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Methods for Estimating the Cyclical Position of the Economy

The cyclical position of the economy can be determined on the basis of estimates about the
potential economic growth and the output gap. These estimates are of prime importance to the
central banks for the following reasons. First, the cyclical position of the economy has an impact
on wage and price dynamics and therefore on price stability maintenance. Second, determin-

ing the state of the business cycle is crucial for assessing risks to financial system stability and
implementing macro-prudential policy to timely counter the potential accumulation of such risks’.
Third, the estimates of the cyclical position of the economy are used to measure the cyclical and
structural component of the budget balance, to evaluate the role of the fiscal policy for economic
activity stabilisation and to assess the outlooks on short- and long-term public finance sustain-
abilityz. Not least, the estimates of the potential output allow for analysing and forecasting the real
convergence processes of the Bulgarian economy and assessing the effects of the implemented
structural reforms.

|. Possible Methods for Estimating the Cyclical Position

Alternative definitions of potential output are used in the economic literature and therefore various
methods are applied to decompose a GDP time series into a trend and a cyclical component,
that, in essence, are unobservable variables. These methods could be classified in two broad
groups: univariate and multivariate methods®. The first group includes the univariate statistical fil-
ters or models where the GDP time series is filtered based on statistical assumptions about the
characteristics of the unobserved trend and cyclical components. These techniques do not use
additional information on the state of the economy, except that contained in the time series which
is decomposed. Typical examples of univariate filters are the tools developed by Hodrick and
Prescott’, Baxter and King®, Christiano and Fitzgerald®. The assessment of the cyclical position by
these filters is sensitive to the selected parameters, based on which it is assumed that the length
of the business cycle is within predefined ranges (most often between 1.5 and 8 years). Univariate
unobserved components models are increasingly used, whereby it is assumed that the trend of the
time series follows a stochastic process, without imposing an additional parametric restriction on
the business cycle length. The local linear trend model is an example of such an approaoh.7

The second group of methods for estimating the cyclical position includes the multivariate meth-
ods, which are based on theoretically justified economic relationships and use additional informa-
tion on other variables besides GDP. The most commonly used models are those based on a
particular functional form of the production function or empirically established relationships such as

! For further information on the relation between the business cycle and the financial cycle in Bulgaria, see the research topic
Methods for Assessment of the Financial Cycle in Bulgaria, Economic Review, issue 2/2018, and the article: Karamisheva, T.,
G. Markova, B. Zahariev and S. Pachedzhiev. Financial Cycle in the Bulgarian Economy and lts Interaction with the Business
Cycle, Bulgarian National Bank, Discussion Papers, No 113, 2019.

2 The estimation of the structural budget balance and the consistency between budget expenditure and GDP potential growth
is also important in terms of compliance with the requirements of both European framework for economic policy coordination
and national legislation.

% Alvarez, Luis J. and Ana Gémez-Loscos, A menu on output gap estimation methods, Journal of Policy Modeling, vol. 40(4),
pp. 827-850, 2018.

* Hodrick, R. J. and E. Prescott, Post-war U.S. business cycles: An empirical investigation, Journal of Money, Credit and Bank-
ing, vol. 29(1), 1997.

° Baxter M. and R. King, Measuring business cycles: Approximate bandpass filters for economic series, NBER Working Paper,
No. 5022, 1995.

© Christiano, Lawrence C. and Terry J. Fitzgerald, The Band Pass Filter, Federal Reserve Bank of Cleveland working paper,
No 9906, published in: NBER working paper No 7257, 1999.

"“The english term is local linear trend model.”
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Phillips curve®, Okun’s law®, equilibrium interest rate'. Concurrently, more complicated stochastic
general equilibrium models and models based on real business cycles paradigm are also applied.

Each of the above methods for assessing the state of the business cycle has its advantages and
disadvantages. Therefore, the results obtained from the application of different approaches often
differ substantially. Additional source of uncertainty is the relatively strong sensitivity of estimates to
new observations or statistical revisions in any of the analysed time series. This uncertainty moti-
vates the central banks to use simultaneously several alternative methods to measure the potential
output level and the deviations from it. Some of the univariate and multivariate models currently
used by the BNB are presented in the next section of this study.

|l. Models Used by the BNB and Results

Empirical studies of the cyclical position of the Bulgarian economy are diverse and a wide range
of the above univariate and multivariate methods are used in the literature''. The multivariate meth-
ods currently used by the BNB are selected with a view of the possibility to assess the contribu-
tion of the individual factors of production (labour, capital, total factor productivity) to the growth.
From the univariate methods we present the results of Hodrick and Prescott filter which provides
the starting point for comparison due to its wide use and easy application.

