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Abstract 

This paper analyses the extent to which the international evidence on asymmetries over different 

phases of the business cycle can help to improve further the detection of turning points in the 

economic activity.  Several non-parametric procedures are used to test the presence of deepness, 

steepness, sharpness and duration dependence in GDP and the OECD’s Composite Leading 

Indicators.  Tests are applied to the OECD countries.  Evidence suggests that the null of cyclical 

symmetry is rejected in several instances though no consistent international path could be identified. 
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1 Introduction 

This study presents a preliminary investigation on the symmetrical characteristics of the OECD 

Composite leading indicators (CLIs) and relative reference series in view of a possible further 

improvement of the OECD ability to early detect turning points in economic activity. 

The predictive performance of any leading indicator depends critically upon the method used to 

isolate early warning of an approaching turning point while discarding false alarms.  In this respect, 

dating routines such as the Bry-Boschan algorithm used by the OECD to date past turning points, 

prove of no use at the end of the sample period as such procedures require some time after turning 

points manifest to actually capture them. 

Therefore, to early detect the turning points in real time, dating routines are replaced by simple 

decision rules such as, for example, the 'three consecutive decline' rule proposed by Vaccara and 

Zarnowitz (1977).  Such decision rules, however, are associated with the risk of either calling for a 

turning point in the presence of minor cyclical fluctuations, or of overlooking an authentic signal 

when turning point is actually approaching. 

Over the years, a wide range of probabilistic event-oriented procedures has become available in 

literature, some of which could potentially aid in anticipating turning points possibly without being 

affected by the risk of errors just mentioned.  Some of those procedures rely on various hypotheses 

concerning the symmetrical characteristic of the time series at hand.  For example, Neftçi (1982) 

assumes that probabilities of switching from expansions to contractions are duration dependent so that 

the longer the economy remains in one state (expansion) the more likely it is to change to the other 

state (contraction).  Hamilton (1989), instead, assumes that the state transition probabilities are 

duration independent so that, for example, during a long expansion, the economy is no more likely to 

switch to the recession state than during a short expansion. 

Also, various hypotheses on the smoothness of the transition mechanism can have a direct impact 

on the class of model to be used.  Proietti (1998), for instance, distinguishes between discrete and 

smooth transition mechanism.  The former, based on the idea of a sudden switch between phases of 

the business cycle, would induce the use of the threshold autoregressive models (TAR) whereas the 

latter, which postulate a continuum evolution between phases, would lead towards the smooth-

transition autoregressive models (STAR).  

Insights on the symmetric characteristics of the time series could therefore be of key importance 

when setting the procedure to anticipate turning points in real time.  For that reason, in this study we 

undertake an initial investigation to assess whether the time series the OECD uses to predict turning 

points exhibit asymmetries. 
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Given the preliminary nature of the study, we privilege the application of classical non-

parametric tests to investigate the presence of the main types of asymmetries discussed in literature, 

including deepness/highness, steepness, sharpness and duration.  The analysis of other types of 

asymmetries, such as time reversibility, time volatility, international synchronisation and propagation 

of shocks across countries are deliberately postponed to further work.  

All tests have been applied to the CLIs and corresponding GDP growth cycles as those are the 

series that are actually used on real time. 

The remainder of this paper is organised as follows: Section 2 describes the four types of 

asymmetries analysed and their relative statistical tests.  In section 3 we present the data used for the 

analysis and section 4 explores the first findings of our study, also providing a comparison with 

results in literature.  Section 5 discusses a few open issues while section 6 provides some brief 

conclusions. 

2 Type of asymmetries  

Several types of asymmetries have been discussed and analysed in literature (Speight (1997) and 

Andreano & Savio (2002)).  In this section we provide a review of those considered for this study 

along with their interpretation. 

2.1 Deepness/ highness and steepness   

According to Sichel (1993), deepness occurs when a time series exhibits fewer observations 

below its mean or trend than above, but the average deviation of observations below the mean exceed 

the average deviation of observations above (see Figure 1a).  As a result, the time series is 

characterised by a negative skewness of the distribution with a mass concentrated to the right (Figure 

1b) and longer tails to the left. 

The opposite occurs when the heights of peaks are greater than the depth of troughs, in which 

case some authors refer to “highness” of the series (see Figure 1c).  Such situation is associated with a 

positive skewness relative to the mean (see Figure 1d). 
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Figure 1 - Deepness/ highness 

 

Contractionary steepness refers to business cycles in which contractions are larger and sharper 

than expansions (figure 2a).  The presence of contractionary steepness can be tested by assessing 

whether the first difference is significantly negatively skewed.  Hence, the first difference of the series 

exhibits a cyclical pattern with deeper troughs than peaks (figure 2b).  Conversely, with large sharp 

increases and moderate phases of contraction, steepness will be associated to positive skewness and 

referred as expansionary steepness. 

Figure 2 - Steepness and associated skewness 

 

 

2.1.1 Testing for deepness and steepness  

In literature, various tests have been proposed to verify the presence of asymmetries, for which 

the null is rejected if the coefficient of skewness is significantly different from zero. 

Deepness is associated to a significantly negative value of the skewness coefficient (on levels) 

whereas positive values suggest the presence of highness.  When applied to the first difference, 
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significantly negative values of the coefficient signal steeper slowdowns than expansions and the 

contrary for positive values.  

2.1.1.1 Sichel test  

The Sichel test in the stationary cyclical component of a time series is based on the Fisher-

Pearson coefficient of skewness: 

𝑆 =

1
𝑁
∑ (𝑐𝑡 − 𝑐̅)
𝑇
𝑡=1

3

𝜎(𝑐)3
=
𝜇3

𝜇2
3/2

 
(1) 

 

 

Where:  

𝑐𝑡 is the cyclical component of the time series; 

N is the sample size;  

𝑐̅ and 𝜎(𝑐) are respectively the mean and the standard deviation of the series ct, and  

𝜇𝑗 is the j
th
 central moment of 𝑐𝑡.  

Since the presence of autocorrelation and heteroscedasticity in ct is highly plausible, asymptotic 

standard error of S in (1) cannot be computed using standard formulae.  Sichel overcomes this issue 

by regressing on a constant the following variable: 

𝑧𝑡 =
(𝑐𝑡 − �̅�)

3

𝜎(𝑐)3
 

(2) 

 

 

The significance of the resulting coefficient, which is identical to S in (1), is then tested using the 

Newey-West standard error instead of the Ordinary Least Squares (OLS).  The modified t statistic 

follows an asymptotically normal distribution
1
.  

2.1.1.2 Mills test 

A modified version of the Sichel test is proposed by Mills (2000) in order to adjust the variance 

for non-linearity together with the correction for serial correlation and heteroschedasticity in 𝑐𝑡.  The 

starting point is to test the sign of the skewness coefficient as defined in (1), with the assumption that 

if  𝑐𝑡 were i.i.d. and normally distributed, √𝑁 ∗ 𝑆 would follow a normal distribution with a mean 

equals to zero and a variance equals to six
2
 (N(0,6)). However, as these assumptions may not 

                                                           
1
 Sichel sets the order of the serial correlation equal to the integer part of the sample size raised to the power of 1/3. Testing in Eviews, the 

order is set to 4(T/100) ^ (2/9). With a sample size of 600 (i.e. 50 years), this implies setting the order to 6 instead 8. 
2
 From Bai & Ng (2005): Consider a series {𝑋𝑡}𝑡=1

𝑇  with mean 𝜇 and standard deviation 𝜎. Let  𝜇𝑟 = 𝐸[(𝑋 − 𝜇)
𝑟] be the rth central moment 

of 𝑋𝑡 with 𝜇2 = 𝜎
2. The coefficients of skewness and kurtosis are defined as  𝜏 =

𝜇3

𝜎3
= 

𝐸[(𝑋−𝜇)3]

𝐸[(𝑋−𝜇)2]3/2
 and  𝑘 =

𝜇4

𝜎4
= 

𝐸[(𝑋−𝜇)4]

𝐸[(𝑋−𝜇)2]2
.  If 𝑋𝑡 is 

symmetrically distributed, then 𝜇3  and thus 𝜏 will be 0. Sample estimates of 𝜏 and 𝑘 can be obtained by replacing the population moments 

𝜇𝑟 with the sample moments   �̂�𝑟 = 𝑇
−1 ∑ (𝑋𝑡 − �̅�)

𝑟𝑇
𝑡=1 . If 𝑋𝑡 is i.i.d. and normally distributed, then √𝑇�̂�

𝑑
→𝑁(0,6) and √𝑇(�̂� − 3)

𝑑
→𝑁(0,24).  See also Kendall and Stuart (1969) for further details. 
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necessary hold, Mills introduced two corrections.  The first correction solves the non-normality issue 

so that the variance of S can be written as follows:  

𝜎𝑆 =
1

𝑁
(
𝜇6

𝜇2
3 − 6𝐾 + 9 +

𝑆2

4
(9𝐾 + 32) −

3𝜇5𝜇3

𝜇2
4 ) 

(3) 

 

 

where S is the skewness coefficient as defined in (1) and 𝐾 =
𝜇4

𝜇2
3/2  is the kurtosis coefficient (Stuart & 

Ord,1987)).  

The second, similar to the one used by Sichel, is a Newey-West type correction that adjusts the 

variance in (3) for the presence of autocorrelations in 𝑐𝑡.  The variance of S then becomes:  

 

𝜎𝑆
2(𝑙) = 𝜎𝑆

2 (1 +
2

𝑁
∑𝜔𝑗𝜌𝑗

𝑙

𝑗=1

) 
(4) 

 

 

where 𝜌𝑗 is the autocorrelation coefficient j of the adjusted 𝐶𝑡
∗ =

𝐶𝑡
3

(𝜇2)
3
2⁄
   and 𝜔𝑗 is the weight 

calculated as 𝜔𝑗 = 1 −
𝑗

𝑙+1
  with   𝑙 = 4 (

𝑁

100
)
2/9

.  The statistics 𝑍𝑆 =
𝑆

𝜎𝑆(𝑙)
 asymptotically follows a 

standard normal distribution and when significantly negative, it indicates deepness in the cyclical 

component 𝑐𝑡 of the time series.  

2.1.1.3 Mira test 

Mira (1999) non-parametric test, based on Bonferroni’s skewness measure,
 
is defined as follows: 

𝑍𝑔 =
𝑔

𝜎𝑔
 

(5) 

 

Where 𝑔 = 𝑐 − 𝑐𝑚𝑒𝑑, with 𝑐  being the mean and  𝑐𝑚𝑒𝑑 the median; 𝑐𝑡 is ordered by size from the 

smallest to the biggest; 𝜎𝑔 is given by 𝜎𝑔 =
(4�̂�2+𝐷2−4𝐷.𝐸)

4𝑁
  with �̂�2 =

∑ (𝑐𝑡−𝑐)
2𝑁

𝑡=1

(𝑁−1)
 , 

𝐸 = 𝑐 −
2

𝑁
∑ 𝑐𝑡𝐼(𝑐𝑡 ≪ 𝑐𝑚𝑒𝑑)
𝑁
𝑡=1  and   𝐷 = 𝑁1/5(𝑐(1/2(𝑁+𝑁4/5) − 𝑐(1/2(𝑁−𝑁4/5+2)).  This test is easy to 

perform and Mira has demonstrated its good properties both in terms of power and asymptotic normal 

distribution.  

2.1.1.4 Randles triples test 

A fourth test for deepness and steepness, called “triples test”, is proposed by Randles et al. (1980) 

to overcome the possible hyper sensitivity of moment-based tests to outliers. This test is therefore a 

non –moment-based test and holds a high power, as demonstrated by Eubank et al.(1992).  
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Randles et al. consider all possible triples of observations from a time series (i.e. (
𝑁
3
) 

combinations) and analyse the asymmetry in terms of distance between the middle observation and 

the two extremes in each triple set.  If, for instance, the majority of the triple sets is skewed to the 

right, meaning that the middle observation is generally closer to the smallest value in the triples, the 

underlying data generating process is characterised by either highness asymmetry (for levels), or 

expansionary steepness asymmetry (for first difference).  

More formally, given a time series Xt with N observations, each combination of three 

observations (𝑋𝑖 , 𝑋𝑗, 𝑋𝑘) with 1 ≤ i, j, k ≤ N can be associated with the quantity: 

𝑓∗(𝑋𝑖, 𝑋𝑗, 𝑋𝑘) =
1

3
∗ [𝑠𝑖𝑔𝑛(𝑋𝑖 + 𝑋𝑗 − 2𝑋𝑘⏟        

𝑢

) + 𝑠𝑖𝑔𝑛(𝑋𝑖 + 𝑋𝑘 − 2𝑋𝑗⏟        
𝑢

) + 𝑠𝑖𝑔𝑛 (𝑋𝑗 + 𝑋𝑘 − 2𝑋𝑖⏟        
𝑢

)] 
(6) 

 

where sign(u) is either equal to -1, 0 or +1 when u is smaller, equal or greater than zero, respectively.  

