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Abstract— Modeling and forecasting the nonlinear dynamics fo
renewable energy cycles recently became the mosttratted
domain for many researchers. Several study have appved that
such behaviors are highly nonlinear dynamics cycleand can
exhibit usually an irregular phenomenon and compliated
specially for prediction. In this context, we try © provide some
theoretical and empirical studies for modeling andforecasting
the nonlinear dynamic of Tunisian's renewable energyehavior
especially under the chaotic transition in the postrevolution
period. Our methodology is based on the univariateSTAR
(smooth transition autoregressive) method composetty tow
transition process types the logistic STAR model (LSTR) and
the exponential STAR model (ESTAR).

In this paper, we focus on the problem of the eneggtransition in
Tunisia were we suggest to study and modelling theorecasting
the nonlinear dynamic of the endogenous renewablenergy
cycle. As results we found that the LSTAR process imore
adequate for asymmetric data for our case. In thigegard, our
results indicated that the renewable energy can nainly work as
a possible factor for energetic strategy transitiorin Tunisia, but
also, is a promising candidate for stability and stioeconomic
development.

Keywords— Nonlinearity, Forecasting, Endogenous cycle,
Smooth transition autoregressive model, Renewablenergy in
Tunisia.

I. INTRODUCTION

It has long been known that the energy sector inisia
plays an important role and represents the corethef
economic and social growth. Therefore, since
independence, the production and use of energy @asajor
issue to the development. For that, energy tramsitias
become the key to guarantee a better life understhet
declining of the domestic energy production sind@0®@
Particularly, to confront the threats facing thézter becaus
the massive exploitation and drain natural sourtescontrol
of the energy transition and their socioeconomicd a
environmental dimensions, represents a primary sséyefor
identification of the main determinants of enerdficeency
and reducing the excessive energy dependence asid
financial charges.
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Within this framework, The Tunisian National Agenfoy
Energy Efficiency (ANME) has adopted a strategidiqyo
mainly based on the mastery and rational use ofggnend
the development of renewable energies in ordemsure a
sustainable growth, based on improving health cand
education and social welfare [1]. However, sinc®®0the
energy balance between the supply and the demantden
broken [2]. Today, the revolution which has harduits in a
prolonged political transition phase is responsifibe the
economic recession and growth instability. Thesetilations,
in opposition to the existing theory of explanatexogenous
causes of economic crises, they are intrinsic chariatics
and are due to endogenous influences, such astherent
upturns and downturns of the economic system ol
indeterminacy. So, they can give new economic asciab
trends by fluctuating the existing economic andiad@bric
by provoking structural changes as a result of raagular
economic development in Tunisia post revolutionpeyiod
[3]. The situation of the energy report balanceesslie marked
by an important structural imbalance that threatenbreak
the system of the energy supply of the country. sThan
analysis of the situation in Tunisia has confirntedt the
socioeconomic climate clearly risks being damaged a
suffers from a deep recession particularly chareeté by a
simultaneous fall of the industrial production anshrket
services activity [4].

Accordingly, several economic and social probleraseh
arisen quite intense namely a lower economic growfe
ragility of the macroeconomic equilibrium, the wwening of

e budget deficit, a strong decline in Dinar, duplication of
the inflation and issue of unemployment grew ad.viddspite
the growing awareness over this socioeconomic aretgy
crisis reflected mainly in the adoption of many é&ohbs
programmers related to a mastering in the requestergy
and a multiplicity of actions in favor of durablewklopment,
ﬁhese efforts have attempted to minimize this carapbn
and to solve its effects, yet unfortunately theye aall
unsuccessful [5]. According the energy consumptighich
as 0.9 toe per capita in 2011 (5 times lower tha EU
average), they have helped uniquely to create ghtsli
reduction in the growth rates of energy consumpligr20%
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compared with that of 2000; also a substantial ekesr of
energy intensity yet, the deficit of energy remainswing. In
this situation, the ultimate goal of energy susthitity
implies the replacement of all fossil fuels (oibat, natural
gas) by renewable energy sources [6].