1. Univariate Models

One of the most widely applied univariate statistical filter for estimating the cyclical position of
the economy is the Hodrick and Prescott filter. With this filter, the decomposition of GDP time
series (y,) into a trend p,_and a cyclical component ¢, is based on pre-defined preferences on the
smoothness of the trend series. These preferences are set by the parameter value A in expression
(2). The greater the value of this parameter is, the greater weight in the optimization problem is
given to the minimization of fluctuations in the potential GDP time series (second component of
expression (2)) and consequently less weight is given to the deviation of potential from real GDP
in absolute terms (first component of expression (2)). According to the literature, the most com-
monly used value of A for time series with quarterly frequency is A = 1600'%, where, under such
parameterisation, a cycle with a length of up to eight years is usually identified.

Y= M T e (1)
ming,, [EL07,— 1)’ + AZLI — By — (b = )T (2)

8 Kuttner, K. N., Estimating potential output as a latent variable, Journal of Business and Economic Statistics, vol. 12(3),
pp. 361-368, 1994.

?Evans, G., Output and unemployment dynamics in the United States 1950-85, Journal of Applied Econometrics,
No. 4, pp. 213-237, 1989.

| aubach, T. and J. Williams, Measuring the Natural Rate of Interest, Review of Economics and Statistics, vol. 85(4): pp.
1063-1070, 2003.

" See, for instance: Avramoy, R., Cycles in the Bulgarian economy: theoretical and methodical foundations of the analysis,
Economic Thought, vol. 6: pp. 25-37, 1990; Ivanov, L., The Bulgarian Business cycle 1994-2002: a look through the decompo-
sition of Nelson and Beverage. Available only in Bulgarian, Statistica 2003, No. 1: pp. 60-74; Ganev, K., Statistical Estimates of
the Deviations from the Macroeconomic Potential: An Application to the Economy of Bulgaria, Agency for Economic Analysis
and Forecasting, 2004; Tsalinski, Ts., Two Approaches to Estimating the Potential Output of Bulgaria. Bulgarian National Bank,
Discussion Papers, No. 57, 2006; Stattev, S., Financial Development and Economic Growth in Bulgaria (1991-2006): An Econo-
metric Analysis Based on the Logic of the Production Function. Bulgarian National Bank, Discussion Papers, No 72, 2009;
Ganey, K., A Small Model for Output Gap and Potential Growth Estimation: An Application to Bulgaria, Bulgarian Economic
Papers, No. BEP 04, 2015; Kasabov, D., P. Kotseva, A. Vassilev and M. Yanchev, Relationship between Inflation, Potential Out-
put and Structural Unemployment in Bulgaria, Bulgarian National Bank, Discussion Papers, No 104, 2017.

12 Alvarez, Luis J. and Ana Goémez-Loscos, A menu on output gap estimation methods, Journal of Policy Modeling, vol. 40(4):
pp. 827-850, 2018.
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Chart 1: Estimations of the Business Cycle by Using the HP Filter
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Note: The business cycle is the deviation of GDP from potential output measured as a percentage of potential output (output gap).
Sources: the NSI, the BNB.

The main advantage of the Hodrick-Prescott filter is that it allows for an easy assessment and uni-
form application to different economies or economic sectors without requiring specific knowledge
about these economies. Concurrently, well known drawbacks in the application of this method

are the sensitivity of obtained estimates to both the selected value of the parameter A and the
inclusion of new observations as it is a two-sided filter (this drawback is also known as an end-
of-sample problem).13 Despite the drawbacks, this filter continues to serve as a starting point for
comparing alternative estimates of the cyclical position.14

According to the results of HP filter application (see chart 1), in the 2000-2007 period potential
growth of the Bulgarian economy followed a sustainable upward trend. Up to 2003 inclusive, real
GDP increased at lower rates than potential output which leads to a deterioration in the economy’s
cyclical position and to a negative output gap. High GDP growth reported after 2004 is a reason
behind a gradual closure of the negative output gap and entering an expansionary phase, with the
maximum positive output gap of 4.8 per cent achieved in 2008.

