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Abstract

A sustainable growth ratei.e. a gowth rate which allows economy to expand without compromising the
equilibrium of the natural systeimis one of the most important and stimulating topics in growth literature. In this
paper two findings will be presented. First of all, a brief discussidmoth concept$ growth and developmeit
is presented. A new sight for their relationship is suggested. The usual distinction between quantitative and
qualitative variables is shown to be unsatisfactory. Growth and development must fit in a sustaiinafiéivork
and therefore, progress should be based on steps of sustainable economic growth in order to have higher
development levels. Secondly, atveatorclosedeconomy model is presented to demonstrate the existence of a
positive sustainable growtlate for the GDP.
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1. Introduction

The distinction between growth and development has usually been conducted at level of the
difference between quantitative and qualitative variables, in related literature. Coherently with this view,
according to Shearer (1961), economic growth refers to an increase in the output of goods and services
(being therefore a quantitative concepthiles economic development implies a more general and
qualitative concept, including personal and social values. Nonetheless, this apparently simple distinction
has not always been sufficiently clear according to Sen (1992), easily recognizable as th#f fhthe
capability approach, who stated clearly that the idea of development must not be confused with the
increase in quantity of goods available within an economy. Pearce and Warford (1993) stress that being
development a process that leads to improveroe progress, a society which follows this process of
economic development will obtain a combination of three effects: first of all, an advance in utility (in
terms of per capita income, quality of the environment, and general sociabeied); secondi
advances in education, health, and quality of life (in this exposition they use the same classification
adopted by Goulet, 1971); and third, growth of ®slifeem and setbspect, which leads to
independence and capacity of choice.

Economic systems amade by several variables, and they can be defined as developed when they
have some attributesThe more a region is developed, the greater and the deeper are components of its
welfare. It means that after primary needs, there comes a series of attéglar qualifications which
express goodness of quality of life. Then, economic development appears clearly as a much wider
concept than economic growth, being the latter defined as just an increase in the level of the per capita
gross national productver time. The way in which the progress is pursued puts in evidence the match
against the environmental constraint; sustainability assumes a crucial relevance because considered the
world today, and given characteristics of mankind and nature, it mayermadsible anymore to define
development without placing it within a sustainability framework.

It is difficult to give a unique definition of sustainability and/or of sustainable development
because of the availability of alternatives that it is posdifind in the literature. Peare al (1989)
offer more than thirty possible definitions. These definitions can be divided into two groups (Beltratti
1996): the first group refers to sustainability in physical terms, looking at the limitations imppsed b

! For example thaVorld Bank Dgelopment Indicatorsnclude the eradication of extreme poverty and
hunger, the achievement of universal primary education, the promotion of gender equality, the reduction of
children mortality, the improvement of maternal health, the struggle againstAHIS/ malaria and other
diseases, and the environmental sustainability. According to some other authors (Pearce, Barbier, Markandya
1989), development would involve an increase in real income per capita, improvements in health, nutrition, and
education, dairer distribution of resources and income and an increase in what thépasit freedonts
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scarcity of natural resources on the growth process; the second group describes sustainability on the
basis of the comparison among utility levels of different generations. Summing up, a broad definition of
sustainability would include the preservatidrhaman wellbeing by the maintenance of natural, social,

and economic systems. Following Kurgkeal (1998), it is possible to define wealth as the per capita
stock of assets.
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whereK, is the stock of mamade capital, K is the stock of natural capitd, is the stock of
human capital, anBOPis the population. This composition allowed the distinction between strong and
weak sustainability: the idea of weak sustainability, based on the studies of Solow (1974) amtkHartw
(1977), allows the substitution between natural capital andmaate capitabecause it is based on the
assumption that welfare is not dependent on a specific form of capital and that there is a near perfect
substitutability between mamade capital ah natural resources. If such a substitution is possible, an
economy is recognized as sustainable even if it draws down its stock of natural capital, provided that it
creates enough manufactured capital to compensate for the loss of natural capitathgociiastancy
of the total stock of capital is ensured (Neumayer 1999). Instead, the strong sustainability criterion
requires maintaining different kinds of capital intact separately; therefore it refers to the case in which
substitutability is not allowed according to the strong sustainability view, at least some natural capital
is nonsubstitutable and should be maintained at or above some threshold levels. Natural capital that is
not substitutable by any other form of capital is called critical natapltaf and its preservation
assumes a great relevandzetermination of criticality depends on ecological, as well as economic,
political and social criteria (Mac Donakt al 1999) and critical levels depend not only on ecological
standards, but ardsa related to standards of living and relative affluence of a particular group, region
or nation (Pearceand Warford1993), in the sense that the degree to which a function is considered
important (i.e. critical) may vary from place to place, from pojiuteto population.

From what has been said, sustainability is not only an attribute for development, but also a
qualification for the path which allows reaching it. If development were a ladder, growth would be the
progress that a system does from tigt tio the higher steps. For this reason it is possible on one hand to
agree with the part of the literature which refers to growth as a path made by stages (see, for example,
Rostow 1952), and on the other hand to deepen the strength of sustainaliiiyofndie meaning of

2 Some authors do not admit either substitution or compensation (Sen 1982; Barry 1991; Spash 1994; Azar
2000); furthermore, there are some resources so impdian substitutability is not even practicable, as for
example the ozone layer. Muradian (2001) puts in evidence how surpassing some critical levels in the depletion of
some resources can imply unknown and important transformations. Finally, Page (a8&3}h&at opportunities
of the next generations will not be threatened if they will inherit the same resource base that the present generation
has inherited; while Bromley (1989) finds the intergenerational justice in the case in which every genemation ca
receive undiminished resource stock and environmental quality.

]I'n literature, several definitions for o6critical@d

fivital parts of the environment that contribute to life support systems, biodiversity and other necessary
functions denoted as ®Kayesl998ne species and processes

fiCritical natural capital consists of assets, stock levels or quality levels that are: (1) highly valued; and (2)
essential to human health; or (3) essential to the efficient functionilifg support systems; or (4) irreplaceable or
nonsubstitutable for all practical purposes (e.g. because of antiquity, complexity, specialization or Ebcation)
(English Nature 1994).

fiThat set of environmental resources which performs important enwénatal functions and for which no
substitutes in terms of human, manufactured or other natural capital currenthy(ekiss 2003).

Mac Donaldet al (1999) underlines how more comprehensive definitions of critical natural capital focus
on two main aspds: thefifunctionab aspect of the natural capital referred to those ecological assets that are
essential to human wellbeing or survivakeé¢ also: Pearce, and Warford 1993) and fipgimaryd aspect of
ecosystems for general biosphere functioning whiciuires to maintain population or resource stocks within
bounds thought to be consistent with ecosystem stability and resiliseealgo: Turner 1993). Thus, the latter
preserves the eewentric stability (in the sense of maintaining environmental irtiedoioking mainly at the
maintenance ofhabitat functiong); and the former, based on an anthropocentric perspective, basically defends
those natural equilibria that are indispensable to human survival and cannot be substituted.
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economic growth. This will lead to development, whose definition has no more sense whether it is not
sustainable, given that all the dimensions of the sustainability concept enter into utility functions of
humans and therefore conuile to define welfare. This approach is pursued by Costantini (2006) who
deepens the analysis about quality in economic systems also referringHionthe Development Index
(HDI), establishing a relationship between human development and sustainakilisortlusion shows

that sustainability is a multidimensional concept based on economic growth, wealth, and natural capital.
Coherently also with Biondo (2004), she underlines how a sustainable growth path can be followed
starting from a sufficient humanedelopment level which evidently implies satisfaction of basic
needs. The higher is the startileyel of development, the easier is sustainable growth.

There are a lot of contributions in growth literature dealing with sustainability and how economic
growth (production, technology, and population) influences the environment, receiving at the same time
constraints from it. It is not possible to survey them all here, but it is possible to assess a rapid overview
at least to recall some of recurring topifisst of all, at least implicitly, literature almost always refers to
well-known environmental functions (highlighted by Pearce and Turner, 1990): support to life, input to
production, and waste recovery. For example, Dasgupta and Heal (1974) is peehfirst tigorous
consideration of the optimal path for consumption in a representative agentcsimgtedity model,
where the agent maximizes discounted utility and production uses inputs of capital and environmental
nonrenewable resource; many otherdats used that framework since then. The environment is seen as
input also in Stiglitz (1974), where the author seeks the optimal rate of utilization for resources and
builds up a model where environment is a necessary input for production. This kiralysisaopens
another important stream of literature, in terms of intergenerational opportunities, as in Solow (1974),
who tried to establish proof of intergenerational equity finding the optimal depletion of natural
resources. The intergenerational isguesent also in Howarth and Norgaard (1992), who focused on
the topic of justice between generations and proposed intergenerational transfers, is strictly connected to
the idea of sustainability. A number of papers dealt with sustainability concept, anugdtel (1989)
listed more than thirty different definitions of it. Other important contributions came from Redclift
(1992), Pezzey (1992 and 1997), Barbier and Markandya (1990), and Lele (1991); Pearce and Atkinson
(1993) tried to give a measure ofstinability, as in Hamiltonet al. (1998), and in Hamilton and
Clemens (1999) where the path for sustainability passes through stimulating savings. Weitzman (1997)
looked at technical progress in relation to sustainability, and similarly gafie (2000) presented an
analysis focused on the impact of technology on the environmental economic field. Seeking for
fisustainability rule§ many papers gave important ideas; for example, Hartwick (1977) showed that
constant consumption is warranted for an econavith a constant returns to scale Cabbuglas
production function with capital and noenewable resource as inputs, equalling resource depreciation
to investment in reproducible capital, and defined and generalized his homonymous rule for an optimal
resource use in subsequent contributions; Beltedttal (2000) proposed the Green Golden Rule;
Chamberset al. (2000) built an indicator for sustainability; Smulders (2000) defined his concept of
balanced growth; Pittel (2002) surveyed endogenous grthetry in sight of sustainability. In between
streams of intergenerational and sustainability issues, Farmer and Randall (1997) analyzed sustainability
through an overlapping generations framework while Pezzey (2004) traced a distinction between
environmetal policy and sustainability policy referring to intergenerational equity. More broadly,
Beltratti (1996) deepened the matter of inserting environment in growth models, and van den Bergh and
Hofkes (1999) wrote an interesting review of sustaindelelopnent economic models. Another
stream of literature deals with human development, as for example Anand and Sen (2000) where human
development is related with sustainable development, while, less specifically, Ranis (2004) reported the
evolution of developnmd debate.

The tradeoff between growth and environment is not easy to be described, because it is
multidimensional; Grossman (1995) suggests that growth affects the environment through three effects:
the fiscale effea}, theficomposition effed, and theftechnique effect Thefiscale effeai simply refers
to the augmented quantity of produced output that leads per se to a greater exploitation of the
environment, in terms of both resource consumption and polluting emission8carhposition effec
is theconsequence of higher income on the economic activity and life of the system, in the sense that the
more the income increases, the more cleaner activities and less pollutant technologies will be preferred:
in Grossmaés view, the composition effect is omied toward the supply side, where industries
substitute agriculture at first, and then the service sector substitutes the industrial one. At the same time,

10
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this composition effect will automatically stimulate tfiechnique effect because innovation and
progress assume more relevance: in fact, the cleaner the process of production, the stronger must be the
innovation and the capacity of the R&D sector at social level. Not only does innovation improve
efficiency, but also it reduces usage of environmeut @&lows natural capital to be maintained and, if
necessary, reintegrated over time. Only if innovation reduces the use of environmental inputs, a weak
sustainability framework can be possible. This point is particularly important in sight of the model
presented here. It constitutes a theoretical perspective which successfully describes economic
environmental interaction, making the important differentiation between expenditure in innovation and
expenditure in recovery and substitution of natural capitethermore, it derives the sustainability
condition for economic growth (taking into account the grade of consciousness of people), and finally it
gives the theoretical structure for future quantitative analysis. Evidently, whether economic growth is
goodor not for the environment mostly depends on the presence of adequate policies: ast/irow
(1995) underline, given that all the activity of the economic system depends on the environmental
resource base and that every misuse of these resourcesdues tiee capacity for generating material
production for the future, there exists the need for the creation of institutions in order to pursue right
policies and completeness of the markets. But this is a higher level of the problem; policies are possible
if they are based on instruments which can actually tune variables in the economic system; therefore, the
analysis of the relationship between growth and sustainability must at first pass through the exposition
of a simple model which will try to show caitidns for the economy can grow in a sustainable way.
Section two will present the model, section three will conclude.

2. The Model

The model presented here, will derive a condition for a positive sustainable growth rate; in doing
this attempt, it will reresent a very simple twaectorclosedeconomy framework, in which only one
good is produced and consumed: one sector will be devoted to production of the unique good, while the
other sector is used by politgaker for environmental purposes as it will &eplained later. An
extensive literature has coped with environmental elements of production and consumption: there are
models based on a dynamic optimization problem in which the utility of an infinitely lived
representative agent is maximized within tizenework of the optimal control theory, and models based
on the endogenous approach with increasing returns to scale for the production function. Few examples
of the first stream of models are in Tahvonen and Kuuluvainen (1993), where pollution etitetfeebo
production and the utility function, and in Lopez (1994), where environment plays directly the role of
productive factor; whereas examples of the second kind of models are in Bovenberg and Smulders
(1995), where an aggregate stock of environmeetaices can be found in both production and utility,
and Stokey (1998) where pollution is a function of output and enters the utility function. As in
Bovenberg and Smulders (1995), the model here will consider an aggregate set of services that the
environnent delivers to social and economic activities: it simply shows that in order to produce and to
consume the unique godd the economic system uses environmental resources (for example in terms of
raw materials, waste disposal, recreational reasonspjusention a few); as a result, tiiggroductiori
consumption cycke of X depletes environment and generates polluting wasswhich can be
reasonably assumed as a growing function of the amount of prédecstimed output. Let the relation
betweerW andX be expressed by the following function:

W=a(f)x (1)

At this stagea will be considered simply as a positive parameter, but later this assumption will
be relaxed and it will be described as a function, in order to explain mieméich can affect it;
however will be assumédhatpW/pX > 0. Put in this waya represents how much each unit)fs
polluting both to be produced and to be consumed, and the greater it is, the poticges. Over time,
while productim and consumption go on, wastes follow an accumulation process which results in the

* The basic idea that mulse taken in mind is that the positive variationXdmplies a positive variation in
W. With the assumption &f as a simple positive parameter, the equation (1) could be written as:
W=aXx, a>0 2

11
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total amount of pollutior, as in Tahvonen and Kuuluvainen (1993), who basically built up on Brock
(1977), considering recycling capacities of environment, which absarbsfppollution and wastes and
converts them into resources again:

BF=W- P 0<b<1 (3)

Such an equation of motion is quite standard in models which deal with sustainability; it is worth
to notice, Smulders2000) uses a very similar one, but he refers just to production in his accumulative
process which explains environmental quality evolution, whereas Weiacludes consumption
contribution to pollution. In fact, not only consumption of any good implieaticne of wastes, but
environment itself is consumed for health, fun, and lots of recreational issues by agents. As it is easily
understandablep represents the capacity of the environment to absorb pollution and wastes; it
ispi (0, 1), becase it can be hypothesized that fi@rrying capacity of the environment may vary
between two theoretical extremes: the impossibility to absbrb () and the capacity to recycle all the
pollutants (¢ =1). b could beassumed as a function of natural capital st@Nk): p=H(NK),
db/dNK >0. Many times in literature the capacity of environment to absorb pollution is depicted as a
natural renewable resourcgegfor example Pearce, and WarfortP93).

For any value ob, it is important to underline here that the model describes a path which links
unavoidably continuous production and consumption Xofto growing pollution and wastes
(asymptotically infinite if the realistic assumption made here, &hatb, holds trué).

Considering now the growth rate of eq®(the growth rate of wastes results:

W= A+ X (4)

In order to demonstrate sustainability, the model must accounts for what will happen whenever
the absorption capacitf the environment is completely saturated. In that momens, in (3) and the

economy reaches the maximum quantity of pollution and wastes which saturates nature totally. In this
extreme case, the idea of environmental sustainabilitgs clearly: for the system to be sustainable,
since that moment on, pollution cannot increase anymore. That is: if

b=0 U F=w (5)
Then sustainability implies:

ECOU WeO
That, in turn implies:

w=4&+%¢0 (6)

The productionconsumption ofX will be sustainable if it grows at a rate which can satisfy the
condition in (6). In order to let productibconsumption continue at a positive rate, it is necessary that
&is negative (and greater than or at least equzﬁ tin absolute value). In other words, R&D
expenditure in technology and innovation would be compulsory to ensure correspondent reductions of
a : this should lead to mew (higher) level of development in which W and x are linked by a different
functiont i.e. yW/pX decreased. Define now:

® In a certain way,s > is obviousin sight of model, because the case in whichswould imply a

productionconsumption process whose wastes were completely absorbed by the environment without increasing
pollution; therefore the interest in studyitige environmental sustainability of such a produetionsumption
cycle would be extremely scarce.

® All of the growth rates will be indicated with the same name of the corresponding variables but in lower
case and with a superscript.

12
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NI = NI(p; X) and p = p(NK) (7)

as the investment expenditure to obtain environmaatated technical progss; in other words,
it is the R&D expenditure devoted to discover new technologies which can save natural K#ital (
This function is particularly relevant in sight of the meaning of this model; in fact, its role is twofold: by
one side it representse¢lR&D expenditure for innovative investmentdl (depends positively oiX
because the more the good is produced and consumed, the more R&D expenditure is required, therefore
UNI/UX >0), and by the other it indirectly indicates the amount dina services required by

productiof and the quality of the actual consistency of natural capitatepresents here the
consciousness of the poliegaker about environmental conditions and expresses therefore the
preference for innovative investment terms of expenditure in R&D focused to reduce wastes and
polluting emissions. It depends negatively MK, because the momdK is exploited, greater is the
importance of the environmental problem, the mdleis necessary: thereforelp/dNK <0and

UNI/up >0 °,

Let nowNC be the total amount of other expenditures and costs (different from R&D) necessary
to clean nature and recover natural capital. This function behaves exactl:li&eerything has been
explained foMNI holds forNC. Then it can be written:

NC = NC(r; X) and 7 = r(NK) (8)

where} has the same role thatdoes, but referred to cleaning and recovery expenditures. The
model, then, takes in account tiveeak sustainability perspective in a certain way, butderline a very
important difference betweeNl and NC: they differ in terms of timing, amount and applicability.
Environmental protection does not rely solely on substitution between natural anthadancapital
(NC), but especially on innovative expendi which actually reduces usage of environment.

The motion ofNK is then given by:

N = NI +NC- P (9)

The accumulation process K in (9) shows the source of the idea that policy should deal with
maintaining a noweclining naturatapital; it was first developed in Pearce and Turner (1990) and gives
in this model the idea of what sustainability can be at the point Whefe in order to have noen
decreasing (critical) natural capitgiNl + NC) 2 P must hadd.

The rationale underneath the model is thatfifeneri® goodX is exactly the domestic product of
the economy. In this broader perspectitke problem is revealed: the sustainability of further
production consumption o is the problem of the sustaibility of economic growth. Given elements
which have been used into the model, and in the shape of the important part of literature dealing with
new national accounting systefhshe traditional fundamental closedonomy income equality,

" This will be immedately clarified wherJwill be presented as a function.

8 It is easily understandable whyis function ofNK. It is evidently related to sensitivity of people to the
environmental problem and to actual wealth: briefly it can be said that the morettdra spproaches the critical
level of natural capital, the morewill increase, and this will in turn imply increasimy). The definition of a
proper function form for is not the main goal of this paper, but it is extremely interesting to deepen just one
aspect about its elasticity: the consciousness of the environmental problem is not identical everywhere. Then, the
function will behave differently from place to place, according to preferences of people, being more rigid where
the environmental impact i®ot deeply considered, and more elastic where people is more sensitive.

®Then it is: yNC/pX >0, dr /dNK <0, iNC/p > 0.

19 particularly relevant in this field are: UN (1992, 1993), where first UNSTAT proposals tifitea
accounts can be found, Lutz (1993), Bartelmus (1994), Wackernagel and Rees (1997) for a simple introduction to
ecological footprints which describes methods of calculation, Vitoesak (1997) for a review of lots indicators,
Neumayer (1999), Huilton (2000) who reviewed theory of genuine savings, and Field (2001).

13
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X=C+I1+G

Adding terms here presented, can be rewritten as:

Y=X+NI+NC

(10)

This more complete definition of GDP includes fivaditionab componentsX) plusNI andNC
as they have been just defined: (10) reveals that the nmdsénts a second sectdf=NI+NC,
dedicated to environment, whose activities are aimed both to develop new technologies in order to
substitute natural capital with mamade capital and to recover natural system;Nhsector is not
pollutant by virtue ofassumption. On the basis of what has been expounded up to now, it is finally

possible to go back td to deepen its determination and factors which influente it

a =h(NI; NC)

Coherently with all the rest of the model it must be assumed that:

E<O and £<O
UNI C

Differentiating (11) w.r.t. time, one obtains:

af-:E: Ha UNI+ ua lJNC:

HCOpNE pt pNC

_ ba pNI NI, pa pNC NC
INI it NI pNC pt NC

Then

= uNE

SRS

Rearranging

Ha pNINI L, pa INCNC L
UINI it Nla pPNC it NCa

INl @ NI i pNC a NC ut

And, defining
NI :E&andha NG _EN_C
’ UNI a C a
It results

&=h, NE+h  NE

(11)

(12)

(13)

(14)

! 1n presenting next relationship, (12), it is necessary to focus on technology. Building up from a distinction
made by Pemberton and Ulph (2001), two cases must be distinguishadjrarto the way by which technology
could enter the model. As a first solution, technology can be considered completely endogenous: in this way it is
considered implicitly in R&D activities, and the model still preserves capacity to take it in accaustgddnd
solution would imply an exogenous technical progress which does not arise from R&D: it would add in the model
a timedependent production possibility set. For a matter of simplicity the first solution has been used here.
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The growth rée of Uis the weighted sum of the growth rateNifandNC; weights are; . @nd
dy. which are, as shown in (13), elasticity coefficients oflifienction respectively tdll and toNC. It
is easy to notice that these elasticity coefficients are both neggtign that, by virtue of assumption,
conditions (12) hold. Recalling now (6), it is possible to write:

£¢ - & (15)

5 This means that for any positive growth rateXahere must be an (at least) equal reduction rate in
U It follows immediately from (14) and (15) that:

£¢-h,  NE £, NE (16)

Which can be finally written, as

£¢ H  NF+H NE (17)
Posing
HNI :'ha,Nl and HNC :'ha,Nc (18)

Inequality (17) gives the first result of the model. Iderto be sustainable, the growth rate of the
economy must be less than (or at maximum equal to) a weighted sum of the growti\laa@ @R C,
representing weights the efficacy of environmental expenditure in R&D and cleaning in rddTimg
brings to a weak sustainability idea implicitly: when the environment goes to collapse, the model
explains thatNI and NC substitute and rebuild destroyed natural capital. The effectiveness of this
passage depends mostly on the level of developmentact in developed economies elasticity
coefficients will be higher and whil¥ can be produced at acceptable growth rates, substitution and
recovery of environment will be easier than in less developed economies. One important topic is to

check whetheXcan be always positive; in looking for demonstrating it, consider that because of
conditions in (12), and given the (16), the R.H.S. of (17) is always positit, 20 andHyc > 0.

In order to show thadcan be always positive, it is necessary to analyse values of elasticity
coefficients in (13) as done able 1, where the first column brings valuesHar, the second column
associates to each possible value Iy, every possible value forlyc, the thid column shows
consequent results for R.H.S. of (17), and finally the fourth column shows sEn"df\IﬁN@> 0:

Table 1 The analyse of values of elasticity coefficients
HaNT + HyeN G

a.

b. >0

C.

d. <1

e. =1 =1 >0 >0
f. >1

g

>0

. <1
. >1 =1 >0 >0
i. >1 .

As it can be seerX can continue to grow: therefork is the wanted positive sustainable \gtio
rate for the variabléproduction and consumptionOnce the policymaker uses (17) there will be the
possibility for the economy to grow sustainably; of course, there is no need to wait the saturation of
environment to apply it: (5) was an importaphbthesis needed to obtain (6) which leads to (17), but
government should apply it before the moment whenB,,, , saving a lot of natural capital and

increasing wealth for citizens. In particular, it is useful to check how Egmn be, in the sense that a
sustainable economy would choose to produce and consume as much as it can, looking for the highest
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wellbeing; in this sense (17) holds as an equality bedawiitbe pursued at its highest bound value
and following inequalities will hold:

.incase a., iHy, ¢ H ¥ £ NE-NE
.in case b.g> NE

.in case ¢.£>0

.in cases d., g., and he> NE+ NE

.in case e.g= NE+ NE

.in case f..£> NE L
.incasei., ifH,, 2 H Y £ NE+NE

N o OO WDN P

The case 3 is the Wgrsﬁ:l,is rigid to NI andNC, but production and consumgti can still grow;
all of other cases show thétis at least higher that eithisit or NC.

Finally, given thatkis an environmentally sustainable growth rate, and that it has been assumed
that theN sector NI+NC) is not pollutant in any sense, recalling (10), it can be written that the
sustainable growth rate for the twectorclosed economy of the model will be

¥£>0 (19)
That enstes a positive growth rate of GDP which is environmentally sustainable.

3. Concluding remarks

This paper introduced a qualitative perspective in approaching economic growth rate
determination. The establishment of sustainability priority as an unavoidgbdelient of contemporary
world& progress definition claims the check of possibilities which the actual system can pursue.
Economic growth cannot remain just a quantitative expression and must share the qualitative fashion
usually related solely to th@evelopment idea. The presented model demonstrates the existence of an
always positive growth rate for the economy which can ensure however the sustainability of the progress
through a wealdsustainability approach. Innovation and technological progregg@sented in terms of
the variableNl, i.e. the investment expenditure in R&D to discover new technologies in order to either
improve environmental compatibility of the system or reduce the amount of natural resource éxploited
This conceptual differencbetweenNI and NC is extremely important. innovation is not a simple
substitution between natural capital and maade capital. It is something more. Not only because the
substitution is not always possible, but more clearly because innovation playpia toie in reducing
usage of environment in all of its form’¥C rebuilds, repairs, replaces natural capital, in the usual and
well-known fiweak sustainability approach, bull, i.e. innovation and discoveries in technology, also
when not directly addreed to environmental protection, may mean improvement in environmental
conditions if they imply increases in efficiency of the production function and therefore allow saving
natural resources. Evidently, the model counts on equation (11) and on condi#iprikthe possibility
for NI andNC to reduceUis removed from assumptions, admitting the existence of R&D expenditure

and/or other expenditures to recover natural capital without reducti¢V4iXx , then the model will

not give same conclusions. This is the basis for a key roléh®opolicymaker, in terms of R&D
expenditure and in terms of exogenous constraints which could be posed, as laws and regulations. For
example, in order to warranty a constant effort by all agents, the government could establish a
compulsory innovative exnditure per year. In this way a positive growth rateNbfand might be
ensured. Mowery and Rosemberg (1989) confirm that policies voted to encourage R&D expenditure for
innovation are extremely diffuse in actually all of industrialized countries. Thelrhede hypothesizes

that theN sector is an instrument for the polinyaker; this does not mean implicitly to accept that it

must be (partially or exclusively) financed by the public sector. There are some contributions in

2 The model does not invéigate about the natural resources management problem. Nonetheless, this
matter has been considered in a way: the recycling capacity of nature and the transformation made by the
environment of wastes in resources again is undoubtedly a renewable reSbig@ppears in the model giving
the main starting step.
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literature which find successfylublic intervention in financing R&D as Cohen and Noll (1991) and
others which do not emphasize government expenditure, as Jaffe (1998); however a mixed system can
easily be considered, where that the government can have a key role to enhance tedhreslegich.
Policies could be addressed to reduce costs-tafteof R&D expenditure, or to provide subsidies to
researchers, firms, and consumer, to respectively induce more innovation, adopt it, and choose
innovative products. There is part of literatureich successfully deals with these important topics, such
as Hall and Van Reneen (2000), Klet¢teal (2000), and Romer (2000). Moreover, private operators
may have strong incentives to pursue innovative investments, firstly because Government gould lev
higher taxes for polluters and secondly because of competition, image marketing, actual saving in
production, as highlighted by Dasgupta and Stiglitz (1980), Spence (1984), Levin and Reiss (1988), just
to mention a few. Therefore the main force of thedeldhere presented is not only to replace natural
capital with marmade capital, but exactly the Schumpeterian incentive to reduce usage of environment.
This will lead to sustainable growth, as stated by the model. Of course, the effiddtyamd NC in
reducingUis very difficult to measure, and depends on different factors. First of all, it depends on the
degree of development in which the research is conducted (in this sense, all the model view can vary,
beingU ", J, and their functions, possibly dimilar in different contextsseefootnotes n.9 and n.10);
secondly it would probably rely very strongly on the cooperation among researches and on diffusion on
innovations. Many authors wrote about economic diffusion of technology, studying its dyitamic,
costs, and positive externalities arising from it; here it is very useful just recall the role that policy can
have in enhancing also this particularly important process. Government could be the main actor in
providing the most efficient patent proten, (giving the possibility to distribute knowledge) and in
distributing information in order to reduce obstacles as uncertainty, which endogenously characterizes
economic life.