The worsening of the structural deficit of the aer
balance sheet caused by the lack of an efficieatesty for
the control and analysis of the dynamics of poksylution
practiced in this sector of energy and becauseefdilure of
the adopted politic in this interesting sector aomsidered
among the major dominant factors of
socioeconomic crisis in Tunisia [3]. In fact, sealestudies
demonstrate that the remarkable slow down of thanfiial
and economic activity is in a direct relation withe
malfunction of the energy system which get worsa assult
of chaotic events occurred just after the revohuf@]. On the
other hand, important studies proved that a redbtigmooth
transition can be made to a renewable energy ecpfigim

This article would be divided as following: thesfirsection
will describe the situation of the Tunisian enegygtem and
define some theoretical foundations about the blkgy
arguments of sustainable development andrgy transition
The second section will provide a representation thoeé
univariate STAR model. The third section will prdgi the
available data. The fourth section will explain genometric
methodology of specification, estimation and evhduathe
renewable energy cycle transition in Tunisia. Hinahe fifth
section will present some conclusions to summatheemain
results.

IIl. THEORITICAL FOUNDATIONS

For a long time, petrol, the coal and the natuiad gre
known as a conventional energy sources. Indeed;dhkand
petrol are considered as the oldest sources ofjgraard they
have become at the heart of the socioeconomic ojewednt.
These natural resources are largely helped thegemee of
modern civilization which mainly based on the indlias
revolution since the early 19th century [8]. Butsdite these
economic and social structural changes, the tiansib new
manufacturing processes by using modern produatiethods
sometimes provokes different economic and geopaliti
conflicts for the reason of a non equitable distiiin of
these natural resources and the supply shortaghingsfrom
a massive and increasing demand on these limitedrare
materials. In this situation, the energy securityd athe
reliability of energy supply between poor and depéig
countries have become among the major problemshthat a
risk of causing a socioeconomic and geopoliticatahility in
the world. This could largely attributable to theonn
equitable access to these natural resources cahbgedhe
pursuit of dominance and monopolizing of naturaoreces,
sources of raw materials and mainly the sourcemefgy [9].

are several reasons for thia particular, the egoism and the
greed which can manifest in the behaviors consunoérs
energy, added to that the absence of planning andrgance
at the level of the manner through which energy lddae
managed and the excessive and not rational usecofie All
these factors have serious consequences for epavgyction
capacity and cause a depletion of most energy ee(it®].
Thus, to fill this gap andspeciallyto globally satisfy the
increasing utility of consumption of these raw miats, the
renewable energy has recently dominated peoplefenences

the preseas new alternative energy source and started tselieusly

studied and be taken into account. Hence, the ihajof
theoretical analysis such as [11] defined the cphoé the
renewable energy as energy that is collected fresources
which are naturally replenished on a human timesaad in
other words is an energy originating from a depesiich can
be reconstituted permanently at a pace equal &bove that
of consumption. It may contain several resourcesh sas
biomass, wind turbine, hydropower, solar and geathé In
addition, these analyses confirmed that such usenois
respectful to the environment. Because its process
reconstitution produces in most cases many wasteriaks
which tackle the environment; this would necessgat
additional costs to remove them. But, despiteittéan have a
significant positive effect on sustainable develepmand
particularly socioeconomics development [12].

The initial renewable energies come mainly frong un,
the wind and the water. They come from non fosgsifrses, so
they are obtained from inexhaustible sources conti@ the
fossil fuels such as (coal, petrol, natural gasln this sense,
these renewable energies involve natural phenorsech as
the light of the sun, the wind, tides, photosynihiemnd the
geothermal heat as the International Energy Agengjains
[13].

This mode of development which respects all thepeets
is a durable socioeconomic development, in a seitse;
requires a model of global development capableake into
account the economic, the social and the envirotaehespect.
This is mean that this mode does not exhaust theces of
investment of natural resources on which everycsiral
change is based on, resultant of an endogenousitioan
followed by a dynamic reorganization [14]. The édatwill be
able to create a true development and to amelithatsocial
fabric or rather the opposite, it lets to its destion if we face
a situation of disorder or a complex structure ltexy from a
chaotic transition.

