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Abstract - Growth in Greece came in at 0.5%, ahead of the 0.4% growth in the first quarter 2017, and well up on the 0.2% 
expansion that had been forecast prior to the release. The available seasonally adjusted data indicate that in the second quarter 
of 2017 the Gross Domestic Product (GDP) in volume terms increased by 0.5% in comparison with the first quarter of 2017, 
while in comparison with the second quarter of 2016, it increased by 0.8%,' a release by the Hellenic Statistical Authority said. 
This paper attempts to confirm the recent bull trend of Greece’s Economy for the period 2017-2019. For this purpose, we apply 
wavelet analysis to Greece’s Real GDP. Real GDP is decomposed in simpler signals called approximations and details in the 
framework of the one-dimensional discrete wavelet analysis. The simplified signals are recomposed after Burg extension. 
2017-2019 forecasts with wavelet analysis is converging with the forecasts of the European Commission and leading 
economists and confirms the recent bull trend of Greece’s Real GDP. 
 
Index Terms - GDP, dynamic economics, wavelet analysis, forecasting.  
 
I. INTRODUCTION 
 
'Growth in Greece came in at 0.5%, ahead of the 0.4% 
growth in the first quarter 2017, and well up on the 
0.2% expansion that had been forecast prior to the 
release. The available seasonally adjusted data 
indicate that in the second quarter of 2017 the Gross 
Domestic Product (GDP) in volume terms increased 
by 0.5% in comparison with the first quarter of 2017, 
while in comparison with the second quarter of 2016, 
it increased by 0.8%,' a release by the Hellenic 
Statistical Authority said. This paper attempts to 
confirm the recent bull trend of Greece’s Economy for 
the period 2017-2019. For this purpose, we apply 
wavelet analysis to Greece’s Real GDP. The 
methodology is explained in the next section. 
 
II. METHODOLOGY 
 
The objective of the paper is to illustrate an application 
of wavelet analysis to the forecast of the real GDP of 
Greece. Figure 1 illustrates quarterly data of Real 
Gross Domestic Products from 1995-01-01 to 
2017-04-01 (90 quarterly data).Values of real GDP 
with Greece label on the right-hand side of Figure 1 
correspond to the Real GDP read on April 1 2017.  
Step 1: De-noising and Compression of the first-order 
difference of the real GDP of Greece time series.We 
compute the first-order difference of the real GDP of 
Greece time series to transform non-stationary series 
into stationary series. We apply the Augmented 
Dickey-Fuller test to the time series before and after 
differentiation: before differentiation, the time series 
are non-stationary (i.e. existence of a unit root) and 
after differentiation the time series is stationary 
(rejection of the existence of a unit root). The choice of 
this transformation relies on the fact that wavelet 
analysis presents a more accurate forecasting ability  

 
with stationary time series rather than non-stationary 
time series. Refer for example to Rostan and Rostan 
(2017b) for a demonstration. 

 
Figure 1: Real Gross Domestic Product of Greece Chained 2010 
Euros, Seasonally Adjusted, Frequency: Quarterly 1995-01-01 
to 2017-04-01 (90 quarterly data for the complete time series 
when available) Source: Federal Reserve Bank of St. Louis 

https://fred.stlouisfed.org/series/CLVMEURSCAB1GQEA19 
 
We then de-noise the series using a one-dimensional 
de-noising and compression-oriented function using 
wavelets. The function is called 'wdencmp' in Matlab 
(Misiti et al., 2015). The underlying model for the 
noisy signal is of the form:  

 
)()()( nenfns   (1) 

 
where time n is equally spaced, e(n) is a Gaussian 
white noise N(0,1) and the noise level σ is supposed to 
be equal to 1. The de-noising objective is to suppress 
the noise part of the signal s and to recover f. The 
de-noising procedure proceeds in three steps: 1) 
Decomposition. We choose the wavelet sym4, and 
choose the level 2-decomposition. Sym4 is a symlets 
wavelet of order 4 used as the mother wavelet for 
decomposition and reconstruction. It is a nearly 
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symmetrical wavelet belonging to the family of 
Symlets proposed by Daubechies (1994). We compute 
the wavelet decomposition of the signal s at level 2. 2) 
Detail coefficients thresholding. For each level from 1 
to 2, we select a threshold and apply soft thresholding 
to the detail coefficients. 3) Reconstruction. We 
compute wavelet reconstruction based on the original 
approximation coefficients of level 2 and the modified 
detail coefficients of levels from 1 to 2. 
 