Further research will be conducted in studying explicit functional forradaations of the model.
These analyses will allow studyitiggNI, NC, and all of their determinants; even if data are missing and
not always available, econometric estimation could be able to set important results to give actual
application to this theoretically meaningful model.
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Abstract

The purpose of this paper is to work toward developing evolutionary reasoning in the social sciences. Along
with that, we argue to overcome the artificial divide of natural amciad science for the sake of understanding
behaviour. We make the case for an evolutionary and culturally sensitive view esulengng institutions and
its base- individual behaviour. By taking into consideration the unsatisfying answers in theedefatructure
and agency, we emphasize the importance of resonance for evolution and stability. We use case studies to make the
point for an evolutionary understanding of institutions and to reflect on institutional path dependency.
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1. Introduction

The course of the paper is as follows: Our starting point is the fundamental question of
evolutionary epistemology for the reason and degree of consistémeeognition and real categories.

We point out the importance of a comprehensive and evolutionary view that integrates vertical
(aggregated levels) and horizontal (different sciences) fields into a consistent frame of logic and marries
social with naturbsciences. Taking the debates in social science about structure and agency as well as
macrce and micrelevel focus into account, we proceed with an analysis of successful and unsuccessful
examples of institution building in different cultural environmeisllowing on from that, we discuss

the case studies in the light of the introduced interpretive schemes and draw up promising questions for
future research. W start our quest at the level of mgtaysics due to its principal significance for the
consisency of reasoning® And we consider reality as a netwdike complex system consisting of

open couplegystems characterized by thresholds, buffers, -badkling, repair mechanisms,
multifunctional and functioithanging features as well as optimizatibrategies within selbrganized
hierarchies (Vollmer 1995, 23). By introducing the idea of universal evolution (Vollmer 1995, 62), we
use evolutionary epistemoloffyas a frame to gain higher consistency in our argumentation across
sciences. By doing so, vadso argue for a reaturalized reasoning about human behaviour, culture and
institutions.

Among the research questions that precede the process of argumentation are the following. In a
modern complex world where different levels of functioning of sgc@texist and interact in an
intricate way, to what extent is an institutibnilding an operend, aehoc creation process orfipath
dependarit one? Which factors are responsible for both structurization and stabilisation of institutions
and their practies? What is the heuristic value of social performance to a researcher? Are traditional
sociological dichotomies able to fully encompass and elucidate the dynamic nature of social behaviour?
Is there any key to resolving this categorial tension and rd@dimg the general with the particular, at
least at the theoretical level? Could the consideration of a specific case ehstitggonal interaction
give us any answers to the questions raised? What are the social lessons one can learn when analysing
such phenomena? Do they teach us to better understand, predict and guide our own evolutionary path?

% metaphysics investigates the most general aspe

supply key presuppositions of the special sciences; which are, therefore, basdtbagh not derivable froni
the underlying metaphysig¢Haack 2005, 5).

1 Evolutionary Epistemology makes specifihat it subscribes to the idea that cognition is to be under
stood primarily as a product of biological evolution. What does this mean eéx&itlpgical evolution is regarded
as the precondition of the variety of cognitive, cultural, and social behavior that an organism, group or species can
portray. In other words, biological evolution precedes (s¢midtural (ce)evolution. Conversely, (s@o-)cultural
(co-)evolution originates as a result of biological evolutiqiGontier 2006)
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2. Theoretical Framework

Starting from the idea of coincidence and evolution, C.S. Peirce emphasized the need to have a
distinct idea of continuation andqposed the term synechi§imSynechism does not only connect
processes, it also rejects the idea of duality! And his insistence on agapism (love as a sole moral
imperative) can be considered to be complementary to synechism, since it provides indinskialinse
motivation to embody orie beliefs and ideas in selected individual successors by transferring
information and resources (Bau2007). The very place for this individual capacity is inextricably
linked to the way how human brain has evolved. Thevéy, that one has to be able to perceive
somebody as a member of a functional community with variable borders of sense, has a neural
equivalent that enables one to handle the resulting challenges, i.e. the risk to be cheated, the necessity to
find commonsymbols (e.g. common language and spiritual symbols), and the ability to emphasize (and
finally even love) another one. Thibiological base of sympatbyRizzolatti and Sinigaglia 2008) was
found to be in mirror neurons within a reflexive and ®effankzing (active and passive) disposition
towards inware(theobserver in the brain) (Sing2002) and outward processes.

Coupled with the high correlation of group size of primates with their respective cortex volume it
suggests a functional relatishipbeween both (Ploog 199235). The maximum group size results
from the maximum number of group members, among which social relations still can be maintained by
individual contact.

By exploring the biological base of social behaviour we approach the quesétibe evolution
and nature of social norms and what kind of behaviour these norms trigger in individuals. Evidence also
suggests that the mechanism of the neural base of behaviour is comparable to the way we communicate
and irteract with others. It ishe fisymphony of the living (Cramer 1998with resonance as a core
principle.*® There seem to existehavioural correlations (Sing€003) of neural synchronizations and
therefore good reason to include these findings in an analytical framework for uradiadd group
behaviour (as shown ifigure 1 below). In this picture social structures appear to follow function. And
we have to interpret the function of social structures in the light of their evolution, which is after all a
figeneculture ceevolutiord (Boyd, and Richerso2008).

The long debate of the duality of structure and action in social science has neither so far resulted
in convincing empirical evidence nor has it increased the explanatory power to support this divide.
Based on the dualism of Dmstes, it argues along the liné Descartegfires cogitans res extensa
(Weick 2006) with (social) structure being either mind or mati€alef 2005) And fatally enough, it
creates the so called bodyind problem and impedes a reflexive, consisteatutionary view!

As opposed to this, we assume that a continuous world requires a consistent and comprehensive
view that marries all aggregation levels and all dimensions without neglecting the fact that we need a
great deal ofiDemut der Wahrnehmuagunderstood ashumility of recognitiom (von Weizsacker
1991, 53) in our (non)scientific quest of seas@king.

Firstly, because of the fact that we know much, at the same time oknowtedge is unlimited.
Secondly, we should reflect on our conclusibesause we are intertwined with the world in a reflexive
way. And, thirdly: we are a product of nature. Therefore the rules that govern us cannot be
fundamentally different from the rules which have created us. As Ostrom pointed out recently,
community spiit, biophysical conditions and rulk&s-use have to be included into a feedbhlk
framework to explain the permanently changing action situations and the respective social interaction
(Ostrom 2005).

!> Synechism as a synthesis of tychism and pragmatismfitendency of philosophical thought which
insists upon the idea of continuity as of prime imporanén philosophg. For more see
http://www.helsinki.fi/science/commens/terms/synechism.html

!¢ Resonance as an integrative and cooperative strategy of the central nervous sysiencamsidered
evidenced. (Cramer 1998: 137). If a certain area of neurons gets in resonance with each other, there emerges an
innovative operational structure for the solution of a concrete cognitive task. This reassembly by neural
synchronization is cald UsedependenPlasticity of Assembly Forming ConnectiqSinger 1995).
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Figure 1. A framework for institutional analysis

Endogenous and exogenous biophysical conditions and their respective relative interdependency
set the option space for a more or less consistent individual and group behaviour. The degree of
consistency is twofold one: since social systems necessarily start from individuals, the conditions for
consistent individual behaviour constitute the social capacity for consistent deunskimg and action.

And so the (endogenous) consistency within individuaksy #mergetic and social dynamic equilibrium

is a necessary precondition for sustainable consistent collective action. (Relatively) consistent collective
action reflects the conscious or unconscious fulfilment of the feedback requirements of individuals fo
sufficiently confirmed cognition patterns (exogenous consistency). This might be therusesor, on

a less aggregated level, the believabiebattes of the communityséeFigure 1).

As evidence shows, the endogenous consistency itself, howewts, oa the dynamic
synchronization of specific cortical areas. They strongly suggest that the synchronization of neural
responses correlates with cognitive segregation and that neurons, which represent specific features of an
object, recognize each othey Isynchronizing their activity. The chronological coherence of the
participating neurons can be considered to be the signature of these neural assembles (Singer 2006, 37).
As studies demonstrate, the frequency of such assembly specific synchronizatessgasa@pp. 25
milliseconds (Singet999). The timecritical consistency between perceived cognitive stimulus (object)
and metaepresentation within the brain might constitute a castikdemechanism to confirm the
neural assembly and therefore themaéstability of the representation. This suggests a neural function
of consistency of meteepresentations as feedback mechanism.

From this point of view, believability of social symbols and ideas has a more or less stable neural
equivalent. The structarof representations here is as follows: the extent, to which certain features of a
perceived object match the maetpresentation within the brain by object specific neural assemblies, is
reflected by the amplitude of the neural responses to the percepiie more features match
preferences of neurons to assemble, the higher the amplitude of the neural response to perception
(Singer 2003, 315). The cascade of neural representation of cognitive impulses finally results in a more
or less confirmed, easido iterate and therefore more or less believable (convincing) set ef self
referential metaepresentations. The precis¢iyely relations between electrostatic discharge of
neurons play an important role within the process of processing cognitive (&otsr 2003, 321).

This cognition might be selfenerated from th&observer in the bratnwith his finner ey® within a
permanent process of reflection;rezonstruction and reprocessing the results of observation (Singer
2006, 45).

This understandingnephasizes at least two things: Firstly, it reflects the objective need to use our
given neural capacity to assemble and resemble neurons in a process of creatnegnestatations of
the world outside. The inner representations require a sufficierttdeledrom cognition to be iterated
and confirmed in a cascatlee fashion. And, secondly, the activity profile of neurd@heta
representation architectutesdicates their function: They enable us to communicate, to draw up a
concept offiselfd andfothersd, both essential constituents for and withifitleeory of mind. We need
the fiothelb to construct théiselfd, and this might even justify the assumption thatfthteer® create, to
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a large extent, oufiselfd, assigning concepts offaeli the ontologial status of social reality (Singer
2006, 49).

Therefore, it is reasonable to argue that communication is a core feature of the emergence of the
fitheory of min@, the evolution of théisel and our relation to thBother®. One of the results of this
confirmed relation and its lonrgerm stability might be the community spirit and a sense of belonging as
a relatively stable set of repeatedly confirmed mnefaesentations that correspond to the social capacity
of thefiselfd in fothers.

This reasoninglao highlights the meaning of consistent communication for the stability of meta
representations and their function within the construction of culture and stable relations between the
fiselfo and thefiother®. And from here it is only a short step towartie discussion on the set of
expectations that emerge in the interaction betweerfidbHd and thefiother®. These sets of role
expectations are institutions! This challenges our understanding of the biological base of social
behaviour, our theories abatlte social function and structure of culture and the explanatory power of
values.

In search for an appropriate think tool to represent the dynamic relation between actors and their
social constructs, which shape their behaviour and decisiongiather @ntred institutionalisii has
proved to be viable (Kimp&005), although it is a research heuristics rather than a theory (Magdtz
Scharpf 1995, 39). It gives an actor a specific analytical value and connects actor, action and concrete
institutional sétings as framings for actdisognition on a rational choice basis. It often gives sufficient
explanations for institutional choices in which actors rationally apply reconstructed, institutionally
constituted strategies, and also those in which they do no

However, discourse can be considered to be the missing link in actor centred institutionalism,
(Schmidt 2003). The process of communication as an analytical object seems to have been undervalued.
But discourse introduces a reflexive component to tladyais and links decision and behaviour to the
results of communication! And even more, communication is an important source of utility in a
contemporary economic concept of individual wWading, but so far it still seems to be a blind spot in
economic teory.

As Bruno S. Frey has been continuously emphasizing, the process towards certain outcomes can
be considered itself a source of utility and, therefore, economic value. This might also, at least partly,
explain why humans act with nor disproportionboutput. It is likely to be the failure of mainstream
economic theory to disregard the procedural utility of processes in general and communication processes
in particular. This is even true for individual preferences measured by price, since pricaraepn
be traced back to procedural fairness of pricing (Fieeyd Pommerehn&993). Fair procedures
contribute to individal happiness (Frey, and Stut2€02), since procedural utility might be associated
with procedural fairness, as outcome utilityghi be associated with outpuirfeess (Frey, Benz, and
Stutzer 2002Benz, 2005). As Benz points out with reference to Frey, procedural utility matters a lot for
institutional sustainability and has an enormous impact on effectiveness of a wide range of
communication and cascadgke institutionalization processes. The consistency of process with process
outcome plays, thereby, an essential role for the stability of the outcome! Benz presents empirical
evidence for work and employment, consumption, malitparticipation, the provision of public goods,
taxes, organizations and law (Benz 2005, 11).

Processoriented thinking holds great potential for understanding aspects of (self) organization,
such as complexity, stability and change. It provides a timiokon how things become, and therefore a
way to understand evolution better. But the contingency of the evolutionary process itself requires not to
be too certain about its features. Mainly for this reason we need a think tool that reflects this
fundametal insight, i.e. we need a methodology that avoids the pitfalls of induction being aware of the
fiBlack Swal'’. The low level of scientific prediction of the breakdown of the so called communist
system in the 88 of the 28 century raises the question wtone should attribute the label
ficonsistency to those assumptions and theories which were, in their explanatory power, at best weak,
and, in fact, simply proven wrong to reality.

" As Socrates, Galilei, Hume, and Albert Einstein all rejected the idea of induction, Karl Popper makes the
case with his criticism on induction with hiBlack Swai® argument. Fothe induction problensee Zalta, E.N.
(2010)
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The breakdown of Communism seems to be lifBlack Swar-event for socibscience and a
major blow to the respective theoretical frameworks. Interestingly enough, the financial market crash in
2008 proves the fundamental fragility of knowledge (Talib 2007) and is based on the same
floverconfidence bias including a major blowo standard economic theory, that generalizes behaviour
and therefore excludes major features of humans (Talib 2008). And the common characteristic of both
events results from the fact, that both were sudden realizations of the potential created bydadnisgu
understanding of human needs and nature.

However, they eventually share common metaphysical commitments, which might result in the
reprodiction of the same errors (Wei@006). And it is noteworthy that economic theory failed to seize
the instabilityof the economic base of the communist bloc and hence any signal for its historically
sudden disappearance. Although on a sydtgical rather than empirical justification level, it was the
system theory of Luhmann that predicted the breakdown of theurdiginal socialist system,
(Luhmann 1984, 11) it could not, however, genesaieneframe for this (von Beynk994).

One of the most striking features of the transition in the CEE and the CIS is the recurrence of
religion as a base of faith and commurspirit. As the Marxist ideology was discredited, many people
were in search of faith and spiritual sense of being. They either never had truly lost their faith in
religion, or they rediscovered it as a source of relief (Bag@€09) or still had lost thenemory of
belonging to church.

Fundamentally, there is a magthysic demand for relief in situations which put extreme stress on
individuals®® Since religion provides an independent source of procedural and cognitive utility for a
person, it makes one auitjvely less sensitive towards economic shocks (Lelkes, 2002). As to be seen in
Figure 2, Sosis (Sosis 2000, 77) provides preliminary, but strong evidence for a significant contribution
of religion to the sustainability of communities and the respeatstitions.

1.0

—— Religious
— Secular

b
o

bt
@

=]
e
1

Fraction surviving

=
[}
L

DD T L L L L
0 20 40 60 80 100 120

Duration (years)
Figure 2. Proportion of communes surviving
as a function of time since the founding of the commune

With the Polish case we provide evidence for the impact of religious beliefs on social structures
and institutions

3. Country Cases

Our concern is the process of structural development and institutionalization in the sphere of
cooperation between state and state actors, in particular voluntary sector organizations. If one seeks
to understand the complex naturferelations between those organizations and the state, one needs to
look at historical patterns of development of the social sphere which is typically defined as different
from the market and the state, i.e. the civil sphere. The consideration of this shbe/s one whether
and how state and nestate actors approach each other, whether and how they seek ea@hsoihyeort
and whether cooperation between them facilitates or undermines the activity of voluntary actors. In this
respect it is interesting tcompare the situations in the countries of Western and Eastern Europe.

'8 Heinsohn points out, that the regular reduction of stress can be reached much more effectively within
procedures to celebrate common beliefs. It started with the creation ofSgeddeinsohn, G. (1997)
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The importance of the contextual analysis in studying the third sector has been emphasised by
various researchetd Relationships with the state will be expressed in a specific f@penting on
whether the prevailing institutional culture of the country is that of corporatism or pluralism (Smillie
1994). In a corporatist context, voluntary organisations and governments come into closer contact with
each other and jointly discuss impant policy issues, as is the case with Scandinavian countries.
Whereas in the US, a country with strong pluralist traditidfesar of socialism and a fundamental
mistrust of government action ... encouraged wealthy industrialists ... to establishthpbyden
foundations as an alternative to government. ... American voluntarism was based on a rejection of
government control and a resistance to consamnésisillie 1994, 161).

The case of Denmark is a typical example of a Scandinavian corporatist dbatefecilitates
formation of healthy institutions and institutionalisation processes. Nordic third sector organisations
have historically played an important role in the making of the Scandinavian welfare state (kdadsen
Selle 1996). Governments ihdse countries were not viewed as the enemy to be opposed to. The state
was perceived asf@ational arrangement to solve collective needs as long as it struck the golden mean
and allowed private initiativés (Meldgaard 2001, 15.° Considering the Danishase, Meldgaard
stresses thdia direction from below and a direction from above have met in a type of society that has
created abig governmeréiand a no smaller civil society(Meldgaard 2001, 18 The Danish people
have created an enormous law anduiacletter machinery, but at the same time personal freedom is a
holy cow, and the civil initiative is praised and supported by politici&ngvithin this context, high
governmental subsidies do not deprive NGOs of their independence and ability teecgiticernment.

Their role of both welfare services providers and democratic institutions is still significant. Situations
may slightly vary in some countries. However, as HenriKstamriksen1996) indicates on the basis of

the Danish case, voluntary agdvernmental organizations seem to beactors actively engaged in
creating new paradigms and practices in social policy. The issue of possible competition between NGOs
themselves in the described situation is diminished due to eestablished traditio and capacity to
negotiate with the government.

The same question of dependency on governmental funding and, at the same time, independence
from the government will have a different answer outside the Scandinavian context. For example, in the
US, whose arporatist status is regarded as the lowest among Western countries, high levels of
governmental funding have significantly reduced the independence of action andSwite, and
Lipsky 1993). A similar situation has been observed in the UK where therrgoental practice of
contracting and financing NGOs made the laftezholden to government, less willing to pioneer new
ideas which might endanger their receipt of government grants, less able to stand bulwarks against the
concentration of political powgand less capable of serving as schools of citizeag@ipeen 2000, R
Greenestimates this outcome &the unintended resdlof the ficontract culturé and admits that the
British social structure had been weakened by state centralism. Taking they@opluralist context
into account, however, one could call this the expected consequence of coming too close to the state.
Thus, governments could look upon NGOs as convenient and inexpensive delivery mechanisms. A
number of organisations, to protectithindependence, try to reduce the reliance on the goveriment.

When discussing the case of Eastern European countries one needs to take into account three
significant factors. First, all those countries are going through the process of transitioarena sét of
commonfisocialisb or icommunisd cultural characteristics. Second, historical and geographical settings
are unique for each country. Third, Western bilateral and internationatatactors play an essential
role in catalyzing the proces$ voluntary initiative® mobilization and their further institutionalization.

9 Italy has practically become a classical example of how historical development of particular regions and
welfare politics in general resulted in mutual accommodation with the SegePutnam, R. D. (1992) and Ranci,
C. (1994).

% Describing the situatiom Denmark, Meldgaard mentions that the state supports a lot of civil voluntary
work, and interference mostly takes the form of auditing the accounts. The basis for relationsfiSheuBanes
dondét necessarily | i ke ieggpodesstheylhave succdedet to act afs ifithely &l deloag at e
to the same famity(Meldgaard 2001, 16).

L Governmental contribution to social wleing in Denmark is essential. Approximately one third of the
national product is spent on social services @nde to onéalf of all public revenue is used in the social sector
(Bjorkoe 2009, 98).

?2|n the US, Oxfam relies almost exclusively on private fund8eg Oxfam (2010).
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As is the case with Western countries, specific cultural, historical and geopolitical conditions are
responsible for how and what institutions will emerge and develop. The mtaiepoly on the
independent articulation of civil concerns, or, in other words, suppression of civil society and its free
development by the state was directly or indirectly challenged by the people in Eastern Eueaph.
country, for various reasonghe striving for, and the movement of, the civil society towards
emancipation from the state takes its original féffinis specific content/form affects the relationship

of nonstate actors with the state.

Talking about Poland, for example, one shoulédrb@& mind that the Polish civil sociéy
continuous negotiations with the state administration were a feature of the &G@umiboic life during
the Soviet rule. It is not surprising that during the earliest stage of transformation of the old regime non
state actors were actively involved in state policy decismaking. Civil society associations, in
particular trade unions, had an important impaciitbe emerging constitutional order in the country in
199 ( SkNpska 1997, 2 1 7)) .satioh,hfer exiimptes underlvemtweonsiderable r i v a
amendmentsiias a result of negotiations between trade unions, employers associations, and
representatives of the state, within the framework of the so called Tripartite Commigstk Np s k a
1997, 217). Poland vaamong the first former Warsawoc countries to initiate and legitimize the
Charter on cepperation of nosstate actors with the state, thus emphasizing the necessity of the
governmental support for social programmes and independence -stateractorsn pursuing their
missions.

At the same time, the role of more traditional institutions such as the Catholic Church has been
counterproductive to this cause of independence. Stanosz (1993) points out the pressure the Church has
been exercising on the Psii government after the collapse of the Warsaw bloc to ensure that,
constitutionally, there is no clear division between the Church and the State. She finds any compromise
concerning the relations between the State and the Church very dangerous for denmodhe
country?* Historically Catholicism played an important role in the process of civil society mobilisation
in Poland. The topic of Catholicism united workers and peasants as well as Polish intelligentsia who
traditionally associated themselves witie Catholic faith and looked to the Church as the symbol of
national unity and, later, artommunist protest. The Church, for centurfitlse sole organisation
through which the Polish nation could hope to sui&abska, quoted from a conversatiohw?otel
(1982, 85) had the advantage, as Potel suggesfistreksing the solid bond that existed in Poland
between nationalist sentiment and the religious institutions. It is in this bond, reinforced by the ups and
downs of the nationalist struggle imet course of more than a century, that one must look to find one of
the deepest reasons for the hold of relig{@otel 1982, 85).

The Church was successfully used by Solidarity intellectuals and workers as a source of support
and a mediator between thaiterests and those of the state. Under the changed circumstances, when it
is possible to relate to the state directly on a legitimate basis, attempts are made by independent
organisations to get rid of the formerly helpful mediator that starts dictdtengutes of the game to
others. Michnik notes in this respect that the Catholic Church has a problem with Polish democracy, and
democracy has a problem with the Polish Catholic Church (Michnik 2001). It is not surprising that, on
the disintegration of th&/arsaw bloc, the Church did not confine its role to a mere religious practising
institution, but has remained actively engaged in both social and politic@Vlifard 1997).

One can compare the situation in Poland to those of other Warsaw bloc coimpasicular the
USSR that had 15 different Republics as its constituent states. Under the Soviet regime, e.g. in the
Republic of Russia, the institution of the Church, in spite of an official independence of the state,
suffered irreparabléhuman resorce$damage and had to peacefullyexst with the institutions of the
state. Any proselytising activity was forbidden and fraught with dangers of repression. Popular
participation in religion ceremonies was considered to be a direct threat to tine.r&yintrary to the
Polish case, the Church was not looked to and used as an institution that could mediate between the civil
society concerns and the interests of the state.

3 Fort the details of our approasbe Bobrova, M. (2004).

%4 Stanosz admits thén the parliamentary election, for the first time in her life, she voted for thevief
coalition (coalition of former communists) just because they were the only onedideblared that there is a
necessity to end the Church's domination in Polidiiplifeo (Stanosz 1993).

28



Volume V/ Issue 2(12)/ Summer 2010

After the collapse of the USSR, religious institutions enjoyed both authorityrastdn society.
However, as an institution which had gradually regained power, as we mentioned before when
discussing the recurrence of religion, the Church began to directly or indirectly exercise its influence on
political life in the country. Thus, utting the election campaign in 1996, the Orthodox Church
unambiguously supported the acting president despite its declaration -pfeference principles in
relation to any state order or political doctrines. Widespread is its participation in the cgreimon
consecration of various state institutions (e.g. the White House consecration). Among its growing
spheres of influence are the army and educational institufions.

If one turns to other cases of state/church a@toteraction in the USSR and coneid, for
example the Republic of Armenia where the role of the Church was similar to that in*Patered
encounters yet another unique configuration of cultural and historical factors that shape the process of
this interaction. Traditionally nogtate soi@l protection activity in Armenia has been associated with
the institution of the Church. After the adoption of Christianity in the edPlycehtury Armenian
religious representatives committed themselves to the principles of Christian morality andhender
head of the Church, Catholicos Nerses the Great, asylums for lonely and disabled people were founded
adjacent to churches. Under the Soviet regime, the institution of the Church was not allowed to carry out
religious proselytising work among populatiand enjoyed only a nominal autonomous status.

It can be noted, however, that the Armenian Gregorian Church enjoyed a greater freedom than,
e.g. its Orthodox counterpart in Russia (Bourdeaux and Rowe 1980). Historically perceived as crucial
for nationalsurvival the Church still performed an important function in a nation unification process.
Church attendance, even if for a number of people its symbolic meaning was reduced tdcamdére
lighting ritualbwas widely practiced. Having lit a candle aswking hundreds of other candles burning
around one could experience a moving feeling of being part of a bigger unity. Armenian Soviet
authorities, though engaged in argligious propaganda, viewed the phenomenon likewise and, unlike
their counterpartén Russia, did not regard going to church as a direct threat to the regime. The post
Soviet institutional history of the Armenian Apostolic Church and its relation to the state is similar to its
Russian counterpatrt.

When discussing the processeashancipabn of the civil society from the state@ the role the
International and Western voluntary actors play in this process it would be interesting to look at the
Yugoslavian case as an example typical of certain sectoral space of the former Warsaw bésc. As h
been noted above, n@tate actors play a significant role in catalyzing the process of-fé@aation.

They have their distinctive influence on their emergence and functioning, on the one hand, and forming
the culture of conducting a dialogue and esshblg ceoperation with the government sector, on the
other. One can, however, raise a question of the nature of this process, the future viability of such
organizations and whether they will be able to adhere to their original mission, especially ehen th
financial support is no longer ensured by indigenous organizations themselves, in the way which is
counterproductive to the original grasmts practices.

Thus, Large considers the example of the two Yugoslavian organisébionsokredand Centre
for Peace in Osijek (Large 1995) Suncokret was founded in 1992 by students and peace activists in
response to the needs of refugees and was characterised by social radicalism andaanatiitide.

After three years of functioning, however, it transformatb a wellmanaged, UNHCRffiliated
organisation engaged in rebuffing public opposition to Operatioghtningd and &tornts The Osijek

Centre for Peace had to take a pause in its activity in 1995 when it realised that the change in its original
role and status had been taking place. Commenting on the situation, Large notes thafievesnifing

the loss of a community/volunteer support base, they [the mentioned NGOs] could boast USAID
funding and centre members having received training in NGO deweldpand management in the

USA, Sweden and GermamyLarge 1995, 122). The further analysis of the situation in former
Yugoslavia, the consideration of the role played by organisations like the EU, their involvement in
Western NGOs activity, geographicacfors in those NGOs placement and their impact on local

% In mass media and sermons one can hear priests talking about granting the Orthodox Christianity the
status of a state religion. For forms of interweaving of politics and relggeMchedlov, M. (2000).