Several empirical studies [15] and [16] have dedathat
during the last twenty years, the world consumptmenergy
increased to around 58% and exactly around 2.5%0il.
For this reason, these studies estimate that thiel wtocks of
fossils energy sources will be exhausted towardsethd of
the first half of the 2% century. Thus, multiple countries

So, because of the non-abundance of these natimiioduce a destined strategic politics to accéderthe

resources, some countries take a practical stepssasitegic
politic to dominate some developing countries righthese
main sources of natural materials producing enevhich is
considered a basis of any manufacturing operatidrere
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transition towards a low carbon economy and toeiase the
use of renewable energies [17]. In this contex, dbmestic
fossil energy sources have becomereasingly limited in
Tunisia whose energy balance between supply andaném
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has been broken since 20@& demonstrated in Figurk this
amounts to the continuation of the natural decime&nergy
supply compared to a faster increase in energy déma

§000
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-

Fig.1 Energy balance (Ktoe) in Tunisia during teeigd from 1990 to 2012.

On the other hand, as it is illustrated in figureddring the
period from 1990 to 2013 the structure of the pobidm of
renewable energy sector is dominated by the Hydwepo
source by 59.514% and the wind power by 39.862%sblar
power remains negligible 0.623%.

Pie chart of tatal renewalable energy production (Gwh) in Tunisia from 1990 to 2013
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Fig.4 Share of total renewable energy productiont()@n Tunisia during the
period from 1990 to 2013.

However, the development of renewable energy istiha where, S

around the world and the energy production patteh@nge
due to structural instabilities related to the héta of
economic agents and dynamic instabilities due ¢oféict that
every time a given growth rate determines a newtirgpath

energies and the promotion of energy efficiency combined
with phasing out fossil energies» ([12], p. 3).

The present paper examines the possibility of both
nonlinearity and endogenous structural change. The
nonlinearity of the asymmetrical approach had keemined
for many years, so that it can help the existencenany
regimes with different dynamics for one single abte. On
the other hand, the structural breaks considereu loa
relatively smooth, rather than necessarily abriga, our
framework is the class of smooth transition autmrsgion
(STAR) models. This class is particularly attraetihere,
because it can used for encompasses both nontineard
endogenous structural change [17].

So, the STAR empirical approach consists to defire
different conditions for identify dynamic regimeas arder to
allow the nonlinear dynamic behavior of an analyziede
series, depends on the regime of energy cycle givan
moment according to which an industry is situatea@ iphase
of expansion or in a phase of recession. The foratadn of
the endogenous cycle transition of Tunisian rendsvabergy
system is studied with the expression (1).

Before studying the contemporary phenomena of the
endogenous cycle transition intrinsically generatég
endogenous instability of the dynamics fluctuatimintime
series, it seems advantageous to have a look aSTHR
model according to the methodology described i, [25]
and recently in [26].

Ill. REPRESENTATIONOFTHE STARMODEL

The autoregressive model of smooth transition STIAR
initially proposed in its univariate form in [27]24]. In
general, the two regime STAR model with order p flog
variable $is given by the explicit expression (1) as,
S =htBEH + (bt @H)F(s4; )0 +u (1)
=(84:S2008p)s B = (BB 5y)s
@ =(6,,6,,...6,). u, 0id(0,0y).

The continuous mathematical functiok (S,_y; J/,C) is

for future periods [15]. Butoday the use of other sources oknown as the function of transition which boundeztween

alternative energy is a need to solve the blockifigthe

zero and one when the variable of transitiqg of the

current Tunisian energy systefrom then, Tunisia has triedendogenous; éncreases. The role of this transition function is

to improve its policy of energy conservation andrpotion of
renewable energies by adopting a national prograsedd on

to authorize the model to switch dynamically betwee
different regimes smoothly. The delay parametetrarisition

self-generating of renewable energy sources andggned is the optimal lag length; ¢ is the thresholdapaeter and/

saving. Then in another stage covers the perio® 292016,
Tunisia has tried to enrich its national renewableergy
policy by adopting a new program based on the satargy
production, in order to increase efficiency in ienewable
energy production capacity [20].

