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Abstract
Are euro area economic expansions more likely to enter a recession as they endure longer?
The present analysis empirically addresses this question by applying a Survival Analysis
toolkit onto 12 euro area economies’ growth cycle data starting in 1951. The key finding is
that the risk of experiencing a recession stays essentially the same, as economic
expansions age. More specifically, the hazard of a euro area economy experiencing a
recession is fundamentally constant in time over the period 1 to 22 years. This finding stands
at odds with colloquial speak that the current economic upturn is overdue for a recession
because of its duration. In addition, we find that the depth of preceding recessions do not
affect the durations of subsequent economic expansions. In the face of the latter finding,
future research should focus on covariate-driven approach to growth cycles to identify
other factors which affect euro area recession incidence over time.
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1

Introduction

“It’s About Time”
Much colloquial wisdom assumes that as economic expansions mature, they are more susceptible to
entering an economic downturn. This is evidenced by economic debates and media headlines at
both sides of the Atlantic1. The debate, whether economic expansions “die of age” has become
especially prominent after the December 2015 exchange between the former US Federal Reserve
Board Chair Janet Yellen and a ABC News reporter Rebecca Jarvis:
Jarvis: Historically, most economic expansions fade after this long. How confident are you that our
economy won't slip back into recession in the near term?
Yellen: … I think it's a myth that expansions die of old age. I do not think they die of old age. So the
fact that this has been quite a long expansion doesn't lead me to believe that … its days are
numbered.
According to the euro area Business Cycle Dating Committee from the Centre for Economic and
Policy Research (CEPR) – the European authority for dating euro area business cycles – we have
now entered the sixth consecutive year since the last official recession in 2012. Thus, in Europe,
too, many observers have expressed the concern that the current expansion is becoming
increasingly fragile as it is becoming older. The current analysis aims to empirically assess the merit
of such hypothesis for the euro area.
Recent empirical studies addressing whether euro area expansions “die of age” are limited, and
provide mixed results across countries and time periods. The current study focuses on growth
cycles2 of 12 euro area economies, namely, Austria, Belgium, Cyprus, Germany, Spain, Finland,
France, Greece, Ireland, Italy, the Netherlands and Portugal, at an annual frequency for a historical
period covering 1951 to 2014. To this end, we deploy Survival Analysis, a branch of statistics with
origins in epidemiology, which has been applied throughout a wide array of fields. Survival Analysis
is used to investigate the risk of exiting a state of interest (i.e. death in biostatistics, recession in
economics), depending upon how long one has spent in it (i.e. its duration). In addition, it is
concerned with how such risk evolves over time; that is, whether the risk of recession increases as
time goes on, or, stays the same. We also briefly investigate, whether the depth of recessions
matter for the subsequent lengths of expansions.
The current analysis is organized as follows. Box 1 surveys relevant empirical literature. Section 2
presents the empirical approach and provides a rationale behind the choice of methodology. Box 2
describes data, sources, variable transformations and concept definitions. Section 3 presents the
empirical results. Lastly, Section 4 concludes and suggests a general direction for further work.

