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estimate the permanent and transitory movements in real GDP and the unemployment
rate and the relationships between them, using information from observable aggregates
for the economy of Cyprus. The main motivation for quantifying this relationship is the
absence of any measure for the Okun’s law that can be used to evaluate the effects of
macroeconomic policy. The results suggest that both the transitory movements in Cypriot
output and unemployment rate are critical for explaining overall fluctuations. The
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transitory unemployment causes 1.73% change in transitory real GDP in the opposite
direction.
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1 Introduction

Unobserved Components Models (UCM) have been used for an analysis of many
macroeconomic time series that can be decomposed into permanent, or trend, movements
and transitory movements in the series of various countries. Sinclair (2009) showed that
there is an important relationship between the permanent and transitory movements in
U.S. output and the unemployment rate, as specified by Okun’s law. Okun’s law is an
empirically observed relationship linking unemployment to losses in a country’s
production.?

From the viewpoint of time series analysis, the estimation of the relationship between
the two requires the decomposition of the observed output and unemployment series into
the non-stationary permanent and the stationary transitory component. In many studies a
variety of detrending techniques is used to carry out the trend-cycle decomposition. In the
current study, a bivariate correlated unobserved components model (UCM), used in
Sinclair (2009), is employed for decomposing output (measured as real GDP) and the
unemployment rate for Cyprus into the permanent and transitory components and
investigating the relationships between the two using information from observable
aggregates and presents results for the economy of Cyprus. The model was developed by
Sinclair (2009) as a two series extension of the correlated UCM as proposed by Morley,
Nelson and Zivot (2003). Similar multivariate UCM have been applied to
macroeconomic variables for single individual economies such as the US (Morley 2007,
Sinclair 2009) and Canada (Basistha 2007) and for groups of countries like Eurozone
aggregates (Xiaoshan C., and T. Mills, 2012).

As Harvey and Jaeger (1993) argue, this class of models provides a useful framework
as they “are explicitly based on the stochastic properties of the data”. They are based on
interpretable and well-defined models for the individual components, are very flexible in
accommodating peculiar features of the time series and can be scrutinized by rigorous
tests. The correlated UCM can distinguish cross-series correlations driven by the
relationships between permanent shocks, caused by real shocks, from those between
transitory movements, caused by changes in aggregate demand or monetary shocks. It
does not require any prior transformation or detrending of the data and places fewer
restrictions among the series than other models. In particular, this approach combines the
detrending and correlation estimation into a single stage which improves both the
estimates of the trend and cycle as well as the estimates of the correlations. Furthermore,
this model nests many of the common detrending methods (Harvey and Trimbur, 2003)
and is thus more general than selecting a more restrictive model.

The bivariate correlated UCM simultaneously decomposes each series into a
permanent component and a stationary transitory component. The permanent component
is assumed to be a process of random walk with drift (Stock and Watson, 1998) in order
to capture the long term potential (or steady-state level) output of the economy. The
transitory component, defined as real GDP deviations from the permanent trend, is
assumed to be stationary following a second order autoregressive process, or AR (2). In
this way the model can identify the correlation of the shocks to permanent and transitory

? In Okun’s original statement of his law, a 3% increase in output corresponds to a 1% decline in the rate of
unemployment; a .5% increase in labor force participation; a .5% increase in hours worked per employee;
and a 1% increase in output per hours worked (labor productivity).
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components of each series. This is particularly important for macroeconomic fluctuations
of developing countries such as Cyprus, which may not experience typical traditional
business cycle fluctuations.

This paper is divided into four sections. Section (2) briefly introduces the relationship
between output and unemployment and the unobserved components model (UCM) in
time series. Section (3) presents the application of UCM and the empirical results from
the first quarter of 2004 to the first quarter of 2013.The final section provides the
concluding remarks.

2 TheOkun’sLaw and the Unobserved Components M odel
2.1 TheOkun’sLaw

Okun’s law (1962) is an empirically observed relationship relating unemployment to
losses in a country’s production. There are several versions of this rule of thumb but the
“difference version” states that a one point increase in the unemployment rate is
associated with two percentage points of negative growth in real GDP. The relationship
varies depending on the country and time period under consideration.

This version describes the relationship between quarterly changes in unemployment
and quarterly changes in real GDP. The stability and usefulness of the law has been
disputed. The relationship has been tested by many researchers by regressing GDP
growth on change in the unemployment rate and they argued that most of the change in
output is actually due to changes in factors other than unemployment, such as capacity
utilization and hours worked.