%6 Contrary to Polanchowever, it was not the forum for ammmunist protest.

2" Thus, concerned about the national unity and survival agenda, the Armenian Gregorian Church supported
the cause of peaceful action in Nageiarabakh conflict which broke out after the collapééhe USSR.
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voluntary organisations leads Large to a rather gloomy concludifathere was avoluntary sectdyin
ex-Yugoslavia it existed briefly in 1991 and 1992. As the war maMext Doof.. the emphasishifted

on social reconstruction; sethosen or doneledd (Large 1995, 124)In this context, the term NGO
itself has been perceived to be imbued with negative overtiwdsat had been a peace group was now

a fully fledged NG@®@ (Large 1995, 125). Tlauthe case considered can make one raise the question of
possible institutional convergence in the process of statatad® sector interaction when the latter is
aided by weHestablished foreign NGOs. This does not mean however that the nature oftstettion

is considered to be universally malignant.

4. Conclusions

It is important to look at the history and culture of relationships between the state astéteon
actors in each country in order to draw adequate conclusions as to whethstate@ctor®
independence is influenced by proximity to the state. In the countries where corporatist patterns of
relationship prevail, financial assistance from the state does not interfere with their independence in
tasks and methods of project implementatin the pluralist context, financing from the government
reduces the independence of voluntary action and is thus counterproductive to healthy institutional
performance.

When judging the nature of state and voluntary a6tmteraction in the countriesf Eastern
Europe, it is important to look at how civil sociéyconcerns were articulated throughout the history of
each country. This perspective allows one to explore how voluntary initiatives are formed and
channelled in the process of the emanacipadf civil society from the alfinclusive sphere of the state
and further affect the interaction with the state. In the process of this interaction such factors as cultural
historical legacy and familiar patterns of institutional behaviour begin to lagge.|

Understanding institutional evolution and its diversity requires, therefore, a sound view on the
evolution of values, discourse (communication) and institutions. Tabellini (2008) points out that
consistence of individual values afgeneralized morality is a feature of welfunctioning institutions
(Tabellini 2008, 27). The institutional effect of individual values and the trustworthiness which one
attributes to another is, hence, complementary, because only consistence of values of many group
membes leads to a stabilizing group behavior and therefore to stable institutions as a set of role
expectationsdeeFigure 2). There is striking evidence that trust is constitutive for the efficiersty an
effectiveness of institutionf~ehr 2009). However, Fetighlights the importance of risk and social
preferences as well as individual beliefs about other péoplestworthiness for trusting behavior (Fehr
2009, 262). Complementarily, Poteete et. al. (Poteete, JamsgE@strom 2010) stress the importance
of the level of trust for cooperation levels and, in turn, for the net benefits of collective ase®n (
Figure 3 below).

Broader
contextual variables
/ Microsituational
[ variables

Learning and nerm Levels of trust that  Levels of Net benefits
adopting individuals other participants > cooperation
are reciprocators

Figure 3. Microsituational and broader context of social dilemaféects levels of trust and cooperation

History dso shows the relative advantage of religious communities over seculdf ones.

Luhmann points out that religion reduces complexity and, hence, facilitates the orientation for
individual behavior (Luhmann 2000) This is complemented by the joint proceduieB wreate a
procedural utility. Additionally, since common religious beliefs create a more or less strong sense of

28 SeeFigure 2.
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community spirit, group members attribute trustworthiness to other group members easier, thus
enhancing mutual cooperation. This in turnates trust and decreases institutional costs (e.g. control
costs as transaction costs). Tabellini even claims a causal effect from shared values and institutional
outcomes under certain identifying asgptions (TabellinR008).

It shows that the stabilitygf communities heavily influences the path which institutions choose in
their evolution. Institutional choice is based on coherent individual behavior, which is mainly driven by
an innate capacity to cooperate. This potential is best realized for a cogmabof action, since it
provides procedural utility and net benefits for individuals and reinforces the social norms which require
that behavior. Long surviving institutions obviously accomplish to maintain a critical level of
community spirit that enaldetheir members to act constructively based on faith and trust. It also
includes a substantial degree of sefierence: The more corporatist an individual is, the more he/she
might benefit procedurally from a corporatist mode of action, as pluralistsfrgainpluralist modes.
Thefisensitivity under starting conditiobsan be considered a major source of path dependency, since it
sets the primary marker for the segference of the group and their respective institutidns.

Along this evolutionary pathdeclined were those institutions which did not fit the socio
ecological context, i.e. their activity not result in a solution for their conwpécific, functionally
differentiated task for collective action to handle risk, scarcity and conflict.

Howeve, whatever the specific mode might be, collective action is based on a neural/ genetic
capacity that was itself subject to evolutionary selection. Besides, culture evolves much faster than genes
and can faster track changing environments (contexts).idthie reason why we see plenty of space for
future research here. It could be promising to investigate teeaationary interaction between culture
and genes in the context of the evolution of institutions. Another question in our context is what impac
migration has on social change and respective social institutions. Finally, since the discourse dimension
is largely undervalued in institutional analysis, an investigation into the relation between discourse and
path dependency of institutional develagamwould be highly promising.
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Abstract

Using the best evidence synthesis method (Slavin, 1995), we find out an ecturahary on the link
between budgetary participation (BP) and managerial performance (MP). The use of selection criteria allowed to
decrease the heterogeneity. Our results report the presence of the heterogeneity by cultural and industrial
contingenciesAmerican surveys reveal a significant positive link but suffer from heterogeneity of the sample.
Under the sample homogeneity principle, Australian surveys reveal ssigoificant negative link and only
Taiwanese surveys reveal a positive and signifitiakt This last result has to encourage researchers to continue
the study of publicly traded firms in the Taiwan Stock Exchange to study the causal link between the two variables
with a Granger test and to study the evolution of this link over time im otlumtries.

Keywords: best evidence synthesis, budgetary participation, managerial performancenaigtis, subgroup
analysis

JEL Classification: M49, C89

1. Introduction

fA few writers refer to comparing or combining apples and oranges, but tleeanadytic
mixtures are usually too heterogeneous to be described with only two fruits. Other writers, with lower
levels of enthusiasm or reverence, talk about rotten fruits or evesdesary substancégFeinstein
1995 72). Feinstei@s citation is hedful to understand that selectivity is much more attractive than
combining heterogeneous papers into a standard-anefgsis that lacks the scientific precautions
offered by individual results from randomised trials.

Metaanalysis is a quantitative methad combining the results of independent studies and of
synthesizing all the summaries and the conclusions usable to evaluate notably effectiveness of a
managerial practice. This type of syntheses differs from traditional reviews of literature usiratigenarr
format to summarise the results of studies on a topic to draw conclusions or inform theory.

In accounting literature, metmnalysis was used to aggregate results in numerous fields (Ahmed
and Courtis1999, Hay et al 2006, Trotman and Wo0d1991, anong others). To the best of our
knowledge, two metanalyses (Derfus2009, Greenbergt al 1994) and many reviews of literature
were written about the link between budgetary participation and managerial perforreaader (
example: Chalgsand Poor2001, Shields and Shields 1998).

Budgetary participationBP hereatfter) is usually defined &8 process in which a manager is
involved with, and has influence on, the determination of his or her lu®}gelds and Shields 1998,

49). A budgetis an expresion of company expectations presented in economic terms for a future time
period (Samuelson 1973, 31). An usual budgetary participation assessment igsMitate which
measures the perceived influence dbadgeteé on a budget (Milani975).

Employeets performancehas been defined @he degree to which successful role achievement is
accomplished (Ferris 1977, 610). The usualanagerial performancéVP hereafter) questionnaire is
based on the results of a survey conducted by Mahehesl (1963, BP65) that measures eight
performance dimensions (planning, investigating, coordinating, evaluating, supervising, staffing,
negotiating, representing). This questionnaire provides an overall measure of performance. ddahoney
and Milanis scales were used ost of studies investigating the link between BP and MP.

Derfuss (2009) found that BP and MP are significantly and positively linked. Moreover, the link
between BP and MP seems contingent on industry differences. Nevertheless,dbezfassalysis on
this link includes heterogeneous results and only papers published in English language. Following
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Feinstein (1995), it could be interesting to combine only the quantitative results based on randomised
samples.

Our research question is the following oreDerfus® metaanalysis result valid when the only
trials based on randomised samples are combind&J?selecting studies witfirandomised sampbe
criterion, we did dbest evidence synthesi€Slavin 1995).

Best evidence synthesis i response to concerrabout misleading conclusions from meta
analyse8 (Slavin 1995, 11). Following Slavin, if a literature contains some studies high in internal and
external validity, thus lower quality studies had to be excluded from the combination of the results.
According to Feinstein (1995), studies using randomised samples are more homogeneous and could be
aggregated in a metmalysis.

The rest of the paper is organized as follows. Section 2 describes the data and the used method.
Section 3 presents the empirical lesuSection 4 discusses them and section 5 concludes.

2. Data and method
2.1. Process of studies collection

Firstly, we collected papers from existing reviews of literature and-aretyse Banovij | 200
Shields and Shields 199&halos and Poor2001, Derfuss2009). Then, the first draft was published in
the Muenchen RePebase of working papers. Thus, our paper appearesthnlar.google.conand
related papers were collected. These nepemawere included in the first draft. This procedure has been
iterated until stability of our base of papers on the link between BP and MP.

Finally, we based our synthesis on the list of papers which appe&spandix Severy-six
papers were gathered. Some papers have not statistical results and others have unusable results in a
metaanalysis because of lack of precisions. Our ragtlysis considers more papers than the one by
Derfuss (2009) and our method differs.

2.2. Mehods and criteria

To ensure reproducibility of our results, our best evidence synthesis useeffixetdmodel of
metaanalysis (Hedgesand Olkin 1985). Their statistical procedure is recognised in many scientific
fields. The result of our first draftas computed in a spreadsheet. Then, a triangulation of the results
was done by usinfymetad. an R package for metmalysis.

We excluded the following papers from our best evidence synthesis:

AStudies which do not use Mildsi measure of budgetary geipation (Milani 1975) and
Mahoneys one of managerial performance (Mahoeegl 1963, 1965). This exclusion avoids
the combination of papers vdhi use different measure scales;

ALaboratory experiments that have low external validity.

After filtering with these two criteria, our base of papers gathered-fotty trials. For the best
evidence synthesis, following Feinstein (1995), we used a criterion to exclude the studies which are not
based on a randomised sample. Thus, the best evidence synthesis ssedlypib fifteen randomised
trial results coming from the papers summed up in Tablel. Randoerdsgule results that do not use
MilaniGs and Mahond¥ scales (Breaux 200€honget al 2006,Dunk 1995, Kobori 2006) or which
presentation of the results istrenough clear to be used (Abdullah 19880ong and Chon@002) are
excluded from the analysis.

Sometimes, the use of selection criteria cannot eliminate heterogeneity between individual
studies. If the heterogeneity test rejects the homogeneity nulthegis, one will use subgroup analysis
or one will assess the quality of trials. Neverthelegaluation of the methodological quality of a study
is a difficult burden (Chpoand Bero 1994). Moreover, the use of quality score is highly criticized in
literature (Moheret al. 1995n among many others). Thusubgroup analysis seems to be a better
research strategy.
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Table 1.Papers used for the best evidence synthesis

Use of Milani
(1975) and
Mahameyet al
(1963, 1965) scales
Brownell,andDunk (1991) Manufacturing companies Australia- Sydney X
Chalos,andPoon (2001) Listed companies USA (supposed)
Chong,and Bateman (2000) Manufacturing companies Australia

Dunk (1990) Manufacturing comanies UK

Dunk (1993) Manufacturing companies Australia- Sydney
Hoque, and Brosnan (2007) Coal mining companies Australia

Kren (1992) Manufacturing companies USA

Lau, and Buckland (2000) Mining companies Norway

Lau, Low,andEggleton Singapore

(1995)

Randomiseeésample papers Firm description/ Sector Country

e X

X B4 X g X

x

Manufacturing companies

Lau, and Tan (1998) Financial institutions Australia/ Singapore X
Ni, and Su (2001) Large and Small companies Taiwan X
Ni, Su, ChungandCheng Taiwan X

(2005) Manufacturing companies

Qui rin, afdé Br y Large companies
Donnelly (2004)

Su, and Lin (2007) Manufacturing companies Taiwan
Subramaniam, and Food manufacturing Australia
Ashkanasy (2001) companies

The presence of cultural contingencies was studied in the literature (Frucot and Shearon 1991
Lau et al 1995 Tsui 2001). The link between BP and MP depends on cultural variables. Thus, if the
homogeneity null hypothesis is rejected, it will be useful to make an analysis of differences between
cultural subgroups in order to study the causes of ttezdueneity.

The heterogeneity reduction could help to see the impact of other variables on the relationship
between BP and MP and to make some recommendations for further research.

3. Results

Our final sample is then of 15 results. The summary effeab@it-0.0165 (95% confidence
interval = F0.0345, 0.0015]). One cannot rely on this result because of the presence of heterogeneity
among results (estimated heterogeneity variance: 0.6¢3ap ue = O0; test for het
58.76, pvalue = 0).The results of these heterogeneity tests has to be compared to the ones without the
measurement scale criterion (estimated heterogeneity variance = 0&alyep= 0; Test for
heterogeneity: -vaug¢ € DB Jhis =riterd7 desréases the rageneity, but the
homogeneity of the individual results is not significant.

Following Frucot and Shearon (1991), Laual (1995) and Tsui (2001), a cultural subgroup
analysis was computed. The subgroups are the following: Australian managers (5 rasirdamisie
results using Milaris and Mahonewt als scales), American ones (3) and Taiwanese ones (3). The
studies based on survey of managers from other countries were excluded from the subgroup analysis,
because of the lack of studies from some politealtories.

From the Australian subgroup synthesis, it appears ssigoificant negative link between BP
and MP (summary effect £.0184 with 95% CI =-D.0865, 0.0496]). One can rely on this subgroup
synthesis because of non rejection of the homogeneall hypothesis (estimated heterogeneity variance
=0.0022,pval ue = 0.263; test f-wauehk263) Thgresoltesséetmytobec | ( 4
more homogeneous. Hoque and Brogegraper increases the heterogendrigure J): sectoral and
industrial contingencies could explain this.

From the American subgroup synthesis, it appears a significant positive link between BP and MP
(summary effect = 0.242 , 95% CI = [0.12, 0.364]). One cannot rely on this subgrstupvizkence
synthesis because of rejection of the homogeneity null hypothesis at the 5% level of significance
(egimated heterogeneity variance =0.025% p |l ue = 0. 044; test ffoalueheter
= 0.0437). The synthesis plot shows a tendeRyufe 3.
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But because of the lack of homogeneity between these indivigsalts, one cannot infer
something about this temporal tendency.

@
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Figure 1.Best evidence synthesis of the Australian results
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Figure 2. Best evidence synthesis of the American results

From the Taiwanese subgroup synthesis, it appears a signifasitive link between the studied
variables (summary effect = 0.109, 95% CI = [0.0301, 0.188]). One can rely on this subgroup result
because of non rejection of the homogeneity null hypothesis at the 5% level of significance (estimated
heterogeneity variaec 0.0093, r al ue = 0. 057; test f ewalueh@G5&). ogene
The synthesis plot shows the same tend€Riyure J as the American subgroup orféigure 3. The
relation betwen BP and MP evolves positively over time.
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Figure 3. Best evidence synthesis of the Taiwanese results
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4. Comments and further research
From these results, it is possible to highlight and to comment three of them. Firstly, the Australian
synthesis showsa nonsignificant negative link between BP and MP that sheds lights on a cultural
particularity in Australia: participating in budget determination has no effect on managerial
performance. Secondly, the synthesis of the Taiwanese subgroup is realtimgdrecause the sample
is the same through studies: publicly traded firms in Thevan Stock Exchange. Thus, the time
dependency of the link between BP and MP is shown when the effects of cultural and industrial
contingencies are under control. ThirdBerfus®results cannot be rejected following our analyses. In
fact, in the best evidence synthesis of American subgroup, the lack of control on industrials
contingencies could be linked to higher heterogeneity than in the Australian and Taiwanesegsubgrou
Based on these comments, it is possible to give a recommendation for further research. The time
dependency of the link between BP and MP was inferred from a limited fielduthiely traded firms
in Taiwan Stock Exchange from 2001 to 2007. One shexdanine the robustness of this result:
Ain the longrun, by surveying annually traded firms in the Taiwan Stock Exchange during twenty
years or more. Then, one wile able ® show the evolution over time of the causal link between
BP and MP with a Grangéest of causality;
Abetween countries, studying the same firm populations over time (in different political
territories).

5. Conclusion

Finally, after having shen that metaanalysis based on the selection of homogeneous individual
results is better thafimetaanalytic mixtures (...) usually too heterogen@o{ieinstein 1995, 72), we
justified the use of some selection criteria. Moreover, if the combined results are still significantly
heterogeneous, it will be justified to combine papers by culturaksups.

The best evidence synthesis usiingndomiseesampl® andfisame measurement scalesiteria
is heterogeneous. Thus, we have analysed cultural subgroup synthedés. lidse of our subgroup
syntheses, it seems that cultural and industrial contoigenare highly plausible. Whereas the
Australian subgroup analysis exhibits a negative butaigmificant link between BP and MP, the
Taiwanese subgroup analysis exhibits a positive and significant one. Both results are based on
homogeneous studielloreover, the synthesis based on survey of managers of publicly traded firms in
Taiwan Stock Exchange from 2001 to 2007, is significantly positive and homogeneous. From this
subgroup synthesis, it appears that the link between BP and MP is time dependent.

Thistime dependency has to be confirmed in further research. One could use the Taiwanese Stock
Exchange as a basis to observe thedmmgevolution and to test the causal link between BP and MP
with Grangefs causality test or, if expectations play a roimsBone (Grangefl969 Sims 1980). One
could replicate the Taiwanese synthesis result by studying this link on the same populations of
companies over time in different political territories.

Last but not least, Derfudeesults cannot be rejected followimur subgroup analysis. In fact, in
the best evidencgynthesis of American subgroup, the lack of control on industrial contingencies could
be linked to higher heterogeneity than in the Taiwanese and Australian subgroups.
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APPENDIX

The literature on the link between BP and MP
(Some of them are not usable for our analysis as explained)

Budgetary

Randomised Managerial performance

Studies Samples participation
sample measurement scale
measurement scale
Abdullah, 1998 79 Australian Yes Milani (1975) Mahoneyet al (1963,
managers 1965)
Agbejule and o . o Mahoneyet al (1963,
Saarikoski, 2006 83 Finnish managers No Milani (1975) 1965)

113 Bangladeshi NG(

Milani (1975) Mahoneyet al (1963,

Alam, and Mia, 200¢ managers 1965)

Aranya, 1990 97 Canadian manage No Personal scale Personal scale

" 44 Indonesian
Arifin, 2007 Personal scale Personal scale
managers

3 experiments with 3¢
managers (USA
supposed)

Yes
(supposed)

Bass and Leavitt,

Personal scale Personal scale
1963

197 AICPA members Yes Clinton and Hunton  Mahoneyet al (1963,
(USA) (2001) 1965)

Experiment with 46
Brownell, 1981 students and 48 Personal scale Personal scale
managers (USA)

Breaux, 204

Hofstede (1967) ani  Mahoneyet al (1963,
Milani (1975) 1965)

Hofstede (1967) ant  Mahoneyet al (1963,
Milani (1975) 1965)

Hofstede (1967) ant  Mahoneyet al (1963,
Milani (1975) 1965)

Brownell, 1982a 38 American managel No

Brownell, 1982b 40 American managel

46 (supposed

Australian) managers No

Brownell, 1983

61 (supposed o Mahoneyet al (1963,
SN, £k Australian) managers I () 1965)
Brownell, and 79 Australian o Mahoneyet al (1963,
Dunk, 1991 managers jE= LAITEnT (i) 1965)
Brownell, and Hirst, 76 Australian o Mahameyet al (1963,
1986 managers MLEN 2 )
Brownell, and 108 (supposed No Hofstede (1967) ant  Mahoneyet al (1963,
Mclnnes, 1986  American) managers Milani (1975) 1965)

Adapted from
Swieriga and
Moncur (1975)
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American) productior
managers

Brownell, and

Merchant, 1990 Personal scale
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M.B.A. students (US# Yes Personal scale Personal scale
supposed)

Chalos and
Haka,1989

Chalos and Poon, 72 (supposed

2001

Mahoneyet al (1963,
1965)

American) marketing Milani (1975)
managers
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participation
measurement scale
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Cherrington and Experiment with

Cherrinaton. 1973 230 business student Personal scale Personal scale
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2000 maragers == AEG ) (1963, 1965)
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Dunk, 1989 North UK Milani (1975) 1965)
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Dunk, 1990 North UK Yes Milani (1975) (1963, 1965)
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Adapted from Merchant
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Brownell and Merchant
(1990)

Mahoneyet al

Dunk, 1993 78 American managel Milani (1975)

Dunk,1995 78 Ml Yes Milani (1975)
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Eker, 2009 150 Turkish manager Milani (1975) (1963, 1965)
Frucot igg?hearon, 83 Mexican manager: No Milani (1975) M&g‘ég’?g&l)
e Sae e i 1975)  guaroneit o 1963,
Fgﬁ]i?i?gazngog 155 French manager No Agc?g;?lirf r:rzg Goviﬁg::)atjz(:l far\?lrc?Gupta
! Fomerino (2005) (1985)
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77 (supposed Swieringa and 1965)

Govindarajan 1986 5 erican) managers Moncur (1974)
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(1963, 1965)
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Govindarajan (1984)
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Hirst, 1987 managers No Milani (1975) (1963, 1965)
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and 31 foreign
INEQETLETES

Hasseland
Cunningham, 1996

Adapted from
No Vroom and Mann
(1960)

Jermiasand 204 Indonesian public
Setiawan, 2008 managers

Adapted from Mahonegt
al. (1963, B65)

Kenis, 1979 169 American Personal scale Personal scale
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. Randomised Bu_dgeta_ry Managerial performance
Studies Samples participation
sample measurement scale
measurement scale
managers
: 81 Taiwanese Mahoneyet al
Kobori, 2006 managers Yes Hofstede (1967) (1963, 1965)
. . Mahoneyet al
Kren, 1992 80 American managel Milani (1975) (1963, 1965)
Lau, and Bucklad, 71 Norwegian A Mahoneyet al
2000 managers == EG ) (1963, 1965)

. 83 Australian o Mahoneyet al
Lau and Lim, 2002 managers Milani (1975) (1963, 1965)

Lau, Low and 112 Singaporean o Mahoneyet al
Eggleton, 1995 managers JE= AT i) (1963, 1965)
104 Australian Mahonevet al.

Lau, and Tan, 1998 managers and 85 Milani (1975) Y
Si (1963, 1965)

ingaporean manage
LeachLépez,

Stammerjoharand 72, ST KB No Milani (1975) Mi\gggeilgtsasl
Lee, 2009 managers ( , )

LeachLopez,
Stammerjoharand
McNair, 2007

45 Mexican and 98 o Mahoneyet al
American managers SllEnT L) (1963, 1965)

Experiment with 86

Lindquist, 1995 students (USA Yes Personal scale Personal scale
supposed)

Merchant, 1981 ) Amenpan Personal scale Personal scale
companies

Merchant, 1984 LD etz No Personal scale Personal scale
managers

Mia, 1988 S e Milani (1975) Personal scale
INEQETLETE

: 62 New Zealander o
Mia, 1989 managers No Milani (1975) Personal scale
Mia, and Patiar, 52 Australian Mahoneyet al (1963,

2002 NMEETETE] I () 1965)

81 (supposed

LG, 1275 American) foremen

No Milani (1975) Personal scale

Ni. and Su, 2001 205 Taiwanese Milani (1975) Mahoneyet al (1963,
managers 1965)
Ni, Su, Chungand 155 Taiwanese o Mahoneyet al (1963,
Cheng 2005 managers MED MO () 1965)
Nouri, and Parker, 135 American o Govindarajan and Gupta
1998 managers SR ) (1985)
Orpen, 1992 L8 AUl No Milani (1975) Personal scale
managers

Otley, ard Pollanen, 121 Canadian Milani (1975) Mahonelygégl. (1963,

Parkerand Kyj, 70 (supposed No Milani (1975) Mahoneyet al

2000 managers
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Budgetary
participation
measurement scale

2006 American) managers (1963, 1965)
Quirin, G8Bryan, and

Randomised

Managerial performance

Studies Samples
measurement scale

sample

Mahoneyet al

Donnelly 2004 98 American managel Milani (1975) (1963, 1965)
Sheely Heathand 256 American A
Brown, 2007 employees Yes Milani (1975) Fraser (1995)

Adapted from
Shields and Young Personal scale
(1993)

Shields, Dengand 358 Japanese
Kato, 2000 engineers

Shields and Young 98 American corporat No Personal scale Personal scale

1993 controllers
Su, 2001 (publishec 194 Japanese and Mahonevet al
in Ni, Sy and Su, Taiwanese manager: Hofstede (1967) (1963 {965)
2003) in Taiwan :
. 168 Taiwanese o Mahoneyet al
Su and Lin, 2007 managers Yes Milani (1975) (1963, 1965)
Subramaniam and 114 Australian o Mahoneyet al
Ashkanasy, 2001 managers G (E7) (1963, 1965)
Taylor, Abdut 81 Malaysian Adapted from Mahonegt
Hamid and Mohd managers from a loci No Milani (1975) al.
Sanusi, 2008 public administration (1963, 1965)

Experiment with 150
Tiller, 1983 students in psycholog Personal scale Personal scale
(USA supposed)

53 (supposed
Indonesian) manager

Mahoneyet al (1963,
1965)

Mahoneyet al
(1963, 1965)

Mahoneyet al (1963,
1965)

Tintri, 2002 No Milani (1975)
Tsamenyi and Mills

5002 ' 89 Ghanean manage Milani (1975)

89 managers from

Tsui, 2001 Hong Kong

No Milani (1975)
74 (supposed
Wentzel, 2002 American) managers Milani (1975)
in a large hospital

Mahoneyet al
(1963, 1965)

Winatg and Mia, 74 Australian No Adapted from Milani Personal scale
2005 managers (1975)
111 Malaysian
Yahya, Ahmagand o Mahoneyet al
Fatima, 2008 managers from the Milani (1975) (1963, 1965)
Ministry of Defence
216 Chinese public Milani (1975) Mahoneyet al
pCEE managers Al (supposed) (1963, 1965)
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FORECASTS WITH SINGLE
- EQUATION MARKOV - SWITCHING MODEL:
AN APPLICATION TO THE GROSS DOMESTIC PRODUCT OF LATVIA

GintersBUSS
Riga Technical University, ATVIA
Faculty of Computer Science and Information Technology
ginters.buss@rtu.lv

Abstract

The paper compares omeriod ahead forecasting performance of linear veetotoregressive (VAR)
models and singlequaton Markowvswitching (MS) models for two cases: when leading information is available
and when it is not. The results show that sirggeation MS models tend to perform slightly better than linear
VAR models when no leading information is available. HeweW reliable leading information is available,
singleequation MS models tend to give somewhat less precise forecasts than linear VAR models.

Keywords: Markow-switching, VAR, forecasting, leading information
JEL Classification: C32, C53

1. Introduction

To the best of our knowledge, there is no publicly available paper that would discuss the
forecasting performance of Markewitching models used to forecast Latsigross domestic product
(GDP). Thus, this paper is the first attempt to fill the ofhe forecasting literature by comparing one
period ahead forecasting performance of shegjeation Markowswitching (MS) and linear vector
autoregressive (VAR) models using Laf@anacroeconomic data.

We use MS models developed in Hamilton (1989) ana@ series ofpapers by Krolzig gee
Krolzig 1998, 2000, 2003, among others), written in a GAUSS code by Bellone (2005), and adapted to
Scilab environment by Dubois and Michaux (2010) in econometrics toolbox Grocer.

The paper is organized as follows. $mtt2 describes the model and its estimation. Section 3
presents the results for the gperiod ahead forecasting performance of siagjeation MS and linear
VAR models expressed in terms of root mean squared forecast error (RMSFE) for both cases when
leading information is available and when it is not available. Following the results in Buss (2009) that an
extra regular differencing of the data might improve the forecasting precision during the switch of the
business cycle phases, we also show resultghtorcase when the data are subject to two regular
differences, instead of one. Finally, Section 4 concludes.