1

See for example The Wall Street Journal “Economists Think the Next U.S. Recession Could Begin in 2020“ by Ben Leubsdorf, published
on May 10, 2018; The Atlantic “Is the Economy Overdue for a Recession?” by Annie Lowrey, published on March 10, 2017; Bloomberg News
“That Creaky Old Economic Expansion? Watch It Keep Going” by by Suzanne Woolley, published on April 4, 2017.
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This is as opposed to the conventional concept of business cycle most frequently used in the literature, using quarterly frequency and
official recession (peaks and troughs) dates
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Box 1: Brief Review of Literature
Numerous studies have undertaken the quest to examine duration dependence in economic
cycles. Most of them focus on the US business cycle, using quarterly official peak and trough
data, as published by the US recession dating authority, the NBER 3. Several studies also split
the business cycle data into pre-war and post-war intervals, and explore the effect of
expansions’ length on the probability of recession occurrence for these two time periods
separately. For example, using the Weibull model, Rudebusch (2016) of San Francisco Federal
Reserve finds positive duration dependence in US business cycle data pre-war, but no duration
dependence post-war. His earlier work with Diebold (1990) yields a similar result using the
non-parametric approach. Sichel’s (1991) work provides statistically significant evidence for
positive duration dependence for US pre-World War 2 expansions, and post-World War 2
recessions using parametric analysis.
Basic parametric estimations for duration dependence across EU countries, using the Weibull
and Cloglog models and official ECRI4 business cycle data, provide evidence of positive
duration dependence only for Germany and at the aggregate EU level (Castro 2008). The
same paper uses a discrete-time duration model and includes other explanatory variables,
including OECD composite leading indicator, oil prices and private investment, which all help
explain the variations in the risk of expansion ending. Another branch of research has used the
Markov-switching model, and some studies have been additionally successful in including
coincident or leading covariates (see Filardo 1994; Layton & Smith 2007).
The current analysis contributes to the existing body of literature in several ways. It focuses on
(1) growth cycles (rather than business cycles); (2) at annual frequency (rather than quarterly);
and, (3) for 12 euro area countries, covering most of the euro area. Moreover, it makes
statistical inferences from aggregate euro area data only, minding that small individual country
samples could encourage estimator bias. Third, it uses non-parametric analysis due to the lack
of theoretical foundation; but also complements it with viable parametric models to tackle
some of shortcomings of the former. Actually, while most authors prefer one approach over
another, we find the two approaches to complement each other well, and to additionally serve
for cross-checking robustness.

2

Empirical Method

Survival Analysis: A Dual Approach
Survival Analysis is a branch of statistics, which treats a probability of exiting a state of interest,
depending upon how long one has spent in it, and, how such probability changes over time. In its
classical application, Survival Analysis has typically dealt with the risk of patient death, given a
duration of a certain condition or treatment. In later applications, it has concerned itself with
questions ranging from product life-spans (the risk of product failure, given its age); labour
economics (the risk of losing a job, given the length or employment or vice versa, the probability of
finding a gainful employment, given how long one has been out of a job); social science and gender
economics (the risk of getting a divorce, given the duration of marriage); and, last but not least,
macroeconomics (the risk of expansion ending, given its prior length). In any case, it is notable that
Survival Analysis deals with non-negative datasets and skewed distributions.
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NBER – National Bureau for Economic Research – is a business cycle dating authority in the US
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ECRI – Economic Cycle Research Institute provides official business cycle dates for selected European countries
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What are referred to as “risks” – heritage of the biostatistical jargon – are essentially probabilities of
an event occurring (i.e. death, failure, and recession), conditional on the age or duration of the
variable in question. Besides instant probabilities, we are interested in the overall pattern of how
these probabilities change over time. If the risk of an event increases in time, we say we find
evidence for positive duration dependence. If the risk of an event decreases in time, we find
evidence of negative duration dependence. If the risk stays flat over time, there is no duration
dependence, nor evidence that age increases or decreases the risk of such event.
These probabilities can be represented in a multitude of ways, depending on whether we make a
priori assumptions about their distributions, and also conditional on their usefulness from a
standpoint of economic interpretation. We adopt two complementary approaches to assess,
whether we find positive duration dependence in euro area expansions.

2.1

Non-Parametric Approach

The non-parametric approach makes no a priori assumptions about the underlying distribution of the
expansion lengths, and in that way constitutes a full-on “let-the-data-speak” approach. It is
advantageous especially if there is no theoretical foundation to guide the choice of the model or
functional form.
There is four main – different but interrelated – ways to represent these probabilities (Table 2A).
Furthermore, it is sufficient to estimate just one of these functions, and the remaining three can be
easily derived. The functions marked with an asterisk are those we are ultimately interested in from
the viewpoint of economic interpretation.
Table 2A: Four Related Ways to Represent Expansion Survival Probabilities

Function

Interrelation

Interpretation

Kaplan-Meier
Survivor*

S(t) = ∏ ( 1- r/n)

Probability of expansion surviving to time t

Cumulative
Distribution

F(t) = 1 - S(t)

Probability of expansion length being equal to time t or less (for each point of
time t)

Probability Density

f(t) = d F(t) / d(t)

Instantaneous probability of surviving at time t, for all expansions

Hazard*

h(t) = f(t) / S(t)

Instantaneous probability of dying at t, for expansions that have survived up
to this point

“t” represents the time when the event occurred at least once
“r” represents the number of recessions that occurred at time t
“n” represents the number of subjects known to survive to time t
Source: Buis 2006.