Hence, 𝑓∗ equals to 1/3 in case triples are skewed to the right, zero for symmetric triples and -1/3 for 

triples skewed to the left (see Figure 3):  

Figure 3 - Triples 

 

The U statistic, defined as:  

𝑈 =
𝜂 ̂ − 𝜂

√
𝜎𝜂
2

𝑁
⁄

 
(7) 

 

 

can be then used to test the null hypothesis of symmetry against the alternative of asymmetry: 

{
𝐻0: �̂� = 0
𝐻1: �̂� ≠ 0

 

where  

�̂� = (
𝑁
3
)
−1

∑ 𝑓∗(𝑋𝑖 , 𝑋𝑗 , 𝑋𝑘)

𝑖<𝑗<𝑘

=
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑖𝑔ℎ𝑡 𝑡𝑟𝑖𝑝𝑙𝑒𝑠 − 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑒𝑓𝑡 𝑡𝑟𝑖𝑝𝑙𝑒𝑠

3 (
𝑁
3
)

 

𝜂 = 𝐸(�̂�) 
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𝜎𝜂
2 = 

1

(
𝑁
3
)
∑(

3
𝑐
)

3

𝑐=1

(
𝑁 −3
3 −𝑐

) 𝜁�̂� 

𝜁1̂ =
1

𝑁
∑ (𝑓1

∗(𝑋𝑖) − �̂�)
2𝑁

𝑖=1      with    𝑓1
∗(𝑋𝑖) =

1

(
𝑁−1
2
)
∑ ∑𝑓∗(𝑋𝑖, 𝑋𝑗, 𝑋𝑘)𝑗<𝑘
𝑗≠𝑖≠𝑘

 

𝜁2̂ =
1

(
𝑁
2
)
∑ ∑(𝑓2

∗(𝑋𝑗, 𝑋𝑘) − �̂�)
2

𝑗<𝑘    with     𝑓2
∗(𝑋𝑗, 𝑋𝑘) =

1

(𝑁−2)
∑ ∑𝑓∗(𝑋𝑖, 𝑋𝑗, 𝑋𝑘)𝑖=1
𝑖≠𝑗≠𝑘

 

𝜁3̂ =
1

9
− �̂�2 

Randles et al. demonstrate that the U statistic has a standard normal distribution
3
.  

2.2 Sharpness 

Sharpness asymmetry focuses on the shape of the cycle around turning points.  The curvature 

around peaks is compared against that around troughs to assess whether the transitions from 

expansionary to contractionary phases at peak are more gradual than the switches from downswings 

to upswings at troughs (see Figure 4 below). 

Figure 4 - Sharp cycles 

 
Source: Ramsey & Rothman (1996). 

2.2.1 Testing for sharpness  

To test sharpness, McQueen and Thorley (1993) implement two non-parametric tests.  The first 

one, compares the growth rates around turning points while the second test, assesses whether 

recoveries are followed by periods of more moderate expansion before turning into contractions, 

against the hypothesis for which switches from recoveries to contractions occurs as abruptly as those 

from contractions to recoveries.  

                                                           
3
 Verbrugge (1997) highlighted one disadvantage of the triples test for which data are assumed to be independent and draw from a common 

distribution.  He suggested as a correction to select an appropriate ARMA model on each times series and to perform a Monte Carlo 

procedure to estimate the finite sample p-value of the test.  Furthermore, he noted that the triples test should be the procedure of choice to 
assess the presence of asymmetry and as such complement it with the other non-parametric tests available in literature. 
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2.2.1.1 Growth rates test 

McQueen and Thorley (1993) growth rate test can be used to assess whether the 6-month growth 

rate changes surrounding peaks are significantly different from those surrounding troughs.  Let 𝑐𝑡 be 

the cyclical component of the series at hand
4
.  For each peak 𝑐𝑃𝑖 and troughs 𝑐𝑇𝑗 we can calculate the 

absolute difference between the value the cyclical component 𝑐𝑡 assumes six months before and after 

the turning points: 

|∆𝑐𝑃𝑖| = |(𝑐𝑃𝑖+6 − 𝑐𝑃𝑖) − (𝑐𝑃𝑖 − 𝑐𝑃𝑖−6)| |∆𝑐𝑇𝑗| = |(𝑐𝑇𝑗+6 − 𝑐𝑇𝑗) − (𝑐𝑇𝑗
− 𝑐𝑇𝑗−6)| (8) 

with i and j going from 1 to the corresponding number of peaks or troughs (𝑛𝑃 and  𝑛𝑇 respectively).  

The absolute difference above will assume values close to zero in case of rounded turning points and 

high values for sharp turning points.  McQueen and Thorley test whether the mean of the absolute value 

of differences at peaks is significantly different from the corresponding mean at troughs by using a t-test of 

mean differences: 

{
𝐻0: |∆𝑐𝑃|̅̅ ̅̅ ̅̅ ̅ = |∆𝑐𝑇|̅̅ ̅̅ ̅̅

𝐻1: |∆𝑐𝑃|̅̅ ̅̅ ̅̅ ̅ ≠ |∆𝑐𝑇|̅̅ ̅̅ ̅̅
 

To that end, they employ both the paired and the unpaired versions
5
. The former is computed as: 

𝑡 =  
|∆𝑐𝑃| − |∆𝑐𝑇| 

√𝜎2(∆𝑐𝑃−∆𝑐𝑇) (𝑁 − 1)⁄
 

(9) 

 

Whereas the latter assumes the following form: 

𝑡 =
|∆𝑐𝑃|̅̅ ̅̅ ̅̅ ̅ − |∆𝑐𝑇|̅̅ ̅̅ ̅̅ ̅

√{
(𝑛𝑃 − 1)𝜎2∆𝑐𝑃 + (𝑛𝑇 − 1)𝜎

2
∆𝑐𝑇

𝑛𝑃 + 𝑛𝑇 − 2
} ∗ (

1
𝑛𝑃
+
1
𝑛𝑇
)

 (10) 

 

 

2.2.1.2 Markov chain test  

McQueen and Thorley (1991 and 1993) propose a test to assess whether the probability that 

economies move directly from recovery to contraction (at peaks) is equally likely to the probability of 

moving from contraction to recovery (at troughs).  Alternatively, economies could be characterised by 

a more gradual change from recovery into contraction by passing through a phase of moderate 

expansion. 

                                                           
4
 McQueen and Thorley used the first difference in the monthly unemployment rate and the first difference in the logarithm of the monthly 

Industrial Production Index. Instead, we used the growth cycle as extracted with the double Hodrick- Prescott filter (see Section 3 Data 
used). 
5
 The respective deltas are used to identify whether sharpness is found at peak or trough. 
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To build the test statistic, McQueen and Thorley first associate the first difference ∆𝑡  of the time 

series to one of the three possible states that can characterise the business cycle: contraction, moderate 

expansion, and recovery.  The resulting vector of states {It} is:  

𝐼𝑡 = {

1   𝑖𝑓 ∆𝑡≤ 𝐿      𝐶𝑜𝑛𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛
2   𝑖𝑓         𝐿 < ∆𝑡≤ 𝑈                       𝑀𝑜𝑑𝑒𝑟𝑎𝑡𝑒 𝑒𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛
3   𝑖𝑓 ∆𝑡> 𝑈 𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦

 

(11) 

 

 

 

where, following McQueen and Thorley, the lower (L) and upper (U) limits correspond the first and 

the third quartiles of t so to have one quarter of the observations in {𝐼𝑡} assigned to state 1 and state 3 

respectively, and the remaining half observations allocated to state 2. 

The next step consists in linking each observation in vector {𝐼𝑡} with the two previous 

observations to obtain a second order Markov Chain
6
 with transition count and probability matrices 

equal to: 

Table 1 - Transition count and probability matrices 

  
Transition count matrix 

  
Transition probability matrix 

 
  Current state 

  
Current state 

  
 

1 2 3     1 2 3 

P
ri

o
r 

st
a

te
 

11 N111 N112 N113 

P
ri

o
r 

st
a

te
 

11 111 112 113

    ⋮       ⋮   

  ⋮ Nijk ⋮   ⋮ ijk ⋮ 
    ⋮       ⋮   

22 N221 N222 N223 22 221 222 223

  ⋮ ⋮ ⋮   ⋮ ⋮ ⋮ 
33 N331 N332 N333 33 331 332 333

 

where generic elements 𝑁𝑖𝑗𝑘 and 𝜆𝑖𝑗𝑘 represent respectively the number of transitions and the 

associated transition probabilities of moving from states sequence 𝐼𝑡−2= i and 𝐼𝑡−1= j to state 𝐼𝑡= k 

with i, j and k being equal to 1 for contraction, 2 for moderate expansion and 3 for recovery
7
.  

McQueen and Thorley formalise the null hypothesis as: 

𝑡𝑒𝑠𝑡 1 {
𝐻0: 𝜆113 = 𝜆331
𝐻1: 𝜆113 ≠ 𝜆331

 

which can be tested using the maximum likelihood ratio test (LRT): 

                                                           
6 The two initial observations (states) are ignored. However, McQueen and Thorley (1993) demonstrate that when the sample is sufficiently 

large, the exclusion of the two initial states does affect the results of the test. 
7 With Maximum Likelihood Estimate (MLE) being �̂�𝑖𝑗𝑘 =

𝑁𝑖𝑗𝑘

∑ 𝑁𝑖𝑗𝑘
3
𝑘=1

. 
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𝐿𝑅𝑇 = −2𝑙𝑛(
�̂�𝑢

�̂�𝑐
) 

where �̂�𝑢 and �̂�𝑐 are the log-likelihoods evaluated at the unconstrained and constrained estimates of 

the parameters: 

�̂�𝑢 = 𝑙𝑛((𝜆113)
𝑁113(1 − 𝜆113)

(𝑁111+𝑁112)(𝜆331)
𝑁331(1 − 𝜆331)

(𝑁332+𝑁333)) 

�̂�𝑐 = 𝑙𝑛((1 − 𝜆113)
(𝑁113+𝑁331)(1 − 𝜆331)

(𝑁111+𝑁112+𝑁332+𝑁333)) 

The LRT statistics is asymptotically distributed as 𝜒2 with one degree of freedom.  

A second test to assess the presence of a complete turning point symmetry can be computed in 

the same fashion with three constraints as well three degrees of freedom: 

test 2 {
𝐻0
′ : 𝜆113 = 𝜆331, 𝜆112 = 𝜆332, 𝜆223 = 𝜆221
𝐻1
′ : 𝜆113 ≠ 𝜆331𝜆112 ≠ 𝜆332, 𝜆223 ≠ 𝜆221

 

2.3 Duration dependence 

Duration dependence measures the magnitude of the length of duration of either a phase or a full 

cycle, with the attempt of assessing a link between the probability of exiting a state (i.e. a phase or a 

cycle) and its duration.  If said dependence is found, then it would be possible on average to 

systematically identify the happening of an event, i.e. the exit of an expansion or a contraction phase.  

While Neftçi (1982) assumes that the longer the economy stayed in one state, the higher is the 

probability of exiting it (positive duration dependence), Hamilton (1989) on the contrary argues that 

the probability of exiting a state does not depend on the length of it (duration independence).  To shed 

light on this issue, Diebold and Rudebusch (1990) investigate on the nature of probability processes 

generating their durations.  

Duration dependence offers a measure of the likelihood of exiting a phase in a certain time span.  

In literature, tests are built around the conditional probability of exiting a given state (i.e. expansion or 

contraction) assuming it has not terminated yet.  Such conditional probability is measured by the 

hazard function λ(𝑡).  When the duration of the phase cannot be informative on the probability of its 

end (time independence), the hazard function (λ1(𝑡) =  λ) is constant and used as a benchmark (𝐻0).  

In this case, the λ1(𝑡)is flat and the duration distribution associated with constant hazard is 

exponentially distributed and monotonically declining, which precisely corresponds to the null 

hypothesis under test.  
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Alternatively, in case of duration dependence, λ2(𝑡) = 𝛾𝑡, the density function of durations is 

non-monotonic and unimodal (high concentration of mass probability around the mode). 