Like de-noising, the compression procedure contains 
three steps: 1) Decomposition. 2) Detail coefficient 
thresholding. For each level from 1 to 2, a threshold is 
selected and hard thresholding is applied to the detail 
coefficients. 3) Reconstruction. The difference with 
the de-noising procedure is found in step 2. The notion 
behind compression is based on the concept that the 
regular signal component can be accurately 
approximated using a small number of approximation 
coefficients (at a suitably selected level) and some of 
the detail coefficients. 

 
Step 2: Wavelet Decomposition 
We decompose the signal after being differentiated, 
de-noised and compressed.  The signal, i.e. the 
90-quarter time series of Real GDP of Greece 
transformed at step 1, is decomposed into decomposed 
signals cAs named approximations and cDs named 
details. The Discrete Wavelet Transform is a kind of 
decomposition scheme evaluated by passing the signal 
through lowpass and highpass filters (Corinthios, 
2009), dividing it into a lower frequency band and an 
upper band. Each band is subsequently divided into a 
second level lower and upper bands. The process is 
repeated, taking the form of a binary, or “dyadic” tree. 
The lower band is referred to as the approximation cA 
and the upper band as the detail cD. The two 
sequences cA and cD are downsampled. The 
downsampling is costly in terms of data: with 
multilevel decomposition, at each one-level of 
decomposition the sample size is reduced by half (in 
fact, slightly more than half the length of the original 
signal, since the filtering process is implemented by 
convolving the signal with a filter. The convolution 
“smears” the signal, introducing several extra samples 
into the result). Therefore, the decomposition can 
proceed only until the individual details consist of a 
single sample. Thus, the number of levels of 
decomposition will be limited by the initial number of 
data of the signal. The level of decomposition of the 
signal is left to the appreciation of the user. In this 
paper, we apply a 3rd-level decomposition. 
 
Step 3: Burg extension of approximations and details 
We apply Burg extension to cA and cD. To run the 
Burg extension, we apply an autoregressive pth order 
from historical data, in this paper we choose a pth 
order equal to the longest available order when 
forecasting. For instance, on 2017-04-01, when 
forecasting Real GDPs for the subsequent quarters, the 

longest pth order available is 83 out of 89 data.  Given 
x the decomposed signal (which is cA or cD), we 
generate a vector a of all-pole filter coefficients that 
model an input data sequence using the 
Levinson-Durbin algorithm (Levinson, 1946; Durbin, 
1960). We use the Burg (1975) model to fit a pth order 
autoregressive (AR) model to the input signal, x, by 
minimizing (least squares) the forward and backward 
prediction errors while constraining the AR 
parameters to satisfy the Levinson-Durbin recursion. x 
is assumed to be the output of an AR system driven by 
white noise. Vector a contains the normalized estimate 
of the AR system parameters, A(z), in descending 
powers of z: 
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Since the method characterizes the input data using an 
all-pole model, the correct choice of the model order p 
is important. In Figure 2, the prediction error, e(n), can 
be viewed as the output of the prediction error filter 
A(z), where H(z) is the optimal linear predictor, x(n) is 
the input signal, and σ(n) is the predicted signal. 
Figure 2: Prediction error filter to run the Burg 
extension 

 

 
 

In a last step, the Infinite Impulse Response (IIR) filter 
extrapolates the index values for each forecast 
horizon. IIR filters are digital filters with infinite 
impulse response. Unlike finite impulse response 
(FIR) filter, IIR filter has the feedback (a recursive part 
of a filter) and is also known as recursive digital filter. 
 