Today, the structural and cyclical analysis of tlymamic
of Tunisian industry dynamic shows that the rendevabergy

> 0 is the smooth transition speed between theilgess
regimes. Here, the non-linearity is ensured bycthraditioning
on the lagged values such as the past of the eealialue of
S.¢- The delay parameter d gives the periods numbéchwh
brings the variable transitiongschange in the dynamic. The
first form of the transition function frequently ilized in
literature is that of the logistic function on whithe explicit

system is unstable and actually known by its erraixpression is defined by:

endogenous fluctuations which can passes througtp d
structural changed.he concept of energy transition is define

as «a fundamental structural change in the energy sector of a
certain country, like the increasing share of renewable

CopyrightIPCO-201
ISSN2356-5608

. — -1
F L5610 = [L+ exp(-y (s.4~C)) 2)
where the expressions (1) and (2) contribute toldlggstic
STAR model (LSTAR). In the figure 5 (a), the fumatiof the
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logistic transition varies in an increasing and otonous way pecomposiian of renenable energy time seres by the Hodrck Prescot ier
in function of g4 for different values of smoothing parameter
y=1; 5; 10. We note that whentends to infinity, if §; < ¢
then F(s.q v, €) = 0, if g3 > ¢ then E(s.q; ¥ ¢) =1 which
means it becomes a threshold autoregressive (TAREmM ¢
When y tends to zero, Ks.; ) C) becomes a linears:
autoregressive (AR) model. A second function isppsed by
[28], it is the function of exponential transitiomhere the
explicit expression is defined as:

. — 2
Fe(Sig; V5 €) =1—exp(= y (Si-4 —€)°) 3) ‘ ‘ | | |
Hence, theoretically speaking, the specificationTAR
allows one to describe the situation of asymmettyens
- . . Fig. 6 The Hodrick -Prescott filter decompositiondathe evolution of the
CyCIeS could be CharaCtenz,ed b_y different d_ynammer?as annual total renewable energy time series in Tarfieim 1990 to 2013.
the ESTAR model may give rise symmetric dynamics fo

phases of expansion and recession of cycles bit suitne  The decomposition using the Hodrick Prescott fittlerarly
intermediary stages characterized by a differemadyics. gemonstrates that this time series evolves ove thmough a
While, both process of transition becomes stedpgisilarger. nonlinear general tendency, but without any deteistic
seasonality. So, we will think to use a sophistidatpproach

IV. EMPIRICAL DATA based on a nonlinear regression modelling. Now, wilé

In this study we used data collected from the IEAIsisia expose the methodology of STAR modeling cycle.
statistics dataset [21]. Our main variable is titaltrenewable

energy production (Gwh) during the perfoilom 1990 to V. METHODOLOGY OF CYCLE CHARACTERIZATION
2013. This annual time series of renewable enemyce  The methodology of nonlinear specification, estioraand
denoted RES include hydro, wind and solar photaiedt Our evaluation of cycle of STAR models consists indualing a
motivation for choosing this variable is for thmeein reasons. gescribed procedure [25], based on the five follansteps:
Firstly, one of the primary motivations for adogtirenewable . Step 1: Specify the autoregressive linear AR (pjieho

Total_Renewable_Energy
HP Fitterof Total Rerewable_Energy

400
L

300
L

200

100

energy sources is the contribution of the diffusiof . Step 2: Test the linearity for different valuesdsflay
renewable as sources of sustainable energy to ifideat parameter d of transition variable and determine th
national energy mix trend. Second, from policy pecgives, optimal lag length of d, when the test is rejected:;

most of the empirical literature on the energy siton . Step 3: Choose the appropriate model among the
policies used RES as a dependent variable thatptan a LSTAR and ESTAR models using a sequence of
significantly role in energy policy regulation inding RE hypothesis tests;

policies. Specially, such policies have a fundamerdle for . Step 4: Estimate the parameters of the selectedRSTA
transition from coal, oil, and natural gas to wisdlar power, model:

and geothermal energy. Third, the contribution BSRo total . Step 5: Forecast and evaluate the appropriate model
electricity generation is more appealing as it woallow using diagnostic tests.

energy policy makers to reduce £€missions generated from  These steps are briefly detailed as following:

electricity production, not consumption [22]. o
TABLE | 1) Specification of the AR(p) model:

DESCRIPTIVESTATISTICSOFMONTHLY SERIESOF IP! According to [25], we fixed a maximum of lag lengiqual
to p=12 and we tried to applied the Akaikae infdliom

Le;gth l\/gg Mfzxg Medsi;alm Avlezrg%e?S Vagi%]:%w criterion (AIC) and the Schwartz Baysian criteriwf(SIC), in
Source. Estimates made by the authors : : order to compare different autoregressive proceRépAfor
' y : the analyzed data of the stationary time seriese Th

The analysis of graphic of the curve illustratedigure 6 Calculations of these two criteria for differentaeorders of
about the total renewable energy time series attermiinant the annual total renewable energy time series aaastored
level demonstrates that this time series is ndiostary since 0y many R commands. The main of results confirmed2ois

it is evident that his evolution over time preseansincreasing the optimal lag length. We conclude that the mdkRe|(2) is
trend, without a seasonality effect. already the most appropriate process selectedfbyeree to
' both criteria.