The slope of the hazard function is informative on the type of dependence - a positive dependence 

is usually identified by an upward slope, and a negative dependence by a downward one.  To test 

duration dependence, the null hypothesis is formulated as follows: 

{
𝐻0:   λ1(𝑡) =  λ,     𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑐𝑒

𝐻1:   λ2(𝑡) = 𝛾𝑡,        𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑐𝑒
 

When cycle durations are independent, the null hypothesis is given by the exponential hazard function 

𝑓(𝑡): 

{
𝐻0 ∶   𝑓(𝑡)  =  λ1(𝑡) exp [−λ1(𝑡)(𝑡)] = λ exp(−λ𝑡)                     𝑡 ≥ 0

𝐻1 ∶   𝑓(𝑡)  =  λ2(𝑡) exp [−λ2(𝑡)(𝑡)] =  𝛾𝑡 exp (−
𝛾

2
𝑡2)            𝑡 ≥ 0   

 
(12) 

 

 

with λ being the constant probability of ending the duration.  

Among the plethora of literature on measuring duration, this study focuses on Diebold and 

Rudebusch’s approach (1990) with a number of non-parametric tests described below.  All tests have 

been performed on the full cycle, and the corresponding phases, i.e. Peak to Peak and Trough to 

Trough, Peak to Trough (contraction) and Trough to Peak (expansion). 

The three most commonly used  tests for duration dependence are the Shapiro-Wilk test (1972) 

extended to exponential null hypothesis, its modified version with a known minimum duration 

assumption (Stephens, 1978), and the Brain-Shapiro (1983) which allows for robustness of results. 

Diebold and Rudebusch (1990) express a preference for the modified Shapiro-Wilk statistics over the 

traditional test, for which a minimum duration of the cycle is declared, as well as in comparison with 

the Brain-Shapiro as the exact finite-sample critical values are available. In this paper we have also 

applied another test developed by Mudambi and Taylor (1995) based on a statistics generated from 

the mean and variance of the geometric distribution, under the null hypothesis.  A number of studies 

(Shapiro, Wilk, Brain, Stephens, Samanta & Schwarz) confirm the power of all these tests against 

alternatives like the Weibull, chi-squared, half-normal and lognormal distributions, endorsing their 

reliability in detecting departures from exponentiality. 

2.3.1 Shapiro & Wilk test 

The first test used is the extended version of the Shapiro-Wilk (W) normality test (1972) in order 

to test for the exponential null.  An initial step is required to re-arrange duration in each cycle/ phase 

in ascending order such that 𝑡1 ≤ 𝑡2 ≤ ⋯ ≤ 𝑡𝑁 ; the SW statistic is then given by: 
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𝑊 =
((∑ 𝑡𝑖 𝑁⁄

𝑁
𝑖=1 ) − 𝑡1)

2

(𝑁 − 1) ∗ ∑ (𝑡𝑖 − (∑ 𝑡𝑖 𝑁⁄
𝑁
𝑖=1 ))

2
𝑁⁄𝑁

𝑖=1

 
(13) 

 

 

with N being the number of cycle/ phase.  The test follows an exponential distribution with exact 

finite-sample critical values tabulated by Shapiro and Wilk, with N ranging from 3 to 100.  

2.3.2 Stephens test 

A modified version of W is proposed by Stephens (1978) where a known minimum duration is set 

a priori.  The test 𝑊∗(𝑡0) is given by the following formula: 

𝑊∗(𝑡0) =  
[∑ (𝑡𝑖 − 𝑡0)
𝑁
𝑖=1 ]

2

𝑁 [(𝑁 + 1) ∗ ∑ (𝑡𝑖 − 𝑡0)
2𝑁

𝑖=1 − [∑ (𝑡𝑖 − 𝑡0)
𝑁
𝑖=1 ]

2
]
            

(14) 

 

 

The statistics 𝑊∗(𝑡0) follows the same distribution for a sample N as in (13) for a sample N+1.  

Therefore the same table for critical values is used.  Given the restriction on the known minimum 

duration imposed by the test, the 𝑊∗(𝑡0) is expected to be more powerful as suggested by Diebold & 

Rudebusch (1990) when the value given to the minimum duration 𝑡0 is correctly assigned
8
. 

2.3.3 Brain & Shapiro test 

Brain and Shapiro (1983) propose a variant statistic allowing testing for the robustness of the 

results.  The test  defines the normalised spacings between the ordered durations as: 

𝑌𝑖 = (𝑁 − 𝑖 + 1)(𝑡𝑖 − 𝑡𝑖−1)               𝑖 = 2…𝑁 (15) 

 

This implies that incremental spacings correspond to a decrement hazard function (Stephens, 1978).  

With 𝑖 ̃and 𝑌�̂� the de-meaned variables 𝑖̃ = 𝑖 −
𝑁

2
 and 𝑌�̂� = 𝑌𝑖 − �̅� respectively. The test statistics Z is 

defined as: 

𝑍 =  
∑ 𝑖 ̃�̂�𝑖+1
𝑁−1
𝑖=1

∑ 𝑌𝑖+1√[∑
𝑖2̃

𝑁(𝑁 − 1)
𝑁−1
𝑖=1 ]𝑁−1

𝑖=1

            (16) 

 

The Z is asymptotically standardised normally distributed, quickly approaching even on quite small 

samples.  Looking at the sign, a negative Z is associated with positive duration dependence, and vice 

versa. 

                                                           
8
 In this paper we use a minimum duration of 24 months for a cycle and 9 months for a phase. These values are based upon the Bry-Boschan 

parameters that the OECD employs in the tuning points detection. See the OECD (2012) for more details. 
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2.3.4 Modified Brain & Shapiro test with minimum duration 

A modified version of the Brain-Shapiro statistics is also tested by imposing a known minimum 

duration 𝑡0.  A new observation 𝑡0 is added and included as the first weighted spacings in (16) such 

that 𝑌1 = 𝑁(𝑡1 − 𝑡0) and the summation in (16) should be adjusted accordingly.  The 𝑍(𝑡0) also 

follows asymptotically a standard normal distribution.  

2.3.5 Modified Brain & Shapiro test for duration distributions associated with non-linear hazard 

functions.  

In order to account for duration distributions associated with non-linear hazard functions, Brain & 

Shapiro (1983) improve the Z in (16) by constructing a statistics based on a linear and a quadratic 

regression (Z and 𝑍𝑞  respectively) of ordered weighted spacings  𝑌𝑖: 

𝑍∗ = 𝑍2 + 𝑍𝑞
2 (17) 

Where 𝑍𝑞 is computed the same way as Z with  𝑖 ̃ defined as 𝑖̃ = (𝑖 −
𝑁

2
)
2
−
𝑁(𝑁−2)

12
.   The statistics 

follows a chi-squared distribution with 2 degrees of freedom, which holds even in small samples. 

2.3.6 Mudambi and Taylor test 

Mudambi and Taylor (1995) propose the following test based on a statistics generated from the 

mean and the variance of the geometric distribution, under the null hypothesis.  Conveniently, the 

durations (𝑡𝑖) have been transformed such that  𝑄𝑖 = (𝑡𝑖 − 𝑡0) with 𝑡0 representing the minimum 

duration.  The statistics is computed as follows: 

𝑀𝑇 = √𝑁[(�̅� 𝑆𝑄⁄ ) − 1]           (18) 

where �̅� and 𝑆𝑄 are the mean and the standard deviation of the transformed durations 𝑄𝑖.  The MT 

statistics follows asymptotically a standard normal distribution.  

3 Data used 

Data are drawn from the OECD Main Economic Indicators database, which represents one of the 

largest collections of infra-annual economic indicators for OECD member and key-partner countries 

dating back to 1960s.  For the Composite Leading Indicators (CLIs) we used the amplitude-adjusted 

form, while for the corresponding reference series (GDP) we referred to the deviation-from-trend 

form.  Also, we have used the turning point series for both GDP and CLIs as estimated by the OECD.  

The dataset covers all OECD countries and key partners
9
 as of June 2015 vintage.  

                                                           
9
Most of the Eastern European countries (i.e. Czech Republic, Estonia, Hungary, Poland, Slovak Republic and Slovenia) along with Israel 

and Chile have been excluded as time series are too short for the analysis. Luxembourg has also been excluded as the CLI is under review. 
Among key partners, only South Africa is retained in the study due to data series length. 
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No stationary test (i.e. no unit root test) has been applied as the cycle component of the series is 

assumed to be stationary.  The deviation-from-trend approach is used to derive the cycle from the raw 

time series, meaning that a (smooth) trend is removed from the raw time series.  In this case, cyclical 

upturns are characterised by periods of growth which are faster than trend growth and cyclical 

downturns by periods of growth slower than trend growth.  The growth cycle is computed through the 

Hodrick-Prescott (HP) filter
10

.  In its original form, the trend estimate is the result of an optimization 

problem: 

 (19) 

 

The initial 𝑦𝑡 series is decomposed into the trend component 𝜏𝑡 and the cyclical component 𝑐𝑡, 

with the objective of minimising the distance between the trend and the original series and, at the 

same time, reducing the curvature of the trend series.  The trade-off between these two goals is 

governed by the λ parameter.  The optimisation problem has a solution that can be represented by a 

linear transformation which is independent from 𝑦𝑡(Maravall & del Rio, 2001).  This makes the filter 

very fast.  The HP filter is applied twice to achieve a smoothed de-trended cycle so that the first step 

de-trends while the second smoothens.  First the long-term trend is removed by setting λ to a high 

value while preserving business cycle frequencies and the high frequency components.  The HP filter 

is then applied a second time with a smaller λ, meaning that the cut-off frequencies are much higher, 

hence allowing to preserve the trend part of the filter results.  One advantage of using the HP filter is 

that it is a linear filter and cannot induce any kind of asymmetries. 

The algorithm used to detect turning points is a simplified version of the Bry-Boschan (BB) 

algorithm.  In a nutshell, the BB selects local minima and maxima in the cyclical part of the series, 

but, at the same time, enforces minimum phase length (by default 9 months), minimum cycle length 

conditions (24 months) by ensuring the alternation of troughs and peaks as well as a minimum range 

around turning points of 5 months (Gyomai et al. 2015). 

4 Results of the study 

4.1 Steepness & deepness in GDP and CLI 

Results on steepness asymmetry suggest that GDP growth cycles is characterised by a 

contractionary steepness (i.e., negative coefficient of skewness) in the large majority of the cases 

(84%).  This implies that contraction periods in the economic activity are generally faster and shorter 

                                                           
10

 The HP filter is one of the best known and most widely used de-trending methods. The filter was first described in Hodrick and Prescott 

(1997) following a working paper published in 1981. 
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than expansionary phases (see Figure 5a below
11

).  For the remaining 16% of countries, GDP growth 

cycles exhibit steepness symmetry. In contrast, the CLIs present symmetry to a much larger extent 

(68%).  Nonetheless, when steepness is detected, it is almost always of the contractionary type, 

similarly to GDP.  We detected expansionary steepness (i.e., positive coefficient of skewness) only 

for New Zealand. 

Furthermore, we found that GDP features more often “high” cycles, suggesting that peaks are 

further above trend, whereas the “deep” asymmetry is more a peculiarity of CLIs (see Figure 5b 

below).  

Figure 5 - Asymmetries in GDP and CLI  
Percentage of analysed countries  

 

In particular, tests point to a high and steep cycles in GDP for the majority of European OECD 

countries (see Table 2 below) whereas only deepness is found for CLIs.  In Middle and North- 

American countries, CLIs display only deepness whereas GDPs are deep and steep in Mexico and the 

US, and steep only in Canada. Asymmetries in GDP (i.e. steepness and highness) found for Korea and 

Japan, disappear when looking at the corresponding CLIs for which cycles become symmetric.  A 

perfect symmetry in GDP is found in Denmark, Sweden and Turkey, with Sweden being the only 

country maintaining the symmetry also in the CLI.  Consistent pattern between GDP and CLIs, 

although of different types, are also detected for France (steep) and Greece (high and steep).  

                                                           
11

 See tables in Annex A for detailed results of all tests. 
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Table 2- Deepness and steepness for GDP and CLI 
OECD countries and South Africa 

Zone Country 
Symmetry 

Asymmetry 

Deep High Steep 
Deep & 

Steep 

High & 

Steep 

GDP CLI GDP CLI GDP CLI GDP CLI GDP CLI GDP CLI 

OECD 

Europe 

Austria       x     x           

Belgium       x             x   

Denmark x     x                 

Finland       x             x   

France             x x         

Germany       x     x           

Greece                     x x 

Ireland             x         x 

Italy                   x x   

Netherlands       x             x   

Norway         x         x     

Portugal       x             x   

Spain           x         x   

Sweden x x                     

Switzerland       x             x   

Turkey x                 x     

United Kingdom       x             x   

OECD 

South-East 

Asia 

Australia       x     x           

Japan   x                 x   

Korea   x         x           

New Zealand                   x x   

OECD 

Middle and 

North- 

America 

Canada       x     x           

Mexico       x         x       

United States       x         x       

OECD non-

Member 
South Africa                   x x   

 

NOTE 

Four tests (triples test, Sichel test, Mills test and Mira test) have been used to measure steepness and deepness.  Results have 

been aggregated by assigning weights according to the different power of each test. As in literature both Mira and triples 

tests have been found particularly strong in terms of power and asymptotical issues, we assign greater weights to both and 

equal weights to the others. We then set a threshold so that a country business cycle is asymmetric when either the 

combination of 2 low tests and 1 strong test or two strong tests, is true.  See tables A1 – A4 in the Annex for detailed results 

of the tests. 