To this end, we estimate an aggregate Kaplan-Meier (KM) survival function for the euro area. The
survival function essentially tells us about the probability of economic expansions “surviving” up to
any given point of time.
A plot of KM estimator produces a downward sloping step-function, which, by definition starts at
probability being equal to one. The subjects “known to survive” at a particular point of time either
have not experienced the event of interest, or have been “censored”, i.e. have exited the study
without experiencing the event. Have there been no censored observations, a standard regression
analysis could be considered, but still could prove inadequate due to exclusively positive values and
skewed distributions. Furthermore, from the standpoint of economic interpretation, we are more
interested in the probability of survival up to a certain point, rather than the expected time of an
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event a regular regression would yield. Thus, a hazard function produced by Survival Analysis can
offer superior understanding of the failure mechanism compared to linear regression.
Another advantage of this approach is the ease with which the estimated survivor function can be
re-arranged into the target hazard function. Hazard function is an instantaneous occurrence rate at
a specific time interval. The concept is close enough to be interpreted as instantaneous probability
of an event for the subjects that survived to a point of time, although technically it is not a probability
as it can exceed one (Buis 2006). Thus a more correct interpretation of a hazard rate at time t is
a number of times a euro area would be expected to experience recession in a year t, if the risk of
recession remains constant over that year.
While the non-parametric approach is advantageous from the perspective of flexibility and economic
interpretation, it tells us little about the statistical significance. Moreover, using this method, it is not
possible to control for additional risk factors (covariates) that may impact the probabilities of
recession over time. In addition, despite possessing low bias in a wide variety of situations, nonparametric estimators suffer from high variance and can require substantial amounts of
observations to perform well (Wey et al. 2015). To tackle these shortcomings, we turn to parametric
methods to investigate duration dependence in euro area expansions 5.

2.2

Parametric Approach

Maximum likelihood estimation attempts to find parameter values that maximize the likelihood
function, given the dataset, or, that make the observed results most probable, given the dataset.
This is done iteratively by trying a number of values of the parameters until they converge to a
maximum.
The bigger question is what survival probability distribution we assume for our data, and
consequently, what shape will our hazard function take on. This may be a tough call, where theory
is silent. Notably, a misspecification of the underlying baseline hazard function may yield a biased
estimator. To make a feasible model choice, we (1) consult prior applied work; and, (2) look at the
shape of the hazard function yielded by the non-parametric analysis. To evaluate the
appropriateness of the chosen model in posterior, we re-arrange the underlying estimated survivor
functions into cumulative hazard functions and plot it against time, in line with e.g. Blossfeld &
Rohrwer (1995). If the model is a good fit, the re-arrangement should produce a straight upward
sloping line (more in Section 3, forthcoming).
Prior applied works that model duration data have frequently used the fairly flexible Weibull
distribution6. The constant-hazard assumption (which corresponds to an exponential distribution)
may be overly restrictive since it does not allow for, in the words of Bhat (1996), “snowballing” or
“inertial” effects. A generalization of the constant-hazard assumption is a two-parameter hazard
function, which results in a Weibull distribution for the duration data (Figure 2A, left-hand-side). The
hazard rate in this case allows for monotonically increasing or decreasing duration dependence, as
indicated by the shape parameter p. If p exceeds one, this signifies positive duration dependence
in the data. In this way, the model is (1) consistent with our hypothesis that risk of recession changes
in time; and, (2) the magnitude of p is informative of the magnitude of duration dependence.

5

The Survival Analysis toolkit also contains semiparametric Cox proportional hazards models, which estimate hazard functions per
strata (in our case, by country) under a set of assumptions. This model is not suitable for our analysis due to the small sample sizes at
country-level. A sufficient number of observations per strata is required to ensure accurate estimation of conditional models (for more
see e.g. Box-Steffensmeier 2006)
6
See Diebold et al. (1990); Sichel (1991); Castro (2008, 2010); Rudebusch (2016)
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Figure 2A left: Weibull model hazard function
depends on a=1 and different values of p
parameter
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Figure 2A right: Gompertz model hazard function
depends on different gamma parameters
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Source: IFP based on Buis 2006.
Notes: The null hypothesis of both parametric models is constant hazard (with a=1, p=1 for Weibull; and exp(gamma)=0,
gamma=0 for Gompertz). The models are essentially reduced to an Exponential constant-hazard models if we cannot reject
the null hypothesis.