2. Methodology
2.1. The Model

Consider a singlequation Markowswitching model whose parameters are, at least partly,
unconditionally timevarying but constant when conditioned on an unobservable discrete regime

variables | {1,..., M} :
Y= Xby +7 01
uls: NQOs) (1)

where Y, is a scalar dependent variable at titnex, = (X;,..., %, )i is an (n®1) vector of
exogenous regressors at timesubject to switching regimesg, =(%;,..., %)i is a (q3 1) vector of
exogenous regressors at tirhethat are not subject to switching regime®,is a (93 1) vector of

regression coefficients which are regime independentuamnsgl a Gaussian error term subject to regime
changes.
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Parameter shift functiomé?ST and s 3( describe the dependence of the mé&phrameterg) and

s? on the regime variablg :

eb ifg=1,
|l .

b§=1 : (2)
bp, ifs=M,

and
és’? if §=1,
| .

Se=i (3)
st ifg= M.

Let I :==(Y; 2o sYir X 40--3 %, Z 1».. , 2 ) be the information set dt- 1. The unobservable
realizations of the regimeﬁl' {1,..., M} are generated by an -Btate irreducible ergodic &ftkov

stochastic process that is independent of or current exogenous variableg, and z , and is defined
by its transition probabilities:

p|J = P($: j|$—1 = i’§—2 = K""P(’ tz’lt l—)
=P(s=j|ls,= i),g R =1foralli,ji {1,..,M}, (4)
j=1

that can conveniently be represented with a transition matrix

ePy - Puy &
e L
P:gelz : p’;“ t ©)
e t
éPm - Pum

Model (1) can be reduced to such special cases as
A the mearvariance model:

yt = bst + ut’

A the Markovswitching autoregressive (M8R) regimedependent model:
Yo =0t Yer By 0 Yin B UE L Y Yon) O W

A the MSAR intercept regimelependent model:

V=0t Yo @+ Vg dUE  AYhe %) W
with E[U7] $]= ssf or E[7 | s]=s? for any of the above models.

2.2. Estimation
The model is estimated blye maximum likelihood in the following steps:
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1. set the initial values of parameters and estimate the model recursively wibkpeetaion-
Maximization (EM) algorithm;

2. compute smoothed probabilities;

3. forecast observed variables.

The rest otthe section gives a more detailed look on the procedure, see also Ch. 22 in Hamilton
(1994). Denotex, a random(M 3 1) vector whosej th element is equal to unity i§ = j and zero

otherwise:

&(1,0, 0 .,0) ifs =1,
|
X =1 : (6)
1 (o,o,o,.. 1) ifs =M.
If s =1, then thejth element ofx,,, is a random variable that takes on the value unity with
probability p; and zeratherwise. Thus, the conditional expectatiorxgf given § =i is:
L
—n=€:
Bale=D=¢: (7)
€Pm t
which implies:
E(al =P

and from Markov property

E(Xal & (%.)=P ®)
which imples:

X =P XV, (9)
Where:

Vi =X 57 BCXl X 00) (10)

is a martingale difference sequence. Let:=E[y|$= | X, z,1,.,]1= X b+ z, be the

conditional expectation of, , and leta := ( 47' id j )< be the vectoof parameters characterizing the
conditional density. Then the conditional probability density function is:

ng)(

If there areM different regimes, then there aM different dengies represented by (11), that
are collected in arfM 3 1) vector

fyls=i%,2.0...2)=2p?2 éex% (11)

é,f(ytlszlﬂf,z,lt_lﬁ) ‘
_e . l
h, = é : \ (12)
ef(vils=M.x.zl ., 4a) |
Collect & and the transition probabilitie@;, governing (11) in a vector of parameteys Let

P(s = j|!,,q) denote the analy& inference about the value gf based on data obtained through
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datet and based on knowledge of the population parameger$his inference takes the form of a
conditional probability that the analyst assigns to the possibility thattthebservation was generated

by regime j . Collect these conditional probabilitid¥s = j|I,,g) for j=1,2,... M inan(M?31)
vector)!tzlt. Collect the forecasts of such probabilitied atl given observations obtained through date

t, P(s, = jll,.g),inan(M31) vector)Ellt.
Note that it is assumed that and z are exogenous, that i% and z contain no inbrmation

about s beyond that contained ih, ,. Hence, thej th element of)%_l could also be described as

P(s = jl%,%,0.,.9) The jth elementof the (M 31) vector (X5 ;e {) wheree denotes the
elementby-element product, can be interpreted as the conditional joint dehsitipution of y, and
S:

P(s=ilx,z.0 .9 f(yls=ix2l...9
=p(Y,$= 1% 201 9) (13)

The density ofy, conditioned on past observables is the sum offthemagnitudes in (13) for
j=1,2... M . This sum can be writtem ivector notation as:

fovil%.2.0 .9)=1'G.e h (14)

where 1 is an (M 3 1) vector of 1s. If the joint densitydistribution in (13) is divided by the
density of y, in (14), the result is the conditional distribution $f

POy, 8= 1%, 2.1, 9)_

P( :j L ’It— 767)
f(ytIX’Z’It—l’q) 3 |X X8l

=P(s = jll..9).

Hence, from (14),

PO $= il 201 4)
10k .e f

But recall from (13) that the numerator in the expression on the sigatof (15) is thej th

element of the vectofX;_ ;e () while the left side of (15) is thg th element of the vectm%t. Thus,
collecting the equations in (15) fgr=1,2,... M into an(M 3 1) vector produces:

P(s=ill..g)=

(15)

. (E.e

)Eh — (I tit- 1 O (16)
r(k..e f

To obtain)Ell[ , take expectations of (9) conditional bn:

ECGa [T =PECA )+ E(y . 1) (17)

SinceV,,, is a martingale difference sequence with respett, {q17) becomes:

Xy =P & (18)
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The optimal inference and forecast for each datethe sample are found by iterating oe thair
of equations (16) and (18). Given a starting vajﬁfg and an assumed value for the population

parameter vectog, one can iterate on (16) and (18) for1,2,.. T to calculate the values of; and

)Ellt for each datet in the sample. The log likelihood functioh(g) for the observed data

evaluated at the value @f that is used to perform the iterations is calculated as@rdguct of this
algorithm from:

L@=alogf(y Ix.z.l.,, 9, (19)

t=1

Where:

f1%.2.0 09) =1 re )

and maximized numerically with respect . When the model is estated, the smoothed
probabilities can be calculated. LGEI, represent theM 31 vector whose |the element is

P(s = jl1,.,q). Fort <t it represents the smoothetderence about the regime the process was in at

datet based on data obtained on through some laterdafmoothed inferences are calculated using
an algorithm developed by Kif1993). In vector form, this atgithm can be written as:

E = Pl 4  HE (20)

where the sign% denotes elemesity-element division. The smoothed probabilitirs;%f are

found by iterating on (20) backward fo=T - 1,T -2,..,1 This iteration is started WithlT, which
is obtained from (16) fot =T. This algorithm is valid only whers, follows a firstorder Markov
chain, when the conditional density (11) dependssois_,,... only through the current statg, and
when X, and z , the vectors of explanatory variables other than the lagged valugs afe strictly
exagenous, meaning that, and z are independent of, for all t and f (seeAppendix 22.A in
Hamilton 1994). From the conditional density (11)dtstraightforward to forecasy,,, conditional on

knowing I ,,X,,,Z ; ands,;:
BVl $:= 1 X w20l @)= X p* 20 (21)
There areM different conditional forecasts associated with fide possible values fors,, .

Note that the unconditional forecast based on actual observable variables is related to these conditional
forecasts by:

E(Vir | X 49 7 1 ,9)

=Y TV el X 7.0 09)dy,

en ) a
:ﬁ'm[a P(Y S s= I X1a20b ) Udy]
[ = y
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eM . . a
= ﬁ'mia[f(yt 8= b X Zul @) R8s Il X1 21 0 9] l',qu:
[ = y

M
=aP(a= 11X 2wl ORY LF(Ya L83 b X0 2 0@ dy.

=1

M
=aPE.= I @EN184= 1 X14Z1411 9

=1

Note that although the Markov chain itself admits the linear representatiors P x+V, ,, the
optimal forecast ofy,,, is a nonlirear function of observables, since the inferep%ein (16) depends

nonlinearly onl , .

3. Results
The dependent variable of the model (1) is Labviquarterly GDP series frorh993) 1 till

2009Q :. The explanatory variables are an aggregate of a few components of the GDP from the
production side ¢p), imports (mp), net exports (1X), and money supply MI0). All series are

guarterly, expressed in logs, and once regularly and once seasonally differencednextegitis not
seasonally differenced. For comparison, we also run models on series for which one regulacidiifere
of the data is replaced with two regular differences due to the result in Buss (2009) that an extra regular
differencing might improve the precision of eperiod ahead forecasts during a switch of the business
cycle phases. Appendix 1 contains a enafetailed description of the data. All calculations are
performed in Scilab with the aid of its econometrics toolbox Grocer.

The results are summarized in four tables. Tables 1 and 2 show the results about models imposed
on once regularly differenced sesi while Tables 3 and-4n twice regularly differenced series. Tables
1 and 3 give results about models that use leading information, that is, it is assumed in these tables that
variables cp, imp, nx and m are known one period ahead of the GDP, so the four explanatory

variables are used as leading indicators. Note that, in this case, the exogeneity assumption of the
explanatory variables no longer holds for sirgdgation MS model. Nevertheless, we can still analyze
the modeds forecasting performance, bearing in mind that not all of the eodssumptions are
satisfied. On the contrary, Tables 2 and 4 assume there is no leading information, so the timing of the
four explanatory variables there coincide with the timing of the GDP.

Table 1 shows root mean squared forecast errors (RMSFE) for the full sample, the first half of the
sample (RMSFEL1.half) and the second half of the sample (RMSFE2.half) frepenad aheagseudo
reakttime forecasts beginning at sample size 19 from siegieation Markowswitching (MS) and linear
vector autoregressive (VAR) models with leading information on once regularly differenced series to
compare the predictive performance of the types of models. VAR models are specified by their
endogenous variables (first parenthesis) and a lag order (second parenthesis). MS models are specified
by the number of regimes (first parenthesis), whether the model is autoregressive (AR) or aut@egressiv
distributed lag (ARDL) model with the explanatory variables other than the endogenous lagged variable
specified in parenthesis; next, follows the specification of the lag orders for each explanatory variable
along the indication of their dependence (s)naependence (ns) of the regime; finally, it is specified
whether the model contains an intercept (c) and whether the intercept is switching (s) or not (ns). The
sample is split in halves because the first half of the sample contains a smooth grovehswher
second half of the sample contains a rapid economic downturn, so one can see how the forecasting
performance of the models changes along a business cycle. The least RMSFE for each sample space is
framed. The forecasting performance of VAR modelkshigwn in the first four rows in Table 1. Model
(1) contains two endogenous variables, GDP gpdone can see from models (2) to (4) that an addition

of endogenous variablenx to the model slightly deterioratethe oneperiod ahead forecasting
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performance of the first model, whereas an additiomgb or m slightly improves it for the second
half of the sample.

Table 1 A comparison of ornperiod ahead pseudo reahe forecasting performance from singlguation MS
and VAR models with leading information on once regularly differenced series in terms of RMSFE for the full
sample, first half of the sample and second half of the sample.
The least RMSFE in each samplasg is framed.

N°  Model RMSFE  RMSFEL.half RMSFE2.half
1 VAR(GDP,cp)(2) 0.0186595 0.0142492 0.0222107
2 VAR(GDP,cp,nx)(2) 0.0198866 0.0169021 0.0224782
3 VAR(GDP,cp,imp)(2) 0.0175402 0.0154376 0.0194165
4 VAR(GDP,cp,m)(2) 0.0187341 0.0149037 0.0219047
5 MS(2)-AR(0)-c(s) 0.0289542 0.0165902 0.0374361
6 MS(2)-AR(3)(s)c(ns) 0.0288561 0.0156118 0.0377043
7 MS(2)-AR(2)(s)-c(ns) 0.0284772 0.0164813 0.0367461
8 MS(2)-AR(2)(ns)c(s) 0.0324838 0.0174618 0.0424910
9 MS(2)}-ARDL(cp)(1,2)(s)c(ns) 0.0176693 0.0127261

10  MS(2}-ARDL(cp,nx)(1,2,2)(sk(ns) 0.0182237 0.0156688 0.0204620

11  MS(2)}ARDL(cp,imp)(1,2,1)(sk(ns) 0.0182519 0.0146824 0.0212295
12 MS(2)}-ARDL(cp,m)(2,2,3(s)c(ns) 0.0207493 0.0174545 0.0235882
13 MS(2)}-ARDL(cp,nx)(2(s).{2,2}(ns)) 0.0175944 0.0144578 0.0202508
14  MS(2)-ARDL(cp,imp)(2(s){2,2}(ns)) 0.0176390 0.0149478 0.0199708

Source:derived by the author.

Table 2 A comparisorof oneperiod ahead pseudo raahe forecasting performance from singlguation MS
and VAR models without leading information on once regularly differenced series in terms of RMSFE for the full
sample, first half of the sample and second half of the amp
The least RMSFE in each sample space is framed.

N°  Model RMSFE RMSFE1.half RMSFEZ2.half

1 VAR(GDP,cp)(2) 0.0292156 0.0167268 0.0377798
2 VAR(GDP,cp,nx)(2) 0.0370149 0.0247806 0.0461100
3 VAR(GDP,cp,imp)(2) 0.0341238 0.0196662 0.0440694
4 VAR(GDP,cp,m)(2) 0.0299038 0.0171283 0.0386665
5  MS(2}AR(0)-c(s) 0.0289542 0.0165902 0.0374361
6  MS(2}AR(3)(s)yc(ns) 0.0328038 0.0186472 0.0424789
7 MS(2}AR(2)(s)yc(ns) 0.0282835 0.0162663 0.0365420
8  MS(2-AR(2)(ns)c(s) 0.0366473 0.0181612 0.0485410
9  MS(2}ARDL(cp)(2,2)(s)c(ns) 0.0283754 0.0161356 0.0367419
10  MS(2)}-ARDL(cp,nx)(2,2,2)(sk(ns) 0.0322806 0.0195304 0.0412630
11  MS(2)}-ARDL(cp,imp)(2,2,2)(skc(ns) 0.0318800 0.057724 0.0369926
12 MS(2)}ARDL(cp,m)(2,2,2)(skc(ns) 0.0287118 0.0168035 0.0369646
13 MS(2)}-ARDL(cp,m)(2(s).{2,2}(ns)) 0.0309477 0.0169541 0.0403495

14 MS(2>ARDL(cp,imp)(2(s),{2,1}(ns)) 0.0323059 0.0431113

0.015124f

Source:delived by the author.
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Table 3 A comparison of ornperiod ahead pseudo raahe forecasting performance from singlguation MS
and VAR models with leading information on twice regularly differenced series in terms of RMSFE for the full
samplefirst half of the sample and second half of the sample.
The least RMSFE in each sample space is framed.

N°  Model RMSFE  RMSFEl.half RMSFE2.half
VAR(GDP,cp)(3) 0.0208546 0.0189648 0.0226907
VAR(GDP,cp,nx)(3) 0.0224267 0.0219535 0.029187
VAR(GDP,cp,imp)(3) 0.0208160 0.0205227 0.0211232

VAR(GDP,cp,m)(3) 0.0198595  [0.0177855 0.0218484

MS(2)-AR(0)-c(s) 0.0331835 0.0264885 0.0390591
MS(2)-AR(3)(s)c(ns) 0.0266697 0.0222837 0.0306497
MS(2)-AR(2)(9-c(ns) 0.0290660 0.0237741 0.033792

MS(2)}-AR(2)(ns)c(s) 0.0323721 0.0273066 0.0370021
MS(2)-ARDL(cp)(2,2)(s)c(ns) 0.0252970 0.0200264 0.0298957
10  MS(2)}-ARDL(cp)(3,3)(s)c(ns) 0.0303869 0.0316822 0.0289470
11  MS(2)}-ARDL(cp,nx)(2,2,1)(sx(ns) 0.0256729 0.0218496 0.029191

12 MS(2)}-ARDL(cp,imp)(2,2,1)(sxc(ns) 0.0277238 0.0260182 0.0294278
13 MS(2)}-ARDL(cp,m)(2,2,1)(s)x(ns) 0.0275117 0.0248066 0.0301209
14  MS(2)}-ARDL(cp,nx)(2(s){2,1}(ns)) 0.0286470 0.0233144 0.0333926
15  MS(2)}-ARDL(cp,m)(2(s){2,2}(ns)) 0.0245432 0.0191248 0.0292193
16  MS(2)}-ARDL(cp,nx)({3,3}(s),3(ns)) 0.0296731 0.0277234 0.0316133
17  MS(2)}-ARDL(cp,imp)(3,3,3)(skc(ns) 0.0317678 0.0339501 0.029271
18  MS(2)}-ARDL(cp,m)(3,3,3)(s)x(ns) 0.0330116 0.0335336 0.0324477

1
2
K]
4
)
6

‘
[¢)]

O [e¢]

I

Source:derived by the author.

Table 4. A comparison of oryperiod ahead pseudo reahe forecasting performance from singlguation MS
and VAR models without leading infimiation on twice regularly differenced series in terms of RMSFE for the full
sample, first half of the sample and second half of the sample.
The least RMSFE in each sample space is framed.

N°  Model RMSFE RMSFEl.half RMSFE2.half
VAR(GDP,cp)(3) 0.0283351 0.0251617 0.0313568
VAR(GDP,cp,nx)(3) 0.0374566 0.0377379 0.0371554
VAR(GDP,cp,imp)(3) 0.0351003 0.0318312 0.038269

4 VAR(GDP,cp,m)(3) 0.0341215 0.0346078 0.0335972
5 MS(2)-AR(0)-c(s) 0.0331835 0.0264885 0.039059

6 MS(2)}AR(3)(s)c(ns) 0.0364793 0.0290636 0.0429787
7 MS(2)-AR(2)(s)-c(ns) 0.0289120 0.0233798 0.033812

8 MS(2)}AR(2)(ns)c(s) 0.0320115 0.0272778 0.0363722
) MS(2)}-ARDL(cp)(2,2)(s)c(ns) 0.0291961 0.0228417 0.0316950
10  MS(2)}ARDL(cp,nx)(2,2,2)(sx(ns) 0.0339771 0.0292548 0.0383628
11  MS(2)}ARDL(cp,imp)(2,2,2)(sxc(ns) 0.0317295 0.0266464 0.036359

12 MS(2}-ARDL(cp,m)(2,2,2)(sx(ns) 0.0308232 0.0234447 0.0370879
13 MS(2)}-ARDL(cp,m)(2(3,{2,2}(ns)) 0.0297117 0.0261638 0.033066

14  MS(2)}-ARDL(cp,imp)(2(s),{2,1}(ns)) 0.0313216 0.0245121 0.0372157
15  MS(2)}ARDL(cp)(3,3)(s)c(ns) 0.0264927 0.0230135 0.0297469
16  MS(2)-ARDL(cp,nx)(3,3,2)(s)k(ns) 0.0341934 0.035086 0.0332178
17  MS(2)}-ARDL(cp,imp)(3,3,3)(skc(ns) 0.0358542 0.0351741 0.036562
18  MS(2)}ARDL(cp,m)(3,3,2)(s)x(ns) 0.0281086 0.0238231 0.0320399

©

Source:derived by the author.

Now, let us discuss the forecasting performance of M&etso starting with MSAR ones. Model
(5) is the meatvariance model since it does not contain any other regressors than a switching constant.
Models (6) and (7) are MBR models with switching autoregressive coefficient and aswatching
constant. Mode{8) is an MSAR model with norswitching autoregressive coefficients but a switching
intercept. It can be seen that these four models(8}5)are doing poorly in the second half of the
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sample, although are still competitive in the first half of the sanigext, consider four M&RDL

models, (9)12), with switching slope coefficients and a rswitching intercept. It can be seen that
model (9), which is a close counterpart to model (1), performs slightly better than model (1) in terms of
RMSFE in both hlves of the sample. Similarly, model (10), which is a close counterpart to model (2),
performs slightly better than the latter in all sample spaces. However, models (11) and (12) seem to
perform slightly worse than their VAR counterparts, (3) and (4pectésely. Finally, models (13) and

(14) exclude a constant and allow for switching coefficients for lagged GDRcjandbut fix other

coefficients. One can see that these two models perform well in both halves of the sample. To
summaize information in Table 1, the forecasting performance of the two model types is similar, with
the least RMSFE for the first half of the sample obtained by an MS model, and the least RMSFE for the
second half of the sample and the full sanipkg/ linearVAR. Next, consider Table 2 that summarizes

the forecasting performance of linear VAR and sirggieation MS models when no leading information

is available. As in the previous table, the first four models are VAR ones with different sets of
endogenous vables. Model (5) is the mearariance model with a switching intercept being the only
regressor. Regardless of the simplicity of model (5), it shows a slightly better forecasting performance
than any of the VAR models considered in any sample space. $/(&)eto (8) introduce nemero
number of lags. It can be seen that introducing two lags of the dependent variable and allowing slope
coefficients to be regimdependent, further improves the forecasting performance of thaRM®odel

for all sample spaceModels (9)(12) are singleequation MS counterparts to the linear VAR models
(1)-(4), respectively. One can see that all four MS models perform better than the respective VAR
models for all sample spaces, except model (11) for the first half of theesarhgl results for models
(13)(14) show that allowing only the coefficients for lagged dependent variable to switch does not
improve the forecasting performance. To summarize Table 2, siqgktion MS models tend to
perform slightly better than linearAR models in terms of orgeriod ahead forecasting performance on
once regularly differenced series when no leading information is available.

Following the result of Buss (2009) that, during a switch of the business cycle phases, the short
term forecastingerformance might improve if two, instead of one, regular differencing is implemented,
Tables 3 and 4 show results for twice regularly differenced data. Table 3 summarizes a comparison of
oneperiod ahead pseudo raahe forecasting performance of singlguation MS and linear VAR
models with leading information on twice regularly differenced series. One can see that the performance
of MS models lags behind that of VAR counterparts. Table 4 shows the results ofesjugtmn MS
and linear VAR models whibut leading information on twice regularly differenced series. Table 4
shows that, comparing the models with the same variables and lag ordereqingfien MS models
(15)-(18) tend to give smaller RMSFE than the corresponding linear VAR models sangtle spaces,
except for model (17) for the first half of the sample. The results show that, if leading information is
available, a second regular differencing of the data does not seem to improve the forecasting precision
during a switch of the businesycle phases. However, if no leading information is used, the second
regular differencing appears to improve forecasting precision, which is in line with the results in Buss
(2009), where no leading information was used.

4. Conclusions

To the best of or knowledge, this is the first publicly available paper that attempts to evaluate
shortterm forecasting performance of MS models for Laiaconomy. This paper compares -one
period ahead pseudo redahe forecasting performance of singlguation MS moels compared to
linear VAR models with and without leading information. The results show that when leading
information is available, the forecasting performance of siagleation MS models is slightly worse
than linear VAR models. On the contrary, if thés no leading information at hand, MS models tend to
perform somewhat better in terms of gueriod ahead forecasts than their linear VAR counterparts.

The results also show that if leading information is available, a second regular differencing of the
data does not appear to improve the forecasting precision during a switch of the business cycle phases.
However, if no leading information is used, the second regular differencing appears to improve
forecasting precision, which is in line with the resutt8uss (2009) where no leading information was
used.
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APPENDIX

The list of data used in the paper. All national accounts series areptitaid as of 2000.

Series  Definition Source
GDP Gross domestic product Central Statistical Bureau of Latvia
Output in mining and quarrying industry Central Statistical Bureau of Latvia

D Output in manufacturing industry Central StatisticaBureau of Latvia

E Output in electricity, gas and water supply industry ~ Central Statistical Bureau of Latvia
Output in hotels and restaurants industry Central StatisticaBureau of Latvia
Output in public administration and defense, Central Statistical Bureau of Latvia
and compulsory social security industries

Central Statistical Bureau of Latvia
Derived by tke author
Exports Central Statistical Bureau of Latvia
Imports Central Statistical Bureau of Latvia
nx Net exports, exymp Derived by the author
Monetary aggregate M1, quarterly average Bank of Latvia
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Abstract

Relying on the nonegligible role played by the underground economy in the labmarket fluctuations,
this paper extends the standard matching model a la MorteRissarides by introducing an underground sector
along with an endogenous sector choice for both entrepreneurs and workers. These modifications improve the
guantitative proprties of the standard matching model, thus providing a possible explanation for the
unemployment volatility puzzle.

Keywords: unemployment and vacancies volatility, productivity and job destruction shocks, underground
economy, shadow economy, hidden ewrog, maching models
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1. Introduction

In an influential paper, Shimer (2005) shows that the standard matching model fails to reproduce
the large volatility in unemployment and vacancies during the busiyelkss In fact, these variables are
much more volatile in the US data than in the calibrated model subject to productivity shocks of a
realistic magnitude.

This is a very important setback for the profession: the reason is that the MoRéessmdes
model (1994) is thefiworkhors® model used by academic and government economists to evaluate
various economic policies and to study the problem of unemployment (Hagaddrimanovski2008).

Hence, many and influential improvements have been offered tdéheiquantitative properties of the
standard matching model and to challenge the unemployment volatility peegele.d. Shimer 2004,
2005 3I;|a|| 2005, Garibaldi 2006 Uren 2007, Hall, and Milgrom2008 Hagedorn and Manovskii
2008):

The current paper hengs to that literature that points out the need to focus on the underground
economy. There is in fact substantial economic activity in the underground sector in many developing
countries as well as in many transition countries, and the undergroundisetdsar important in some
developed economies (Albreckt al 2009). Since these underground activities make a sizeable
contribution to the GDP, it is difficult to understand the business cycles without some knowledge of the
underground economy fluctuatis. Indeed, introducing an underground sectorReal Business Cycle
framework improves the fit of the model to the data (Busatd Chiarini 2004). Furthermore, Bosch
and EstebaiPretel (2009) build a search and matching model extended to the unahergextor which
satisfactorily explains most of the cyclical properties found in the Brazil data.

This paper presents a twector search and matching model which addresses the lack of
amplification in unemployment and vacancy volatility by introducing skctor choice of individuals.
Precisely, he model assumes the exogenous existence of firms (posting vacancies) and workers
(searching for jobs); however, heterogeneous entrepreneurs sort themselves into official or unofficial
statuses according to theix-ante entrepreneurial ability levels, and heterogeneous workers direct their
searches towards one of the two types of firms according to theintexskill levels.Furthermore,
entrepreneurs and workers can move from one sector to the other in replggenous changes in
policy parameters:

We then calibrate and simulate the model to try to account for the Shimer puzzle. As in Uren
(2007), we compare different steashate equilibria in which the value of the productivity of the match
and the job deruction rate are stochastic and are drawn from a bivariate normal distribution constructed

%0 SeeHornstein, Krusell, and Violante (2005), Yashiv (2006) and Mortensen and Nagypéal (2007), for
exhaustive surveys of thisige and recent literature.
31 Bosch and Estebaretel (2009) consider ontiirect transitions from informal to formal jobs
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to match the stylised business cycle facts of the US ecofofiye labour market tightness in both
sectors is given at the microeconomic level and endogenousiymitedd in the aggregate economy.
Indeed, once the aggregate value of vacancies and unemployment has been cahcubgibdto
productivity and job destruction shocks, the value of labour market tightness in each sector can be
obtained. This process trigs off two extra effects on vacancies and unemployment: the first works on
the probabilities to find a job and fill a vacandjréct effect, and the second works on the sector choice
of individuals, thus modifying the share of entrepreneurs and wdrkére two sectordrfdirect effecL

Furthermore, since in this model the zerofit condition is no longer used to determine the
labour market tightness, the incidence of wage on job creation is mediate and it is thus possible to
maintain the Nash barigéng rule

The main aim of this paper is to show that, once incidence of the underground economy on the
business cycle (i.e. the sector choice of individuals) is accounted for, a matching model is able to
replicate most of the fluctuations in unemploymand job vacancies caused by productivity shocks of
plausible magnitude.

The rest of the paper is organized as follows: section 2 contains a brief review of the related
literature; sections 3 and 4 present a-sgotor matching model with an endogenougaechoice for
both entrepreneurs and workers; section 5 provides a quantitative evaluation of an economy subject to
shocks to productivity and job destruction rate; section 6 concludes.