Over the 2009-2011 period, the potential output growth slowed down under the negative effects
of the global financial crisis and worsened economic growth prospects. The exhaustion of these
negative effects is a condition for a recovery of the potential growth over the following years. In
the post-crisis period, the economy’s cyclical position passes through the so-called double dip,
with cyclical position deterioration in 2009-2010 followed by a short-term improvement in 2011 and
a new, more substantial widening of the negative output gap over 2012-2014. With reporting high
growth rates of real GDP after 2015, the economy has been gradually entering a phase of eco-
nomic expansion, thereby forming a positive output gap.

2. Multivariate Models

Economic literature generally takes the view that economy’s growth potential in the long run is
determined by supply side factors. On a conceptual level, the economic model which best repre-
sents the potential output concept, thereby helping its understanding and defining, is the macro-

'3 For more information on HP filter drawbacks, see: Hamilton, James D., Why You Should Never Use the Hodrick-Prescott
Filter, The Review of Economics and Statistics, vol. 100(5): pp. 831-843, 2016.

"You can find an alternative estimate of Bulgarian economy’ cyclical position based on an univariate unobserved components
model in ‘Methods for Assessment of the Financial Cycle in Bulgaria’, Economic Review, issue 2/2018. Results obtained on the
basis of the univariate model do not differ significantly from the HP filter estimate, and accordingly this model remains beyond
the scope of the current study.
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economic production function.™ It links the macroeconomic potential with the available production
resources grouped into three main categories: labour input, physical capital and total factor pro-
ductivity (TFP). The latter category summarises such characteristics of the economy as the state
of production technologies, the quality of education, the institutions and other characteristics that
are relatively difficult to measure directly. The production function of Cobb-Douglas type is a spe-
cific functional form of a production function, which is widely used to show the technological link
between available resources and potential output:

Y, =4.L° K% 3
where:
Y is the potential output level in period ¢

L, are available human resources;
K, are available means of production in the economy in period ¢
A, is total factor productivity in period ¢

a and B are parameters measuring the output elasticity to capital and labour. In a production func-
tion with constant returns to scale o + g = 1.

2.1. Multivariate Production Function Model

The first multivariate model used by the BNB is constructed on the basis of a Cobb-Douglas pro-

duction function with constant returns to scale. The proportion of production factors is constant in

time and is calibrated on the basis of national accounts data about the share of the compensation
of employees and gross operating surplus in gross value added: a = 0.6, = 1-a = 0.4.

Potential GDP is estimated in two steps. The first step includes a measurement of the current level
of capital, labour resources and total factor productivity in the economy by using the account-

ing decomposition in equation (3). By its nature, the TFP is calculated as a residual. The capital
amount (K) is estimated according to the perpetual inventory method."® Available labour resources
in the economy (L) are represented by employment measured through the total number of hours
worked per employee:

L = HW,(I-UNR,).PART.POP, (4)
where:
HW, is the number of hours worked per employee in period ¢
UNR, is the unemployment rate in period ¢,
PART, is the economic activity rate in period ¢,
POP, is the working age population (15-69 years) in period ¢.

" Tsalinski, Ts., Two Approaches to Estimating the Potential Output of Bulgaria. Bulgarian National Bank, Discussion Papers,
No. 57, 2006; Hodrick, R. J. and E. Prescott, “Post-war U.S. business cycles: An empirical investigation”, Journal of Money,
Credit and Banking, 29(1), 1997.

®The English term perpetual inventory method suggests that capital dynamics is based on the level of net investment (gross
fixed capital formation less consumption of fixed capital). The initial estimate includes an assumption about a constant depre-
ciation rate of 5.2 per cent, which is similar to the estimated depreciation rate in the following periods.
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Chart 2: Multivariate Production Function Model
GDP Growth and Contribution by Input Factor Business Cycle
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Note: The business cycle is the deviation of GDP from potential output measured as a percentage of potential output (output gap).
Sources: the NSI, the BNB.

The second step in estimating potential GDP involves finding the trends in production factors by
using HP filter and their aggregation up to the total potential of the economy. The results of this
method are displayed in Chart 2.