The difference version of Okun’s law may be written (Abel & Bernanke, 2005) as:

T, =¥ 7, = A, ~ i)+, (1)
where y,is potential GDP, y,is actual output, u,is the natural rate of unemployment,
u,is actual unemployment rate, Ais the factor relating changes in unemployment to
changes in output, (¥, —y,)and (u, —u,) as the transitory components of output and the
unemployment rate respectively, and v, represents a random error. Generally the

relationship between output and the unemployment rate is expected to be negative and
therefore the estimate of 4 must be, accordingly, negative. In particular, it is expected
that the transitory components of real GDP and the unemployment rate must be
negatively correlated.

2.2 The Unobserved Components M odel

The UCM may be considered to be a multiple regression model with time-varying
coefficients. It is based on the principles that (i) it is useful to view time series as being
decomposable into trend, seasonal, and cycle components and (ii) time series models that
give equal weight to both near and far distant observations (as in the deterministic trend
model to be discussed later) are often not very useful. With respect to point (i) inefficient
and inaccurate forecasting is likely to arise if the salient characteristics of the time series
to be forecasted are ignored. With respect to point (ii), in many time series the adjacent
observations are more closely correlated with each other than observations that are far

4



apart. As a result, time series models that are “local” in nature and place more weight on
recent observations than those in the far past, tend to predict better when applied to
economic and business time series than models that treat time series data “globally” as in
the deterministic time trend model.

Output (y) and the unemployment rate (z) can each be represented as the sum of a
permanent component and a transitory component. The permanent component (1) is the
steady-state level after removing all temporary movements. The transitory component (c)
embodies all temporary movements and is assumed to be stationary:

Vi =My FCyi=yoru (2)

Each of the trend components is assumed to be a random walk to allow for
permanent movements in the series:

Ty =M+ T+, 3)

For output, the model allows for a drift (« ) in the permanent component, but the drift
y

for the unemployment rate was insignificant and is not included in the reported models.

Following Morley, Nelson, and Zivot (2003), Clark (1987 and 1989), and Watson
(1986), each transitory component is modeled as an autoregressive process of order two
(AR(2)). Including a third lag does not qualitatively change the results and a likelihood
ratio test indicates that a third lag is not significant.

Cy =PuCoy T P56y, &, 4)

The correlated unobserved components model assumes the permanent and transitory
innovations (7 - and E_t) are jointly normally distributed random variables with mean zero
1 1

and a general covariance matrix (allowing possible correlation between any of the
unobserved innovations). The model can be represented in state-space form so that the
Kalman filter can be applied for maximum likelihood estimation of the parameters and
the components.

The variance-covariance matrix is

2

0-77)’ G’?y’?u O-'h-fy G’IyL'u
2
Z _ o-’hﬂu 0-’7” O-ngy g u€u (5)
B (o) (o) O 2 O
7,6, M€y & £,8,
2
Gq},su ungu O-gysu O-gu

It is well known in the advanced time series literature that UC models can be thought
of as being special cases of more general models called Gaussian State Space Models
(GSSM). Once the specific UCM has been cast in State Space form the various
unobserved components can be estimated using the Kalman Filter for maximum
likelihood estimation of the parameters and the components.

3 Dataand Results



The data used in this study consist of real GDP and unemployment observations of
quarterly frequency for Cyprus. The GDP series is represented in (natural) logarithms
multiplied by 100 (y). The main motivation to work with logarithms, instead of levels, is
that they are usually stationary (covariance-stationary) and they represent the behavior of
the conditional volatility of the series in a more intuitive manner. All data was obtained
from the statistical service’s database of Cyprus and span from the first quarter of 2004 to
the first quarter of 2013.

Figures 1 and 2 present the estimated permanent and transitory components of real
GDP and the unemployment rate respectively along with the observed series. They are
produced using the Kalman smoother, which uses all information available in the sample,
thus providing a better in-sample fit as compared to the basic Kalman filter which only
uses information available at time 7. In the case of both real GDP and the unemployment
rate, using the additional information results in a less variable trend and a more variable
transitory component than using the basic filter.

Figure 1 shows the estimate of the permanent and transitory components of the
Cypriot real GDP based on the bivariate UCM along with the series itself. It looks like
most of the movement in real GDP appears to arise from transitory movements. These
estimates suggest that that the transitory movements are substantial. The transitory
components appear very similar to the series itself.