The second parametric hazard model we opt for is the Gompertz model, which directly encompasses
the time (duration) dependence. The Gompertz law states that the force of mortality or a failure rate
increases exponentially over time (Gompertz 1825). Thus, the increasing hazard is consistent with
the hypothesis that we aim to test. The Gompertz model in Figure 2A on the right-hand-side is
essentially a log-Weibull distribution. It has empirically provided a close fit for adult mortality rates
in modern developed countries (Li & Ma 2013, pp.78); but originates in economics (see Prescott
1922; Windsor 1931).

Box 2. Data and Definitions
The raw data for our analysis are expenditure-side real GDP volumes in chained PPP (in mil. 2011 USD) at
annual frequency sourced from the Penn World Tables 9.1 (code “rgdpe”). We cover 12 euro area countries,
which have identical data coverage from 1950 to 2014, namely, Austria, Belgium, Cyprus, Germany, Spain,
Finland, France, Greece, Ireland, Italy, the Netherlands and Portugal. For many euro area newcomers, the
historical series start as late as 1990 and for that reason they are excluded.
GDP volumes are transformed into annual growth rates covering the period 1951 to 2014, and resulting in 73
of total observations of economic expansion spells. These expansion spells are then assigned value “1” if
they ended in recession, and “0” if they did not. The first variable – the expansion spells – is the “duration
variable”, while the second, binary variable is the “event variable”. This data transformation is required to
treat any dataset with Survival Analysis. A sample data for Germany – as they enter the survival model –
are shown in Figure B2.
Admittedly, the first expansion spell for each country starts by default in 1951 – since that is when our
dataset starts – forcing it to a common starting point for all countries, even though really, the expansion
could have started and endured well before the beginning of our dataset in some cases. Similarly, we
retain our last, ongoing expansion observations none of which yet ended in a recession. These
observations are then censored from the dataset via the standard KM procedure. Despite some degree
of bias introduced by the starting and ending point, we retain all data points in the effort to work with as
many observations and as much information possible.
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Figure B2. Sample data for Germany as they enter the survival model
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Sources: Penn World Tables 9.1 and author’s calculations.

We examine “growth rate cycles”, rather than “business cycles” commonly treated by related literature.
This implies simple definitions: an “economic expansion” is defined as a positive annual growth rate, while
an economic recession or “the event of interest” is defined simply as a negative annual growth rate. In any
case, we are not concerned with neither the fluctuations in the level of the economic activity, nor to
fluctuations in the economic activity around the long-run potential level, merely the fluctuations of the
growth rate of economic activity.

3 Empirical Findings
3.1

Non-Parametric Approach

We begin by estimating an aggregate KM survival functions for the euro area as a whole, and by
country. The results are presented in Figure 3A below. We can see that a typical euro area
expansion has a 62 per cent chance of survival up to 5 years but merely 35 per cent of survival up
to 10 years. The step-function flattens after the 10-year mark: a euro area expansion still has about
25 per cent chance of surviving up to year 15.
Figure 3A left: Kaplan-Meier survivor estimate
for euro area

Figure 3A right: Kaplan-Meier survival estimate (by
country)
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The survival probabilities vary rather significantly at country-level. For instance, a typical French and
also Austrian expansion still has about 25 per cent chance of survival by year 25. In contrast,
Finnish, Cypriot and Greek expansions have the shortest survival probability. Note that at a countrylevel, we are dealing with rather a few observations per country, as evident from the large size of
steps, so the estimated functions may not be well representative of the whole expansion population.
The estimated survival functions can be easily re-arranged into corresponding hazard functions,
which we target because of both, economic interpretation and to get a sense of their shape (Figure
3B). With respect to the shape, a flat hazard function signifies constant time-independent hazard,
while an upward sloping hazard function is an evidence for positive duration dependence.
Figure 3B left: Kaplan-Meier hazard estimate for
the euro area

Figure 3B right: Kaplan-Meier hazard estimate (by
country)
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Notes: The black trendline in the LHS chart corresponds to data up to year 22. The blue trendline with clearly positive slope
corresponds to full set of data.