2. Related Literature

The literature has mainly responded to théntéin puzzle by suggesting that the wage setting
mechanism in the standard model has to be altered in order to break the close link between wages and
productivity (Shimer 2004, 2009™all 2005 Hall, and Milgrom 2008). Indeed, according to the
literature, gorincipal reason for the lack of explanatory power of the standard matching model (in which
the labour market tightness is obtained by the-peofit condition) is that the wage implied by the Nash
bargaining rule responds to ddfsal the effects of pductivity shocks on job creation. Hence,
following Binmore, Rubinstein and Wolinsky (1986), Hall and Milgrom (2008) propose a strategic
bargaining game in which the default option, i.e. the threat point, is the delay rather than the search for
an alternave job. This modification limits the influence of labour market conditions on wAdgese
insight is the following: if the delay is the only outside option, then the wage agreement will not reflect
the value of unemployment and, consequently, the wagw®ie rigid (i.e. less proyclical) than that
implied by the standard sharing rule, i.e. the Nash rule. Nevertheless, as claimed by Mortensen and
Nagypal (2007), this solution cannot be sufficient to solve the Shimer puzzle by itself.

Several papers takedifferent route. In particular, there is a piece of the literature which suggests
that the problem lies not in the model itself, but in the way the model is typically calibrated. Hence,
Hagedorn and Manovskii (2008) propose a new calibration stratetfyefowo central parameters of the
MortenserPissarides model: the opportunity cost of employment and the \@®dkargaining power.
Indeed, in Hagedorn and Manovskii (2008), the standard matching model may generate the observed
volatility of unemployment iad vacancies. However, as claimed by Mortensen and Nagypal (2007), they
make use of unrealistic calibration values (i.e. a huge opportunity cost of employment and a tiny
worker®bargaining power) to solve the puzzle.

Other recent papers introduce new ameresting features in the standard MorteAB&sarides
model. Garibaldi (2006) shows that a calibration of the model that explicitly considers hiring freeze and
bankruptcy of firms can account for 20 to 35 percent of the variability displayed by &hdvibeitensen
and Nagypal (2007) find that an augmented matching model, which includes capital costs,
countercyclical job destruction rate and a less procyclical wage, explains about 40% of the observed

%2 The labour productivity is the key parameter and represents the driving force in business cycle analysis in
most macremodels ofthe labour market. Fluctuations in the separation rate are considered a further potential
driving source (Garibaldi 2006). Indeed, according to the Brazil data, the volatility of unemployment is explained
in large part by changes in the job separatiom (Bbsch and Estebdfretel 2009).

% Recall that in the standard frameworseé Pissarides 2000), thdob Creation Conditiordepicts a
negative relationship between labour market tightness and wage, since tpgofier@r free entry) condition
directlyrelates the two variables.

3 Using a simple rigid wage, the response in the vacaneynployment ratio to productivity shocks is still
too small. Furthermore, the rigid wage assumption is difficult to justify (MortemsehNagypal 2007).
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volatility of the vacancsunemployment ratio. FinallyJren (2007) displays th#éhe simple introduction

of the endogenous decision of an individual to either become entrepreneur or worker can substantially
amplify the impact of productivity shocks upon the level of unemployment and vacancies; such a model
in fact generates fluctuations in unemployment and vacancies that are roughly 3 and 5 times greater than
those produced by the standard model as evaluated by Shimer (2005).

3. The economy

The economy is populated by a continuum of entrepreneurs and aucomtaf workers:® Each
entrepreneur is born with a specific entrepreneurial abilityhich is drawn from a known distribution
F:X., X.J- [0,]. Similarly, each worker is endowed with a different lesfeskill g, with known

distribution G :[ ;. O] - [0,1]. The economic environment is characterised by a labour market

with search frictions and wage bargaining. Each entrepreneur can either opernatdyreg against the
tax regulations. Further, our notion of underground employment is one of low productivi{géebs.g.
Boeri and Garibaldi, 2002, 2008)

The matching of vacancie¥ | and unemployedu) per unit of time is regulated by an aggregate
matching function: m =m(v,,u;) with the restricions m(v,,00=m(0,u)=0 and
m(v,,u;)¢mir(v.,u, ), whereii {r,s denotes the sect@with r = regular, s = shadowy. As usual, th
matching function is nonegative, increasing, concave in both arguments and homogenous of degree
one (Pissarides, 2000; Petrongolo and Pissarides, 2001), so that the J#dlaamcyate,

f(g)* mlv,,u )/ v =mlLg?), and the jokinding rate, (g )* mv,u;)/ u, =m(g,1), are both
functions of the vacaneynemployment ratio,q =V, / u,. Standard technical assumptions are
assumed:

f'(g)<0, f'(q)>0.d(g)>0. ¢ (g)<0;

lim,. . f(g)=lm, ,9(g)=0.lm, ,f(g)=lm, .glg)=o. withii {r,s}.

Following Garibaldi (2006), each individual takes as gigenand in the aggregate economy the

labour market tightness depends on the aggregate number of vacancies arl tifeustemployed.
The Bellman equations used to find infinite horizon stestdye solutions are:

rJ, =p-w -t+d@v, - J ], rJ, =k- w, +(ad+r)dv, - 3]
W, =w, +adu, - W], W, =w, +(d+r)qu, - W]
v, =-c +f(g)4J, - V], U, =z +g(g)dn - U] withil {r,g

where J; is the value of a filled jobW is the value for being employed; is the value of a
vacancy;U; is the value for seeking a jobjs the discount rateg is the productivity of the matchy, is
the wage;l is the job destruction rate; is the vacant job cost amxl is the opportunity cost of
employment. In the regular sector firms pay a productiorttashile in the underground sector this tax
is evaded and there is a monitoring gat€onditional on bing monitored in the underground sector, the
irregular job is destroyedrurthermore, as iBosch and Estebdpretel (2009 evading taxation implies
that irregular firms can only take advantage of a fract(dn(o,l) of the productivity othe match. The

key payoffs for the entry into the labour market, i.e. the value of a vacancy and the value for seeking a
job, can be expressed as singidued functions of market tightnesy, with pJ,/ pg >0 and

W,/ pg <0 "i (seeAppendix 1).*” Finally, wages are assumed to be the outcome of a Nash
bargaining problem:

% Time is contimous, and individuals are risk neutral and infinitely lived. We neglect the endogenous
decision of individuals to either become entrepreneurs or workers because it is widely discussed in the matching
literature éeeFonseca, Lopegarcig and Pissarides,0B1, Pissarides, 2002, and Uren, 2007). This framework
can thus be seen as a following step.

% We neglect possibilities of moonlighting, so workers can perform only one activity at a time.

37 Intuitively, this is straightforward to understand since thetgrehthe smaller the probability of filling a
vacancy for the firm, and the greatkéthe higher the probability of finding a job for the worker
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w zargnaff -U)" @, -v) )Y (0-0)= 7 dov) wini g

(L-
where b, [ (0,1) is the surplus share for labour. Simpianipulations thus yield the formulae of
wages:
Wr:(l_ br)CDUr( r)+br Qp@r'[' rvr(qr)) (1)
w, =(1- b,)0U (g.)+ b, QpY; - rV,(q.)) 2)
with w' (¢ )>0 " i, sinceV' (g )<0, andU, (g )>0 " i.

4. Entrepreneurs and workers

To start up a regular business an entrepreneur has to pay an exthy, edsth measures the
burden of overall constraints in the official sector (thecated barriers to entrepreneurshjg®
Entrepreneurial abiy x influences this staip cost, but as in Pissarides (2002) it does not affect the job
productivity. Therefore entrepreneurs whasatisfies the following inequality enter the regular sector:

V.(g.)- xhz V,(q,) &)

hence, regular (goodntrepreneurs have a lowirregular (poor) entrepreneurs have a high
follows that there is seservation entrepreneurial abilitx = R, with R (g,)<0 and R (g.)>0, such
that an entrepreneur enters thificml sector if X¢ R, otherwise he/she starts a business in the
underground sector. Therefore, a fractii{R) of the entrepreneurs (either posting a vacancy or
producing) are regular, while the complementary fractionF(R) are irregular. The evolution of
vacancies in each sector is thus given by:

% =[E(R- Y@ %)

inflow outflow
" [&-) |:)(|§9|an:)/2] ?GSJF)() - &o(jﬂogv?S)
steadystate implies# =¥ =0, so that:
_ F(R)@
" flg)+a (4)

v :[1_ F(R)]Qd-l_r) (5)
T f(g)+(a+r)

From the supply side, workers can be either fsighed or lowskilled, thus achieving two
different levels of productivity, depending on whether they choose to invest in education properly.
Indeed, formal education enhances the wdskskll (Laing et al. 1995). As in Dullecket al. (2006),
workers with higher ability (i.e. in the specific instance with lowgrhave lower costs of higher
educatiore. Therefore workers whospsatisfies the following inequality enter the regular seétor:

Ur( r)_ q®2 Us( s) (6)

as a resujtthere will be acut-off value Q, with Q (g, )>0 and Q (g.) <0, belowequal which
workers are regular/higbkilled and above which they are irregularfielilled. Then, G(Q) and
1- G(Q) are the share of higbkilled and lowskilled workers, respectively. Under these assumptions,
the unemployment rate adjusts according to the follovangof motion

# =[G(Q)- u |@- u, Gg)

# =[1- G(Q)- u,|@v+r)- u, @(q.)

in steadystate, unemployment is thus given by:

% This can be explained by higher entrance barriers into the official sector or access costs to legality
associted withexcessive regulations, administrative burddéinence feesbribery(seee.g. Bouev 2005), butlso
money protection if the firm copes with a context where organized crime operates

% Indeed, there is a stromegative correlation between infoafrsector employment and education level
within countries ¢f. Albrechtet al 2009).
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e

" dlg)+d ")
_[1- 6(Q)|dc + r)

* dlg)+(@+r) (8)

In the aggregate economy, the equilibrium valugofmust be consistent with the value assumed
at the nicroeconomic level. Formally, the aggregate definitiomyofs:

Vg, - FRY gg)+d
"0 ) +a eI ?
g =Yy g =l FRIQI+ 1), 9lg,)+(d+ 1) (10)

T @)+ @+ ) - c(QIdd+ )
which are nomegative, by construction, sinee, U, i [0,1] Rearranging them, the equilitom
value ofg, and g, must satisfy the following equations:
l9(g:)+ 4 @1B(Q)- F(R)dy(q,)+a]=0 (90)
l9(g.)+g. @a+ r)ldL- G(Q)]- [2- F(R)]%u(q.)+(d+r)|=0 (100)
since g(g )=g & (g). A unique equilibrium exists if there is a unique valfiggo and g, that

solves equation®d and(109, respectively. It is possible to verify that,

Proposition 1. A steady state equilibrium exists and is unique (see Appénidix the proof).
Furthermore,

Proposition 2 Given the assumption of search frictions in both sectors, the equilibrium is
characterized by an interior solution (see AppergJix°

This model differs from the standard Morten$tiasarides framework because the effects of
exogenous changes to paraens on vacancynemployment ratio depend on the variation of the
threshold values. Indeed, in this model the labour market tightness in each sector is given by the
aggregate level of vacancies and unemployment. The comparative static results are getuéiaty
and straightforward, since the effects of higher monitoring, taxes and labour market regulations are
common in the literature:

78 ¥ MC, Hp
furthermore, thidast result implies that in boom regular firms take more advantage of the increase
in productivity (irregular jobs are less productive than regular ones &irck).

5. Quantitative evaluation of the model

In order to evaluate the quéative properties of the model, a numerical simulation is performed.
The malel calibration is reported inable 1. To take the sectoral differences into account, we make use
of Boeri and Garibalds (2006) calibrationssgeTable 2).

As in Uren (2007), weompare different steady states as the value of the producpyiangd the
job destruction ratel vary. Consistent with the data presented in Shimer (2005), the produgbjvity (
and the job destruction ratél)(are stochastic and are drawn from a bata normal distribution
constructed to match the stylised business cycle facts of the US economy. Hence, the meamp ialue of
normalised to 1 and the standard deviation is set to 0.019, whereas the migarsetfto 0.1 and the
standard deviation iset to 0.075. Finally, the correlation between these variable8.592, by
construction

The sector choice is also solved analytically by the variation of the threshold Flaes Q.

Both the cumulative distsution functions are assumed to be negative exponéhtial.

0 This is anything but a trivial result. Indeed, as claimed by Bouev (2005), the most important weakness in
the underground economy theory is represented by the restriaisumptions required to find an interior
equilibrium in which the underground sector coexists with the regular one in the long run.
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Table 1. Model calibration

Matching function m=v/"@"" PetrongolpandPissarides (2001)

Parameter Notation Source / Target

Jobfinding rate elastity with

respect to market tightness q : 2 (L)

Productivity loss in the irregular

Bosch, and Estebapretel (2009)
sector

Uren (2007); Boeri, and Garibaldi

Bargaining power of workers (2006)

Opportunity cost of employment . Shimer (2005)

Vacant job cost Uren (2007)

Variable

law of motion

Vacancies EEOgEmeE (steady state solution)

Wage endogenous Nash bargaining rule

Wor ker 6s abil it endogenous cut-off condition

Key parameter

Job destration rate stochastic simulation

Table 2. Sector calibration

Notation Regular Shadow
Production tax U 0.20 T

Labour market tightness o] 2.70 0.16

Vacancyfilling rate f(d) 0.30 1.75

Source Boeri, andGaribaldj 2006

“L A negative exponential distribution is used by Boeri and Garibaldi (2006) for the distribution of labour
productivity.

" As in Boeri and Garibaldi (2006), we assume fhandd are identical in the two sectors. Note that the
values of labour market tightness, jfihding rate and vacanefilling rate reported in Table 2 are the starting
exogenous values of these variables.

65



Journal of Applied Economic Sciences

The simulation works as follows: givgnandt the corresponding values &, , w,, R, Q, v,,
V., U, and u, are calculated. Furthermore, once the aggregate value of vacancies and unemployment

has been calculated, we get flhupdated value of labour market tightness in each sector. Intsttos
process triggers off three effects on vacancies and unemployment, thus amplifying their volatility. First,
the productivity and job destruction shocks work on the sector choice of individuals, thus modifying the
share of entrepreneurs and workerdhe two sectorsstarting effect Second, the aggregate value of
labour market tightness in each sector works by modifying the probabilities to find a job and fill a
vacancy éxtra direct effedt Finally, the aggregate value of labour market tightiregach sector also
affects the sector choice of individua¢x{ra indirect effegt

This process is repeated 10,000 times and the correlations and the standard deviations of the key
variables are calculated. The simulation results are sholvabie 3.

Table 3. Results

Standard deviation 0.019 0.075 0.103 0.098 0.084

Correlations p a Vs Uy Us
1

Aggregate Statistics (standard deviation)

Our calibration

Standard calibration (Shimer, 2005)

We can summarize them as followfs:
AAggregate Unemploymerithe standard deviation of aggregate unemploymant , +U,)

explains about 70% of the unemployment volatility observed in the data by Shimer (2005);
AAggregate Vacancie®\ two-sector matchingnodel explains more than 70% of the observed
volatility of job vacancies;

ABeveridge CurveThe model succeeds in correctly predicting a downward sloping vacancy
unemployment relationship in both sectors;

ACyclicd Behaviour The countecyclical behaviour of the underground economy is caught by
the negative correlation betwepandvs.

6. Conclusions

Relying on the nomegligible role played by the underground economy in the labour market
fluctuations, this papeextends the standard matching moaléh MortenserPissarides by introducing
an underground sector along with an endogenous sector choice for both entrepreneurs and workers.
These madifications improve the mo@elmplications for the amplification of ebks, thus providing a
possible explanation for the unemployment volatility puzzle. Indeed, assd¢ator matching model
explains about 70% of the unemployment volatility observed in the data by Shimer (2005), and more
than 70% of the observed volatility job vacancies.

2 The statistics for job vacancies and unemploynse those reported in Shimer (2005) for an Hodrick
Prescott (HP) filter with a smoothing parameter ofiBtead of 1600 as followed by Andolfatto (1996) and Merz
(1995). However, as claimed by Hornsteinal. (2005), the choice of smoothing paramdtas no impact on the
unemployment and vacancy statistics.
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APPENDIXES

Appendix 1. Value functions

From the Bellman equations very simple algebra gives:

Py, - w. -t +c, PG, - w, +c,
J. -V [= ; =
[, -] r+d+1f(g) .- vi]= r+d+r+f(s)
W - Z W, - Z
W -U |=——F—; W.-U_[= £
WU = @) R )
Hence, it is straightforwart get:
= (9.)8p®, - w, - £)- ¢, dr+d) L)
THd+ f( )
: r+d+r+1f(qg,)
r+d+g(q,)
r+d+r+9(q,)
withuV. / pg <0 anduU / ug >0, il {r,s. Further,
lim, oV, =py,-w, -¢ lim, _ orVs = pys - W; lim, rU;, =z
lim, .rV, =-c; lim,,. .rU, =w with il {r, s}
Appendix 2. Existence and uniqueness of the equilibrium
To prove the existence and uniqueness of the equilibrium, tefire:
da.)=[g(a.)+q @] ®&(Q)- F(R)%a(q,)+d] (2.1)
dg.)=l9(g.)+g. @+ r)|QL- G(Q)]- [1- F(R)]dulg.)+(d+r)) (2.2)

and note that,

im, Qg )=-F(R@; lm, Qg,)=-[1- F(R]@d+r);
im,_ ,dg, )=+ rand lim, . dg.)=+ &, by theloHopital rule.*®
Furthermore, for giverR and Q, we get:

Glg)=ld ()+d®B(Q)- F(R W (g,)>0
it G(Q )%Hg,( )u>F(R)

6(0)=1d @)+ 0+ 11t G(Q- 1 FRIY (@)>0

drﬂ

if [1' G( )]Qg- g(C/)u [1 F ]

More |mportantly, whenR and Q are handled as variables the previous Iteisuobtained

without any restriction. Indeed, sind& (g,)<0, R(g,)>0, Q(g.)>0 and Q (g.)<0, wheng,

“3Note that, in order to apply the6 H?* p iwe eah rewritg2.1pand(2.2) as follows:

e )50

oot Ag- [g([g(ft/itrc]a/qliqfe] o

(Qla
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rises, F(R) decreases and5(Q) increass. Similarly, wheng, rises, [L- F(R)] decreases and

[1- G(Q)] increases. Furthermore, according to the model, the labour market tightness in the two
sectors cannot move in the same direction. Hence, theat®fiaR andQ cumulate and stregthen. As
a result, equations (Bi(2.2) are strictly increasing and continuous functions @f and g,

respectively. Therefore, thetermediate value theoremnplies existence of aolution to 09-(109 and
themonotone naturef G(qr) and G(qs) guarantees unigueness.

Appendix 3. Interior solution
Note that we can rewrite the aggregate definitiongpfand g, as the ratio of entrepreneurs

workers in each sector:

g, &t (g,)+d] _F(R)
o(a)+d  GQ) Gy
g, 81(q,)+(@+r)_[- F(R 5

o(g.)+(@+r) [1- G( )]
it is straightforward to prove that equatiof@sl) and(3.2) are equal to zero (or infinite) i, is
equal to zero (or infinite). But as shownAppendix1, wheng, =0 or g == the value functionsV,
and rU; are no longer functions of labour market tightness. Indeed, wherD the vacancies are
immediately filled and wherg, =1 the jobseekers are immediately employed. As a result, a corner
solution can exist only in absence of search frictions in one of the two sectors.
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Abstract

The financing of innovation impacts on economic growth. Whaimong bankased or markebased
system, the best organizational form? The paper supports the view that both forms have to be merged into a unique
approach (law and finareeview) embracing not only the overall quality of the financial serémgsply (financial
services view) but also the related legal aspects.

In particular, the paper agrees with the thesis that the financial structure of the economy emerges
endogenousldepending both on the firdR&D investment choices and on their initial wealth level.

The paper presents also an empirical validation of the financial services and, more specifically, of the law
and finance view, carried out over the period 128W8. A dcus is dedicated to the Chinese case, which shows
strong economic growth and increasingly efficient financial sector, in despite of the weakness of the legal system.

Keywords: R&D investment, finance and growthpéincial system and institutions
JEL Classification: D82, E44, G20, K20, 032, P48

1. Introduction

The creation of a production technology is connected to difimancial ability to invest on R&D.
If firms are unable to seBupport the investment, they have to raise funds from external finance
(privates, banks or government). This type of fuaiding is embedded in endogenous growth models,
which merge the typical real sector of the economy with the financial sector. Generally, finance and
growth models do not assign to specific financial alales a driving role for growth; rather they are
focused in identifying the channels through which finance can affect growth. Figure 1, taken from
(Levine 1997), can help describing the finance and growth nexus.

Recent literature tends to distinguish améingnce and growth models, depending on the:

Atype of endogenous growth;

Atype of financial structure;

Atreatment of asymmetric information.

Main finance and growth modélfeatures are summarized in Table 1.

Finance and growth literature is still charaided by the classical dichotomy opposing btaak
based viewo the marketbased vied The first argues that banks hold a leading role in stimulating
economic growth as they provide more efficient services, such as savings mobilization and the reduction
of agency problems, while the latter highlights financial markeitsues (particularly large, diffused
and liquid) in fostering risk management, corporate governance and in spreading market signals to
investors® Nevertheless, recent empirical studiesehgltown that these two traditional views have been
overtaken by alternativéinancialservicesand law and financeapproaches, which emphasize the
efficiency of a countrds financial and legal institutions rather than focusing on its financial structure.

" The authors would like to thank two anonymous referfer helpful comments.
4 Allen and Gale2001 and_evine, 2002
** Say 2008.
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’ Market frictions
Alnformation costs
ATransaction costs

Financial markets and
intermediaries

Financial functions
Amobilize savings
Aallocate resources

Aexert corporate control
Afacilitate risk management
Aease trading of goods, servi

: Channels to growth
Acapital accumulation
Atechnologat innovation

|

Growth

Figure 1. A theoretical approach to finance and growth
Source:Levine 1997

The financialservices view, introduced by Merton and Bo(i®95) and Leving1997), stresses
the abilities of financial institutions to providefiefent services and sets aside thankbased vs
marketbased systemdebate by sustaining that both systems should complement each other. The law
and finance view, introduced by (La Poe& al 1998, hereafter LLSV§ is a special case of the
financiatservices view that also considers the efficiency of legal institutions: by using investors
protection and law enforcement indexes, the authors show that a country founded on efficient legal
institutions and deeply rooted on rule of law can avoid agencygmsband boost economic growth.

This work is organized as follows. In Sections 2 we introduce a theoretical model that specifies
the finance and growth nexus, coherently with (Chakrabany Ray 2006). The main assumptions are:

Aoverlapping generations,itiv population consisting of households and firms;

Aendogenous growth with Hickseutral technological spillovergo{lowing Romer 1986);

Amixed financial structure;

Amoral hazard treated as deceit.

We show that the financial structure of the economy emesgdegenously depending both on
the firm® R&D investment choices and on their initial wealth level, and argue that the link between
financial and real variables of the economy depends primarily on the financial institutions ability to
deliver efficient serices and to solve agency problems rather than on its financial structure.

Section 3 provides an econometric analysis where real GDPap#a growth rates is regressed
on macroeconomic, institutional and financial variables for a sample of 49 countgieshe period
19802008, using the STATA software. The results are consistent with L@®8W@602) findings and
support the financiadervices and the law and finance view. Compared to Léviaralysis, which
covers the period 1980995, our study is ehded to 2008 and includes China, a controversial counter

6 LLSV study based on 49 countries (which were groupeddiymon, civil, german and scandinavian
legal origins) analyses the quality of the legal system and law enforcemeshawmsl that common law countries
provide the best investors protection and the highest law enforcement level, while civil law countries provide the
worst investors protection and the lowest law enforcement qu@libuntries with german and scandinaviagdl
origins are placed in between both situations).
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example that highlights a strong economic growth and an increasingly efficient of the financial sector, in
despite of a weak legal system. Section 4 concludes.

Table 1.Core features of the maimfince and growth models

Production esternality
Authors Source of endogenous Finance mechanism Information problem
growth
Bencivenga, and Smith Insurance market and

(1991) Production esternalities entrepreneurship Exogenous liquidity shock

Entrepreneurial funding, Adverse selection

King, andLevine (1993) Vertical innovation .
heterogeneous agents  (screening

De la Fuente, and Marir - . , . Funding and monitoring Moral hazard éffort
Orizontal innovation : :
(1996) entrepreneurship adversion

Entrepreneurship, project
Horizontal innovation appraisal and risk Moral hazard decei)
diversification

Blackburn, and Hung
(1998)

Harrison, Sussman, anc . " Banks and monitoring
Production esternalities

Zeira (1999) entrepreneurship MIeiTe] NPT eI,

and Ra Capital market, banks an
Y Production esternalities monitoring Moral hazard decei)
entrepreneurship

Chakraborty,
(2006)

Blackburn, Bose, and Production esternalities Entrepreneurship, Adverse selection and
Capasso (2005) markets and banks moral hazard

Source: Our elaboration of (Trew 2005).

2. A model on the finance and growth nexus

A small open economy consisting of a final sector, a traditional sector, a R&D sector and a
financial sector it has been considered. Perfect capital mobility across bordees ise access to the
international capital market: every agent can invest at the constant world gross rat@*&turn

Time is discrete, continues forever and is indexetsby , 2, é, B. A c-periadlivedu u m o f
agents (youth and old age) is borregv period according to an overlapping generati@tgicture.
Population does not grow with time. Each generation is composed by two kinds of pdentseholds
and (Xp) entrepreneurs is normalized to 1/2 whereas the number of households and eneeps is
normalized each to one. In the first period of life each agent is endowed with one unit of zafiour,
which it supplies inelastically to the final sector (if agents are households), or to the traditional or R&D

sectors (if agents are entreprers). A generatioft household gains a wage income wf, entirely
saved and used for consumption in old ageg,, with § =w,. By supposing that households do not

YR = (1+r') is obtained from the international capital market. Agents take it as dg¥rdn.the return for

both bank deposit and firm securities.
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leave bequests to their offsprirgy,generatiost househol@ lifetime utility depends only upon the old
age consumption) ", = u(ctil), wherec’,, = R'w, is the consumption at date-1 which equals the

wage saved and investedrit
Final sector is perfectly comptitie and produce, by combining capitll) @nd labourl{) inputs,
a homogeneous consumption good by the following production technology:

Y, = AKIN/? 0<a<1 (1)
Where A =Ak[1""’ is the technological spillar (following [Arrow (1962)] and [Romer

e o

(1986))), k =K,/N, =é fK/dG yNt denotes capital per worker and&, is the set of
Bie ’

entrepreneurs who supply capital goods at-tlaide technological spillover enters the (1) in a Hicks

neutral vay and firms know its entity only after they have fixed their inputs optimal set. The equilibrium

rental {) and wagew) rates in the final sector are given by:

an=r, (2
(1- a)Ak =w, (3)

Contrary to households, entrepreneurs are altruistic and leave a part of their old age wealth to their
offspring. A geneationt entrepreneds j, with j i (0,1), lifetime utility depends upon old age
consumptiong,,, , and bequests madb,,, . We formalize this altruism motive in the followirigzarm-
glowo™ utility function:

U/ = lel)+ (- blulbl,) b1 (02)

WhereDb is an objective parameter which denotes the entrepreneurial altruism. Given logarithmic
preferences and denoting b, =c/, +b/),, the entreprened wealth at date+1, entreprenedf
bequeaths a constant proportion of her realized old agméico

j+1 = (1' b )Z[j+1 (4)

Introducing a wealth cumulative distribution functl’ér(b), which denotes the proportion of a
generatiort entrepreneurs with wealth less thaneq. (2.4) tracks the wealth distribution throuighe

Hereafter we consider

given an initial wealth distributiofs, and the entrepreneurial incol{rzéﬂ}::o.

entrepreneurs as individual firms.
In youth, firms can invest their own resources in a traditional technology @modern R&D

technology, depending on their initial wealmjo. Traditional technology allows firms to produce, with
a oneperiod lag, the same final good for an amount of:

X, = ah’ a>0 And di (01 (5)

Which is entirely selconsumed and it is not included in the national income accoatsd
are productivity parameters).

8 SeeBarro 1974, Galgrand Zeiral993 and Amegashie 2006.
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Research firms invest an amogpt>h/, raising the differenceq, - b/ from the financial
sector:’ A moral hazard problem arises from the fact that the success of the investment depends on an
unobserved action taken by the firms. Firms can choose between three types of research projects: only
the one with an efficient technology assure the success of the investment, while the others two, endowed
of inefficient technology, have 8 <p <1 probability of success and offer private benefits to firms
equal toV andv, which denote, respectively, the private benefit of the high and the low moral hazard
project. By assuming<v <V <1, firms clearly prefer the high moral hadgroject over the low one
because it requires a lower use of resources, eqgattdq, , and implies an higher private benefits,

equal td/q, . If firms succeed, they produce a capital amount of:

Kla =0 (6)

While if they fail, they produce nothing.