 

When confronting our results on steepness and deepness to those reported in literature, we found 

that comparison is possible up to a very limited extent.  On the one hand, the symmetrical properties 

of the CLIs have never been analysed before.  On the other hand, even when restricting the 

comparison to the GDP only, past studies show very sparse evidence both in favour and against the 

presence of asymmetries.  Such an heterogeneity of results may be explained by the use of different 

statistical tests, applied to a range of different measures of the economic activity (from GNP or GDP, 

either in levels, as an index or per capita, to the Index of industrial production), with different 
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frequencies (i.e, annual, quarterly), covering different historical periods and, most of all, de-trended 

with different filters.  Finally, also the geographical coverage varied widely from one study to the 

other, with few countries only constantly scrutinised. 

Not too surprisingly, the United States is one of the country most frequently studied.  Evidence of 

deep cycles, therefore supporting our results, has been found by Sichel (1993), Verbrugge (1997), 

Mills (2000), and Andreano & Savio (2002) whereas Delong & Summers (1984), Razzack (2001) and 

Cook (2004) obtained the opposite.  Sichel, using the test known with his own name, found clear 

signs of deepness in the US industrial production index (IIP) although when analysing real quarterly 

GNP results weakened.  Sichel’s conclusions were confirmed regardless of the de-trended filters used: 

the first order difference, the Beveridge-Nelson (BN) and the original HP, while we employed the 

double HP filter.  Verbrugge detected deepness in the natural logarithm of quarterly real US GDP 

using the triples test after filtering the original data with the original HP filter.  Mills (2000) found 

deepness in the annual per capita GDP whose cyclical component was extracted with a linear band-

pass filter
12

.  Finally, Andreano & Savio identified deepness in the business fluctuations of monthly 

coincidence economic indicators
13

. 

On the contrary, Delong and Summers (1984) found poor evidence of asymmetry in annual and 

quarterly US post-war GNP using critical values for the tests obtained with ad-hoc simulations
14

.  

Also Razzack (2001) found no evidence of asymmetry using the triples test on the natural logarithm 

of the US seasonal adjusted HP- filtered quarterly GDP.  Razzack results were confirmed by Cook 

(2004), who also employed the triples test but on the per capita GDP series. 

Razzack study, however, confirmed our results for the United Kingdom, Australia and Japan 

whereas Cook (2004) found evidence of depth asymmetry also for Germany and Japan. 

For steepness, the same studies have found asymmetry for United States (Andreano & Savio and 

Mills), France (Delong & Summers), Canada (Andreano & Savio), United Kingdom (Delong & 

Summers), New Zealand (Razzack), Germany (Mills), Austria, Indonesia, Israel, Netherlands, Poland 

and Turkey (Cook). Bodman, Sichel, Speight & McMillan and Verbrugge found no evidence of 

steepness in any of the countries tested in their studies. 

                                                           
12 For annual data, the filter is defined by the following centered moving average: 

 

𝑐𝑡 = 0.7741 𝑦𝑡 − 0.2010(𝑦𝑡−1+𝑦𝑡+1) − 0.1351(𝑦𝑡−2+𝑦𝑡+2) − 0.0501(𝑦𝑡−3+𝑦𝑡+3)
 

where yt is the logarithm of output per capita in year t and 𝑐𝑡 is the cyclical component. The filter is supposed to isolate the frequencies of 
between two and eight years. 
13 Data were extracted from the FIBER/CIBCR data-bank. 
14 The standard deviation of the estimated skewness coefficient were obtained with ad-hoc Monte Carlo simulations after imposing an 
autoregressive structure of order three on all series. 
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4.2 Sharpness in GDP and CLI 

Strong evidence of sharpness symmetry has been found in both GDPs and CLIs. Two countries 

only exhibit asymmetries in the GDP growth cycles: Germany using the Markov chain test and the US 

using the growth rate test.  When looking at CLIs, Markov chain test provide a slightly stronger 

evidence of asymmetry (Finland and Ireland) whereas the growth rate test suggest a fifth of the CLIs 

with sharper troughs than peaks, (i.e. Canada, Finland, Switzerland, United Kingdom and the United 

States) whereas sharper peaks, hinting a more drastic transition from expansion to contraction than 

vice-versa, were found for Japan, Netherlands and Turkey (see  Table 3 below).  

Table 3 - Sharpness in GDP and CLI  
OECD countries and South Africa 

Zone Country 
GDP CLI 

Markov 

Chain test 

Growth 

rate test 

Markov 

Chain test  

Growth 

rate test 

OECD Europe 

Austria         

Belgium 
  

  
 

Denmark 
  

  
 

Finland 
  

x x 

France 
  

  
 

Germany x 
 

  
 

Greece 
  

  
 

Ireland 
  

x 
 

Italy 
  

  
 

Netherlands 
  

  x 

Norway 
  

  
 

Portugal 
  

  
 

Spain 
  

  
 

Sweden 
  

  
 

Switzerland 
  

  x 

Turkey 
  

  x 

United Kingdom       x 

OECD South-East Asia 

Australia         

Japan 
  

  x 

Korea 
  

  
 

New Zealand         

OECD Middle and North-

America 

Canada       x 

Mexico 
  

  
 

United States   x     

OECD Non-Member South Africa       x 

 

Our results are consistent with those of Andreano & Savio (2002) who, using a monthly coincident 

indicator for business cycle, found symmetry in all countries except Canada, and up to a certain 

extent, also the USA
15

.   Our results are partially at odds with those of McQueen & Thorley as they 

found sharpness for US IIP. 

                                                           
15

 For Canada, however, they could reject the null hypothesis in the first Markov chain test (similar sudden transition at peak 

and at trough with no evidence of a neutral state in between contractions and expansions) at 10% only while testing for the 
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4.3 Duration dependence in GDP and CLIs 

In analysing results for GDP duration dependence we clustered countries according to four types 

of dependence:  

 Duration dependence at phase only, either at contraction or expansion. Australia and Germany 

are the only two countries among the 25 scrutinised that are dependent on the expansion phase 

exclusively. The average duration is of 28 and 31 months respectively, with a volatility of 12-month 

around the average.  

 Duration dependence at cycle only, either at peak to peak or at trough to trough.  This group 

includes seven countries that can be broken down into two subgroups: the first one, for which the 

duration dependence is at trough to trough, includes France, Italy, Mexico and the United States 

whereas the second accounts for Ireland, Norway and Turkey with duration dependence at peak to 

peak.  On average, duration dependence is higher at trough to trough (58 months with a deviation 

from the mean of 17 months), than at peak to peak (48 months with a deviation of 16 months). 

 Duration dependence at phase and at cycle. Austria, Canada, Korea, Netherlands, Portugal, 

Sweden, United Kingdom and South Africa belong to this cluster.  Sweden is the only country for 

which duration dependence is found at each cycle/ phase
16

.  

 No duration at all, nor at cycle or at phase.  Eight countries (i.e. Belgium, Denmark, Finland, 

Greece, Japan, New Zealand, Spain and Switzerland) where their GDP growth cycles are found to be 

duration independent. 

Duration dependence has been also measured for the OECD CLIs, for which we wanted to see 

the synchronisation of duration dependency with the GDP.  Table 4 reports the results by highlighting 

the common behaviour between the two indicators: 

                                                                                                                                                                                     
additional constraint that peaks and troughs are equally likely round (alternative null hypothesis), their results confirmed the 

presence of sharpness at turning points for Canada and highlighted a marginal asymmetry for the United States. 
16

 See annex A6 for details on the Swedish duration cycle. 
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Table 4 - Does the CLI reproduce the same duration dependence as in GDP? 
OECD countries and South Africa 

 

  GDP CLI 

DURATION DEPENDENCE AT PHASE 

  No P_P T_T Exp Contr Yes/ No 

Australia 

 

    x   No 

Germany       x   Yes, perfectly 

DURATION DEPENDENCE AT CYCLE 

  No P_P T_T Exp Contr Yes/ No 

France     x     No 

Ireland 

 

x       No 

Italy 

 

  x     No 

Mexico 

 

  x     Yes, perfectly 

Norway 

 

x       No 

Turkey 

 

x       No 

United States     x     Partially 

DURATION DEPENDENCE AT LEAST IN PHASE AND CYCLE 

  No P_P T_T Exp Contr Yes/ No 

Austria     x x x Partially 

Canada 

 

  x x   No 

Korea 

 

x     x No 

Netherlands 

 

  x x   Yes, perfectly 

Portugal 

 

  x x   No 

South Africa 

 

  x   x No 

Sweden 

 

x x x x No 

United Kingdom   x x x   Partially 

DURATION INDEPENDENCE 

  No P_P T_T Exp Contr Yes/ No 

Belgium x         Yes, perfectly 

Denmark x         No 

Finland x         No 

Greece x         Yes, perfectly 

Japan x         No 

New Zealand x         Yes, perfectly 

Spain x         Yes, perfectly 

Switzerland x         No 

       Legend 
P_P = peak to peak cycle 

T_T = trough to trough cycle 

Exp = expansion phase 

Contr = contraction phase 

Note  
We assigned equal weights to the six tests used: Shapiro-Wilk (SW), Shapiro-

Wilk modified with minimum duration W* (t0), Brain-Shapiro Z, modified Brain-

Shapiro for non-linear hazard functions Z*, the modified Brain-Shapiro with 

minimum duration Z(t0) and Mudambi-Taylor (MT). The acceptance threshold 

corresponds to half of the tests showing duration dependence.  
 

 

Some comforting results are confirmed by literature.  For instance, for the United Kingdom, we 

found duration dependence in the expansion and no duration dependence in contraction, likewise 

Mudambi & Taylor (1995). Although only testing the cycle, results in Mills (2000) partially 
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confirmed our findings as out of 22 countries tested he found evidence of duration for the annual 

output per capita for, among others, Austria, Sweden and United Kingdom.  For no duration 

dependence, the only country matching his results is Finland, whereas we found Australia, Canada, 

France, Korea, Netherlands and United States to be duration dependent. 

Diebold and Rudebusch (1991) and Diebold, Rudebusch and Sichel (1993) also analysed duration 

dependence on the NBER United States business cycles dates since 1854.  However, results cannot be 

compared as the time span is split into several different periods accounting for pre and post-wars
17

 

excluding wartime expansions and their associated full cycles.   

5 Discussion  

This study is a first step into the analysis of asymmetries in business cycles patterns.  Although 

not exhaustive, our findings set an initial path for the type of work we may decide to embark on in 

order to further improve the OECD CLIs methodology. 

Overall, results should be interpreted with caution for three main reasons. First, at the best of our 

knowledge, symmetry in CLIs has never been tested.  As a consequence, our results cannot find any 

confirmation from previous works.  Second, even in the case of GDP, it is quite difficult to confirm 

our results as there seems to be no consensus on GDP asymmetry in the existing literature.  Finally, 

tests to detect asymmetries may be very sensitive to the characteristics of the sample data (i.e. time 

period covered, GDP measures, frequency of the data), the filter used to isolate the stationary cyclical 

component (e.g. HP, BN, differencing), the parameters setting (such as the Markov Chain boundaries 

for periods of moderate expansion) as well as the criteria used to synthesise the output of competing 

tests. 

As for the data, we observed a great variability in the characteristics of samples used in literature, 

particularly when testing for deepness and steepness.  In this respect, it is worth mentioning Neftçi 

(1984) outcome for which more frequent data are presumably less likely to show symmetry. Andreano 

& Savio (2002) suggested that results could be biased by the use of temporal disaggregated data.  That 

could possibly explain our low rate of rejection of null hypothesis for symmetry, though more 

investigation on the topic seems to be required.  

