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Abstract: We present a new technical approach based on the autocorrelation function, widely used in physics, to determine and to
analyze the business cycle turning points of an economic activity. This method is adapted to stochastic processes and does not require a
smoothing technique. The application of this method to the industrial production seasonally adjusted of Tunisia, for the period 1994:4
—2006:8 gives similar results to these obtained by two-state Markov switching model.
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1. Introduction ter [5]. It may therefore be careful for the choice of the
method of dating. Several works [6] are relevant to this

The notion of dating business cycles has a long history irSPECifiC topic, based on comparisons between the results
economic researches. We notice that many empirical stugcOMpPuted and areference dating chronology. Unfortunately,

ies have proved that the business cycle is not periodic, ang€caus¢€ .?f thellack ?: ri‘:erence chronology, \tNhEse works
then there is no connection between the different phases @€ SPecific only to the American economy. When a re-
the cycle [4,3,5]. Furthermore, the determination of busi-S€archer develops a method to estimate the turning point
ness cycle turning points is interesting for the policy in- chronelogy of a given country, the ultimate criteria to as-
terest centers on economic activity in any country in theS€SS this method is to compare the resulting dating with a
world. So, dating the economic activity of a country is a benchmark. Hoyvever, in our paper, we tend to construct
very important issue. In fact, doing such work can help thed reference dating chronology. Therefore, the assessment

experts and the economic agents to take the best decisioff! diverse dating methods is not obvious. Some properties
Dating cycles has two main objectives: can help us to compare the proposed methods:

(i) Providing the basis for economic cyclical analysis. () Transparency: the dating method must be replicable

(i) Serving like a reference chronology to validate mod—to eygryone. B ) )
els aiming at “detecting” turning points. (i) Adaptability of the method to different series and

For constructing a reference turning point chronology, countries.
we must choose a method which can detect the true points (i) Robustness to extreme values and to the sample.
for the passage from a cyclical phase to another. For in-  (iv)The chronology must not be revised through time.
stance, starting from a single time series and applyingtwo  Medhioub [32,33] has proved that Markov switching
different methods can lead to different dating results. How-models can capture the business cycle asymmetries of Tunisian
ever, each method possesses its own advantages and dra@economic activity. It was considered Markov switching regime
backs and it is not very clear which method should be usednodels of two and three states to distinguish between dif-
by practitioners, and that the dating methodology adds sonfierent business cycle phases. It was concluded that, due to
noise to the signal, since dating depends on the chosen fithe property of business cycle asymmetries, the Tunisian
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business cycle can be estimated by the two-state switchingusiness cycles which would make the problem of detect-
models. ing the turning points more reliable. These methods con-
Contrary to the classical technigues, which use the teclsentrated on the concept of asymmetries of the cycles refer
niques of smoothing for determining the peaks and theto the ideas of Burns and Mitchell [5] . In this paper, we
troughs; this proposed approach, much adapted to the stodhats apply a new tool which is very easy to adopt (we use
tic processes, doesn't require a smoothing techiigitee  the concept of correlation function [7,11,12]).
idea behind this new method is fairly simple, and itis in-  For the simplest case, generally considered, a business
spired from physics. To perform this approach, we use thecycle is composed of two phases: a phase of expansion for
notion of temporal delay and we consider all the pairs ofwhich the economic activity tends to be reinforced, and a
points t and (t¥) to determine the temporal correlation phase of recession for which the economic activity tends
function [8-10, 31,37, 28]. to weaken. The passage from one cyclical phase to another
Section two of this paper is considered for presentingis marked by a peak or a trough. These extreme points rep-
a brief review of the dating turning points while section resentin fact the turning points of the economic activity.
three turns to the proposed approach which is based on the In this proposal, we tent to date cycle turning points by
temporal correlation function. In section four we presentusing a new methodology based on the temporal correla-
and interpret the empirical results. Section five concludedion function. This method is fairly simple to manipulate
the work. and it is based on two fundamental concepts: the corre-
lation function and the notion of temporal delay between
observations of time series. In the next section we expose