Initial wealth allows firms to operate in R&D by gaining access to:

Adirect or market finance, made through the purchase of tradable securities (like corporate bonds
and equitie¥) by households;

Amixed or indirect finance, made through the funding among banks and markets.

Direct finance has no monitoring activity firms are thus willing to invest in the high moral
hazard project which gives them a higher private benefit. In the mixed finance basksl@aned with a
monitoring technology which allows them to observe the borrower action and thus reduce the agency
problem by removing the high moral hazard project. Financial contracts are drawn up if and only if
incentive and participation constraints amaultaneously satisfied. An optimal contract is defined as the
contract which induce firms to behave diligently (accept the project which succeed for sure) and neither
party gains nothing if the research project fails.

Thedirect finance optimal contracsigned by households and firms, is formalized as follows:

E U _ j v E U _
Gat G = rt+1Kt]+1 Y Gisa t G = 10
where g5, >0 denotes the dat1 firmés rent, g,., > 0% denotes householéiseturn at date

t+1 and r,, is the capitateturn rate at time+1 by renting outK,,, to the final sector. A firm will be
diligent (choose the not risky project) if the following incentive constraint is satisfied:

. V
G2 P g tVa Y g5, 2 mqt (7)

Similarly, households wilaccept the contract if the following participation constraint is satisfied:

\/
L- p)

e 7} -
grtﬂ - l:luqt 2 R* [qt - btJ] (8)

Since only internal solutions of the model are relevant for this study, eq. (8) is sol\,{a;bl byt
forcing the equal sig>®

49 We omit thej-superscript by supposing that a generatifinms, who supply capital goods, invest the
same amoung, in R&D.

0 We assume that corporate bonds and equity shares give the sameRtesumth that dog not exists a
secondary securities market because capital fully depreciate after one period.

*1 Households have not a monitoring technology because it is too expensive and it needs specific technical
skills for its application.

°2 SuperscripU stands for b u s e h o Unitfermeal nvestotrs because th
On t he cont r ainformed bvastolss bacautskke t ey have t

ey have i mpe
he monitorin

75



Journal of Applied Economic Sciences

1 ~
bt (qt ) = E d’aqt 9)
~u

DD
1

Where b is the minimum amount of initial wealth that firms need to have access to direct
finance?*
The mixed finance optimal contradormalized in the expressiogl, + g, + gy = ',,,0, With

thﬂ as the bank return, it is drawn up if and only if are simultaneously satisfied:

Afirms incentive constraing, 2 p , +vq Y g, 2

1)
R*g

Abanks incentive constraint given >, - R*gn, 2 p 4, Y g%, 2 (ZL-—p)q“ wherea is the

constant and unitary cost of monitoring;

< o . . e av+R g@ —
Ahouseholds participation constraint, given bgr,,, - %—aﬂt 2RM/, where
é

M/ =( - b - Lt‘) is the balance that households must supply to firms if they take part to the

contract anstj =q, 91L is bank credit to firnj.
-p

We assume:

- p)
Jo,

gt (Assumption 1)

So that the monitoring cost is upper bounded; on the contrary, high valhudoes not allow
banks to solve moral hazard.

By supposing competitive banks, withiofits equal tcOt+l F\’tLﬂLt -R D,, the first order
condition of the banis optimization problem is given by:

*

R _
RY, = o >R (10)

Which equals the loan rate charged to borrowE{‘gl,, to the deposit rat®* weighted for1/p .

Combining the previous expressions we obtain the minimum level of initial wealth that firms need to
have access to mixed finance:

1a vV @
g- *a"wl

L — N
bt(qt)_ R 1_,0_:ut

(11)

mx‘uo»

It is reasonable to assume tblEh(qt)2 b (qt), otherwise there will be no demand for financial

intermediation (monitoring would be too costly to be socially useful). This condition is also realistic
because bank credit is more accessible than market finance. Matching (9) and (11) one can obtain:

>3 This procedure will be also extended to next constraints.
> Eq. (9) can be seas the critical level of initial wealth necessary to get access to the stock exchange.
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<

-V
1-p
Always true because @ <v<V <landO<p<1.

Therefore, depending on the initial wealth level, a firmcome in its second period of life is
given by:

b (a,)2 b (a,) U 2Rg (Assumption 2)

Aéa(b[j )d, if btj i |_O1 th (qt ))’
le+1(btj ‘qt): { [r w R (1+g)]qt +R'b), if bl [th (a, )by (c, ))’ (12)
lf(fm - R )qt +R'b/, if b/ [th (g.).m )

The properties of optimal loan contracts and external financing choices are summarized in the
following:

Proposition 1 Given g, >h/ and the initial wealth distributiofs, (b),

(i) firms with b/ <bL(qt) are unable to obtain any external finance and operate in the
traditional production sector;
(i) firms with b/ I [bL(qt ).b" (g, )) have access to mixed or indirect finance: they borrow from

P
1-p
remaining fundsM/ :( .- b - Lt’) directly from households at the rate R*. Optimal contracts
guarantee these firms incentive compatible payments such that they behave diligeaesly dn the
efficient technology);

(i) firms with Qj 2 p" (qt) borrow only from households (direct finance), paying them a return
of R*. Likewise the previous point, incentive compatible payments to these firms ensure that investments

succeed fosure;
(iv) firmsincome in each case is given by (12).

banks an amountLtj =0q,9 at the loanrate R[Lﬂ, agree to being monitored, and raise the

Firms which invest in R&D are financially constrained and have to rely on external finance. By
defining " as the minimum investment size for firms wishing to operate in B&Be numler of these
firms is endogenously determined by their access to outside finance and so by their capacity to
overcome the R&DBs financial constraints. The Ievqf also defines a minimum level of initial wealth,

bt*, that a firm needs to qualify at least for bank credit. This level is obtained by combining (2) and
(11)2°
R o - @
b =b == R 1+g)- r,,+—}
L bt R 8 ( g) t+1 _ pH

-G PYfon R as)
R i y

A firm-j with b/ <b] must work in the traditional sector earning an incoajg =a( j)d
(depending on (12)), and bequeath@a b) fraction of his income to the next generation. Substituting

this income into (4), the asset accumulation for such firms is givety/py= (1- b)a(b[j )d and it
follows that their longun weath level converges to:

J 1
% = b, =[at- b)i (14)

%5 g* denotes the entry barrier of the R&D sector.
*® The amount* guarantee the access to the minimum bank credit (the wealtfféstiower than that of
the direct fnance) for working in R&D.
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By defining with G, (bl_) the fraction of generatief firms with assets less thb, it can be
stated that:
Proposition 2 Gi ven t he par anRt the isitial svealth d(stu'bution@o(b) vV,

determines which firms can work in the research sector. A constant fraction of them, g@@(bb)/
will never be able to obtain external finance, engaging in traditional sesttvities instead: in the
long run their wealth converges to the steathte levelb. given by (14).

Hereafter Go(b:) denotes the set of financially constrained firms which have not access to

external finance.
The access to the financial system is granted to those firms which have a level of initial wealth

higher tharbi . Given optimal contracts arrangement, the optimal investmentjsisechosen by a firm

as to maximize lsiincome. Substituting (2) into (11) and into (9) one can obtain the minimum amount
of internal funds required to qualify firms for mixed and direct finafce:

b-(q)=2 & ‘1 laA- R 1+ g]l,j (15)
H Qt e V
b"(q,)= R & - (aA- R )0 (16)

In Figures 2 and 3, whlcexplam firms investment decision, equations (15) and (16) are shown
by two increasing lines passing through the origin. Sln%éqt) > bL(qt) for any g, (Assumption 2),

the b" (qg,) line is steeper thab" (g, ). The intersection points of these lines with are labelledb;,

andb, respectively.

alb |8 vl /- Jrage-]
(5;) ra

R, 4 P
y

q. qus qr: 9
Figure 2. Investmem choice in a banbased system

Source: Chakrabortyand Ray 206.

" Note that (15) and (16) are similar to (11) and (9) but formally differ for the meanipgrof11) and (9)
g* is the minimum investment size that a firm must bear to operate in the research sector, while (15) and (16)
denot the optimal investment decision and so the amount of resources that a firm wants to invest in R&D (this
amount is obviously equal or higher thgt). Conditions from footnotes 19 and 2@f(a Section 2.1) guarantee

that b* (g, ) > 0 and b™ (g, ) > O for anyq, .
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Description:
q, g1 bank loans in mixed finance;

q, v I market funding in mixed finance;

q, 51 selffinancing in mixed finance.
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Figure 3. Investmenthoice in a marketbased system

Source: Chakmaborty and Ray 2006

Description:
0y v | market funding in direct finance;

Q, s T selffinancing in direct finance.

Omitting thej-superscript, consider a generatidirm with initial wealthb, > bi. In both figures
a,, e gy, are given by the intersection points lof (qt) and b" (qt) with the firm3 initial wealth
b, .

From (12), firms have three possible ies of investment:

1. If b, <b" (qt) for anyq, > q, ., firms desiring to invest resources more titan do not have

access to external finance because they are completely rationed from credit market ancboanmost
households to invest in their securities. They have to work in the traditional sector and earn an

incomez,,, = ak’, represented by the horizontal line PQ in both figures.
2. Likewise, b"(q,) ¢ b, <b"(q,) for anyq, , <q, <q,,. If firms choose an investment size
in this range, they can convince households to fund her project only if they simultaneously borrow from

banks. Their income i&,, = R'b, +|_aA- R (1+ g)th, shown by the HN line with intercept equal to
R'b, and slope coefficient equal {aA- R (1+ g)J

%8 Subscriptd e U stand for mixed financer(termediatedi and direct financeupintermediate)l
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3. Firms with initial wealttb, 2 b" (qt), only for anyq™ ¢ g, ¢ g, can funding directly from
the financial markets without requiring any bank finance. Their income, given
byz,, = R*q +[aA- R th, is represented by EF line, with the same intercept of HN line but more

steeper.
To summarize, when a firm chooses her optimal level of investment, her earnings are given by:

?R*bt +(aA- R )., it ol g o)
za(alb)=1Rb +[aA- R @ g, # o (a,.a,] (17)
fabl’, i i (6,.°)

Eq. (17) differs from (12) because in the first firms choose their optimal level of investment,
given their initial wealth; while in the latter firms determine their minimum investment size. A firm will

chooseq, as to maximizam(qt). This optimization problem can be graphically solved by using
Figures 2 and 3.

In both figures, income is given by linear schedule EF, HN and PQ. Two possibilitiescgfise:
the investment choice when the heighthe point N is greater than that of point F (Figure 2), whereas
Qu ; Is chosen when the opposite holds (Figure 3).

Closedform solutions for these investment levels can be obtained using (15) and (16):

~

& R y & R i
S : b Gy =i P -
MV p) A R gy YTV p)- A RS ()

~

Since Z(+1(qt) is strictly increasing in the ranggl [q*,qU'tJ, maximal earning occurs at
g, =qy, Which, substituted in the first eq. of (2.17), is given by:

i (19)
Wy

Likewise, since;+1(qt) is strictly increasing in the ranggi (qU ,nun’ the maximum earning

in this range occurs &, = q, ; which, substituted in the second eq. of (17), and is given by:

_¢  i-pJr @
.= ) [oa- R g @)

The type of financial system emerges endogenously depending on entrepreneurial preferences for
external finance access. Firms prefer to apply to mixed finance if and only if:

Zt+1(ql,t)2 Zt+l(qU,t)
aA- R'(1+g), aA- R
Y \

U

(21)

Which does not depend upon firm characteristics.
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Firm-financing decisions can thus affect the financial structure of the economy. As long as (21)
holds, every firm applies to indirect finance (except for the frad%g(b:), which is completely credit

rationedj® this is abankbased financial syste(figure 2).
On the other hand, if (21) does not hold, firms earn a higher incomenarlketbasedregime
(Figure 3). Despite this, one group of firms has to relgrubankfinance at least in the shaxin. To see

this, consider a firm witlb, ¢ b, <by, initial wealth: with the new investment leve|,, andg, ,, one
would havey, , < q < q, .- Since (21) is nosatisfied, this firnd new income would be maximized for
the investment leveq, , ; but such level would not be permissible sirggg, < q* , hence the only one
solution is to invest the, , amount.

Therfore, if (21) is not satisfied, firms in the rangel |_bLbH) have to rely upon mixed
finance (at least in shertin), whereas those with, 2 b*H use only market finance. This reliance on
mixed finance is, however, temporargdause wealth of firms withy, | [bLbH) grows at rateg,
and can eventually crobg : thereafter their wealth grows at ragg, of the market financ®.In long-

run all firms withb, 2 b, have to rely only upon direct finance (Figure 3).

From (21) and depending on the parameterg dét, A,  9a bankbasedvor maR#idsed
financial system may thus emerge endogenously. Given the importance of results, c(@bjitaam be
rewritten as follows:

Proposition 3. The financial structure of an economy is bdnased if and only if

*

1., RV

*

aA- R V

Otherwise it present a markbased structure without any dependence on indirect finance in the
long-run, excepfor those firms with low initial wealthy i [b:,b; )) who have to rely, in the shemiin,

upon intermediated finance even in a math@ed system.

One can see that the financial structure is likely to be-baskd whenever the cost of monitgr
is low and whenever the private benefit of low moral hazard project (under bank monitoring) is low
relatively to the private benefit of high moral hazard project (absence of monitoring).

2.1. Longrun economic growth
This Section provides the dynangquilibrium of the model by determining the balanced growth paths
of wealth, capital, GDP and consumption. Starting from a {i@sed economy, wealth at d&td for a

creditunconstrained firnj (b} 2 by ) is obtained by substituting (20jto (4):

L=[+g ) (22)

where g, is the wealth constant growth rate for firms who have to rely upon indirect or mixed
finance, which is given bf?

IR 1
20 =l D) e Rl “

Likewise in a marktbased economy, combining (19) and (4) we have:

%9 SupraProposition 2.

®nfra eq. (23).

®|nfra eq.(25).

%2To assurey, >0 we assumelaA- R’ (1+g)| ¢ v/(1- p) ¢ |aA- R (1+g))/i- R (1- b)|-
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L =+gy ) (@4)

Where g, is the wealth constant growth rate for firms who apply to direct finance, which is equal

t0.63

Leg, =(1- pf M O-PIR ; (25)

iV/(- p)- laA- Ry

Firms optimal investment choices are linear in their wealth as (18) shows. The aggregate capital
produced in the economy at d&tdl depends upon the volume of investments undertaken by research
firms at datet, so one can define:

ql t = Fﬂlj,tht And 5t = ﬁjtjth
by b
Respectively as the total amount of R&D investment at pdramd the wealth of all credit
unconstrained firms at periegidwhich apply at least to indirect finance). Since optimal contracts assure

firms to behave ditiently, using (18) and (6) the aggregate andcpeita capital produced in a bank
based and a markbased system is given by:

*

¢ R o
(V- p)-JaA- R+ gy

K, w1 =0, =

e R QEJ
| i 10y,
iV/(- p)- laA- R Jy™"
Combining previous expressions with, respectively, (22) and (24), onabtain that capital per
capita grows at the same wealth rate for each financial regime:

kI Jt+1 = (1+ gl )kl t And kU,t+l = (1+ gU )kU,t

GDP growth rate, either for a babksed or a markdtased system, mimes exactly the capital
accumulation pocess because  the intensive production  function, given by

Y, /N, = A(K,/N,)- 'y, = Ak is linear in capital pecapita. Pexapita GDP grows at the sangg

kU,t+1 =0y, =

or g, rate depending on the financial structure of the economy

Yita = (1+ g, )Y| It Yo = (1+ Ou )yu t

Consider now consumption paths for each type of agent. For households, the equilibrium wage
rate is linear in capital perapita, as shows (3), while their second period consumption is given by

R*Wt: hence pecapita consumption grows at the same capital rgtedr g,) for each type of

financial structure. On the other hand, the conditions that allow firms to rely upon external finance
create ifferences among their consumption and wealth profiles. A fra@oc(ni) of them works in the

traditional sector, with a wealth convergent to the stesate level of (14) and a peapita
consumption also convergent to the stesidyevalue ofta(b, )’*". The remainder firms, which have

access to external finance, enjoy @eor g, percapita consumption growth rate.

%To assurey, > we assumefaA- R )¢V/1- p ¢ (aA- R )/t- R (t- b)|-
% Supraeq. (12).
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The dynamic equilibrium of the model is thus characterized bgtaah growth rates of GDP,
capital percapita and consumption; furthermore, since the composition of population is constant, GDP
and capital pecapita grow at the same rate, while-papita consumption does not. This is connected to
firmsd sectorial invetment choices: households and research firms have the same consumption growth
rate, while traditional firms do not. Income levels of the two entrepreneurial classes diverge along the
balanced growth path.

This theoretical model attempts to specify theaffice and growth nexus aiming to the
complementarity and to the efficiency of financial structures in order to solve agency problems and ease
savings mobilization. Growth rates, defined by (23) and (25), depend negatively by the pargrveters
ando, which denote the intensity of moral hazard and bank monitoring. To conclude, the whole model
supports the financiaervices view even if it has been demonstrated that-baséd systems foster
better wealth distribution and structural changes of tlen@my in comparison than markessed
systems do.

3. An empirical analysis

Levineds (2002) study, which is based on a sample of 48 countries over the perieti9B330s
surely one of the most interesting works supporting the finasei@ices and lawral finance view: the
author regresses real GDP {oapita growth rates on macroeconomic, institutional and financial
variables. Combining financial variables, Levine sets up structure and development indexes. The first
assess the countries prevailing otédion (bank or markdbased) while the latter denote the overall
efficiency of the financial sector.

By adopting the same methodology, an extension of the analysis is propdsed by:

Awidening the time period, from 1980 to 2008;

Aincluding China in the sargl

Aconstructing new macroeconomic and institutional indicators from alternative sources, due to the
lack and heterogeneity of data.

Tables 2, 3 and 4 respectively report financial variables and relative structure and development
indexes.

Two information sés are distinguished for macroeconomic and institutional variables (Taf§le 5):

Asimple setconsisting of pecapita GDP and schooling in 1980;

Afull set consisting of simple set plus the macroeconomic subset which contains inflation rate,
black market premm, government expenditure and international trade, and the institutional subset
which contains indicators of bureaucracy efficiency, political stability and corruption.

About Tables 6 and 7, which contain the ranked financial indexes of our analysistigiot
anomalies have to be pointed out. First of all some countries can register high scores of financial
structure either because they have well developed financial markets or because they have an inefficient
banking system. On the contrary, other caestican register low scores of financial structure either
because they have a wide and efficient banking sector or because they have very small and under
developed financial markets.

Table 2 Financial Variables

Variables Description Source

Average, over the period 19807, of the
Bank credit atio value of deposit money banks credits Beck, DemirgieKunt, and
(PRIV_new) private sector as a share of GDP.* GDP Levine (2008)

adjusted for the consumer price index (CPI)

% We excludestructureaggregateand financeaggregatebecause we do not know the estimate method
adopted by LevineStructureregulatoryis taken from (Levine 2002), except for China, whose value is taken from
(Allen et al.2005).

% The complete dataset is available on request.

83



Journal of Applied Economic Sciences

Variables Description Source

Average, over the perib 198062007, of the
value of domestic equities listed on domes
exchanges as a share of GDP. GDP is adju
for CPI.

Beck, DemirguieKunt, and
Levine (2008)

Market capitalization ratio
(MCAP_new)

Average, over the period 198007, of the
overhead costs of the banking systematalt
banking system assets ratio. This meas
indirectly reflects the efficiency of th
banking sector: high values stand for hi
inefficiencies.

Beck, DemirglieKunt, and
Levine (2008)

Overhead costs
(OVERHEAD_new)

* This measure excludes credits to public sector (central and fmaérnment as well as public
enterprises).

** Since the value of domestic shares traded on domestic exchanges is computed over the year and since
GDP is also computed over the year, it is not necessary to make the same deflation adjustment for the CPI.

Index

StructureActivity
(struct_act_new)

StructureEfficiency
(struct_eff_new)

Index

FinanceActivity
(finance_act_new)

FinanceEfficiency
(finance_eff_new)

Variables

Trade
(LTRADE_new)

Investor rights
(OUTRIGHTS_new)

Table 3 Financial Structure Indexes

Description

Ln (TVT/PRIV). It measures the activity of stock markets relatively to that of bg
Higher values of the index imply a more markeased financial system.

Ln (TVT*OVERHEAD). It measures theffeciency of stock markets relatively to thg
of banks. Higher values of the index imply a more mableested financial system.

Table 4. Financial Development Indexes

Description

Ln (TVT*PRIVO). It measures the activity of stock markets and intermedia
Higher values of the index signify a greater activity of the financial sector.

Ln (TVT/OVERHEAD). It measures the financial sector efficiency. Higher value
the index signify a greater efficiency of the finaisector.

Table 5. Macroeconomic and institutional variables

Source

Global
Average, over the period 19&M03, of Ln Growth
((exports+imports)/GDP). Macro Time Series, DRI, N
University

Description

Development Networ

DMS (2007) for creditor rights
and DLLS (2007)or antidirector
rights

An aggregate index given by the sum diet
creditor rights index and antidirector rights inde:
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Description Source

Initial schooling
(LSCHOOL80)

Black market
premium
(LBMP_new)

Government
expenditure
(LGOV_new)

Average GDP growth
rate (NGDPRPC80
08)

Structure Activity
United States

Turkey
Switzerland
Finland

U.K.
Netherlands
South Africa
Norway

W EIEVSIED

Ln (years of schooling in the working a¢

population) in 1980. Barrg, and Lee (1996)

Global Development Networ
Ln (1+ black market premium averaged over = Growth
period 19861999). Macro Time Series, DRI, N
University

Logarithm of the average (over the period 19:
04) of government expenditures as laare of Penn World Tables 6.2.
GDP.

Average growth rate (over the period 198%) of

per capita GDP at corasit prices (NGDPRPC). sl SEeEle QLR 20

Table 6. Ranked Structure Indexes

Structure Size Structure Efficiency Structure-Regulatory
South Africa .06 Switzerland -2.59 New Zealand

Ghana 91 U.K. -3.49 Germany
United States .75 Spain -3.70 United Kingdom

Sweden . South Africa -3.93 Netherlands

Argentina .28 Turkey -4.06 Canada

Australia .25 Germany -4.20 Philippines
Chile .22 Canada -4.25 Sri Lanka
Belgium .18 ltaly -4.38 Cyprus

Philippines .14 Brazil -4.57 Ireland
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Structure Activity

China -0.75

Israel -0.82
Mexico -0.86
Ireland -0.94
Brazil -1.06
Philippines -1.15
Belgium -1.23
Cyprus -1.54
Argentina -1.80
Portugal -1.90
Jamaica -2.09
Sri Lanka -2.43
Ghana -2.52
Trin. & Tob. -2.71
Tunisia -3.75

Panama -A4.77

Finance Activity
Switzerland

United States
U.K.

Sweden
Malaysia
Finland

Souh Africa
China
Norway

Ireland

Italy

Structure Size

Canada
Turkey

Taiwan

Netherlands

Ireland
France
Greece
Norway
Spain

Japan

New Zealand

Thailand
China

Ecuador
Portugal

Tunisia

Norway
Malaysia
India
China
Cyprus
Philippines
Portugal

Ireland

New Zealand

Argentina
Jamaica

Colombia

Trin. & Tob.

Kenya
Ecuador

Panama

Table 7. Ranked Finance Indexes

Finance Size
Switzerland

United States
U.K.

W EIEVSED
Sweden
Finland
Australia
Cyprus
Germany
Thailand

Chile

Structure Efficiency

-4.72 Panama
-4.87 South Africa
-5.00 Greece
-5.12 Portugal
-5.22 Thailand
-5.58 Brazil
-5.70 India
-5.83 Kenya
-5.86 Pakistan
-5.98 Ghana
-6.21 Mexico
-6.76 Turkey
-7.20 Egypt
-7.31 Japan
-7.96 Cina

-9.00 Tunisia

Finance Efficiency
Taiwan

Switzerland
Japan
Finland
Ireland
Spain
Canada
Australia
Germany
India

Israel

Structure-Regulatory



Finance Activity
Israel

New Zealand
Belgium
India
Turkey
Brazil
Philippines
Zimbabwe
Tunisia
Honduras
Peru
Colombia
Panama

Ghana

Finance Size
China

Denmark
Austria
Trin. & Tob.
Jamaica
Tunisia
Philippines
Brazil
Kenya
Argentina
Pakstan

Sri Lanka

Turkey

Ghana
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Finance Efficiency
Italy

Belgium
Greece
Portugal
Turkey
Philippines
Brazil
Tunisia
Zimbabwe
Honduras
Peru
Kenya
Colombia

Ecuador

For example, taking the indexes of structao#ivity and structurefficiency, one can notice that,
except for Taiwan, Switzerland, Sweden, USA and UK which are prevalently abased because of
their active markets, other countriekel Turkey, Spain and Ghana are identified as mdrased
because they have a low developed and very inefficient banking sector. From the steggtiatery

index it emerges that countries like Austria, Germany, France and USA confirm their tradandn (b
based for the first three countries, with few restrictions on the bank activity, and +inasket for USA,

with tight regulations) whereas others like the UK and New Zealand have surprising high scores
compared to the three European countries, evireyfidentified as markdtased.

Financial development indexes proxy for the degree to which national financial system provide
financial services (easing savings mobilization, consider good investment opportunities, reduce agency
problems and ease risk nagement, etc.) and so they denote its development and efficiency. These
indicators can rectify the classification of some countries distorted by anomalies of structure indexes as
they consider the activity, size and efficiency of the overall financiaésysind therefore, by showing
the true qualities, they return a more realistic classification. A country with high finance scores enjoys of
a more efficient financial system than others either because it has a mixed financial structure (banks and
markets) o because the development of a particular structure balances the inefficiency of the other one.
For example, Switzerland, Taiwan, Japan, USA and UK confirm their ranking of structure indexes,
whereas Turkey and Ghana (in the first position of structurexias), being in the mediutow part of
the classification, show distorted structure scores.

By using STATA software, average growth rates were regressed on each indicator of structure
and development for both information sets using OLS estimation witlmokegalasticityconsistent
standard error. Results are reported in Tables 8 &hd 9.

®7We only report the results for financial structure and development indicators.
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Table 8 Financial structure and economic growth

Dependent variable:

NGDPRPC8008 Simple Set Full Set

P- t- P-
value R COEiENSE: stat. value R

Structure Activity 0.328 0.177 186 0.070 0.168 0.204 0.183 1.11 0.274

Explanatory variables Coeff S.E. t-stat.

Structure Efficiency 0.271 0.195 139 0.171 0.151 0.078 0.207 0.38 0.710 0.454

Table 9. Financial development and economic growth

Dependent variable: ;
NGDPRPC8008 Simple Set Full Set
P- Tt P

Explanatory variables Coeff S.E. t-stat. R Coeff S.E.
value stat value

Finance Activity 0.419 0.133 3.16 0.003 0.347 0.343 0.201 1.71 0.096

Finance Efficiency 0.482 0.125 3.86 0.000 0.408 0.448 0.188 2.38 0.022

Except for straturesize in the simple set, for structenegulatory and finaneactivity in the full
set, the results are consistent with Levine and support the fingeciétes view because:

Astructure indexes are not significant at 5% level,

Afinance indexes are siificant at 5% level (financactivity and financeefficiency for the
simple £t ako at 1% level), while finanegize is not significant at 5% le&l

The significance of structwsize at 5% level (but not at 1%) seems to support the-lbasdkd
view, becase the estimated coefficient is negative and eqa®l, which multiplied by negative
values of the indéX causes a positive (hence, increasing) effect on the growth rate. From Table 3,
structuresize is given by the logarithm of the market capitalizatatio divided by the bank credit ratio:
its significance could be connected with the growing and the continuous recourse, especially in recent
years, to traditional and structured finance forms, which, by increasing the market capitalization and the
volume of bank credit, make structtgize able to explain cros®untry differences in economic
growth.