Step 4: Wavelet Reconstruction 
We recompose the forecasted signals after Burg 
extension. After reconstruction, we retransform the 
time series of the first-order difference of the Real 
GDP into Real GDP. 
 
III. RESULTS AND DISCUSSION 
 
The objective of the paper is to illustrate an application 
of wavelet analysis to the forecast of the Real GDP 
Greece. In Figure 3, we illustrate the 10-quarter 
forecasts from 2017-07-01 to 2019-10-01 located on 
the right-hand side of the vertical dot line representing 
the 2017-04-01 quarter. The data on the left-hand side 
up to the vertical dot line are the Real GDP time series 
of Greece observed from 1995-01-01 to 2017-04-01 
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(90 data). For the decomposition part of wavelet 
analysis, we use a 3rd level of decomposition. 

 
Figure 3: Observed (1995-01-01 to 2017-04-01) and Forecasted 

(2017-07-01 to 2019-10-01) Real GDP of Greece; on the 
right-hand side of the vertical dot line (2017-04-01 quarter), 

10-quarter forecasts with wavelet analysis. Source of historical 
data: Federal Reserve Bank of St. Louis, 

https://fred.stlouisfed.org/series/CLVMEURSCAB1GQEA19H
ELPFUL HINTS 

 
 
From Figure 3, Real GDP of Greece projection 
obtained with wavelet analysis on the right-hand side 
of the vertical dot line increase steadily. Values of real 
GDP with Greece label on the right-hand side of 
Figure 1 correspond to GDP of Greece observed on 
April 1 2017 at the vertical dot line. 
 
This projection of wavelet analysis converges with the 
conclusion of recent economic reports on Greece 
attesting that growth spurt sped up in Q2 2017, with 
the economy growing at the fastest pace in over two 
years (Bouzanis, 2017). 
 
The political risk has retroceded in recent months in 
the Euro area. Based on Bouzanis report (2017), the 
fastest-growing economies are expected to be Ireland 
and Luxembourg this year, expanding at rates of 4.0% 
or above. On the other end of the spectrum, Greece and 
Italy will be the region’s laggards, both growing at 
around 1.0%. Bouzanis report was confirmed by the 
September 2017 Hellenic Statistical Authority release 
that stated that the available seasonally adjusted data 
indicate that in the second quarter of 2017 the Gross 
Domestic Product (GDP) in volume termsincreased by 
0.5% in comparison with the first quarter of 2017, 
while in comparison with the second quarter of 2016, 
it increased by 0.8%, below the 1% projected by 
Bouzanis. Based on an optimistic report of the 
European Commission (2017), 'the European 
economy has entered its fifth year of recovery, which 
is now reaching all EU Member States. This is 
expected to continue at a largely steady pace this year 
and next. For the first time in almost a decade, the 
economies of all EU Member States are expected to 
grow throughout the entire forecasting period (2016, 
2017 and 2018). However, the outlook is surrounded 

by higher-than-usual uncertainty.' According to a 
preliminary flash estimate published by Eurostat 
(2017), the statistical office of the European Union, 
seasonally adjusted GDP rose by 0.6% in both the euro 
area (EA19) and in the EU28 during the third quarter 
of 2017, compared with the previous quarter. 
 
Setting the Real GDP of Greece read on 2015-01-01 
quarter as base 100, we may easily illustrate the bull 
trend recently identified for the Real GDP of Greece 
which, based on spectral projections is confirmed 
during the next two years of 2018 and 2019. Figure 4 
illustrates the time series of observed and forecasted 
Real GDP of Greece between 2015-04-01 and 
2019-10-01 adjusted to base 100, base 100 being the 
Real GDP read on quarter 2015-01-01. 
 

 
Figure 4: Time series of Real GDP of Greece observed between 

2015-04-01 and 2017-04-01 and forecasted with Wavelet 
Analysis between 2017-07-01 and 2019-10-01 adjusted to base 

100 (base 100 = quarter 2015-01-01) 
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