Psaradakis & Sola (2002) argued that although the first-difference filter is capable of inducing 

stationarity in many macroeconomic time series, it would not isolate the business-cycle component 

only.  Furthermore, they claimed that, when the cyclical component of a time series is extracted by 

means of de-trending procedures such as the HP filter, much information about asymmetry in the true 

cyclical component may be lost, resulting in tests having little power to detect deviations from 

                                                           
17

 In their study, Diebold and Rudebusch (1991) found positive duration dependence for pre-war expansions and post-war contractions for 

the US NBER chronologies of business cycle turning points. Testing for pre-war data for France, Germany, United Kingdom and United 
States, Diebold, Rudebusch and Sichel (1993) found all positive duration in the expansion phase, and no duration in the contraction. 
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symmetry.  They conclude that whenever asymmetry of the cycle is established using the familiar de-

trending methods, this can be taken as a strong evidence in favour of asymmetry.  Their assumption 

could explain why in our study, both tests for sharpness almost always failed to reject the null 

hypothesis of symmetry.  

Furthermore, we observed that Markov Chain tests may be too sensitive to the choice of the 

boundaries in order to single out periods of moderate expansion from the expansionary and 

contractionary periods.  McQueen and Thorley (1993) proposal of using the first and third quartiles 

leads to an over representation of the intermediate stage, possibly also introducing a distortion when 

assigning a moderate expansion label to a data point with negative growth rate.  To overcome those 

issues, we used the zero as lower limit and, as upper limit, the percentile, leaving on the right hand 

side the same number of observations as below zero.  A second drawback associated to the Markov 

chain test is that no distinction is made in between turning points and minor cyclical fluctuations.  As 

a result, all observations entering the transition matrix have equal weight, which could possibly bias 

the results.   

Nonetheless, the implementation of the Markov Chain test, together with the literature originated 

by the seminal paper of Hamilton (1993) on the use of the Smooth Transition Auto Regressive models 

(STAR), has highlighted the need to further investigate the extent to which the business cycle should 

be characterised by two states only (expansion and contraction) or whether would be more convenient 

to use a more refined classification of states.  Our estimation of the transition matrices showed that 

periods of moderate expansion are significantly present in almost all countries, although not in the 

proximity of turning points.  Such a result is consistent with Sichel (1994) findings who documented 

the presence of three phases in the business cycles, with recessions followed by high growth recovery, 

and a moderate growth period.  On this subject, it is worth recalling that Burns and Mitchell (1946) 

distinguished up to nine different stages in the economic cycle. 

We also faced an issue of summarising the plethora of results coming from different tests into a 

consistent and synthetic message.  To overcome this issue, we have assigned a set of weights for each 

test which may have introduced a bias in over-accounting for deep/ steep asymmetries.  For deepness 

and steepness we had no issue on the sign of statistics given that all statistics are negative, although 

differences in levels of significance proved to be challenging in the combination of results into a 

single message.  For duration dependence, out of the six tests applied, two had negative statistics 

(Brain-Shapiro tests) and one highly rejected the null hypothesis (Mudambi-Taylor test).   
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6 Conclusion 

In view of improving further our ability to early detect turning points in the economic activity, we 

conducted a preliminary study to investigate the symmetrical properties of the GDP and the OECD 

CLI in most of the OECD countries. 

To that end, we applied several non-parametric tests to assess the presence of deepness, 

steepness, sharpness, and time dependency.  

First evidence suggests that the null of cyclical symmetry is rejected in several instances though 

no consistent international path could be identified.  The majority of OECD countries tested are 

characterised by faster and shorter contractionary phases in GDP and 65% are found duration 

dependent. Of those, more than half show dependency at cycle level, hinting that the detection of 

turning points could be early announced.  

However, the preliminary nature of our study compels further research: first, parametric tests 

should be applied to confirm our initial findings.  Second, additional types of asymmetries could be 

investigated, including time-reversibility and volatility, the international synchronisation of business 

cycles and the transmission of shocks across countries.  Last but not least, foremost research is needed 

to assess the extent to which combined information on the various types of asymmetries may 

potentially allow us to filter out false signals and eventually further refine the early detection of 

turning points in real time.  

Research could also be devoted towards a close monitoring of CLIs components allowing a better 

alignment of CLI type of asymmetry with the one in GDP.  For example, if during the aggregation 

process of the OECD CLIs, the asymmetric properties of the CLI components are retained, it may be 

worth monitoring such components to enhance the early detection of turning points in GDP.  

Finally, asymmetries could be investigated in relation to the evolution of the volatility of business 

cycle over time.  In the US, for example, a remarkable decline in volatility is observable since the 

mid-1980s.  Such decline in volatility has been labelled as the ‘Great Moderation’’ in literature.  It 

seems worth investigating whether similar evolutions occurred at about the same time also in other 

countries and whether such a tendency has persisted after the 2008 crisis.  
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ANNEX A 

 

 

A1 - GDP LEVEL 

    

Triples Test Zs=S/σS(l) Zg=(M1-Me)/σg Zt Sichel Test 

Country 

code 
Country η P(η) Zs P(Zs) Zg P(Zg) Zt P(Zt) 

AUS Australia -0.080 0.40 -2.129 0.04** -0.233 0.4 -0.558 0.341 

AUT Austria 0.270 0.39 1.038 0.2 -0.274 0.4 0.250 0.387 

BEL Belgium 5.090 0.00** 3.746 0.00*** 6.268 0.00*** 0.877 0.271 

CAN Canada -1.020 0.24 -3.426 0.00*** 1.164 0.2 -0.800 0.29 

DNK Denmark -0.840 0.28 -2.552 0.02** 0.428 0.4 -0.533 0.346 

FIN Finland 1.910 0.06 3.664 0.00*** 2.740 0.01*** 0.770 0.297 

FRA France 0.280 0.38 -1.882 0.07* 0.470 0.4 -0.490 0.354 

DEU Germany 0.730 0.31 -1.249 0.2 0.576 0.3 -0.282 0.383 

GRC Greece 2.770 0.01** 1.339 0.16 2.214 0.03** 0.361 0.374 

IRL Ireland 0.490 0.35 3.609 0.00*** -0.932 0.3 0.805 0.289 

ITA Italy 1.960 0.06 1.366 0.16 2.440 0.02** 0.325 0.38 

JPN Japan 2.620 0.01** 0.953 0.25 1.277 0.2 0.261 0.386 

KOR Korea -1.380 0.15 -0.591 0.3 -0.251 0.4 -0.185 0.392 

MEX Mexico -3.100 0.00** -1.193 0.2 -2.212 0.04** -0.318 0.379 

NLD Netherlands 2.750 0.01** 1.507 0.1 3.630 0.00*** 0.382 0.371 

NZL New Zealand 2.510 0.02* 3.871 0.00*** -0.047 0.4 0.905 0.265 

NOR Norway 3.200 0.00** 1.944 0.06* 2.592 0.01*** 0.473 0.357 

PRT Portugal 0.820 0.29 2.121 0.04** 2.731 0.01*** 0.590 0.335 

ZAF South Africa 2.860 0.01** 3.102 0.00*** 1.460 0.1 0.728 0.306 

ESP Spain 5.600 0.00** 5.620 0.00*** 4.491 0.00*** 1.187 0.197 

SWE Sweden -0.450 0.36 -3.234 0.00*** 0.167 0.4 -0.759 0.299 

CHE Switzerland 2.960 0.01** 2.540 0.02** 2.703 0.01*** 0.679 0.317 

TUR Turkey -0.360 0.37 -3.354 0.00*** -0.552 0.3 -0.773 0.296 

GBR United Kingdom 4.220 0.00** 5.588 0.00*** 2.539 0.02** 1.188 0.197 

USA United States -5.490 0.00** -7.035 0.00*** -2.544 0.02** -1.453 0.139 

          Legend:  * = 10% statistical significance, ** = 5% statistical significance, *** = 1% statistical significance. 

 

Negative numbers indicate deepness. 
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A2 - GDP FIRST DIFFERENCE 

    

Triples Test Zs=S/σS(l) Zg=(M1-Me)/σg Zt Sichel Test 

Country 

code 
Country η P(η) Zs P(Zs) Zg P(Zg) Zt P(Zt) 

AUS Australia -3.210 0.00** -5.754 0.00*** 0.001 0.4 -1.315 0.168 

AUT Austria -4.030 0.00** -6.291 0.00*** -2.608 0.01*** -1.449 0.14 

BEL Belgium -2.690 0.01** -2.945 0.01*** -1.291 0.2 -0.915 0.262 

CAN Canada -6.440 0.00** -7.038 0.00*** -5.336 0.00*** -1.680 0.10* 

DNK Denmark -0.830 0.28 -1.958 0.06* -0.400 0.4 -0.509 0.35 

FIN Finland -4.190 0.00** -4.597 0.00*** -2.501 0.02** -1.253 0.182 

FRA France -3.960 0.00** -0.068 0.4 -2.298 0.03** -0.035 0.399 

DEU Germany -4.070 0.00** -5.280 0.00*** -3.161 0.00*** -1.374 0.155 

GRC Greece -2.820 0.01** -5.012 0.00*** -2.237 0.03** -1.185 0.198 

IRL Ireland -4.380 0.00** -5.097 0.00*** -1.750 0.09* -1.244 0.184 

ITA Italy -2.800 0.01** -4.145 0.00*** -1.142 0.21 -1.141 0.21 

JPN Japan -3.270 0.00** -4.782 0.00*** -2.039 0.05** -1.262 0.18 

KOR Korea -4.480 0.00** -4.884 0.00*** -4.006 0.00*** -1.307 0.17 

MEX Mexico -4.050 0.00** -6.821 0.00*** -2.266 0.03** -1.482 0.133 

NLD Netherlands -2.870 0.01** -1.000 0.2 -2.269 0.03** -0.442 0.362 

NZL New Zealand -4.270 0.00** -2.199 0.04** -3.330 0.00*** -0.773 0.296 

NOR Norway -0.050 0.40 -0.709 0.31 -0.608 0.33 -0.241 0.388 

PRT Portugal -4.800 0.00** -7.543 0.00*** -3.799 0.00*** -1.457 0.138 

ZAF South Africa -1.920 0.06 -1.616 0.1 -2.171 0.04** -0.464 0.358 

ESP Spain -2.490 0.02* -1.343 0.2 -0.840 0.3 -0.414 0.366 

SWE Sweden -1.680 0.10 -2.588 0.01*** -1.345 0.2 -0.797 0.29 

CHE Switzerland -4.770 0.00** -5.905 0.00*** -3.984 0.00*** -1.387 0.152 

TUR Turkey -2.060 0.05 -7.098 0.00*** -1.457 0.1 -1.578 0.115 

GBR United Kingdom -4.170 0.00** -0.778 0.3 -2.773 0.01*** -0.298 0.382 

USA United States -2.610 0.01** -2.446 0.02** -2.354 0.03** -0.664 0.32 

          Legend:  * = 10% statistical significance, ** = 5% statistical significance, *** = 1% statistical significance. 

 

Negative numbers indicate contractionary steepness. 

    
 

 

  



 

32 
 

A3 - CLI LEVEL 

    

Triples Test Zs=S/σS(l) 
Zg=(M1-

Median)/σg 
Zt Sichel Test 

Country 

code 
Country η p(η) Zs P(Zs) Zg P(Zg) Zt P(Zt) 

AUS Australia -2.340 0.03* -2.258 0.03* -0.528 0.4 -0.591 0.335 

AUT Austria -2.710 0.01** -5.342 0** -1.834 0.1 -1.115 0.214 

BEL Belgium -2.220 0.03* -5.481 0** -0.348 0.4 -1.262 0.18 

CAN Canada -5.500 0.00** -7.163 0** -3.054 0** -1.483 0.133 

DNK Denmark -2.210 0.04* -4.269 0** -0.562 0.3 -1.039 0.232 

FIN Finland -2.360 0.03* -2.550 0.02* -3.459 0** -0.658 0.321 

FRA France -0.180 0.39 -2.403 0.02* 1.951 0.1 -0.535 0.346 

DEU Germany -4.080 0.00** -6.870 0** -1.503 0.1 -1.457 0.138 

GRC Greece 3.880 0.00** 1.926 0.06 3.194 0** 0.576 0.338 

IRL Ireland 2.460 0.02* 3.892 0** 2.306 0.03* 0.816 0.286 

ITA Italy -2.550 0.02* -3.033 0** -0.529 0.35 -0.712 0.31 

JPN Japan -1.190 0.20 0.290 0.38 -0.798 0.3 0.080 0.398 

KOR Korea -0.310 0.38 0.518 0.4 -1.652 0.1 0.140 0.395 

MEX Mexico -2.750 0.01** -4.426 0** -2.092 0.1 -1.121 0.213 

NLD Netherlands -4.420 0.00** -6.646 0** -1.131 0.2 -1.431 0.143 

NZL New Zealand -7.180 0.00** -8.390 0** -5.000 0** -1.615 0.108 

NOR Norway -2.330 0.03* -1.296 0.17 -2.809 0.01** -0.356 0.374 

PRT Portugal -5.110 0.00** -6.022 0** -2.616 0.01** -1.337 0.163 

ZAF South Africa -1.390 0.15 0.430 0.4 -2.765 0.01** 0.105 0.397 

ESP Spain 5.500 0.00** 4.245 0** 5.887 0** 1.036 0.233 

SWE Sweden -1.010 0.24 -3.761 0** 1.665 0.1 -0.927 0.26 

CHE Switzerland -6.880 0.00** -7.862 0** -4.373 0** -1.651 0.102 

TUR Turkey -6.560 0.00** -4.137 0** -4.266 0** -1.359 0.158 

GBR United Kingdom -4.650 0.00** -4.206 0** -3.175 0** -1.019 0.237 

USA United States -6.970 0.00** -7.574 0** -5.400 0** -1.610 0.109 

          Legend:  * = 10% statistical significance, ** = 5% statistical significance, *** = 1% statistical significance. 