2) Testing Linearity against STAR model

! Over the 1990-2013 sample period, the renewablecestinclude hydro, ~ For the case of LSTAR process and by referencendo t
solar photovoltaics and wind power. The start deds chosen to reflect the procedure introduced in [28], to address the patame
rapid deployment of RES after 1990 as a resulhefanergy policies adopted identification problem [25] suggests to approxienahe

in Tunisia, while the endpoint was chosen basedhenavailability of data . . ’ . .
when we started this study. logistic transition function by a third-order Tay®

polynomial development. This approximation is arxilary
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regression given by the following expression, asegrthat d
is known:

2 2 2
S= aota e+ Zazl' S$S4T205 S, SZ«J +2a4j S5 311 +6
= = A
where, W = (S, S-,)» @'=(a,,0,), & 0iid©, 072).
According to the null hypothesis of linearity,
Ho:a, =as=0a,; =0, [j=12

This is equivalent to the fact that the parametdramsitiony
is null in the explicit expression of logistic tsition function.
Hence, the appropriate statistic is similar of thd-type-
statistic asymptotically distributed according e tthi-square
law with 3p degrees of freedom.

Wile, by applying the same mentioned proceduretlier
case of ESTAR process, [25] suggests approximativeg
exponential transition function by a first-ordenia's
polynomial development. The appropriate statissicsimilar
of the LM-type-statistic asymptotically distributedtcording
to the chi-square law with 2p degrees of freedohis Teads
to the auxiliary regression given by the followiegpression,
assuming that d is known:

2 2
S= a0+amh+za2j S-j St—d+za3j St-j SR
=1 j=

where W= (S, S_,)', @=(a,,a,), v, Tiid(0,07).
According to the null hypothesis of linearity,
Hoiay =a;,=0, 0j=12

By applying these two practice tests of linearityery time,
the delay parameter d is fixed arbitrary. To estarhe value
d, for each test of linearity, the LM-statistic Mile based on

TABLE Il
RESULTS OFLM LINEARITY TEST AND OPTIMAL CHOICE OF DELAY
PARAMETER OF TRANSITION VARIABLE

d=1 d=2
Ho 2.159 1.014
(0.0097) (0.0238)

Source: Estimates made by the authors.

(*) Indicates the optimal lag length selected vadfielelay parameter below
the threshold at the 5% significant levely: AR model versus k STAR
model. The numbers between parentheses are thligsvaf linearity test
type of LM.

3) Choice between LSTAR and ESTAR models

After we have rejected the null hypothesis of Iiitgaand
fixing the optimal lag length, the following steprsists on
choosing the appropriate STAR model among the LSBAR
ESTAR models by applying a short sequence of iteicests
is as follow:

Ho: a,, =0, 0j =12
Ho,: @y =0la,; =0, 0j =12
Ho: @y =0a,; =a; =0, 0j=12

The decision rules of selection the form of smooth
transition function between the LSTAR and ESTAR ifam
of model$ are introduced by [25]. First of all, if Jdis the
only rejected null hypothesis, this could be intetpd as a
favor of LSTAR model. If K, is accepted while § is
rejected, this could be in favor of the model ESTARH,;
and Hy, are accepted, while 5lis rejected, in this case we
should select the LSTAR model. The results of model
selection are illustrated in the table Ill. In alhses the
nonlinearities appear to be of a logistic form, athi
constitutes the criterion for choosing the LSTAfRdel

different values of d @ d < D) and can be obtained as usualpecification. Accordingly, the selection approf#iaodel in

form:

M o7 x SR, ~ SR
SR,

0

Where T is the number of observationS§SR, and

SSRH1 are respectively the sum of squared residuals ®f th

linear regression model AR (2) under the null hjzests and
the sum of squared residuals of the linear regrassiodel
under the alternative hypothesis, every time, basedhe

complete auxiliary regression of ¢f the null hypothesis is

rejected at least one d, then the appropriate \@flukis to be
estimated, we choose the one with the smallestyeyavhich

also gives the LM-test with the highest power digahce.