The aggregate hazard function for the euro area (Figure 3B, LHS) remains flat, wavering between
0.0 and 0.25, up to year 22. This means that at years 0, 1, 2 … 22, a typical euro area expansion will
end 0.15 times next year if hazard remains constant during that year. Beyond that, however, the
hazard of recession starts increasing rapidly, approaching probability equal to one at year 30.
Just like in the case of country-level survival functions, the hazard functions vary greatly across
countries (3B, RHS). In line with the estimated country-level KM survivor functions, Cyprus’ and
Finland’s hazard rate is equal to 1 at year 15, while Austria’s and France’s hazard is merely 0.5 in the
same year. Given the sample size and the resulting noisiness, however, we are unable to make any
statistical inferences at country-level.

3.2

Parametric Approach

To tackle the pitfalls of the non-parametric approach, and to check the robustness of our results, we
also estimate several parametric models. We are primarily interested in (1) the ability of parametric
models to test the statistical significance of the duration dependence; and, (2) the possibility to
extend the basic model by including covariates.
Fitting a continuous-time basic Weibull duration model with no covariates, we find a statistically
significant evidence for a positive duration dependence. The estimated Weibull parameter is equal
to 1.32, and within the 1.01 to 1.06 at 95 per cent confidence band. In other words, we can reject the
null hypothesis of the Weibull parameter being equal to 1, and the hazard being constant.
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The hazard function underlying the basic Weibull duration model is depicted in Figure 3C (LHS).
Optical examination reveals that it is increasing more rapidly at year 1 to 10, and visibly flattens
thereafter. The hazard function derived from the non-parametric survival function in Figure 3B
(LHS) is, on the other hand, flat over year 1 to 22, and increases rapidly thereafter. Moreover, the
Weibull model in Figure 3C yields an increasing concave down shape, while the non-parametric
model in Figure 3B (LHS) yields an increasing concave up shape.
Figure 3C right: Hazard
Gompertz duration model
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We get a broadly similar result in terms of duration dependence magnitude fitting a continuous-time
basic Gompertz model. The gamma parameter comes out at 0.043 with a p-value corresponding to
0.01, so that we can reject the null hypothesis of constant hazard at 95 per cent confidence level.
Importantly, the shape of the hazard function underlying the Gompertz model (Figure 3C, RHS)
resembles closer the shape of the hazard function underlying the non-parametric model (Figure
3B, LHS).
Finally, fitting a continuous-time basic Weibull duration model with one covariate – the magnitude of
recession7 preceding an expansion – does not improve the result. The hypothesis here is that a
deeper recession might afterwards trigger a longer expansion/decrease the risk of recession.
However, in fact, the estimated rec_mag coefficient being close to 1 signifies that the variable does
not affect the risk of experiencing recession.
Summing up, whereas the non-parametric estimate of the hazard rate appears flat until the far-end
of the function, the parametric approach shows that the hazard rate is significantly increasing in time.
We will now reconcile both results by showing that the parametric approach is misleading in our
case.

7

The recession magnitudes are cumulated, where recession lasts for more years. Moreover, absolute values are taken as
Survival Analysis deals with non-negative values only.
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3.3

Robustness

The estimated survivor function can be used to evaluate the parametric model choice8 (i.e. choice of
underlying distribution), where theory is silent. Following Blossfeld & Rohrwer (1995, pp 199-200)
and Buis (2006), we re-arrange the estimated survivor function S(t) into the corresponding
cumulative hazard functions H(t) as presented in Figure 3D. If the cumulative hazard function under
the exponential distribution comes out as a straight upward-sloping line, then the hazard is constant
in time. Also, the optical evaluation of its shape can be informative at different time intervals.
Figure 3D left: Cumulative hazard function under
exponential distribution

Figure 3D right: Cumulative hazard function under
Weibull distribution

Exponential model H(t)= - ln S(t) against t

Weibull model H(t)=ln[-ln S(t)] against
ln(t)
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The robustness check further corroborates our earlier findings. The exponential constant-hazard
model is fairly a close fit up to year 22. Nonetheless, the Weibull model fits the data even closer.
The reason is that the exponential constant-hazard model is no longer suitable beyond year 22 9.
This finding is broadly consistent with the one yielded by our non-parametric model, and upholds
that the hazard of euro area recession remains constant only at the interval 1 to 22 years. Table 3D
presents the summary of results presented in this section.
Table 3D. Summary Results for Duration Dependence in Euro Area Expansions

