH model
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The theoretical correlations corresponding to the gap calculated by the PT-PIH model
show that it is more strongly connected with inflation than in the PT-PF model. The gap has
the strongest impact on the GDP deflator and the PPI index, and a weaker one on inflation
measured by the CPI and IBNZP. In comparison with the two previous models, the gap from
the PT-PIH model has the longest delay in exerting its effect, reaching maximum values after
5 quarters for the PPI and 8 quarters for the IBNZP. In the case of the GDP deflator and the
CPI inflation, the maximum effect is noted after 6 and 7 quarters, respectively. The impact of

the gap on inflation effectively disappears in four years.

20



5. Summary

The alternative methods of estimating the output gap presented above differ with
regard to the concept and method of calculation. The potential GDP estimated using the
production function reflects the supply-side of the economy, i.e. the GDP level stemming
from long-term inputs of production factors. On the other hand, methods based on the
permanent-transitory decomposition of GDP take advantage of long-term relationships
between macroeconomic aggregates and yield a potential GDP of permanent nature, which is
a product of accumulated shocks.

Consequently, it is not surprising that the alternative methods used lead to different
estimates of the output gap. However, it turns out that if the different time-structures of the
effect of the calculated gaps on the inflation are taken into account, the conclusions on the
inflationary pressure in the economy drawn from those gaps are similar. In particular, the
development of all three gaps over the last quarters shows the lack of any demand-side
inflationary pressure, which may be the case till the end of 2003.

Thus, when forecasting inflationary phenomena in the economy, it seems right to use
the signals produced by both methods, using the output gap calculated on the basis of the
production function to assess the inflationary pressure in the coming quarters, while the gap
generated by the permanent-transitory decomposition can be used to forecast inflation over a

longer period of time - exceeding one year.

21



Bibliography

10.

11.

12.

13.

. Artus, P., (1977), Measures of potential output in manufacturing for eight industrial

countries, 1955-78, IMF Staff Papers No. 24

Beveridge, S., Nelson, C.R., (1981), 4 new approach to Decomposition of Economic Time
Series into Permanent and Transitory Component with Particular Attention to
Measurement of the ‘Business Cycle’, Journal of Monetary Economics 7, s. 151-174
Blanchard, O.J., Quah, D., (1989), The Dynamic Effects of Aggregate Demand and Supply
Disturbances, The American Economic Review 79(4), s.655-673

BRE Bank S.A., (2002), Ile bezrobocia bez przyspieszania inflacji, czyli proba
oszacowania NAIRU dla polskiej gospodarki, Miesigczny Przeglad Makroekonomiczny,
kwiecien

Canova, F., (1993), Detrending and business cycle facts, CEPR Discussion Paper No. 782
Chagny, O., Dopke, J., (2001), Measures of the Output Gap in the Euro-Zone: An
Empirical Assessment of Selected Methods, Working Paper No. 1053, Kiel Institute of
World Economics

Clarida, R., Gali, J., Gertler, M., (2000), Monetary Policy Rules and Macroeconomic
Stability: Evidence and some Theory, Quarterly Journal of Economics 115, s. 147-180
Cochrane, J.H., (1994), Permanent and Transitory Components of GNP and Stock Prices,
Quarterly Journal of Economics 109, s. 241-265

Duspaquier C., Guay, A., St-Amant, P., (1999), 4 Survey of Alternative Methodologies for
Estimating Potential Output and the QOutput Gap, Journal of Macroeconomics 21,
$.577-595

Elmeskov, J., (1993), High and persistent unemployment: assessment of the problem and
its causes, OECD Economics Department Working Paper No. 132

Engle, R., Granger, C., (1987), Co-integration and Error Correction: Representation,
Estimation and Testing, Econometrica 35, s. 251-276

Evans, G., Reichlin, L., (1994), Information, forecasts and measurement of the business
cycle, Journal of Monetary Economics 33, s. 233-254

Giorno, C., Richardson, P., Roseveare, D., van den Noord, P., (1995), Estimating
potential output, output gaps structural budget balances, OECD Economics Department
Working Paper No. 152

22



14.

15.

16.

17.
18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

Gordon, R.J., (1984), Unemployment and the Growth of Potential Output in the 1980s,
Brookings Papers on Economic Activity No.15(2)

Griliches, Z., Mairess, J., (1995), Production Functions: The Search for Identification,
NBER Working Paper No. 5067

Hall, R.E., (1978), Stochastic Implications of the Life Cycle-Permanent Income
Hypothesis: Theory and Evidence, Journal of Political Economy 86

Hamilton, J.D., (1994), Time Series Analysis, Princeton University Press

Hodrick, R., Prescott, E., (1980), Post-war US business cycles: an empirical investigation,
Working Paper, Carnegie Mellon University

Johansen, S. (1988), Statistical analysis of cointegrating vectors, Journal of Economic
Dynamics and Control 12, s. 231-254

Johansen, S., (1991), Likelihood-based inference in cointegrated vector autoregressions,
Econometrica 59

King, R.G., Plosser, C.I., Stock, J.H., Watson, M.W., (1991), Stochastic Trends and
Economic Fluctuations, The American Economic Review 81(4), s. 819-839

Kwiatkowski, E., (2002), Bezrobocie. Podstawy teoretyczne, PWN, Warszawa

Lippi, M., Reichlin, L., (1994), Diffusion of technical change and the decomposition of
output into trend and cycle, Review of Economic Studies 61, s. 19-30

Mc Morrow, K., Roeger, W., (2001), Potential Output: Measurement Methods, “New”
Economy Influences and Scenarios for 2001-2010 — A Comparison of the EU15 and the
US, European Commission Economic Paper No. 150

Okun A. (1962), Potential GNP: Its Measurement and Significance, American Statistical
Association, Proceedings of the Business and Economic Statistics Section, Washington
Orphanides, A., van Norden, S., (2002), The Unreliability of Output-gap Estimates in
Real Time, The Review of Economics and Statistics 84 (4), s. 569-583

Prescott, E.C., (1997), Needed: A Theory of Total Factor Productivity, Federal Reserve
Bank of Minneapolis

R&Om, M., (2001), Potential Output Estimates for Central and East European Countries
Using Production Function Method, Working Papers of Eesti Pank No. 2

Schumacher, Ch., (2000), Forecasting Trend Output in the Euro Area, HWWA
Discussion Paper 109/2000, Hamburg

Staiger, D., Stock, J.H., Watson, M.W., (1996), How precise are estimates of the natural
rate of unemployment?, NBER Working Paper No. 5477

23



31.