Structureregulatory significance at 5% level, but not at 1%, is strictly connected to the inclusion
of China in the sampf& by excluding the Country, ¢hestimate becomes not significahThis result is
consistent with Alleret al. (2005, 2007, and 2008)ho extend the analysis of La Poetzal (1998) and
show that China is an important counterexample of the finance and growth nexus because it mixes a
weak institutional and financial environment with a strong economic growth.

Financeactivity may not be significant because of strongly correlated variables in the full set,
which can create a multicollinearity problem that returns more erratic stagst$; moreover, by using
OLS standard estimation, the coefficient of finaacévity has a pralue of 0.044 and thus is significant
at 5% level.

Finally the consistency of our results were tested with the law and finance view, by using the two
least squars (2SLS) regression. Investor rights and rule of law indicators are used as instrumental
variables. All estimates are significant at 1% level and hence show that the component of overall

% The result of financsize is consignt with (Levine 2002) and (Levine and Zervos 1998), who sustain
that the market capitalization ratio is not a robust predictor of economic growth.

% The lower are the values of structure indexes, the morelms#d is an economy.

°Ch i remuébtereregulatoryvalue is 16, taken from Alleet al.(2005).

™ For the simple set the coefficient stfuctureregulatoryis 0.023, pvalue 0.779 and®? 0.036, while for
the full set the coefficient is 0.101;value 0.172 ané’ 0.429, consistent with Levine. reneral China improves
all estimates of structure and development indexes.
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financial development determined by a coudriegal and institutioal efficiency is positively and
robustly linked with economic growth (Table 10).

Table 10 Financial development, economic growth and instrumental variables

Dependent variable:

NGDPRPC8008 Simple Set Levine 2002, Table VII
Explanatory variables  Coeff. ~ S.E. t P R Coeff. ~ S.E. t-stat. P-value
_stat. value

Finance Activity 0.695 0.212 3.28 0.002 0.288 0.858 0.297 2.892 0.006

Finance Efficiency 0.750 0.247 3.04 0.004 0.267 0.876 0.326 2.687 0.011

3.1 Thefichinese exception

As anticipated, China is a well known important exception on the finance and growth literature
because it combines a weak institutional and financial environment with a strong economic dynamic.
The inclusion of the Country in the original sample improves the estimates of all structure and finance
indexes.

Following the method oAllen et al (2005, heeafter AQQ) we compare Chirta legal (Table 11)
and financial system (Table 12) with those of Levine countries grouped by legal ‘Grigjnssing data
and indicators of our analysis. Except for creditor rights index, whose value is higher than cuithtries
civil and scandinavian legal origin, China registers scores below the average of other countries,
especially for shareholders rights and corruption, demonstrating that it has a weak legal system that
lacks of a solid and efficient politicastitutional structure.

Table 11 A comparison of legal systems

Political stability
Corruption and absence of
violence

China 4.20 3.21 4.53 4.96 2

Bureaucratic Creditor
efficiency rights

Rule of

Countries
law

Civil law countries
average

Scandinavian law
countries average

Table 127 A comparison of financial systems

Common law Civil law German law Scandinavian law China
countries average countries average countries average countries average
PRIV 0.52 0,46 1.22 0.61 0.85*

TVT (ORCK 0,19 0.73 0.53 0.40

Structure indexes
Structureactivity

“We use Levineds (2002) drencimyEGQORa GE ¢ermanNe lEGARESEOR _ F R
(scandinavialle LEGOR_UK ¢ommon), which are also included in our dataset.
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Common law Civil law German law Scandinavian law

. . . . China
countries average countries average countries average countries average

Structure -5.36 -5.79 -4.17 -4.26 -5.12
efficiency

Finance indexes
Financeactivity

Financeefficiency

* Beck et al (2008) dataset has only data from 1987 t07199
** This value is taken fromdllen et al (2005).

Structure indexes support the Coufityankbasedorientation. Indeed, Chinese financial system
is still characterized by a large banking sector (resulting of a long reform process begun in 1979)
previously dominated bystateowned Commercial BankéSOCB) which held the majority of the
Countrys total financial activitie§®

Some indexes in Table 12 may differ from AQQ analysis because, besides from being more
recent’, they are calculated on the Levine sample and not on that of LLSV, but others, likes financ
indexes (particularly finaneefficiency), show that Chirda overall financial system has reached a
satisfactory level of efficiency due to the reduction of its past system distortions and weaknesses. This
improvement is mainly related to:

Areform of thebanking sectdr, which has achieved a greater efficiency by reducing overhead
costs (OVERHEAD score is the lowest compared to other countries);

Athe growing role of financial markets (structaetivity score is lower only in comparison to
countries with sandinavian legal origin).

On the first point it must be highlighted that the Chinese banking sector is burdened by a high
amount ofnon performing loangNPL) even compared to the major emerging economies of the area
(AQQ 2007, lannini 2008 for a long tme Chinese public banks, wholly State controlled, did not
follow market dynamics and by easily providing credit to public enterpriateowned Enterprises
SOE) they were not interested to $mindness and to the profitability of the investments theged,
by resulting, with time, in massive insolvenci&be opening of the banking reform in 1984 introduced
many significant chang&which produced robust results only in the last decade: official data from
2007 Chinafs Financial Stability Reporprovides a seemingly positive situation with regards to the
reduction of NPL and points out the need of a further strengthening by in particular encouraging the
development of small banks in rural aréas.

Financial markets, developed mainly since 1990 withdpening of Shanghai and Shenzhen
stock exchanges, show a good performance confirmed bydnkel Banks Beijing Section Reporin
2007 the stock exchanges set together reached the third place in world rankings by market capitalization

"3 Called thefiBig Foum, theBank of ChingBOC), thePe opl e6s Const r ufRGBC)ptme Bank
Agriculture Bank of ChingABC) and thendustrial and Commercial Bank of ChifeiCBC), have controlled since
1979 the Chinese banking sector. The ICBC, born in 1984aligpiroff of the centraP e opl eds Bank of
(PBOC) and considered in 2004 among the worst chinese banks due to the high amount of bad loans (over 20%
share of total loans), has been liberalized and recapitalized in 2006 and recently reached theefivevporld
rankings by market capitalization with about USD 150 billid®seSau(2008), Tabella 1Bortolotti, and Beltratti
(2007).

" Data ofA Q Q §2605) analysis are of 2002.

5 In the last decade banking reform has mainly concerned: banks restgicind recapitalization (by
reducing bad loans and increasing the capitalization rate) and financial liberalization (introduction of market
practices, interest rates liberalization and opening to foreign competition).

® We mention in particular, the rection of government interference on credit allocation (reduction of
NPL) and the abolishment, further to Chinabts WTO ad
settlement.

" From 2005 microcredit starts in some Chinese regidesSanacuor¢2008), Figure4, p. 10.
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(with USD 4.480 bilions, about 150% share of GDf&anacuore 2008, 2linstitutions have played a

key role in this rise by reducing the inefficiencies arising from a lack of regulation and a strong
speculative environment (presence of many small capitalization compabg=sjca of bluehips,
presence of non tradable shares, high turnover and high vaeslity), and by improving markets
stability. One of the major moves has been the turningoof tradable share¢NTS) into tradable
shares(TS), which positively affeted the firms governan€ethe implementation of the privatization
process (increasing of private shares) and the market liquidity. Chinese authorities are also considering
the opportunity to enhance national Exchanges by merging with the Hongaocigexchange (at the

sixth place among stock exchanges ranking by market capitalizé&an) 2008, Tabella-B), which

could benefit the:

Aprestige and reputation of listed companies;

Aattraction of more foreign capital;

Aundifferentiated listing of companies r@lughout Chiné territory, by diversifying
entrepreneurial activities, first among all the ITC settor.

Obviously, such integration should be carried out by carefully monitoring the correct working of
the markets and by allowing the impressive flow ohele savings, and not just by allowing an inflow
of foreign financial resourc&s(almost 50% of GDP)Sanacuore 2008, P5This virtuous process
should be contextual to the gradual reduction of firgmsernment interference (finishing the reform of
NTS) and to a further strengthening of the banking sector efficiency: this should stabilize and continue
to feed an already strong economic growth.

So far private entrepreneurs, basing their economic relationships on implicit contractual relations
based on repation, trust and reciprocity (companies owned by founder members, families and friends),
managed to minimize transaction c85tnd overcome legal system inefficiencies (investor rights and
law enforcement). It is assumed that in the future the contimuafishe growth process will require
improvement also in the Counésylegal system.

4. Conclusion

In this paper it has been pointed out how the financing of innovation is closely linked to economic
growth. By examining agerdshoices of a small open ewamy (consisting of four sectors: final,
traditional, R&D, and financial) it is shown how the firms financial capability, which allows them to
access to external finance (banks or markets) in accordance with their initial wealth level, affects the
dynamicequilibrium of the economic system. The thesis argued is that the link between financial and
real variables of the economy depends primarily on the financial institutions ability to deliver efficient
services (first of all the savings mobilization) and slmlve agency problems (through monitoring
activities) rather than on its financial structure (bank or masksed). The paper also highlights the
importance of the legal and normative background of a country in the sense of support the law and
finance viev, which explains more adequately crasaintry differences of growth rates compared to
those of the financiadervices view.

The econometric research, realized by regressing real GDRapiga growth rates on
macroeconomic, institutional and financiakiedles for a sample of 49 countries over the period 1980
2008, confirms the above theory. The main outcome is that economic growth is positively and robustly
linked with financial development indexes. China, which could appear an exception of the &indnce
growth nexus, confirms the outcomes by considering recent structural changes and possible institutional
developments.

8 Allen et al. investigate on performances and corporate governance mechanisms of firms belonging to,
respectively, public sector, listed sector and private sector, and they sustain that Chinese economic growth held up
particularly onthe development of the private sector both at local and national level. Governance mechanisms of
listed and public companies are weak and inefficient (clash of interests of the administrative and audit organs,
concentration of partecipations, strong stagetrol). (AQQ 2005), from p. 86 to p. 92.

" Shanghai and Shenzhen SE have are particularly relevant for their own respective provinces: Yangsee for
the first one and Guendong and Hunnan for the second one.

8 China is one of the most attractive country F®I.

8. Transaction costs are generated by political and administrative interferences on bureaucratic procedures.
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Abstract

Using an analog of the boundary elements method in engineering and science, we analyze and model
unemployment rate in Austria, Italy, the Netherlands, Sweden, Switzerland, and the United States as a function of
inflation andthe change in labor force. Originally, the model linking unemployment to inflation and labor force
was developed and successfully tested for Austria, Canada, France, Germany, Japan, and the United States.
Autoregressive properties of neither of these \[dés are used to predict their evolution. In this sense, the model
is a selfconsistent and completely deterministic one without any stochastic component (external shocks) except
that associated with measurement errors and changes in measurement uretsheéliess, the model explains
between ~65% and ~95% of the variability in unemployment and inflation. For Italy, the rate of unemployment is
predicted at a time horizon of nine (!) years with pseudeodsample rooimeansquare forecasting error of
0.55%for the period between 1973 and 2006. One can expect that the unemployment will be growing since 2008
and will reach ~11.4% [+0.6 %] near 2012. After 2012, unemployment in Italy will start to descend.

Key words: unemployment, inflation, labor force, bmlary integral method, prediction, Western Europe
JEL classification: J64, J21,J11, E24, E31

1. Introduction

Current discussions on the rate of unemployment as an economic phenomenon and those on
modern versions of the Phillips curve, where unemployméays a crucial role as one of defining
parameters, in particular have been rapidly growing since the early 1960s. There is an extensive set of
empirical findings and models exploring various assumptions on the forces behind unemployment.
There was no tuque and comprehensive model for developed countries, however, which could explain
all or part of observations relevant to the level and evolution of the portion of people in labor force but
without job.

We have constructed and tested an alternative mlodehg inflation and unemployment in
developed countries to the change rate of labor force by linear and lagged relationships. Our model is a
completely deterministic one with the change in labor force being the only driving force causing all
variations n the indissoluble pair unemployment/inflation, i.e. the reaction in unemployment and
inflation lags behind the change in labor force. The model is somewhat orthogonal to conventional
economic models and concepts. In its original form, the model was edvaall formulated for the
United States (Kitov 2006a). After the correction for known breaks in labor force data, a revised model
(Kitov 2006b) allowed a significant improvement on the original one with the-mearsquare
forecasting error (RMSFE) of iletion at a 2.5 year horizon of 0.8% between 1965 and 2004. Because
of well-known nonstationary of all involved variables, the model was tested for the presence of
cointegrating relations (Kitov, KitovDolinskaya 2007a). Both, the Engiéranger and Johaan
approaches have shown the existence of cointegration beteen unemployment, inflation and the change in
labor force, i.e. the presence of lelggm equilibrium (in other words, deterministic or causal) relations.
Because the change in labor force dritresother two variables, it can be a stochastic process.

The first attempt to obtain empirical models for West European countries also provided strong
support to the mod€Kitov 2007a) In France, it was found that forecasting horizon for inflatioris f
years, i.e. the change in labor force leads inflation by four years. Unemployment in France also leads
inflation by four years, and various cointegration tests showed the existence -térmngquilibrium
relations between the three variab{Egov, Kitov, Dolinskaya 2007b) In Austria, the change in labor
force and the pair unemployment/inflation is synchronized in time. For Austria, it was found that the
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break in units of measurement around 1987 requires the change in coeffioidinsar lagged
relationships.

In continuous efforts to extend the set of countries demonstrating the presence of a causal link
between the change in labor force, inflation and unemployment, we have build empirical models for the
second and third largest economies inwld 1 Japan(Kitov 2007b) and GermanyKitov 2007d)
Surprisingly, the model for Canad&itov 2007c) which has the United States as the largest trade
partner, is also an accurate and reliable one, demonstrating the independence of unemployment and
inflation on external factors.

It is important to use the rate of growth not increment as a predictor in order to match dimension
of inflation and unemployment, which are defined as rates as well. An implicit assumption of the model
is that inflation and uneptoyment do not depend directly on parameters describing real economic
activity (Kitov 2006a) Moreover, inflation does not depend on its own previous and/or future values
because it is completely controlled by a process of different nature.

The principal source of information relevant to this study is the OECD database
(http://iwww.oecd.org/) which provides comprehensive data sets on labor force, unemployment, GDP
deflator (DGDP), and CPI inflation. In several cases, national statistical sources andiniatess
reported according to definitions adopted in the United States are used for obtaining original data on
inflation and corroborative data on unemployment and labor force. In some cases, readings associated
with the same variable but obtained fromfeliént sources do not coincide. This is due to different
approaches and definitions applied by corresponding agencies. Diversity of definitions is accompanied
by a degree of uncertainty related to methodology of measurements. For example, figuresorelated t
labor force are usually obtained in surveys covering population samples of various sizes: from 0.2 per
cent to 3.3 per cent of total population. The uncertainty associated with such measurements cannot be
directly estimated but it certainly affects trediability of empirical relationships between inflation and
labor force.

We often use the term accuradp this study. When using it, we rather refer to some estimated
uncertainty of measurements than to the difference between measured and true @atoestandard
definition of accuracy. This uncertainty might be roughly approximated by variations in a given
parameter between consequent revisions or between different agencies. Survey reported uncertainties are
just a formal statistical estimate of tlmternal consistency of measurements. However, population
related variables could be potentially measured exactly because they are countable not measurable. In
any case, the discrepancy between values predicted by models and corresponding measurdments has
be considered in the light of the measurement uncertainty.

The reminder of the paper is organized in four sections. Section 1 formally introduces the model
as obtained and tested in previous studies. In many countries, the US and Japan amongeothers, th
generalized link between labor force and two dependent variables can be split into two independent
relationships, where inflation apparently does not depend on unemployment. However, in few countries,
a striking example is France, only the generalizedlghgrovided an adequate description of the
evolution of both dependent variables since the 1960s.

Section 2 introduces the method of cumulative curves for the solution of the model equations. The
proposed method is similar to the method of boundaryesgiésrin science and engineering because it is
based on the conversion of original differential equations into a set of integral equations. The advantage
of our method consists in the availability of an exact solution of the problem. It is shown that the
cumulative curves method is a superior one to cointegration tests in obtainirtetongquilibrium
relations between the studied variables. For example, the difference between measured cumulative
curves for inflation in the United States and France andpitealicted from the change in labor force,
which are both proven 1(2) series, is an I(0) process! This feature undoubtedly demonstrates that the link
between labor force and inflation is a causal one.

Empirical models for the evolution of unemployment /andnflation in Italy, the Netherlands,
Sweden, and Switzerland are presented in Section 3. These countries significantly enlarge the set of
West European countries modelled so far: Austria, Germany, and France. The previously considered
case of Austria &s been revisited using different data sets and extended to 2007, compared to 2003 in
the original version. We also update the prediction of unemployment in the United States. Section 4
concludes.
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2. The model
As originally defined by Kitov (2006a), irgtion and unemployment are linear and potentially
lagged functions of the change rate of labor force:

(1) = AldLF(t-ty)/LF(t-ty) + A, (1)
UE(t) = BidLF(t-tp)/LF(t-tp) + B, (2
where ~(t) is the rate of price inflation at

GDP deflator (DGDP) or CPI; UE(t) is the rate of unemplogimat time t, which can be also
represented by various measures; LF(t) is the level of labor force at tigrend t are the time lags
between the inflation, unemployment, and labor force, respectivelyBA A,, and B are country
specific coefficiets, which have to be determined empirically in calibration procedure. These
coefficients may vary through time for a given country, as induced by numerous revisions to the
definitions and measurement methodologies of the studied variables, i.e. by nauiatioeasurement
units.

Linear relationships (1) and (2) define inflation and unemployment separately. These variables are
two indivisible manifestations or consequences of a unigque process, however. The process is the growth
in labor force which is aceomodated in developed economies (we do not include developing and
emergent economies in this analysis) through two channels. First channel is the increase in employment
and corresponding change in personal income distribution (PID). All persons obtaningaia jobs or
their equivalents presumably change their incomes to some higher levels. There is an ultimate empirical
fact, however, that PID in the USA does not change with time in relative terms, i.e. when normalized to
the total population and totaiéome(Kitov 2009b) The increasing number of people at higher income
levels, as related to the new paid jobs, leads to a certain disturbance in the PID. Fo@ogatration
(or foverpressuré) of population in some income bins abovefiteutrad long-term value must be
compensated by such an extension in corresponding income scale, which returns the PID to its original
density. Related stretching of the income scale is the core driving force of price inflation, i.e. the US
economy needs exactly themaunt of money, extra to that related to real GDP growth, to pull back the
PID to its fixed shape. The mechanism responsible for the compensation and the income scale
stretching, should have some positive relaxation time, which effectively separates théiisource of
inflation, i.e. the labor force change, and the reaction, i.e. the inflation.

Second channel is related to those persons in the labor force who failed to obtain a new paid job.
These people do not leave the labor force but join unempldyr8apposedly, they do not change the
PID because they do not change their incomes. Therefore, total labor force change equals unemployment
change plus employment change, the latter process expressed through lagged inflation. In the case of a
finaturab behavior of the economic system, which is defined as a stable balance ofesonmmic
forces in the society, the partition of labor force growth between unemployment and inflation is retained
through time and the linear relationships hold separately. Thealevays a possibility, however, to fix
one of the two dependent variables. Central banks are definitely able to influence inflation rate by
monetary means, i.e. to force money supply to change relative to its natural demand. For example, the
Banque de FRmnce predefines a strict percentage growth rate of monetary aggregate M2 when
formulating its monetary policyBanque de France 20045uch a violation of natural, i.e. established
over decades, economic behavior should undoubtedly distort the partitive @fange in labor forde
the portion previously accommodated by inflation would be redirected to unemployment, i.e. those who
had to get new jobs would fail because of the lack of money in the economy. To account for this effect
one should to use a genalized relationship as represented by the sum of (1) and (2):

" (H)+UE(t)= AidLF(t-t;)/LF(t-t;)+BdLF(t-to)/LF(t-to) +A,+B; (3)
Equation (3) balances the change in labor force to inflation and unemployment, the latter two
variables potentially laggg by different times behind the labor force change. Effectively, whe t

orfand i O , one should not l'ink inflation and unempl
generalized relationship is demonstrate¢Kittov 2007a)for France.
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One ca rewrite (3) in a form similar to that of the Phillips curve, without any autoregressive
terms, although:

(1) = CULF(tt)/LF(t-t) +CUE(t+t-t,)+Cs (4)

where coefficients ¢ C,, and G should be better determined empirically despite theybsan
directly obtained from (3) by simple algebraic transformation. The rationale behind the superiority of the
empirical estimation is the presence of high measurement noise in all original time series. In some
places, (4) can provide a more effective degive interference of such noise than does (3).
Consequently, the coefficients providing the best fit for (3) and (4), whatever method is used, may be
different. In this study we use relationship (4), but one should not consider it as an equatiomgredict
inflation. It is rather a convenient form of the equation balancing inputs of all three variables with the
labor force driving the other two. Moreover, inflation may actually lead unemployment, as it is found in
the United States. Then inflation deftheby (4) actually depends on some future readings of
unemploymentKitov 2009a)

For the USA, there was no need to apply relationship (3) because corresponding monetary policies
and other potential sources of disturbance do not change the naturalrpaftittee change in labor
force, as observed since the late 1950s. Coefficients in relationships (1) and (2) specific for the USA are
as follows: A=4, A,=-0.03, =2 years (DGDP as a measure of inflation};B1, B=-0.023, $=5 years.

For Japan, £=1.31 A,=0.0007, {=0 years (DGDP), and B-1.5, B=0.045, =0 years(Kitov
2007b) It is worth noting that Bis negative and any decrease in the level of labor force or too weak
growth would resit in increasing unemploymenthe change rate of labor foroeeasured in Japan has
been negative since 1999 and the measured inflation, DGDP and CPI, has been negative as well. There
is no indication of a recovery to positive figures any time soon if to consider the decrease in working age
population and participath rate as has been observed in Japan since the late 1990s.

For Germany, there exists a Phillips curve: UB(t= -1.50[0.1]DGDP(t) + 0.116[0.004] with
inflation lagging unemployment by one year. The goodwoédis is (R°=) 0.86 for the period between
1971 and 2006, i.e. during the period where data are available. Coefficients in (1) and (2) are as follows:
A=-1.71, A=0.041, {=6 years (CPI), andB2.5, B=0.04, $=5 yearg(Kitov 2007d).Considering the
presence of the same time lags before and dfeerdunification, but different coefficients, the case of
Germany is an outstanding one. It demonstrates how deep are themudonic roots of the driving
force behind inflation and unemployment. On the other hand, it is really difficult to imaginthe¢hat
process of the transformation of the change in labor force into inflation takes six years. However, the lag
of inflation behind the change in labor force allows a prediction at-gesix horizon with a very small
RMSFE.

In Canada, A=2.58, A=-0.0043, t=2 years (CPI) with R0.67, and B=-2.1, B=0.12, =0
years. Therefore, the change in labor force and unemployment lead inflation by two years allowing a
natural forecasting horizon of two years.

In (Kitov, Kitov, Dolinskaya2007b) we have carrig out a formal statistical assessment of the
empirical linear lagged relationship (1) for the USA. It has demonstrated that the pseoflsauple
RMSFE for CPI inflation at a twgear horizon for the period between 1965 and 2002 is only 0.8%. This
valueis superior to that obtained with any other inflation model by a factor of 2, as preG&tkesbn,
and Ohanian 2001Stock,and Watson 1999Stock,and Watson 2005) This forecasting superiority is
retained for shorter syberiods with RMSFE of 1.0% fdhe first (19651983) and 0.5% for the second
(19832002) segment. In the mainstream models of inflation, the turning point in 1983 is dictated by the
inability to describe inflation process with one set of defining parameters. Therefore, specialatiscussi
are devoted to statistical, economic, and/or financial justification of the split and relevant change in
parametergStock, Watson 20050ur model denies the necessity of any change in the factors driving
inflation in the US around 1983 or in any atlmint after 1960. Each and every inflation reading is
completely defined by the change in labor force occurred two years before.

3. The boundary elements method in economics

In (Kitov, Kitov, and Dolinskaya 2007a)we have introduced a simple but effee method to
find an appropriate set of coefficients in (1) through (4). This method consists in the search of the best
fit between cumulative values and is similar to the boundary elements method (BEM) in engineering and
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science, in its 1D form. The BEMeduces a set of linear (partial) differential equations, e.g.
relationships (1) and (2), to a set of integral equations. The solution of the integral equations, as
expressed in boundary integral form, is an exact solution of the original differentatlosgu In the

case of relationship (1):

o Bd[InP(D)]dt 5 dU° (A d[InLF(t)]dt + JU°Adt (5)
The solution of the integral equation (5) is as follows:
| n B%=Ad nL b AL b/+C (6)

where P(t) is the level of price (index) attimepf (t ) [ d P ( t ) / Pafd t) aredHestit( t ) ) ;
and end time of the integration, respectively; and C is the free term, which has to be determined together
with coefficients A and A from the boundary conditions: B)P,, P(b1)=Py, LF(to)=LFo, LF(to )=LF;,
wheret tt; is the tme lagged byt i.e. by the lag of the change in price behind the change in labor
force.

For 1:D problems, we have fixed values as boundary conditions instead of boundary integrals.
The number of boundary conditions in (6) is complete for calculatiogu@ntitative estimation, if there
is no analytic solution) all involved coefficients, considering that, without loss of generality, one can
always set 1.0 as a boundary condition. When estimated, these coefficients entirely define the
particular solubn of (6):

IN[P(to1)] = Adln[LF(to)/LF(tor)] + Ax(tor-to) + C (7)

on both boundaries, i.e. gtand &, as well as over the entire time domain betweand ¢;. (It is
presumed that LF(t) is a function of time known from measurements.) Theatsti of all involved
coefficients is the essence of numerical solution of 2D and 3D problems by BEM in scientific
applications. In this study, a simple tre@derror method is used as based on visual fit. Therefore, the
residual between observed andcdgicted curves is not minimized in any metrics and a better OLS
solution is likely to exist.

For solving problems (1) and (2) using (7) with an increasing accuracy, we can use a series of
boundary conditions for subsequent years. As a rule, inflationeieloped countries varies in a
relatively narrow range and only rarely dives into the zone of negative growth rate. This makes it
difficult to obtain reliable estimates of the involved coefficients from short time series, which is a
characteristic featuref economic researclour experience shows, that depending on the dynamics of
inflation and the level of measurement noise in a given country, one needs from 30 to 50 readings to get
a reliable solution of problems (1) or (2). (Japan is a brilliant exaaf@ecountry with a long history of
deflation, which makes the resolution of cumulative curves possible even for shorter time intervals.)
Similar to many physical problems, the wider is the range of inflation change and lower is the noise
level (i.e. thehigher is signal to noise ratio) the shorter observation period is needed. A proper set of
coefficients should make subsequent residuals between observed and predicted cumulative curves to be
a stationary time series with decreasing relative (i.e. norethtz the attained cumulative value) errors.

This is a consequence of high correlation in measurement errors for any variable with increasing level:
over time, each annual reading is characterized by the same absolute error, but the cumulative change
overdecades, which is much larger that any annual step, is measured with the same absolute and falling
in relative terms error. Compare this feature with famous tests for cointegration, where time series are
differentiated with a significant decrease in sigimahoise ratio and corresponding increase in
measurement error, both absolute and relative. In physical terms, if a link between two variables does
exist one should better use integral not differential approach.

Overall, solution (7) is the basis of themulative curve approach to estimate coefficientsA8,
etc., in relationships (1) and (2). In terms of the boundary elements method, the right hand side of (7) is
the particular solution of the (ordinary) differential equation (1). Beca@s® t the causalit:
holds, and the independent function is known before the dependent one. The only principal difference
with the standard BEM used in scientific applications is that the solution (7) is not a-fdosedr
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analytic solution, as tise in fluid dynamics, acoustics, and electromagnetism. It is the change in labor
force in a given country, which may follow a quite exotic trajectory as related to demographic, social,
economic, cultural, climatic, etc. circumstances. From (7), inflatiothe country can be exactly
predicted at a time horizon, tand possibly evaluated at longer horizons using various projections of
labor force (Kitov, Kitov 2008a). As a logic consequence, there is no alternative way to predict inflation
since it is entely constrained by the change in labor force. At the same time, solution (7) may have
infinite number of future trajectories.