2. Dating the turning points this approach.

A primordial question in which economic agents and pol- 3. Markov switching model
icymakers are interested, concerns the detection and the
forecast of the switch between the cyclical phases. To aca great panoply of techniques of non linear time series
quire .such kr!owleplgt_a can be usefu! for the latter, in ordef,gve been deployed to model the different economic cy-
to adjust their activities ahead of rises and of fallout of ¢je characteristics since the linear models cannot capture
the economic cycles. In the United States of America, thee cyclical asymmetries. A great importance is recently
National Bureau of Economic Research, NBER, is a refer-ytiached to the non linear specifications in which we have
ence organism which is interested in the determination ofiyiroduced a significant distinction between the expansion
the different American economic activity phases. and the recession phases. These models are sufficiently
The national offices are interested at the diffusion offiexible and they allow us to take into consideration the
the statistical information. This information has several gifferent specifications and the relations corresponding to
well-known criteria, such as quality, exactitude, opportu- gach phase. Among these non-linear models, we can men-
nity and uniformity. Among these practices it exists the tjon the autoregressive threshold models (Tar)[38], the SE-
identification issue of the business cycle turning points:TAR models [38] and the regime switching models (Markov
dating, detecting and forecasting the turning points. Thes%witching models) [18]. In this paper, we will focus on
latter are a concept, which must be clearly defined. Arthurnarkov switching modefs
Okun, in his famous paper concerning the evaluation of the According to Hamilton, it is supposed that the eco-
turning points [35], indicated that, “distinguishing wiggles nomic growth is divided into two phases: a negative growth
from genuine turning points is a serious and difficult prob- 5t phase and a positive phase. He also supposes in his
cycles turning points, and to avoid focusing the fluctua—govemed by a "latent state” variable.
tions on the short term. Dat|ng the CyCIeS is adapted for two To Capture these asymmetry ConceptS, we consider the
main objectives: first provide the essential for the cyclic tywo state Markov switching model, called MS(2)-AR(p),
economic analysis, and determine the chronology of refergg developed by Hamilton [20]. By supposing a mean regime

second way (such as the Markov-Switching model[20, 21].can pe expressed as:

In other words, a major problem of the analysis of the

economic fluctuation is the detection of the business cycley,, — |, § (A — J+ & 1
turning points. We tend to determine the date where the h=He i:1¢'( Yeoi ~ Ha-i) + & @)
economic activity changes from a phase to another (from 1 if § = 0 (recession phase)

a recession to an expansion or conversely). These two lasts = Lo if § = 1 (expansion phase) @

decades, several econometric and statistic works were in-
terested to develop new methods for the analysis of theyhere s represent the mean growth rate corresponding

1 We use the correlation function which is not directly sensible 2 The Markov switching models are known for their empirical
to perturbations. success to analyze business cycle asymmetries.
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to the states.This latter is an unobservable variable that is the first time the use of autocorrelation function in order
governed by a first order Markov process with fixed tran-to determine the angular distance for stern measurements
sition probabilities: [25].
This method proved a better accuracy of measurement com-
pared to classical methods [25]. In This paper we pro-
P[S=]/S-1=1i]= pij Vi,j=1,2 (3) pose to adapt the autocorrelation technique for detecting
the business cycle turning points of economic activity.
) The autocorrelation function can be defined for a ran-
which satisfy;jzlpi j=1 dom variableX with discrete time evolution as:

To estimate this model, Hamilton [21] has proposed to G(T) = B (X()X(t + 7)) (10)
use the EM algorithm and to assign to each observation
the state m which corresponds to the highest “smoothediwhere E represents the temporal mean.

probability: Since we are interested in the determination of turning
. . points, especially we need to detect the peaks and the troughs
J=argmaR (§ =/ ¥r) (4)  ofthe temporal series cycles. We define two new functions,
i .
namely:
Hamilton has developed an algorithm decomposed in twdGmaxT) = [max(X(t)x(t+1))]/G(T) (11)
stages. In the first stage, he estimated the parameters th@min(t) = [min (x(t)x(t + 1))]/G(1) (12)

corresponds to the joint probability density of the state . . )
variable. Secondly, filtered and smoothed probabilities ard-rom these two latter functions, we can determine the tim-
estimated. To date turning points, smoothed probabilitiednd of passage from a cyclical phase to another.

are used According to the rules censoring of non parametric meth-
PIS=j/Yr.yr-1,-Y1]. (5)  ods for dating, the following rules are consideted
o . ) o i- Peaks and troughs must alternate.