The results of LM linearity test are presentedahle 11 and
show that the null hypothesis of linearity is alwagjected at
5% level for the delay of transition variable d 7 which

confirms that really there is a structural breakhe dynamic
of the annual total renewable energy time series the@

indicated previously date and the appropriate dpameter
value is fixed as d = 1.
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this analysis case is the LSTAR model.

TABLE Il
RESULTS OFTERASVIRTA TEST OF CHOICE BETWEEN ESTAR AND LSTARORM
OFTRANSITION FUNCTION

Ho1 Hoz Hos Transition
5.036 1.927 1.203 LSTAR
(0.005) (0.201) (0.639)

Source: Estimates made by the authors.

(*) Indicates a rejection null hypothesis of lingaragainst LSTAR and
ESTAR transition function at the 5% significanceele The numbers in
parentheses are p-values of LM tests of linearity.

4) Estimate the parameters of the chosen LSTAR madi

After specifying the adequate process LSTAR via the
linearity tests type of LM, this step suggestsnesting the
nonlinear dynamic of the selected LSTAR model by
minimizing the sum of squared residuals specified a

QW)=Y W)

2 We could choose the appropriate model by compathwy level of
significance of the Fisher's three statistics.-ifgtue of test kb is too small
among the three, it will be advantageous to chdes&ESTAR model, if it is
not the case we choose the LSTAR model.
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wherey = (@', B',y, ¢) and l]t (l//)are residuals from the
LSTAR model.

TABLE IV
ESTIMATION OF PARAMETRS OALSTAR MODEL

Linear regime
Bo B: B2
0.8865** -0.2328 1.7603*
(2.4969) (-0.8023 (1.8589
Nonlinear regime
6y 6. 6, y c

-0.9366** 0.0202 -1.6887* 126.464 | -0.0889
(-2.5062) (0.0529) (-1.7236)

Source: Estimates made by the authors.
(**) and (*) Indicate respectively statistical sifjpance at the 5% level and

VI. CONCLUSION

Nowadays, it became a need to have a strong energy
strategy to resist against the energy dependeratétamigh
cost. In this way, we were confronted to the endrggsition
mechanism. The empirical evidences show that theamhc
of the renewable energy cycle transition in Tunib@s a
nonlinear data generating process. Testing and Iimgi¢he
presence of nonlinearity using the two regime uréta
smooth transition autoregressive (STAR) model isppsed
for the present study to investigate possible mealiity in
average. All statistical tests can provide evidenck
nonlinearity. Analysis shows that uses the STARs<laf
nonlinear models needs to have different functiaiaices
between LSTAR and ESTAR type nonlinearities. Furthe

the 10% level. The residuals variance = 0.1038.dta between parentheseseMpirical investigation shows that LSTAR model iore

are the t-student values of parameters estimatioa&ch linear and nonlinear
part.

These results demonstrate that the estimated \cdlyeis
126.464, which implies a possible quick cyclicansition
from one regime to the other. This confirms the sthoess of
switching behaviour during different cyclical phasef
expansion and contraction of endogenous cycle. tBe,
intrinsic dynamics is able to explain how accelemt
renewable energy transition can return from onenregto
other. This dynamic reasonably explains the sigaifily
improved asymmetry of logistic generating procesk
transition variable.

(a): Logistic transition function over time (b): Logistic transition function over variable

| aamammmon 00 oo

e

4
Logistic Transition Function
a

Logistic Transition Function

0 50 100 150 10

Time Transition Variable

Fig. 7 Logistic transition functions versus timaldransition variable.

g
5) Diagnostic tests

After estimate the adequate process LSTAR, thip ste

consist to evaluate the fitted model, using thespesification
test based on LM statistic for LSTAR model residua
correlation proposed by [30]. We consider the gheleof
LSTAR model denoted by:

G(s.¢) =B+BS +(+OSH)F(S4; V. C)

In this specification, the no residual autocorielanull

appropriate to capture observed asymmetries in cage.
These results are important for our national pofitgkers in
energy sector, as they offer improved explication the
nonlinear dynamism generating process of energysitian
mechanism in Tunisia and give the necessary mareraie
economic and social inferences. The results are als
interesting for other perspectives open studiesgesting
preference of nonlinear modelling with smooth traois
when structural change is permitted.
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