32.
33.

34.

35.

Taylor, J.B., (1993), Discretion versus Policy Rules In Practice, Carnegie-Rochester
Series on Public Policy 39, s. 195-214

Welfe, W., Welfe, A. (1996), Ekonometria stosowana, PWE, Warszawa

Yang, M., (1998), On identifying permanent and transitory shocks in VAR models,
Economic Letters 58, s. 171-175

Zigba, J. (2003), Diugo- I krotkookresowa sktadowa Produktu Krajowego Brutto wedtug
metody Blancharda I Quaha, Materialy 1 Studia nr 155, NBP

Zottowska, E., (1997), Funkcje produkcji, teoria, estymacja, zastosowania, Uniwersytet

Lodzki

24



Appendix

Consider an n-dimensional stochastic process {x,} of integrated variables and its error
correction (VECM) representation:
pr
Av, =0+0x,, +3 M, +¢, (1)
i=1
where A =1- L is the difference operator and L is the lag operator, O is deterministic part of

model, 8 and [1,are matrices of parameters. & is a vector of random disturbances from

individual equations with variance-covariance matrix Q. The system (1) could be estimated
by ML procedure developed by Johansen (1988). In case of r cointegrating relations, tested by

Johansen procedures, 8 has a reduced rank and can be decomposed as € = af3' where a and S
are full-rank (n xr) matrices. Columns of £ are cointegrating relations between the variables

of the system and elements of o are system reactions to previous period disequilibria. The

system should converge monotonically to the long-run relationship S'x, with adjustment rate

p .

given in o. Defining M(L)=1, —Z M.L and A(L)=TI(L)(1-L)+6L one can convert
i=1

VECM into corresponding VAR representation: A(L)x, =0 +E€,.

As elements of x, are I(1), the Wold theorem assures that its first differences have an

infinite Vector Moving Average representation (VMA), showing the way disturbances of

previous periods affect the current value of variables:

Axt = C(L)(5 + gt) - ,U + gt + Clgt—l + ngt—z t... (2)

where (4 =C(1)0 is a deterministic part, C(1) = ZCi is a sum of all short-run multipliers
i=0

and the matrix polynomial is of the form: C(L) = Z C,L' with normalization C(0) =1 .

i=0
Engle and Granger (1987) showed that on defining C"(L)=(C(L)-C(1)1-L)™"
equation (2) can be represented as:

Ax, =C(LY(O+¢)=u+C()e, +C (L)Ag, 3)

In case of C(1) being of reduced rank & (k < n), there are r=n — k cointegrating relations. C(1)

can be decomposed as: C(1) =hg' where h and g are (nXk) matrices. Equation (3) shows
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the decomposition of matrix polynomial C(L) into a permanent part C(1) and a transitory lag

distribution C"(L)Ag,. 1t is clear that there are only k linear combinations of disturbances

permanently affecting x, - they are of the form g'e, .

p
Johansen (1992) showed that C(1) =B, (a; (1- Y. M,)B,)"a where a, and B, are

i=1

orthogonal complements'® to corresponding matrices. Equation (3) can be then presented as:

Av, = u+ B(al(1, - Y N )B.) ale, + C (e, ”

i=1

p
with a fé‘, being a group of permanent shocks and matrix B, (a. (I- Z MN,)B,)”" showing

i=1

their long-run impact on the variables creating the system.

In order to obtain components of x,, that are created by permanent disturbances,
taking into account not only their long-run, but also short-run impact, one should find a
connection between long-run shocks fé‘, and MA representation of (2). The stochastic

component C(L)€, can be divided into 2 components, of which one is the permanent one

ale,:

C(L)e, =C(L)a, lar, e, +C(L)yy ¢, 5)

where v 1s any (n Xr) matrix chosen to assure that [a+ ﬂ 1s invertible and satisfying the

equation'': [CT N }7] = {[0’ N y] ! } o Representation showed in (5) assumes that multipliers
of permanent and transitory disturbances are linear combinations of multipliers of model (3).

Dynamic influence of shocks on variables forming x, was then divided into coming from

long-run and short-run disturbances. To finish the decomposition one must choose matrix .

. . . T
Assuming that permanent disturbances ale , and transitory ones ) &, are orthogonal

' Orthogonal complement of (7 X ) matrix a.isa (nXn —r) matrix @, that satisfy the relation a’a, =0.1t’s

a matrix which columns form basis of subspace, which is orthogonal to the subspace generated by columns of o
matrix.

"1t’s solution to the equation of the form: o, ! +y0’ =1 ;
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(independent), which is desired in impulse-response analysis, one can get the following

relation defining vy:
y=a-a.(a,Qa,)"a;Qa (6)

Permanent components of vector x, could be obtained as deterministic part of

equation (3) with the whole stochastic component of permanent disturbances:
x| = p+(CLya,)ale,

Thus x, is defined to be that part of x,, that was generated by only permanent disturbances,

so according to our definition, it could be treated as trends of elements of vector x, .
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