The graphical analysis shows that the state of the economy in 2000 is characterised by a nega-
tive output gap due to sub-optimal utilisation of production factors. In the following years there
was a long-term trend toward opening a positive output gap, with real GDP in 2008 exceeding
potential output by 4.4 per cent. The global financial crisis of 2008-2009 reversed this trend,
resulting in a serious deterioration in the business cycle with simultaneous negative consequenc-
es on potential growth. The most significant negative output gap was reported in 2009, and the
redeterioration of the cyclical position in the 2012-2015 period was longer but weaker in size.

In the following three years the economy functioned above the potential output, with the largest
positive output gap observed in 2017 (0.6 per cent). With the slowdown of the economic growth
in 2018, the positive output gap also declined.

Chart 2 illustrates also which production factors drive the change in potential GDP growth. For
instance, a significant decrease in the positive TFP contribution was observed in the period after
the global financial crisis, which is likely to reflect lower inflows of foreign direct investment and
investment for upgrading and improving efficiency in the context of an increased global uncer-
tainty, as well as lower public investment and sub-optimal capacity utilisation.'” TFP growth has
started to accelerate since 2012, contributing most significantly to the potential GDP growth in
2018.

Throughout 2009-2014 the contribution of labour to potential GDP growth remained negative,
driven mainly by the sharp rise in the unemployment rate. After 2014, a more essential recovery
has been observed on the labour market coupled with a declining unemployment trend, offset-
ting the negative demographic trends and decreased working age population. As a result, the
contribution of labour to the growth rate of potential output has turned positive. The contribution

' Chart 2 shows that the TFP contribution to the potential GDP growth began declining already in 2005-2008 when the eco-
nomic expansion probably allowed the survival of even less performing firms.
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of capital to the potential growth declined significantly in the 2010-2014 period, reflecting the
negative effect of the global financial crisis on corporate and government investment activ-

ity. Although the investment activity remains persistently at lower levels compared to the pre-
crisis period, factors underpinning accumulation of capital in the post-crisis period include the
enhanced implementation of EU projects in 2013-2015 and increasing private investment after
2016 in the context of rising external demand for Bulgarian goods and services, general eas-
ing of the uncertainty in the international environment and continuous improvements in financing
conditions.

2.2. Multivariate Model with Production Function, Phillips Curve and Okun’s Law

In traditional production function models, production factors are filtered individually by means of
univariate filters. A possible drawback of this method is that the obtained estimate of potential
GDP may resemble in many aspects the estimate derived from an univariate filter applied only
to the GDP time series. Therefore, the second multivariate model used by the BNB for business
cycle measurement combines the production function with behavioural equations of the Phillips
curve and Okun’s law'®. The Phillips curve equation aims to empirically estimate the relationship
derived in the literature between the output gap and inflation dynamicsw, while Okun’s law links
the output gap to the unemployment gap®.

The model is solved in several steps. The first step requires to create a system of equations in
an appropriate form?', characterising the individual unobserved components and the relation-
ships between them. The second step involves calibration and/or estimation of model parameters,
which may be based on maximum likelihood or using Bayesian estimation methods. The third
step is to identify the path of unobservable variables based on estimated parameters and model
structure using the so-called Kalman filter.

Based on the foregoing two main advantages of this type of structural models may be outlined.
First, this type of structural models allow for better identification of unobserved components as
more information about the state of the economy is used (in the form of more observable varia-
bles and a built-in design on the dynamics of their cyclical and trend components). Second, the
long-term trends in GDP and unemployment developments derived using these models get closer
to the concepts of potential output and natural rate of unemployment defined in the literature®.
In line with the design of the model the economic activity is at its potential level provided there
is no upward or downward price pressure in the economy, /.e. inflation is at its long-term level.
The model and its main components are graphically shown in Figure 1. Observable variables are
depicted in dark blue, unobserved components in light blue and main economic relationships in
orange.

'8 The model used is similar to that in: Andersson, M., B. Szorfi, M. Téth and N. Zorell, An unobserved components model for
euro area potential output, ECB Economic Bulletin, Issue 7, 2018.

®We use the definition of core inflation, which is consumer prices excluding food, energy products and goods and services
with administratively controlled prices.

2 A modification of the model in this study without a production function is presented in: Kasabov, D., P. Kotseva, A. Vassilev
and M. Yanchev, Relationship between Inflation, Potential Output and Structural Unemployment in Bulgaria, Discussion Papers,
No 104, 2017.

2" This is the so-called state space model presentation.