 

Negative numbers indicate deepness. 
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A4 - CLI FIRST DIFFERENCE 

    

Triples Test Zs=S/σS(l) 
Zg=(M1-

Median)/σg 
Zt Sichel Test 

Country 

code 
Country η p(η) Zs P(Zs) Zg P(Zg) Zt P(Zt) 

AUS Australia -1.640 0.10 -2.164 0.04* -1.081 0.2 -0.707 0.311 

AUT Austria -0.060 0.40 -2.266 0.03* 1.238 0.2 -0.617 0.33 

BEL Belgium -1.430 0.14 -0.922 0.3 -1.620 0.1 -0.326 0.378 

CAN Canada 0.300 0.38 1.534 0.1 -0.066 0.4 0.460 0.359 

DNK Denmark -0.300 0.38 -0.016 0.4 -0.103 0.4 -0.005 0.399 

FIN Finland -1.800 0.08 -0.347 0.4 -1.147 0.2 -0.094 0.397 

FRA France -2.330 0.03* -2.206 0.04* -0.882 0.3 -0.604 0.332 

DEU Germany 1.150 0.21 -0.383 0.4 0.513 0.4 -0.139 0.395 

GRC Greece -2.710 0.01** -4.127 0** -0.740 0.3 -1.223 0.189 

IRL Ireland -1.910 0.06 -2.268 0.03* -2.624 0.01** -0.653 0.322 

ITA Italy -4.740 0.00** -6.171 0** -3.427 0** -1.434 0.14 

JPN Japan -1.780 0.08 -3.043 0** -1.209 0.2 -0.823 0.284 

KOR Korea 0.340 0.38 2.112 0.04* -0.409 0.4 0.516 0.349 

MEX Mexico -0.720 0.31 -0.738 0.3 -0.793 0.3 -0.337 0.377 

NLD Netherlands -1.060 0.23 -2.850 0.01** -0.961 0.3 -0.912 0.263 

NZL New Zealand 0.910 0.26 0.769 0.3 2.315 0.03* 0.219 0.389 

NOR Norway -4.900 0.00** -3.779 0** -4.300 0** -1.118 0.214 

PRT Portugal -0.260 0.39 -2.060 0.1 0.325 0.4 -0.698 0.313 

ZAF South Africa -2.230 0.03* -2.814 0.01** -1.093 0.2 -0.706 0.311 

ESP Spain -1.210 0.19 -2.736 0.01** -1.922 0.1 -0.716 0.309 

SWE Sweden 1.150 0.21 1.038 0.2 0.439 0.4 0.282 0.383 

CHE Switzerland -0.020 0.40 -0.228 0.4 -0.738 0.3 -0.070 0.398 

TUR Turkey -3.100 0.00** -5.413 0** -2.140 0.04* -1.432 0.143 

GBR United Kingdom 0.510 0.35 0.519 0.4 0.146 0.4 0.168 0.393 

USA United States 0.930 0.26 0.002 0.4 0.849 0.3 0.001 0.399 

          Legend:  * = 10% statistical significance, ** = 5% statistical significance, *** = 1% statistical significance. 

 

Negative numbers indicate contractionary steepness. 
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A5-  SHARPNESS FOR GDP AND CLI 

 

 
GDP CLI 

 
Markov Chain First Difference Markov Chain First Difference 

Country H0 H'0 
Unpaired 

test 

Paired 

test 
H0 H'0 

Unpaired 

test 

Paired 

test 

Australia -0.11 0.00 -0.12 -0.19 -0.20 -0.26 -1.40 -1.60 

Austria -0.05 -0.22 0.68 1.05 0.00 0.00 -1.66 -1.59 

Belgium -0.41 -1.07 -0.20 -0.25 0.00 0.00 -1.39 -1.22 

Canada -1.39 -1.45 -1.36 -1.57 -0.04 0.00 -1.8* -1.63 

Denmark -0.08 0.00 0.43 0.54 0.00 -1.89 -0.81 -0.74 

Finland -1.70 -3.04 0.96 0.97 -4.1* -6.14 -2.36** -3** 

France -3.12 -5.78 -1.27 -1.79 -0.02 0.00 -0.62 -0.73 

Germany -4.92* -6.01 -1.06 -1.39 0.00 0.00 -1.16 -1.16 

Greece -0.06 -0.73 -0.15 -0.29 -0.13 -0.46 0.75 0.67 

Ireland -0.62 -2.28 -0.27 -0.46 -1.42 -7.25** -0.94 -0.90 

Italy -0.05 -0.76 0.20 0.43 -0.40 -0.51 -1.17 -1.32 

Japan -0.54 -4.51 0.45 0.66 -0.04 -1.92 -1.65 -2.3** 

Korea 0.00 -1.97 0.40 0.67 -0.54 0.00 -0.80 -0.86 

Mexico -0.06 -0.25 -0.85 -1.22 -0.46 0.00 -1.15 -1.42 

Netherlands -0.04 -0.38 0.26 0.62 -0.23 0.00 -1.97* -1.78 

New Zealand -0.38 -1.47 1.04 1.18 -0.07 0.00 -1.79 -1.67 

Norway -0.03 0.00 -0.22 -0.23 -0.34 -0.48 -0.74 -0.80 

Portugal 0.00 -0.11 -0.12 -0.27 -0.11 0.00 -0.53 -0.46 

South Africa -0.05 0.00 0.68 0.77 0.00 0.00 -1.56 -2.57** 

Spain -0.88 -1.57 0.13 0.28 0.00 0.00 -0.63 -0.70 

Sweden -1.07 -4.32 -0.08 -0.09 -0.01 0.00 -1.05 -1.03 

Switzerland -0.15 -0.22 -0.22 -0.30 0.00 0.00 -2.29** -2.1* 

Turkey -0.79 0.00 -0.56 -0.80 -0.03 0.00 -1.74 -2.2* 

United Kingdom -0.67 -1.88 0.56 0.96 -0.52 0.00 -1.85* -1.86* 

United States -0.14 -0.68 -1.73* -2.55** -0.18 0.00 -1.50 -1.42 

Legend:  * = 10% statistical significance, ** = 5% statistical significance, *** = 1% statistical significance. 

NOTE 
For the Markov Chain test, zero values correspond to the case where there are zero observations in the cell of the 

transition matrix so the corresponding probability is also null as the value of the statistic. 
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A6 – DURATION DEPENDENCE, SWEDEN GDP 

Peak Trough Peak to Peak Trough to Trough Expansions Contractions 

Feb-61 Feb-63 

   

24 

Dec-64 Dec-67 46 58 22 36 

Sep-70 Mar-72 69 51 33 18 

Dec-74 Oct-77 51 67 33 34 

Jan-81 Apr-83 61 66 27 39 

Feb-84 Dec-86 49 44 10 34 

Jan-91 Mar-93 71 75 37 38 

Nov-95 Jan-98 70 46 32 14 

Jul-00 Jun-03 56 77 42 35 

Nov-07 Jul-09 88 73 53 20 

Apr-11 May-13 41 46 21 25 

Average 60 60 31 29 

Standard Deviation 14 12 11 8 

Min 41 44 10 14 

Max 88 77 53 39 

 

NOTE 

The table lists all the lengths between each cycle and phase for Swedish GDP.  

The same regularity in the average length for cycles of peak to peak and trough to trough (60 months) 

as well as for phases of expansion and contraction (around 30 months) suggests that the approaching 

of a turning point for Sweden could be on average early announced. 
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 A7 – DURATION DEPENDENCE, GDP  

  W W*(t0) 

 
Peak to Peak 

Trough to 

Trough 
Expansion Contraction Peak to Peak Trough to Trough Expansion Contraction 

  stat pvalue stat pvalue stat pvalue stat pvalue stat pvalue stat pvalue stat pvalue stat pvalue 

Australia 0.20 0.12 0.17 0.13 0.19 0.08* 0.15 0.23 0.21 0.14 0.15 0.44 0.16 0.37 0.12 0.83 

Austria 0.14 0.51 0.18 0.19 0.11 0.93 0.19 0.08* 0.16 0.55 0.24 0.09* 0.26 0.05* 0.14 0.54 

Belgium 0.11 0.95 0.18 0.11 0.09 0.97 0.09 0.95 0.10 0.87 0.13 0.63 0.09 0.73 0.11 0.95 

Canada 0.21 0.09* 0.23 0.03** 0.19 0.09* 0.08 0.79 0.16 0.52 0.19 0.13 0.14 0.58 0.11 0.85 

Denmark 0.14 0.44 0.11 0.70 0.05 0.16 0.12 0.44 0.14 0.59 0.14 0.45 0.13 0.49 0.11 0.75 

Finland 0.14 0.54 0.15 0.51 0.17 0.19 0.09 0.97 0.12 0.88 0.16 0.54 0.13 0.83 0.10 0.98 

France 0.28 0.15 0.32 0.03** 0.22 0.20 0.18 0.54 0.22 0.67 0.34 0.05* 0.23 0.35 0.13 0.82 

Germany 0.13 0.70 0.20 0.19 0.23 0.06* 0.14 0.52 0.17 0.43 0.20 0.33 0.19 0.24 0.12 0.88 

Greece 0.14 0.52 0.14 0.57 0.13 0.69 0.12 0.65 0.11 0.96 0.11 0.98 0.10 0.79 0.09 0.87 

Ireland 0.19 0.10* 0.09 0.98 0.11 0.72 0.14 0.25 0.11 0.90 0.11 0.94 0.11 0.86 0.12 0.60 

Italy 0.17 0.59 0.24 0.08* 0.10 0.79 0.20 0.17 0.19 0.66 0.21 0.31 0.14 0.89 0.18 0.54 

Japan 0.12 0.62 0.12 0.76 0.11 0.77 0.12 0.60 0.13 0.65 0.16 0.49 0.14 0.53 0.10 0.92 

Korea 0.26 0.05* 0.19 0.40 0.15 0.60 0.23 0.10* 0.19 0.42 0.26 0.19 0.18 0.51 0.16 0.69 

Mexico 0.22 0.21 0.39 0.01*** 0.12 0.87 0.15 0.64 0.16 0.88 0.28 0.06* 0.13 0.92 0.12 0.99 

Netherlands 0.25 0.12 0.24 0.09* 0.30 0.02** 0.14 0.72 0.20 0.61 0.17 0.58 0.25 0.10 0.10 0.74 

New Zealand 0.09 0.80 0.17 0.15 0.14 0.44 0.09 0.91 0.07 0.35 0.15 0.46 0.11 0.95 0.07 0.44 

Norway 0.21 0.08* 0.14 0.55 0.11 0.94 0.12 0.66 0.15 0.59 0.12 0.89 0.10 0.82 0.11 0.91 

Portugal 0.05 0.14 0.04 0.06* 0.04 0.06* 0.07 0.47 0.05 0.06* 0.05 0.08* 0.04 0.05** 0.17 0.20 

South Africa 0.17 0.43 0.33 0.01*** 0.21 0.14 0.25 0.04** 0.17 0.58 0.28 0.06* 0.16 0.66 0.17 0.41 

Spain 0.18 0.32 0.18 0.37 0.12 0.88 0.10 0.96 0.14 0.86 0.14 0.88 0.12 0.89 0.10 0.87 

Sweden 0.22 0.19 0.20 0.38 0.38 0.01*** 0.31 0.02** 0.39 0.03** 0.44 0.01*** 0.25 0.21 0.31 0.03** 

Switzerland 0.08 0.79 0.15 0.29 0.10 0.88 0.13 0.30 0.12 0.80 0.16 0.32 0.12 0.84 0.10 0.85 

Turkey 0.24 0.05** 0.11 0.72 0.09 0.90 0.10 0.85 0.17 0.45 0.09 0.79 0.10 0.95 0.08 0.67 

United Kingdom 0.38 0.01*** 0.16 0.19 0.20 0.06* 0.16 0.11 0.27 0.02** 0.22 0.08* 0.15 0.46 0.19 0.08* 

United States 0.16 0.34 0.22 0.04** 0.12 0.60 0.16 0.18 0.22 0.11 0.17 0.24 0.15 0.42 0.15 0.40 

Legend:  * = 10% statistical significance, ** = 5% statistical significance, *** = 1% statistical significance. 