Insert Fig. 1 About Here

The estimated permanent and transitory components of real GDP presented in Figure
1 raise two important points. First, movements in the permanent component for real GDP
are relatively stable. Second, innovations to the permanent component are not
significantly correlated with innovations to the transitory component. The transitory
movements are the difference between the real GDP series and the permanent
component. The estimate of the transitory component looks very similar to the real GDP
series. This result contradicts the findings of Beveridge-Nelson (1981) decomposition of
U.S. real GDP and the ones of Morley, Nelson and Zivot (2003) and Morley (2007a).
They found that the estimated permanent component resembled to a large degree the
original U.S. real GDP series.

Figure 2 presents the estimate of the permanent component of the Cypriot
unemployment rate along with the unemployment rate series. In this case, however, it
appears that most of the movements in the unemployment rate arise from permanent
shocks. These estimates suggest that that the transitory movements are small and noisy.
Similar to real GDP, the transitory components appear very similar to the series itself.

Insert Fig. 2 About Here

3.1 Correlated Unobserved Components M odel Parameter Estimates



Although the estimates presented in the following tables come from joint estimation,
the results for each series are first obtained by estimating the univariate models expecting
to produce guess values.”

Table 1 reports the parameters of the maximum likelihood estimation of the
correlated unobserved components models for the entire sample period. The estimated
value of the drift term (x) is 0.8343 and is statistically significant at the 1% with a p-value
less than 0.000. Since the real GDP series is in logs and multiplied by 100, the estimated
drift term multiplied by 4 can be interpreted as the average annual growth of the
permanent component. According to our estimates, GDP’s average permanent real
growth rate is 3.34% annually. This estimate is very close to the estimates reported by
IMF, Eurostat, Central Bank of Cyprus, and Finance Ministry of real GDP’s average
growth of 3.88% annually.

Insert Table 1About Here

The estimated autoregressive coefficients reflect the dynamics of the transitory
components.” The estimated first autoregressive coefficients of -0.0068, in the case of
real GDP, is statistically insignificant whereas the second one as well as the estimated
parameters for the unemployment rate are statistically significant. The sum of the
autoregressive coefficients, which provides a measure of persistence of the transitory
components, suggests that the unemployment rate series has a persistent transitory
component. In addition, the estimates of the autoregressive parameters for real GDP are
relatively small, suggesting that most of the persistence of real GDP is captured in the
permanent component.

Table 2 presents the standard deviation of permanent and transitory components for
both series. The standard deviation of permanent shocks for real GDP is larger than the
standard deviation of the transitory shocks whereas the standard deviation of permanent
shocks for the unemployment rate is smaller than the standard deviation of the transitory
shocks. As a result, this finding suggests that permanent shocks are relatively more
important than the transitory shocks for real GDP whereas transitory shocks are relatively
more important than the permanent shocks in the case of the unemployment rate. The
estimates in Table 2 also suggest that movements in the permanent component for the
unemployment rate are highly variable and that movements in the permanent component
for real GDP are less variable.

Insert Table 2 About Here

Table 3 shows the within series correlations between the permanent and transitory
components over the entire sample period. The estimates indicate that the correlation
between permanent and temporary innovations for the unemployment rate and the
correlation between permanent and temporary innovations for real GDP are both positive
and insignificantly different from zero.

3The univariate models end up not helping much, since the two models end up with shocks that are almost
perfectly (negatively) correlated, so there’s quite a bit of crossvariable information.
* The transitory components are simply the stationary part of the data.
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Insert Table 3 About Here

Positive correlation between permanent and transitory components can be interpreted
as due to quick adjustment of the actual output of the economy to the permanent shocks
on the output. As explained by Stock and Watson (1988) and Morley, Nelson and Zivot
(2003), negative correlation of the permanent components with the transitory ones
implies that the economic fluctuations are driven mainly by permanent shocks and while
the permanent shocks immediately shift the long term path of the output, the short run
movements may include adjustments toward the shifted trend.

Table 4 presents the results of the cross-series correlation analysis between real GDP
components and the unemployment rate components over the entire sample period. As
indicated in table 4, the two correlation coefficients of interest (between real GDP and
unemployment permanent components and real GDP and unemployment between
transitory components) are moderately high and statistically significant at the 1% level.
The value of -.585 indicates that the transitory components of real GDP and
unemployment are negatively related (as expected) and that the relationship is rather
strong. Surprising, the correlation coefficient of .507 shows that the permanent
components of real GDP and unemployment are positively related and that the
relationship is relatively strong.