? The long-term trends in GDP and unemployment developments derived by univariate filters get close to the statistical con-
cept of trend.
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Figure 1. Multivariate Model with Production Function, Phillips Curve and Okun’s Law
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Note: The figure is an adapted version of that proposed by: Andersson, M., B. Szérfi, M. Téth and N. Zorell. Op. cit.

The results of the estimated cyclical position of the Bulgarian economy using the presented model
are shown in Chart 3.

Chart 3: Multivariate Model with Production Function, Phillips Curve and Okun’s Law

GDP Growth and Contribution by Input Factor Business Cycle
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Note: The business cycle is the deviation of GDP from potential output measured as a percentage of potential output (output gap).
Sources: the NSI, the BNB.
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The graphical analysis shows that the estimated cyclical position using this model differs from that
obtained by applying the first two methods in terms of business cycle amplitude.23 The use of a
multivariate production function model and behavioural equations results in a higher negative out-
put gap in the beginning of the review period compared with previous methods.

This can be explained by the fact that the estimate is strongly impacted by the significant negative
unemployment gap in the 2000-2002 period. Similar to the second method the model signals an
upward dynamics of the business cycle between 2003 and 2008, with the largest positive output
gap reported in 2007. Growth of potential output slowed down in the post-crisis period, with the
stronger downward adjustment in GDP growth resulting in a negative output gap. In contrast to the
other methods in this model the cyclical position deteriorates stronger and for a longer time in the
2009-2015 period. This reflects both the sustained unemployment gap and the subdued dynamics
of core inflation over the period, which within the model is interpreted as a signal that production
factors are not optimally used in the economy. After 2015 the economic activity increased by over
3 per cent annually exceeding potential GDP growth. As a result after 2016 the business cycle
entered an expansion phase. Unlike other approaches this model does not indicate closing of the
positive output gap at the end of the review period, which reflects mainly the sustained negative
unemployment gap.

Turning to factors determining growth opportunities in the economy Chart 3 illustrates that acceler-
ated potential growth in the 2014-2018 was mainly due to the TFP and to a lesser extent to capi-
tal. Concurrently, the contribution of labour was negative in this period. This reflects the negative
effects of the decline in working age population (15-69), which is only partly compensated by the
decrease in the natural rate of unemployment and the long-term upward trend in the participation
rate.

l1l. Conclusions

The study presents two multivariate models used by the BNB to assess potential growth and the
business cycle. The results of these models have been compared by the HP univariate statistical
filter which serves as a starting point for comparing alternative estimates. The three approaches
give an indication that since 2016 Bulgaria’'s economy has been in a moderate expansion (see
Chart 4). The output gap in the 2016-2018 period was under 1 per cent, while in two of the
approaches (the HP filter and production function) the gap decreased in 2018 in line with the
reported slower real GDP growth. All approaches applied indicated acceleration of the potential
GDP growth after 2013 to the range of 3-3.6 per cent in 2018. Both multivariate approaches
based on the production function indicate that TFP contributed most strongly to accelerated growth
of potential GDP in the period after 2013.

Historically, the strongest differences in the business cycle estimates were recorded in the 2000-
2002 period and in the post-crisis period. The inclusion of additional information on the relationship
between the cyclical components of unemployment and GDP in the third approach resulted in a
higher negative output gap in these two periods. An additional factor behind the more strongly
pronounced and longer deterioration of cyclical developments in the post-crisis period, estimated
by the multivariate unobserved components model, was the subdued core inflation dynamics sig-
nalling a sub-optimal use of production factors.

3 Differences stem from the fact that the estimated equilibrium dynamics of some of the time series (particularly unemploy-
ment) in this model is less procyclical compared with the trend derived by univariate filters.
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Chart 4: Comparison of Potential GDP Growth Estimates
and the Business Cycle by Three Alternative Approaches Used by the BNB
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Note: The business cycle is the deviation of GDP from potential output measured as a percentage of potential output (output gap).
Source: the BNB.

The results of the described methods for assessment of potential GDP growth and the cyclical
position of the economy demonstrate the benefits of using several alternative approaches, par-
ticularly in periods when reversals of the state of the economic cycle occur. These results, though
subject to a particular degree of uncertainty, are essentially important for any central bank in exer-
cising its main functions.
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THE SCULPTURAL COMPOSITION BY KIRIL SHIVAROV DEPICTING HERMES AND DEM-
ETER ON THE SOUTHERN FACADE OF THE BULGARIAN NATIONAL BANK BUILDING IS
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