 

 

 



 

37 
 

A7 – DURATION DEPENDENCE, GDP (continued) 

  Z Z* 

 
Peak to Peak Trough to Trough Expansion Contraction Peak to Peak Trough to Trough Expansion Contraction 

  stat pvalue stat pvalue stat pvalue stat pvalue stat pvalue stat pvalue stat pvalue stat pvalue 

Australia -1.48 0.13 -1.47 0.14 -1.71 0.09* -1.14 0.21 2.71 0.26 2.68 0.26 3.02 0.22 1.37 0.51 

Austria -0.91 0.26 -1.39 0.15 -0.03 0.40 -1.93 0.06* 1.08 0.58 2.91 0.23 0.12 0.94 3.94 0.14 

Belgium 0.06 0.40 -1.53 0.12 -0.10 0.40 0.31 0.38 0.66 0.72 2.65 0.27 0.01 0.99 3.77 0.15 

Canada -1.67 0.10* -2.18 0.04** -1.78 0.08* 0.48 0.36 3.01 0.22 4.79 0.09* 3.57 0.17 0.57 0.75 

Denmark -0.96 0.25 -0.30 0.38 1.40 0.15 -0.88 0.27 0.97 0.62 2.20 0.33 2.15 0.34 0.88 0.65 

Finland -0.68 0.32 -0.85 0.28 -1.70 0.09* -0.14 0.40 0.93 0.63 0.82 0.66 3.67 0.16 0.52 0.77 

France -1.44 0.14 -2.06 0.05 -1.16 0.20 -0.75 0.30 2.76 0.25 4.27 0.12 2.46 0.29 0.56 0.75 

Germany -0.30 0.38 -1.28 0.18 -1.84 0.07* -0.82 0.28 4.19 0.12 1.69 0.43 3.49 0.17 0.69 0.71 

Greece -1.35 0.16 -0.70 0.31 -0.57 0.34 -1.33 0.16 6.89 0.03** 0.93 0.63 0.37 0.83 9.87 0.01*** 

Ireland -1.84 0.07* -0.05 0.40 -1.03 0.24 -1.51 0.13 5.77 0.06* 0.04 0.98 4.20 0.12 4.72 0.10* 

Italy -0.59 0.33 -1.73 0.09* 0.22 0.39 -1.28 0.18 0.57 0.75 3.24 0.20 0.08 0.96 2.27 0.32 

Japan -0.63 0.33 -0.28 0.38 -0.21 0.39 -0.81 0.29 0.45 0.80 0.79 0.68 2.38 0.31 1.00 0.61 

Korea -1.98 0.06* -0.94 0.26 -0.61 0.33 -1.73 0.09* 4.89 0.09* 0.93 0.63 0.45 0.80 5.68 0.06* 

Mexico -1.19 0.20 -2.74 0.01*** -0.08 0.40 -0.64 0.33 1.42 0.49 10.48 0.01*** 0.79 0.67 0.43 0.81 

Netherlands -1.49 0.13 -1.64 0.10* -2.38 0.02** -0.37 0.37 2.67 0.26 2.82 0.24 5.78 0.06* 0.99 0.61 

New Zealand -0.16 0.39 -1.44 0.14 -0.86 0.28 0.08 0.40 0.94 0.62 2.27 0.32 0.84 0.66 0.01 1.00 

Norway -1.71 0.09* -0.65 0.32 0.16 0.39 -0.44 0.36 2.93 0.23 1.18 0.56 1.77 0.41 3.94 0.14 

Portugal 0.92 0.26 1.53 0.12 1.56 0.12 0.21 0.39 6.81 0.03** 6.27 0.04** 7.04 0.03** 2.88 0.24 

South Africa -0.87 0.27 -2.41 0.02** -1.49 0.13 -2.17 0.04** 1.35 0.51 6.18 0.05 2.24 0.33 9.11 0.01*** 

Spain -1.02 0.24 -1.36 0.16 -0.40 0.37 -0.45 0.36 1.05 0.59 4.97 0.08* 0.47 0.79 3.15 0.21 

Sweden -1.26 0.18 -0.93 0.26 -2.46 0.02** -2.33 0.03** 1.64 0.44 3.33 0.19 9.69 0.01*** 5.42 0.07* 

Switzerland 0.23 0.39 -1.26 0.18 -0.45 0.36 -1.05 0.23 0.37 0.83 2.47 0.29 0.41 0.82 1.21 0.55 

Turkey -1.91 0.06* -0.47 0.36 0.41 0.37 -0.51 0.35 3.75 0.15 0.37 0.83 1.45 0.48 1.02 0.60 

United Kingdom -3.34 0.00*** -1.27 0.18 -1.94 0.06* -1.55 0.12 19.80 0.00*** 1.81 0.41 5.63 0.06* 2.42 0.30 

United States -1.08 0.22 -2.30 0.03** -0.52 0.35 -1.56 0.12 1.25 0.54 8.94 0.01*** 2.31 0.32 5.15 0.08* 

Legend:  * = 10% statistical significance, ** = 5% statistical significance, *** = 1% statistical significance. 
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A7 – DURATION DEPENDENCE, GDP (continued) 

  Z(t0) MT 

 
Peak to Peak Trough to Trough Expansion Contraction Peak to Peak Trough to Trough Expansion Contraction 

  stat pvalue stat pvalue stat pvalue stat pvalue stat pvalue stat pvalue stat pvalue stat pvalue 

Australia -1.76 0.09* -1.22 0.19 -1.28 0.18 -0.54 0.34 3.03 0.00*** 2.08 0.05 2.21 0.03** 1.29 0.17 

Austria -1.26 0.18 -2.10 0.04** -2.35 0.03** -1.24 0.19 1.95 0.06* 3.47 0.00*** 3.94 0.00*** 1.88 0.07* 

Belgium -0.16 0.39 -0.88 0.27 -0.04 0.40 -0.47 0.36 0.78 0.30 1.69 0.10* 0.53 0.35 1.03 0.24 

Canada -1.14 0.21 -1.79 0.08* -1.10 0.22 -0.79 0.29 2.00 0.05 2.98 0.01*** 1.79 0.08* 1.24 0.19 

Denmark -1.10 0.22 -1.22 0.19 -1.93 0.06* -0.77 0.30 1.78 0.08* 2.02 0.05 1.94 0.06* 1.42 0.15 

Finland -0.51 0.35 -1.22 0.19 -1.00 0.24 -0.49 0.35 1.22 0.19 1.96 0.06* 1.33 0.16 0.88 0.27 

France -1.01 0.24 -2.23 0.03** -1.44 0.14 -0.11 0.40 1.99 0.06* 4.44 0.00*** 2.64 0.01*** 0.83 0.28 

Germany -1.27 0.18 -1.45 0.14 -1.51 0.13 -0.60 0.33 2.19 0.04** 2.47 0.02** 2.57 0.02** 1.24 0.19 

Greece -0.70 0.31 -0.33 0.38 -0.02 0.40 -0.71 0.31 0.90 0.27 1.00 0.24 0.66 0.32 0.73 0.31 

Ireland -0.58 0.34 -0.62 0.33 -1.08 0.22 -1.30 0.17 1.14 0.21 1.04 0.23 1.23 0.19 1.73 0.09* 

Italy -1.04 0.23 -1.46 0.14 -0.89 0.27 -1.09 0.22 1.92 0.06* 2.52 0.02** 1.24 0.19 2.01 0.05 

Japan -0.99 0.24 -1.26 0.18 -1.14 0.21 -0.25 0.39 1.65 0.10* 2.07 0.05 1.91 0.06* 0.80 0.29 

Korea -1.36 0.16 -1.69 0.10* -1.21 0.19 -0.99 0.25 2.29 0.03** 3.02 0.00*** 2.08 0.05 1.70 0.09* 

Mexico -0.61 0.33 -2.14 0.04** -0.51 0.35 -0.38 0.37 1.39 0.15 3.91 0.00*** 1.16 0.20 1.01 0.24 

Netherlands -1.11 0.22 -1.03 0.23 -1.99 0.06* 0.18 0.39 2.04 0.05 1.94 0.06* 3.36 0.00*** 0.61 0.33 

New Zealand 0.34 0.38 -1.22 0.19 -0.29 0.38 0.53 0.35 -0.02 0.40 2.03 0.05 1.02 0.24 0.10 0.40 

Norway -1.01 0.24 -0.49 0.35 0.02 0.40 -0.38 0.37 1.84 0.07* 1.21 0.19 0.71 0.31 1.11 0.22 

Portugal 1.01 0.24 0.58 0.34 1.07 0.23 -2.29 0.03** -0.73 0.31 -0.62 0.33 -0.85 0.28 2.54 0.02** 

South Africa -1.08 0.22 -2.09 0.05 -0.96 0.25 -1.41 0.15 1.92 0.06* 3.84 0.00*** 1.76 0.09* 2.23 0.03** 

Spain -0.54 0.34 -0.84 0.28 -0.41 0.37 -0.57 0.34 1.31 0.17 1.26 0.18 0.83 0.28 0.77 0.30 

Sweden -2.46 0.02** -2.67 0.01*** -1.69 0.10* -2.37 0.02** 5.23 0.00*** 6.21 0.00*** 2.97 0.01*** 4.47 0.00*** 

Switzerland -1.06 0.23 -1.55 0.12 -0.95 0.26 -0.49 0.35 1.36 0.16 2.32 0.03** 1.26 0.18 1.20 0.19 

Turkey -1.18 0.20 0.04 0.40 -0.25 0.39 0.01 0.40 2.14 0.04** 0.62 0.33 0.84 0.28 0.44 0.36 

United Kingdom -2.70 0.01*** -2.14 0.04** -1.25 0.18 -2.07 0.05 4.68 0.00*** 3.55 0.00*** 2.05 0.05 3.38 0.00*** 

United States -1.94 0.06* -1.69 0.10* -1.27 0.18 -1.51 0.13 3.21 0.00*** 2.47 0.02** 2.12 0.04** 2.17 0.04** 

Legend:  * = 10% statistical significance, ** = 5% statistical significance, *** = 1% statistical significance. 
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A8 – DURATION DEPENDENCE, CLI 

  W W*(t0) 

 
Peak to Peak Trough to Trough Expansion Contraction Peak to Peak 

Trough to 

Trough 
Expansion Contraction 

  stat pvalue stat pvalue stat 
pvalu

e 
stat pvalue stat pvalue stat pvalue stat pvalue stat pvalue 

Australia 0.12 0.83 0.20 0.10 0.13 0.72 0.11 0.78 0.17 0.46 0.20 0.17 0.12 0.87 0.20 0.10 

Austria 0.25 0.02** 0.19 0.14 0.14 0.39 0.21 0.05** 0.19 0.13 0.22 0.13 0.23 0.06* 0.17 0.20 

Belgium 0.17 0.24 0.17 0.16 0.16 0.17 0.11 0.73 0.12 0.87 0.12 0.74 0.14 0.53 0.12 0.75 

Canada 0.08 0.75 0.11 0.58 0.11 0.65 0.09 0.97 0.15 0.40 0.12 0.71 0.16 0.18 0.10 0.96 

Denmark 0.15 0.41 0.09 0.64 0.08 0.67 0.21 0.10* 0.14 0.75 0.14 0.88 0.08 0.57 0.20 0.17 

Finland 0.13 0.33 0.15 0.69 0.20 0.96 0.06 0.02** 0.18 0.38 0.26 0.88 0.28 0.77 0.20 0.83 

France 0.19 0.68 0.26 0.09* 0.07 0.25 0.23 0.16 0.18 0.86 0.19 0.68 0.15 0.97 0.16 0.87 

Germany 0.15 0.33 0.13 0.30 0.09 0.99 0.11 0.63 0.19 0.13 0.13 0.58 0.21 0.05** 0.10 0.90 

Greece 0.19 0.97 0.18 0.88 0.09 0.24 0.12 0.54 0.26 0.88 0.21 0.87 0.14 0.61 0.19 1.00 

Ireland 0.17 0.94 0.29 0.46 0.14 0.78 0.16 0.94 0.16 0.75 0.18 0.66 0.17 0.81 0.11 0.29 