The classification rule is very simple and consists in  jj. A phase must last at least six months.
assigning each observation in the regime with the highest jjj. A cycle must have a minimum duration of fif-
probability. In a more general way, the turning points dat-teen montr3[4].
ing are achieved as follows: In the economic literature, we can determine the dat-

I- Peak at the date tif: ing of turning points by using non parametric methods [22,

23] or parametric methods [1, 2, 6]. For example, Anas and
PIS=2/yr.yr-1,..y1] > 05 (6)  Ferrara [1] had used Markov switching model (parametric

method) and Bry and Boschan algorithm [4], (hon para-

. metric method) to detect the turning points of the Euro-
PlSa=2/yryr1,..y2] <05 ) one economy by using the seasonally adjusted industrial

ii - Trough at the date t if: production index. They find that the two methods give very

similar results. Medhioub [32] found that parametric and

P[S=1/yr,y7-1,.-,y1] > 05 (8)  non parametric methods give very similar results for dating

turning points of the Tunisian industrial production index.
and In the next section, a comparative assessment on our pro-
posed method and parametric method based on the two-

P[S+1=2/yr.yr-1,...,y1] <05 (9 state Markov switching model for dating the Tunisian cy-

cle is considered.

and

4. The proposed method

Thanks to their advantages for exploring the internal dy—5' Empirical results
namic of the studled system, th_e te_c_hnl_ques of correlaﬂoqu try here to determine the expansion and recession peri-
function are used in several scientific fields such as elec ¢ e Tunisian economic activity. In fact, in this coun-
tronics [.30]’ teIecommunlcat|_on[24], crypftography[39], a.s'try which is developing, there doesﬁ’t exist’ any commit-
trophysics[29], plasma physics[13], statistical mechanics, .’ ’

[34], atomic physics [26-28] and condensed matter physic?csee which gets interested in this kind of work, and even the

[14,15,19,16,17]. 4 Also, we can find in the literature some other censoring rules
For stochastic processes, a correlation function is the corthat may also be considered, like, in the presence of a double
relation between random variables at different points [31].turning point, we choose the last turning point.

Correlation function contains information about the distri- 5 These two latter rules are considered as the main censoring
bution of points or events. rules, which concern the duration of phases and cycles, devel-
In astrophysics, Hunbury Brown and Twiss proposed foroped by Bry and Boschan
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economic agents and the political decision makers anticimethod is more adapted to the stochastic processes and
pate the crisis periods by intuition. So, there doesn't existdoes not require a smoothing technigue

any advanced economic indicators neither coincident nor

leading, so as to judge the nature of the activities.

In this paper, we use the time series corresponding t@5 Conclusion
the index of the industrial production to determine the cycli-
cal turning. The choice of this variable is due to two rea-

sons: the first one is that, in most of the works, we have : ; : X
used this series as series reference of the economic a¥€loped in order to determine the turning points of the

tivity. The second is the validity of these series observa-PUSiness cycles such as the parametric algorithm based

tions into a monthly frequency. The data base used in thi©n the two state Markov switching approach. The most of
work corresponds to the monthly data of the industrial pro-Parametric and non parametric methods are based on the
duction seasonally adjusted covering the period 1994:04 concepts of sm'oothln_g and flltgrlng data in order to extract
2006:08. signals for turning points. In this paper, we have proposed
Firstly, we apply our new method and we determine the@nd applied a new method to detect the turning points of

temporal maximum and minimum correlation functions frorﬁusi.ness cycles. The attractiveness of this methodology
which we find the turning points of the economic activity €S In the fact that it yields an automatic method for iden-

in Tunisia for the period 1994-2006. Secondly, for analyz-if¥ing the turming points much easy than the informal pro-

ing the performance of this method, we apply the method-c€dures used by the NBER.

ology of Markov switching described above and we com-  The dating process that we propose here is, a result of
pare the results of these two methods. a non parametric algorithm based on the temporal correla-

. . . . tion function inspired from physics, which is not based on
oiglrt]st:r?ale rts:ahneie((jjatmg of the industrial cycle turning smoothing concept. By applying this method to the Tunisian
P P ' industrial production index, seasonally adjusted series, we
find results very closed to those obtained from two-state

Parametric and non parametric methods of dating were de-

Tablel: Turning points dating

Markov switching model.

Correlation function Switching model

Peak Trough Peak Trough

199701 1995:04 || 1997:03 | 1995:08 References

1995:05 1998:09 1999:02 1998:04
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