Model

Duration
Times
95 %
Sample
Dependence
Recession
Confidence
Size
Magnitude
Occurred
Interval
statistics

Covariates

Conclusion

Non-parametric

73

65

no statistics

-

n/a

Risk of recession constant at interval
1 to 22 years; then positive duration
dependence

Parametric
Weibull

73

65

p = 1.32

1.01 - 1.59

n/a

Significant duration dependence of
weak magnitude
Significant duration dependence of
weak magnitude; rec_mag does not
help explaining the variation of
recession risk
Significant duration dependence of
weak magnitude

Parametric
Weibull with
Covariate
Rec_mag

73

65

p = 1.32

1.14 - 1.52

rec_mag hazard
ratio = 0.99, z = 0.02 and P>|z| =
0.98

Parametric
Gompertz

73

68

gamma =
0.043

0.01 - 0.08
z = -13.17 and
P>|z| = 0.00

n/a

Source: IFP estimations.

8
9

Basic model with no covariates.
Note that the last data-point is missing, as the logarithmic transformation of 0 is not defined.

11

Furthermore, we are going to argue that there are cases when the hazard curve appears to increase
in time, but is of no meaningful economic interpretation. To convince the reader in this regard, we
propose an experiment, where we roll 200 fair dice, each 64 times, and record a recession each
time the number six is observed10.
The hazard function resulting from this experiment (Figure 3E left) has virtually the same shape as
that based on true growth cycle data. It is flat until the “far end” of the curve, where the hazard rate
increases sharply and approaches 1. The sudden rise at the “far end” is driven by the small number
of dice rolls (i.e. 200), and the fact that with increasing expansion lengths it is estimated with merely
a few, very long expansions. Consequently, the volatility of the estimated hazard rate increases, as
the number of simulated expansions at risk of recession declines (Figure 3E right).
For instance, in our experiment, there is only one expansion that lasted 42 years and eventually
ended up in a recession, thus increasing the hazard rate to 1. In general, the hazard rate would come
out completely flat only under such a case scenario, where the number of dice rolls (or expansions)
approaches infinity.
Figure 3E left: Simulated hazard function for
dice rolls has the same shape as the hazard
based on true growth cycle data

Figure 3E right: Hazard is measured imprecisely at
the far end due to the lack of very long expansions
(number of expansions at risk by duration)
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Conclusions

The current analysis zooms onto the assertion that expansion age increases the risk of recession
occurrence. Its key finding is that the risk of the euro area experiencing a recession does not
increase as expansion ages at interval 1 to 22 years. Notably, the hazard surges rapidly at the far
end of the curve, which is driven solely by the lack of observed long-term expansions. In line with
that, and driven by these few outliers, the parametric Weibull and Gompertz models yield statistics
corroborating weak positive duration dependence of no meaningful economic interpretation.
The main finding of the present analysis stands at odds with the colloquial speak that the euro area
is now overdue for a recession because the current expansion is already “old”. Admittedly, the
estimated individual hazard functions do vary significantly at country level. Moreover, other
economic phenomena may influence recession incidence rate. Yet, fitting one such variable – the
cumulated magnitude of preceding recessions – does not improve the basic time-dependence
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Note that in this setup, there is no duration dependence by construction, as each dice roll is by definition independent of
a fair die.
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model in a meaningful way. In other words, the cumulated magnitude of preceding recessions does
not affect the probabilities of euro area expansions ending over time. It is important to note,
however, that the aim of the present analysis is not to build a covariate-driven model for detection
of recessions, but to zoom onto whether expansions increasing in length amplify the probability of
euro area economy falling into a recession.
In conclusion, euro area expansions do not end because they already last “so long” – at least not for
the first 22 years. Chances of being hit by a recession in a particular year of expansion are virtually
the same, no matter the duration of the current expansion. Further work should focus on
augmenting parametric models with meaningful covariates, which represent additional factors that
influence recession incidence in euro area growth cycles, and can be targeted by economic policy.
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