Italy 0.06 0.27 0.08 0.84 0.06 0.30 0.14 0.38 0.09 0.71 0.07 0.52 0.07 0.42 0.16 0.33 

Japan 0.07 0.61 0.13 0.38 0.17 0.08* 0.07 0.74 0.07 0.62 0.10 0.90 0.15 0.29 0.06 0.34 

Korea 0.41 0.64 0.25 0.92 0.14 0.33 0.22 0.92 0.28 0.57 0.16 0.31 0.15 0.23 0.19 0.47 

Mexico 0.19 0.85 0.70 <0.01*** 0.17 0.96 0.17 0.83 0.17 0.81 0.35 0.19 0.17 0.88 0.15 0.86 

Netherlands 0.11 0.94 0.29 <0.01*** 0.17 0.16 0.18 0.11 0.22 0.11 0.20 0.12 0.24 0.05** 0.17 0.23 

New Zealand 0.45 0.18 0.32 0.90 0.18 0.63 0.41 0.29 0.39 0.70 0.21 0.30 0.16 0.30 0.24 0.75 

Norway 0.23 0.57 0.29 0.12 0.13 0.85 0.28 0.14 0.23 0.80 0.24 0.50 0.23 0.57 0.21 0.72 

Portugal 0.17 0.77 0.20 0.77 0.20 0.60 0.30 0.11 0.19 0.83 0.21 0.87 0.14 0.73 0.19 0.82 

South Africa 0.31 0.41 0.34 0.26 0.17 0.83 0.14 0.82 0.39 0.34 0.27 0.83 0.19 0.70 0.18 0.95 

Spain 0.30 0.43 0.22 0.85 0.16 0.77 0.25 0.46 0.19 0.76 0.22 0.92 0.13 0.28 0.28 0.56 

Sweden 0.17 0.79 0.14 0.83 0.13 0.94 0.10 0.74 0.22 0.62 0.13 0.85 0.11 0.57 0.21 0.52 

Switzerland 0.27 0.04** 0.22 0.07* 0.11 0.95 0.20 0.10 0.25 0.10* 0.16 0.54 0.13 0.77 0.16 0.48 

Turkey 0.36 0.18 0.09 0.25 0.27 0.32 0.09 0.20 0.21 0.90 0.10 0.21 0.24 0.73 0.10 0.20 

United Kingdom 0.22 0.04** 0.18 0.18 0.12 0.69 0.20 0.07* 0.17 0.20 0.20 0.17 0.12 0.83 0.18 0.17 

United States 0.14 0.13 0.14 0.21 0.14 0.14 0.11 0.55 0.14 0.21 0.14 0.41 0.11 0.66 0.12 0.44 

Legend:  * = 10% statistical significance, ** = 5% statistical significance, *** = 1% statistical significance. 
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A8 – DURATION DEPENDENCE, CLI (continued) 

  Z Z* 

 
Peak to Peak Trough to Trough Expansion Contraction Peak to Peak Trough to Trough Expansion Contraction 

  stat pvalue stat pvalue stat 
pvalu

e 
stat 

pvalu

e 
stat pvalue stat pvalue stat pvalue stat pvalue 

Australia -0.29 0.38 -1.61 0.11 -0.61 0.33 -0.60 0.33 0.11 0.95 2.66 0.27 0.47 0.79 0.96 0.62 

Austria -2.43 0.02** -1.46 0.14 -0.90 0.27 -1.93 0.06* 10.09 0.01*** 2.21 0.33 4.05 0.13 3.86 0.15 

Belgium -1.12 0.21 -1.50 0.13 -1.39 0.15 -0.44 0.36 1.44 0.49 2.25 0.32 1.97 0.37 0.20 0.91 

Canada 0.40 0.37 -0.84 0.28 -0.50 0.35 -0.30 0.38 0.26 0.88 0.76 0.68 1.17 0.56 1.68 0.43 

Denmark -0.87 0.27 0.40 0.37 0.65 0.32 -1.74 0.09* 1.00 0.61 0.54 0.76 0.58 0.75 4.65 0.10* 

Finland 0.86 0.28 0.70 0.31 0.01 0.40 1.96 0.06* 2.10 0.35 2.07 0.36 0.15 0.93 7.99 0.02** 

France -0.53 0.35 -1.62 0.11 1.67 0.10* -1.65 0.10* 0.70 0.70 2.66 0.26 3.97 0.14 5.03 0.08* 

Germany -1.11 0.22 -1.37 0.16 0.09 0.40 -0.87 0.27 1.28 0.53 3.43 0.18 0.79 0.68 1.71 0.43 

Greece -0.29 0.38 -0.16 0.39 1.14 0.21 0.79 0.29 1.96 0.38 0.46 0.79 1.61 0.45 0.73 0.69 

Ireland -0.08 0.40 -0.85 0.28 0.40 0.37 -0.08 0.40 0.01 1.00 1.58 0.45 0.20 0.91 0.26 0.88 

Italy 1.22 0.19 -0.22 0.39 0.78 0.30 -1.08 0.22 1.56 0.46 1.01 0.60 2.49 0.29 1.17 0.56 

Japan 0.14 0.40 -1.24 0.18 -2.06 0.05 0.13 0.40 2.33 0.31 3.09 0.21 8.01 0.02** 0.15 0.93 

Korea -0.60 0.33 -0.19 0.39 1.26 0.18 0.28 0.38 0.40 0.82 0.40 0.82 1.83 0.40 0.78 0.68 

Mexico -0.56 0.34 -3.02 0.00*** 0.16 0.39 -0.23 0.39 0.45 0.80 16.87 0.00*** 3.59 0.17 0.22 0.90 

Netherlands 0.00 0.40 -2.60 0.01*** -1.60 0.11 -1.67 0.10* 0.78 0.68 7.84 0.02** 3.67 0.16 3.22 0.20 

New Zealand -1.30 0.17 -0.14 0.40 0.28 0.38 -1.12 0.21 1.73 0.42 0.14 0.93 1.45 0.49 1.29 0.53 

Norway -0.75 0.30 -1.54 0.12 -0.11 0.40 -1.47 0.14 0.79 0.68 2.41 0.30 1.64 0.44 2.85 0.24 

Portugal -0.52 0.35 -0.53 0.35 -1.42 0.15 -1.63 0.11 0.29 0.86 0.93 0.63 6.20 0.05 3.35 0.19 

South Africa -0.96 0.25 -1.22 0.19 0.19 0.39 0.34 0.38 0.92 0.63 2.25 0.33 0.08 0.96 0.41 0.81 

Spain -0.87 0.27 -0.20 0.39 0.46 0.36 -0.94 0.26 1.20 0.55 1.43 0.49 3.79 0.15 0.97 0.62 

Sweden -0.41 0.37 -0.39 0.37 -0.31 0.38 0.37 0.37 0.44 0.80 0.24 0.89 1.77 0.41 0.14 0.93 

Switzerland -2.40 0.02** -1.80 0.08* -0.27 0.38 -1.76 0.09* 11.10 0.00*** 3.33 0.19 0.09 0.96 5.74 0.06* 

Turkey -1.27 0.18 1.45 0.14 -1.07 0.23 1.46 0.14 1.60 0.45 2.59 0.27 1.23 0.54 2.18 0.34 

United Kingdom -2.30 0.03** -1.30 0.17 -0.57 0.34 -1.77 0.08* 9.55 0.01*** 3.82 0.15 0.33 0.85 3.25 0.20 

United States -1.74 0.09* -1.66 0.10* -1.56 0.12 -0.61 0.33 5.74 0.06* 5.64 0.06* 2.80 0.25 0.70 0.70 

Legend:  * = 10% statistical significance, ** = 5% statistical significance, *** = 1% statistical significance. 
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A8 – DURATION DEPENDENCE, CLI (continued) 

  Z(t0) MT 

 
Peak to Peak 

Trough to 

Trough 
Expansion Contraction Peak to Peak Trough to Trough Expansion Contraction 

  stat pvalue stat pvalue stat pvalue stat pvalue stat pvalue stat pvalue stat pvalue stat pvalue 

Australia -1.41 0.15 -1.70 0.09* -0.75 0.30 -2.19 0.04** 2.11 0.04** 2.82 0.01*** 1.25 0.18 3.17 0.00*** 

Austria -1.85 0.07* -1.83 0.08* -2.23 0.03** -1.54 0.12 2.99 0.01*** 3.09 0.00*** 3.81 0.00*** 2.58 0.01*** 

Belgium -0.49 0.35 -0.86 0.28 -1.16 0.20 -0.85 0.28 1.25 0.18 1.48 0.13 1.89 0.07* 1.44 0.14 

Canada -1.63 0.11 -1.00 0.24 -1.73 0.09* -0.75 0.30 2.16 0.04** 1.50 0.13 2.63 0.01*** 0.97 0.25 

Denmark -0.76 0.30 -1.00 0.24 0.22 0.39 -1.75 0.09* 1.52 0.13 1.26 0.18 0.33 0.38 2.82 0.01*** 

Finland -0.20 0.39 -0.87 0.27 -1.03 0.23 -1.25 0.18 0.55 0.34 1.77 0.08* 2.08 0.05 1.14 0.21 

France -0.73 0.31 -0.99 0.25 -0.81 0.29 -0.87 0.27 1.52 0.13 1.86 0.07* 1.18 0.20 1.42 0.15 

Germany -1.89 0.07* -1.26 0.18 -2.46 0.02** -0.72 0.31 2.99 0.01*** 1.75 0.09* 3.77 0.00*** 1.11 0.22 

Greece -1.02 0.24 -0.77 0.30 -0.46 0.36 -0.70 0.31 1.78 0.08* 1.58 0.11 0.65 0.32 1.24 0.19 

Ireland -0.20 0.39 -0.06 0.40 -0.36 0.37 0.50 0.35 0.87 0.27 0.87 0.27 0.96 0.25 0.14 0.40 

Italy -0.46 0.36 -0.02 0.40 -0.09 0.40 -1.51 0.13 0.54 0.34 0.22 0.39 0.07 0.40 2.30 0.03** 

Japan -0.33 0.38 -0.66 0.32 -1.70 0.10* 0.54 0.34 0.34 0.38 1.11 0.22 2.32 0.03** -0.11 0.40 

Korea -0.19 0.39 0.31 0.38 0.33 0.38 0.05 0.40 1.15 0.21 0.42 0.37 0.26 0.39 0.72 0.31 

Mexico -0.47 0.36 -1.85 0.07* -0.29 0.38 -0.27 0.39 0.95 0.25 3.42 0.00*** 1.07 0.23 0.97 0.25 

Netherlands -2.04 0.05 -1.82 0.08* -2.41 0.02** -1.58 0.12 3.25 0.00*** 3.08 0.00*** 3.94 0.00*** 2.49 0.02** 

New Zealand -1.13 0.21 0.22 0.39 0.06 0.40 -0.34 0.38 2.70 0.01*** 0.61 0.33 0.40 0.37 1.23 0.19 

Norway -0.88 0.27 -1.26 0.18 -1.53 0.12 -0.93 0.26 1.78 0.08* 2.40 0.02** 2.22 0.03** 1.87 0.07* 

Portugal -0.90 0.27 -0.85 0.28 -0.63 0.33 -0.80 0.29 1.59 0.11 1.60 0.11 0.77 0.30 1.62 0.11 

South Africa -1.53 0.12 -0.91 0.26 -0.37 0.37 -0.54 0.35 3.38 0.00*** 1.92 0.06* 0.94 0.26 1.17 0.20 

Spain -0.18 0.39 -0.48 0.36 0.52 0.35 -1.25 0.18 1.03 0.24 1.29 0.18 0.23 0.39 2.40 0.02** 

Sweden -1.20 0.20 -0.36 0.37 -0.01 0.40 -1.53 0.12 2.10 0.04** 0.88 0.27 0.45 0.36 2.24 0.03** 

Switzerland -2.19 0.04** -1.08 0.22 -1.09 0.22 -1.35 0.16 3.38 0.00*** 1.95 0.06* 1.46 0.14 2.09 0.05 

Turkey -0.38 0.37 0.53 0.35 -0.94 0.26 0.50 0.35 1.25 0.18 0.00 0.40 1.95 0.06* -0.03 0.40 

United Kingdom -1.71 0.09* -1.71 0.09* -0.73 0.31 -1.64 0.10* 2.55 0.02** 2.82 0.01*** 1.29 0.17 2.73 0.01*** 

United States -1.76 0.08* -1.66 0.10* -0.97 0.25 -1.25 0.18 2.40 0.02** 2.10 0.04** 1.55 0.12 1.97 0.06* 

Legend:  * = 10% statistical significance, ** = 5% statistical significance, *** = 1% statistical significance. 

 