3.1.1 TheRéationship between the Transitory Components

The relationship between the transitory components of real GDP and the
unemployment rate is of critical interest for understanding the effects of macroeconomic
policy. This correlation provides an estimate of the coefficient traditionally associated
with the Okun’s Law (Okun, 1962) which suggests that an increase in transitory output is
accompanied by a decrease in transitory unemployment. Traditionally, Okun’s coefficient
has been estimated by first estimating the unobserved components and then estimating
the correlation between the estimated components. In this paper, however, the correlation
is directly estimated within the model. The correlation between the transitory components
of real GDP and the unemployment rate is -0.585 and statistically significant at the 1%
significant level.

In order to quantify Okun’s law, the estimated correlations from Table 4 must be
related with the regression coefficient (A) from eq. 1. The hypothesis that the
autoregressive coefficients are the same for GDP and the unemployment rate cannot be
rejected, so eq. 1 is rewritten by substituting in the innovations to transitory real GDP and
transitory unemployment (which are denoted e, and & respectively):

2
&, iem +(1- (pJL — (sz )vt, (6)

where L is the lag operator and where ¢,=0, =0, and ?,=0, =0, .
Yy u Y u
Assuming that ¢ tand ¢ are jointly normally distributed and that v is an independent
y u
normal random variable, we find that A = peywcsy/cw = -1.73. This estimate implies that a

1% decrease in transitory unemployment corresponds to a 1.73% increase in transitory
real GDP. The estimated coefficient of -1.73% is smaller in absolute value than is



typically found in other countries. However, it remains within the range of acceptable
estimates.

3.1.2 TheRelationship between the Permanent Components

Finally, the correlation between the permanent components of real GDP and the
unemployment rate, which is not statistically significant, measures “Okun’s coefficient
for permanent movements.”

Insert Table 4 About Here

This relationship can be investigated in precisely the same way as the traditional
Okun’s coefficient. Assuming that S denotes “Okun’s coefficient for permanent

movements,” thenf=p - /o .
nmnu Ny nu

4 Conclusion

The main motivation for this empirical study is the absence of any numerical measure
regarding the relationship between output and the unemployment rate in Cyprus.
Knowledge about this relationship is extremely useful in terms of macroeconomic policy.
This study jointly estimated the permanent and transitory movements in Cypriot output
and the unemployment rate as well as the relationships between them. The estimated
components, assuming both series have random walk components, suggest that both real
GDP and the unemployment rate have highly variable movements in their permanent
components that look similar to the series themselves. Moreover, due to innovative
changes the permanent component and the transitory component are negatively correlated
for both output and the unemployment rate. Therefore it would be inappropriate to treat
these components as independent. Finally, the negative correlation between the transitory
components of to real GDP and the unemployment rate of -1.73 indicates that real GDP
and the unemployment rate are even more strongly linked through their transitory
movements than through their permanent ones.
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Figure 1: Real GDP and estimated per manent and transitory components.
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Figure 2: Unemployment rate and estimated per manent and transitory components.
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Table 1. Maximum Likelihood Estimation Results for Real GDP

Standard

Description Parameter Estimate Error p-Value
Log Likelihood Value mlv -128.6911
Real GDP
Real GDP Drift Ly 0.8343 0.105 0.000
1 AR parameter Py -0.0068 0.024 0.779
2" AR parameter @2y -0.8631 0.045 0.000
The Unemployment Rate
1 AR parameter O -1.3854 0.114 0.000
2" AR parameter D2 -0.7374 0.106 0.000
Table 2. Standard Deviations of Shocks
Description Parameter Estimate St;?rd;rd p-Value
S.D. of permanent GDP component O 2.9746 0.4935 0.000
S.D. of cyclical GDP component Oy -0.0001 1.2626 0.999
S.D. of permanent unemployment component O -0.0889 0.1114 0.424
S.D. of cyclical unemployment component Ocu 0.0000 0.4269 0.999
Table 3. Within Series Correlations of Shocks
Description Parameter Estimate p-Value
Correlation between real GDP Components Pryey .145 393
Correlation between unemployment Components Precu 268 .109
Table 4. Cross Series Correlations of Shocks
Description Parameter Estimate p-Value
Permanent Unemployment/ Permanent GDP Prynu .507 .001
Permanent GDP/Transitory Unemployment Pryeu -.256 127
Permanent Unemployment/Transitory GDP Pruey -.142 403
Transitory GDP/ Transitory Unemployment Peveu -.585 .000
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