It is a requirement that BEM is applicable to problems for which @Gse&mctions can be
derived, i.e. the functions describitige solution in the body between the boundaries. For example,
fields in linear homogeneous media created by point (Dirac-fleitdion) sources. What does play the
role of the Green function in the problem under consideration? The answer is obvioutl[A(t))]
and (ttg). A linear combination of these two functions comprises any particular solution of (3). In
physical terms, there is a causal link between labor force and the combination of inflation and
unemployment. However, the particular soloimf problems (1) and (2) are sensitive to the change in
fiphysicab conditions in a given economy. When a central bank introduces a strict bound on inflation,
both coefficients in (1) should change. Unemployment must react to compensate the deviattbe from
original relationship (4) and both coefficients in (2) must also change. However, the generalized
relationship holds as long as the economy reproduces all economic and social links between its agents.
Apparently, there are circumstances in which tkeegalized relationship does not work any more.
Moreover, at some point in the past, there was no generalized relationship between labor force, inflation
and unemployment. At some point in the future, current relations will not hold any more replaced by
same new economic laws.

There is a variety of numerical methods for the estimation of coefficients in boundary problem
(7), which are the workhorse of the BEM. For our purposes, even the simplest visual fit between
observed and predicted cumulative curvesral0 to 50 years is an adequate method for the estimation.
Thus, all coefficients estimated in this study are likely to be slightly biased in sense of OLS, but still
provide a much better overall fit than any set of coefficients, which can be obtaitddhipr even the
VAR technique) from dynamic data.

In order to demonstrate the power of the cumulative curve concept we applied the method to
Austria and the USAKitov, Kitov, and Dolinskaya 2007a, 2007bfigure 1 (right panel) displays the
observed conulative curve in Austria and that obtained from the particular solution (7) of equation (1):

“(t) = 1.25dLF(t)/LF(t) + 0.0075, t>1986, and |
GDP deflator reported by national statistics, with the boundary conditions set for 1960 and 2003 [4]:
B(1959) =0; B(2003)=1.637003)FE@B1 AR2HA), 9D,0364ywRB6e0¢

i=1960, é, 2003.

These boundary conditions evolve with calendar year, but since the predicted cumulative curve is
always close to the observed one, coefficients in (4) do not fluctuate much. It is possible to gst the b
fit coefficients using the full set of estimations for all possible combinations of the start and end years.
However, this is not the purpose of the study, which demonstrates that the concept linking inflation and
unemployment to the level of labor éaris an adequate oneeenvin its simplest realization.

The boundary integral equation method allows effective noise suppression, both the one induced
by the discretization of continuous functions and that related to measurement errors. The superior
perfomance of the boundary integral method is demonstrated by Figure 2, where the differences
between predicted and observed time series are shown. As one can judge from the left panel of the
Figure, the difference between the cumulative curves does not dewieltefrom the zero line.

The measured dynamic seriesof t ) and t hat pt)/erd)ircthedett pahelad m t he
Figure 1 contain 47 observations and are essentiallystadionary. According to the PhilligRerron
uni t root7.tlesfto,r z(hje) =me a s u r-829 fot thenpeedictedne.i Thaes1%a nd z
critical value is-16.63 and the 5% critical value-53.17. The augmented Dick&yiller test gives z(t)=
1.87 and-1.53, respectively, with the 1% critical value€s61 and the 5% critical value e2.94.
Therefore, one can not reject thdlrhypothesis of the presence of unit roatsboth time seriesAs
shown below, the first differences of both series have no unit roots, and thus the original series are
essentially integrated of order 1, I(1), and it is necessary to test them for atiotedpefore using
linear regression analysis.
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The PhillipsPerron test shows that the difference between the measured and observed variables is
charact er i-33.87dwitlbtie 1% dritical walue 0f18.63.The DickeyFuller test gives z(t)=
5.41, with the 1% critical value 0f3.61. Therefore, both tests reject the presence of unit roots in the
difference and, thus, it is integrated of order 0. This finding evidences in favor of the hypothesis that the
observed and predicted inflation are cointegpldtecause the difference is similar to the residual in the
EngleGranger (1987) twatep method. The only distinction is that the residual of a linear regression is
replaced with the difference of the measured and predicted time series. This is ddasigaéviation,
however, because there exists a linear combination of two I(1) sehies, is proved to be a I(0) series.

For that reason, we do not follow up the original Ef@tanger method in this study. It should give no
other result except the abxe of unit roots in the residual. Otherwise, it is a flawed method.

The Johansen procedure tests for cointegration and defines cointegration rank at the same time.
For two variables, cointegration rank 1 means the existence of an equilibriustetongelation. For
Austria, cointegration rank is 1 with trace statistics of the Johansen test of 2.80 compared to the 5%
critical value of 3.76. Thus, the null hypothesis of the existence of a cointegrating relation cannot be
rejected.

From this analysis onean conclude that there exists a cointegrating relation between the
observed inflation and that predicted from the change in labor force and unemployment using
relationship (4) with the empirical coefficients derived above. Therefore, the case of Aabtizes
the model obtained by the method of cumulative curves in econometric terms and one can use the long
term causal relationships as empirical relations describing the Austrian economy as a physical system.
The coefficients obtained by simple fit dfet cumulative curves provide a linear relation between the
inflation and the change in labor force with lé®) process as the residu@n the contrary, the above
tests for cointegration are based on an extraordinary sophisticated assumptions andisetstef]
data.

Now the existence of a cointegrating relation between the observed and predicted inflation is
proved and one can use standard statistical methods for the estimation of predictive power of the model.
A simple linear regression gives#® .82 and standard (RMS) error of 0.9% for the years between 1960
and 2003. Hence, the predicted series explains 82% of the variability in the measured one and the
prediction uncertainty is on the level of measurement uncertainty, with the range of infladioge
between 9.5% aneD.4%. It is also instructive to build a VAR model for the observed and predicted
inflation in Austria, which uses autoregressive properties of both series. With the largest time lag of 4,
the VAR model is characterized by RMSE o1% for the measured series, i.e. by a larger error than
that obtained by OLS. In any case, the uncertainty is very low according to the standards dictated by
conventional models.
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—+— 1.25*dLF/LF + 0.0075; t>1986 ~©-DGDP, NAC
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Figure 1. Observed and predicted inflation in Austria. Left panahnual (dynamic) curves. Right panel:
cumulative curves.
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Figure 2. Left panel: The difference between the observed and predicted inflation (i.e. the prediction error)
presented in Figure 4. The differnce presented for the dynamic and cumulaties. ®ight panel: The difference
for the cumulative curves normalized to the atteained level of cumulative inflation. Notice the gradual decrease in
the relative error through time.

The cumulative curves have another implication. The -tengy behavior Hbthe observed and
predicted curves implies that the former can be replaced with the latter without any loss of accuracy.
Kitov (Kitov 2006a)demonstrated that high prediction accuracy for both the dynamic and cumulative
series is also achievable when otilg change in labor force is used. Corresponding RMSE are 0.01 and
0.016 for the period between 1960 and 2003, as shown in Figure 2 (left panel), which also demonstrates
that relative deviation between the measured and predicted cumulative curves diietance divided
by the attained level of cumulative inflation, gradually decreases (right panel). Both differences in the
left panel of Figure 2 are integrated of order 0, as the Philgrson (PP) and the Dickdsuller (DF)
tests show. Specificallythe PP test gives ( }5P.6 and-19.9 for the dynamic and cumulative series
with the 1% critical value 0f18.8; and z(t)=6.96 and-3.54 with the 1% critical value 68.63 (5%
critical value is-2.95). The DF test gives z(t6:97 and-3.56 with the 1% critical value of3.63.
Therefore, one can reject the null the series contain a unit root, i.e. both differences are stationary
processes. The difference between the cumulative curves is an 1(0) process and is a linear combination
of two 1(2) processes! This is the expiiessof the power of the boundary elements method in science
integral solutions, when exist, suppress noise very effectively by destructive interference.

Thus, the replacement of the observed curve with the predicted one is the solution of the original
ordinary differential equation. Such a replacement does not compromise the accuracy of cumulative
inflation growth, i.e. the overall change in price over longer periods. Imagine, there is no need to
measure inflatiori just count the number of people ibta force! It is also applicable to the prediction
of the price evolution at longer horizohsne has to project the growth in labor force.

We have carried out a similar analysis for the United States. Figure 3 compares dynamic and
cumulative curves of pasured inflation to that predicted from labor force. The best visual fit of the
cumul ative curves provi dedS5dtFEd/LFt-2)+0d .o0Ww3 In,g whed rad i
the CPI inflation. The period covered by this relationship is betd866 and 2006. Figure 4 depicts the
differences between the observed and predicted curves, both the dynamic and cumulative ones, for the
same period. Despite the best fit between the cumulative curves there is a constant term in both
differences. This israimportant specification of the following unit root tests.

Both differences in Figure 4 are integrated of order 0, as the Pilipsn (with maximum time
lag 4) and the Dickefruller (DF) tests show. Specifically, the PP test giwes }-38.44 and14.71 for
the dynamic and cumulative difference with the 1% critical valuel®f54; and z(t)=5.94 and-3.54
with the 1% critical value 0f2.63 (5% critical value is1.95). The DF test gives z(8595 and-3.10,
respectively, with thd&% critical value ot2.63. Therefore, one can reject the null that the series contain
a unit root, i.e. both differences are stationary processes. Having the stationary difference between the
cumulative curves one can suggest that the dynamic timess,serfech are obtained from the
cumulative curves, are also cointegrated. In other words, there exists a linear combination of the
dynamic series which creates an 1(0) process.
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Figure 3. Observed and predicted (CPI) inflation in the United State$.pagfeli annual rate curves. Right panel:
cumulative curves.
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Figure 4. The difference between the observed and predicted inflation presented in Figure 3.

We have analyzed the performance of the cumulative curve method for two countries. Both
examplesdemonstrate that one can easily obtain coefficients of linear lagged relationship between
inflation and the change in labor force, which provide excellent prediction for bathnily and
cumulative inflation As in physics, the success of this method lparonly rooted in the existence of a
causal link between these macroeconomic variables. And similar to the situation in the hard sciences,
there is no ultimate proof of the existence of the finkly statistical evidences obtained from numerous
measurem@&s with increasing accuracy. Hence, to make the link more reliable one must extend relevant
data sef both over time and across other developed econoéesion 3 adds on four West European
countries.

4. Unemployment in European countries

The linearand lagged relationships between inflation, unemployment, and the change in labor
force have been demonstrating an excellent performance for the largest (the United States, Japan,
Germany, and France) and smaller (Austria and Canada) world economiethsiregly 1960s. These
relationships are expected to be successful for other developed economies with simHacummic
structure. European countries provide a variety of features related to inflation and unemployment as one
can conclude from the egomic statistics provided by the OECD. This diversity includes periods of
very high inflation accompanied by high unemployment, periods of low inflation and unemployment,
and other combinations complicated by transition periods. It is a big challengs fieary of inflation
to explain the diversity of empirical facts.

Austria

It is convenient to start with Austria for four reasons. First, there are several alternative data sets
for all involved variables, which demonstrate the uncertainty of measatems related to definition.
Second, we have already derived a model for Austria for the period between 1960 ar(&i2803
2007a) which is also discussed in Section 2. Recent readings (between 2004 and 2008) and alternative
data sets allow validatiorf ¢the previous model. Third, the length of data set for Austria is around 50
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years long what made it possible tottdge model for cointegratiorDther European countries is this
study are characterized by shorter periods of measurement what effectiakbs rany test for
cointegration unreliable. Fourth, it was found that the Austrian data sets have a major break in 1986,
when new units of measurements were introduced by revisions to current definitions. The OECD
provides the following description of retent break§ OECD 2008)

Series breaks Employment data from 1994 are compatible with ILO guidelines and the time
criterion applied to classify persons as employed is reduced to 1 hour. Prior to 1994, armed forces
were included in the civilian labour fagcin services. In 1987, a change occurred in the definition

of the unemployed where naagistered jobseekers were classified as unemployed if they had
been seeking work in the last four weeks and if they were available for work within four weeks. In
previous surveys, the unemployment concept excluded most unemployed persons not previously
employed and most personsamtering the labour market.

Therefore, the model for Austria is an instructive one and evidences that there were no structural
breaks in tems of the change in underlying economic processes, but rather new measurement units were
used. (Same as a country would shift from miles per hour to kilometers per hour with the same formal
speed limit.) Therefore, the relationships derived for the pdxéddre 1986 should be scaled to fit new
units.

The model and its performance have been described and tested in Section 2 and in several papers.
So, there is no harm to skip many formal details in describing the same procedures for individual cases
and tofocus on empirical results represented in graphical form. Scatter plots and time history curves
bring most valuable information on amplitude, timing, scatter of the involved variables and the
difference between observed and predicted time series. Ggneralphical representation is more
informative than long tables.

Figure 5 displays several time series for unemployment and the change rate of labor force
obtained according to different definitions: AMS (Arbeitsmarktservidetp://www.ams.a)) NAC
(national accounts http://www.statistik.al, Eurostat, and OECD. A remarkable feature in both panels
of Figure 5 is a large difference between amplitudes of the curves, othemoism@ synchronously.
Therefore, it is possible to scale the curves. The difference between the curves could serve as a
conservative estimate of the uncertainty in relevant measurements, i.e. as a proxy of the difference
between measured and true valuéshe studied variables. Specifically, one can compare the dLF/LF
curves near 1975, 1985, 1995, and 2005. There are spikes in the OECD and Eurostat curves, which not
present in the NAC curve. Usually, such spikes manifest alikeepevision to populatiortontrols or
the introduction of new definitions. All in all, the modelling of unemployment and inflation using the
dLF/LF curves in Figure 5 has some room for the deviation between predicted and observed curves as
associated with measurement errors. Fgbirdepicts three time series with two measures of inflation
rate: CPI inflation reported by the national statistical agency and GDP deflator reported by the OECD
and Eurostat. The difference between the latter two measures is so large because theynauairanmd
real GDP in local currency and Euros (using current exchange rate).

0.10 0.06

—— UE, AMS —e— dLF/LF, OECD
—O— dLF/LF, NAC
0.08 - ~©-UE, Eurostat 0.04 4 | =& dLFILF, Eurostat

0.06 x 0.02 ]

UE
dLF/LF

0.04

0.02

0.00 +——
1955 1965 1975 1985 1995 2005 004

calendar year calendar year

B e e e e S B e e e e B S I B

Figure 5. Unemployment rate (left panel) and the rate of labor force change (right panel) in Austria according to
various definitions: NAC and AMSnational definition, Etbstat and OECD. Variations in the variables are a
crude approximation of the uncertainty in relevant measurements.
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Figure 7 demonstrates the accuracy of the generalized model (4) in prediction of inflation. This
model is similar to that described in Sent2 and also has a break in 1986, but it uses different
measures of labor force and unemployment (both AMS). As a consequence, empirical coefficients are
also different, except fixed one»£1.0; G=1.1 and G=0.068 before 1986; £0.8 and G=0.077 afte
1986. These coefficients are obtained using the cumulative curve method, as shown in the right panel of
Figure 7.

For Austria, there is no need to distinguish between unemployment and inflation. The predictive
power of the generalized model allows atwate forecast for both macroeconomic variables from
projections of labor force. The better is the projection, the higher is the accuracy.
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Figure 6. Three definitions of the rate of price inflation in Austria: GDP deflator (DGDR}ional currencand
Euro, and CPI inflation.
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Figure 7. Prediction of GDP deflator in Austria using the generalized model. Left panel: the rate of price inflation.
Right panel: Cumulative inflation. (See details in the text.)

Italy

Retaining the above developed aggwrh to the presentation of data and empirical model, Figure 8
displays two measures of unemployment and the change rate of labor force in Italy. First measure is
introduced by national statistics and second is estimated according to the approach déveloped
United States. All time series are available through the US Bureau of Labor Statistics
(http://www.bls.gov/datd/ The difference between the curves is obvious. In contrast to Austria, the
unemployment cunsecannot be so easily scaled, i.e. their comgselation is lower. Moreover, it seems
that the national definition was replaced by the US one near 1993. This assumption is supported by the
change rate of labor force having a large spike in the sametlyeapike being a weknown sign of a
large revision to definition€OECD 2008)

Series breaks In October 1992, changes were introduced in the Household Labour Force Survey
concerning the lower age limit of the active population (from 14 to 15 yédstloe definition of
unemployment, the population estimates, the estimation procedure and the imputation procedure.
These changes resulted in a reduction in level estimates for employment and unemployment. In
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January 2004, major changes were introduaeth &s: the passage to a continuous survey, the
implementation of CAPI/CATI instead of PAPI for interviews, better adherence to the
international definition of employment, the change of the age limit in the definition of the
unemployed (74 years old), atite data were revised back till the third quarter 1992.
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Figure 8. Unemployment rate (left panel) and the rate of labor force change (right panel) in Italy according to
national definition (NAC) and the definition adopted in the US.

In Figure 9, theobserved unemployment is compared to that predicted from the change in labor
force. Using only visual fit between the dynamic curves, we have estimated the coefficients in (2) for
Italy: B;=3.0, B=0.085, and,t11 (!) years. Hence, an increase in labaocdocauses a proportional
increase in unemployment with a factor of 3. The original time series dLF/LF is very noisy and thus is
smoothed by a fivgear moving average, MA(5). The right panel in Figure 9 displays a scattetiptot
measured UE vs. thegticted one, a linear regression line, and corresponding equation. The slope of
the regression line is 0.96 (a slight underestimation of the slope results from the uncertainty in the
independent variable) and’#.92. So, the predicted series explains 9@the variability in the
observed one.
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Figure 9. Observed and predicted unemployment in Italy. The prediction horizon is 11 years. Due to large
fluctuations associated with measurement errors in the labor force we are using centered MAé5)riedtiction,
which reduces the horizon to 9 years. Goodwdsit (R?=) 0.92 for the period between 1973 and 2006, with
RMSFE of 0.55%. The unemployment should start to increase in 2008.

As a rule, smoothing by MA(5) is an operation introducing a ltigts in time series due to
increasing autocorrelation. However, Italy is an exceptional economy with an -gkserag of
unemployment behind the change in labor force. This lag is twice as large as in Germany and the largest
among all studied countrieé/hat kind of social and economic inertia should be involved in such a long
delay of reaction? In any case, the smoothing with MA(5) is an adequate and accurate procedure for the
prediction of unemployment at-y@ar horizon in Italy with RMSFE of only (% for the period
between 1973 and 2006. This small RMSFE is associated with a wide range of change in the
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unemployment from 5.4% in 1974 to 12% in 1999. Together with the extremely large forecasting
horizon, such uncertainty allows a decisive validatibow model in the next 9 years. One can expect
that unemployment in Italy will be growing since 2008 and will reach ~11.4% [+0.6 %] near 2012. After
2012, unemployment in Italy will likely start to descend.

The Netherlands

For the Netherlands, two diffent time series are available for unemployment and labor force
according to national (NAC) definition and the US concept. Two measures of inflation are reported by
the OECD. Figures 10 and 11 display all the involved series, which have different lahgihdye in
the range between 1960 and 2006. The difference in the measures of labor force is outstanding,
especially around 1980 and 1990. One should not tolerate such a discrepancy. Otherwise, no quantitative
analysis is possible and economics will @etiave a chance to join the club of the hard sciefdes.
OECD (2008)rovides the following information on the changes in definitions in the Netherlands:

Series breaks The break in 19992 is due to the introduction of new definitions in the survey.

The implementation of a continuous survey also caused a break in series between 1986 and 1987.
The increase in employment figures is due to the survey collecting more information on persons
working fewer weekly hours (less than 20 hours a week). Betw888 and 1983, the break,
mainly in the unemployment series, is due to the implementation of the Labour Force Survey.
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UE
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0.08 5 002
-
=}
0.04 0.01
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Figure 10. Unemployment rate (left panel) and the rate of labor force change (right panel) in the Netherlands
according to nationalefinition (NAC) and the definition adopted in the US.

Figure 12 corroborates the presence of a reliable Phillips curve in the Netherlands, at least
between 1970 and 2001; the DGDP time series is taken from the OECD data set and the unemployment
readings bey the national definition. It is worth noting that the unemployment is three years ahead of
the inflation. Therefore, one can predict inflation in the Netherlands using measured unemployment, but
not vice versa. Results of linear regression of the urmmnt on the inflation are shown in the right
panel: B=0.79 for the entire period between 1971 and 2004, with RMSFE -gearorizon of 1.6%.

The measured unemployment changed from 0.9% (!) in 1971 to 10.2% in 1983. If to exclude three
recent pointsrbm the unemployment curve, RMSFE=1.3% afd(R89. The year of 2001 is likely to

be associated with a break in measurement units as Figures 10 and 11 show, because of the introduction
of new statistics.

The unemployment rate and the change in labor footle are three years ahead of the inflation.
Thus, it is natural to use the generalized model to predict inflation. In the left panel of Figure 13 we
present the observed GDP deflator and that predicted from the labor force for the years between 1971
and2004. Because of high fluctuations in the labor force time series (see Figure 10) the predicted curve
is smoothed with MA(5). Finally, the right panel in Figure 13 evaluates the predictive power of the
generalized model. The agreement is excellent withsaipility to predict at a three year horizon, when
accurate measurements of unemployment and labor force will be available. In a sense, the prediction
from labor characteristics has an uncertainty similar to that associated with the definition ofiiiflatio
compare the curves in Figures 11 and 13.
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Figure 11.Two measures of inflation in the Netherland; GDP deflator and CPI inflation.
Both are reported by the OECD.
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Figure 12.Phillips curve in the Netherlands.

So, one might consider the casetloé Netherlands as an evidence in favor of the generalized
model. One more developed country reveals the presence of detamgequilibrium link between
inflation, unemployment, and the level of labor force. The goodokefis between the observed and
predicted time series in the right panel of Figure 13 fsYR.77 for the period between 1980 and 2006.
We do not conduct tests for cointegration because the samples are small for any robust inferences.
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Figure 13.Inflation in the Netherlands (DGDé&nd CPI) as a function of the change in labor force and
unemployment.
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Sweden

For Sweden, two different versions of unemployment rate and labor force are availebAC
and US ones. Figure 14 displays the evolution of all series between 19600ndSaeprisingly, the
curves are very close with only one visible step in 1993, as reported by the OEDC (2008):

Series breaks:In 1993 a new reference week system and new estimation procedures were
introduced. Also, the definition of unemployed was adjdstso that it followed the
recommendations of the ILO more closely. In the new reference week system, the Labour Force
Survey measures all weeks during the year as opposed to two weeks per month in the older
system. In 1987 a new questionnaire was intredu@sulting in the presentation of additional
variables, and in the establishment of dependent interviewing. From 1986 to 2006, data refer to all
persons aged 16 to 64 years; previously they referred to all persons aged 16 to 74 years. As from
October 20@ the data cover age group 15 to 74 again.

The Phillips curve in Sweden is not a reliable link between unemployment and inflation, as Figure
15 shows. The goodnes§fit is only 0.67 for the years between 1971 and 2006. The unemployment
curve does not aich the fluctuations in the inflation curve. It is likely that the definition of
unemployment before 1987 was not adequate@ssentially produced a straight line from 1960 to 1980.

It seems that the definition of labor force has the same problem eagddfinition of
unemployment, as the left panel of Figure 16 demonstrates. The observed curve diverge after 2001 from
that predicted using labor force only. (This is the same problem as for the Netherlands.) Otherwise, the
agreement is good. As in many Bpean countries, the change in labor force leads the change in
unemployment; the former is two years ahead of the latter in Sweden.

The generalized model links all three involved macroeconomic variables much better than
individual relationships. The rigimanel of Figure 16 evidences a reliable description of the inflation by
the unemployment and the change in labor force. Because of fierce fluctuations in the inflation and labor
force moving average MA(5) and MA(7) are applied to the original seriesvédé&h, an increase in the
level of labor force reduces the rate of unemployment and pushes inflation up, as coefficients in
individual relationships between relevant variables shows.
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Figure 14.Unemployment rate (left panel) and the rate of labadahange (right panel) in Sweden according to
national definition (NAC) and the definition adopted in the US.
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Figure 16.Left panel: Prediction of unemployment by the change in labor force. Right pdweegieneralized
model in Sweden: inflation as a function of the change in labor force and unemployment).

Switzerland

The OECD reports measurements of unemployment in Switzerland only from 1991, as Figure 17
depicts. The BLS does not provide unemploymesadings for this country at all. This makes the
construction of a generalized model meaningless at this point in time. Longer observations of labor force
(right panel, Figure 17) and inflation (Figure 18) are available, however. Apparently, the latmor for
series has two breaks: one in 1974 of unknown nature and @881inas the OECD (200Bjforms:

Series breaks From 1998, data are adjusted in line with the 2000 census. Prior to 1991, data refer
only to persons who are gainfully employed at leasheurs per week.
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Figure 17. Unemployment rate (left panel) and the rate of labor force change (right panel) in Sweden according to
national definition (NAC) and the definition adopted in the US
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Figure 18 Two definitions of the rate of price iafion in Switzerland: GDP deflator and CPI inflation according
to OECD definition.

The link between inflation and labor force also has a break around 1987, as Figure 19 depicts.
Linear regression of the observed series on the predicted one is charddigridepe 0.74, free term
0.003, and R=0.82. According to welknow problem with OLS, the slope is underestimated. Otherwise,
the agreement is excellent. We did not use the cumulative curves for the estimation of coefficients in (1)
for Switzerland sinceorresponding time series are not long enough to provide a robust estimate. On the
other hand, the original inflation curve heavily oscillates, and one needs only to fit the peaks of the
oscillations in order to find appropriate coefficients in (1), aswshin the Figure.
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Figure 19.Left panel: The rate of CPI inflation in Switzerland as predicted by the generalized model with a
structural break neat 1987 related to the change in measuring units. Notice that the predicted series is smoothed
with MA(3). Right panel: Linear regression of the data in the left panel.

The United States

In 2006, we presented a prediction of unemployment at-gesix horizon(Kitov 2006a, 2006b)
Despite the US is not a European country, this is a good opportunityetadetkte prediction by four
new readings and check the accuracy of the previous prediction. There are two possibilities to predict
unemployment in the USA using the dependence on the change in labor force and the generalized
model. Figure 20 and 21 disgka pertinent dynamic and cumulative curves with their equations. As
predicted, the measured unemployment has been decreasing since 2004. The accuracy of the forecast
increases when the measured and predicted curves are smoothed with MA(5) and MA(3)vebspec
This is the effect of suppression of measurement noise by destructive interference. Considering the lag
of six years (actually 22 quarters) such smoothing does no harm to iblesauhple prediction.
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Figure 20.Prediction of unemployment®A from the change in labor force.

The second half of 2008 and the beginning of 2009 are characterized by a unprecedented fast
growth in unemployment (not seasonally adjusted), from 5.2 % in May 2008 to 8.9% in February 2009.
The predicted curves in Figes 20 and 21 do not show any sign of so high rate in theriong
Therefore, both models predict that the unemployment should return to the level ~5% in near future.

Previously, we made a prediction of unemployment at a longer horizon using variouasigmeje
of labor force. It is time to update the forecast and to check whether one should expect the transition to a
deflationary period since 201Eigure 22 presents a number of prediction curves with data borrowed
from the Congressional Budget Offi¢2004). According to our model, deflation in the United States is

inevitable.
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Figure 21 Prediction of unemployment in the USA by the generalized model.
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Figure 22 The evolution of GDP deflator predicted using various projections of labor foraeceso
Congressional Budget Office; Department of Labor, Bureau of Labor Statistics (BLS); Social Security

Administration (SSA); Macroeconomic Advisers (MA); Global Insight (GI).
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5. Conclusion

We have presented an empirical model explaining the evolutimfiation and unemployment in
developed countries as driven by the change in the level of labor force. The model was previously tested
on data from the biggest economienited States, Japan, Germany, and France. Smaller economies of
Austria and Canadalso support the existence of the link.

In order to validate the model and facilitate the procedure of the estimation of the model
coefficients we have introduced and tested a new techiiiqoe method of cumulative curves. This
method is a direct anajoof the boundary elements methods extensively used in engineering and
science. Using Austria and the United States as examples, we have demonstrated that cumulative curves
provide particular solutions of the model equations and guarantee the resicheahuidel to be a 1(0)
process. In other words, the difference between measured and predicted cumulative curves, both 1(2)
processes, is a stationary process. This is strong evidence in favor of the existence of a causal link
between labor force and the paiflation/unemployment.

Instead of repeating major and minor conclusions made in our previous papers we would like to
summarize all results obtained so far as a complete list of empirical models derived for developed
countries (in alphabetic order):

Austria:
“(t) = 1.2dLF(t)/LF()- 1 .
“(t) = 0.9dLF(t)/LF(b)- 1 .

+ 0.

OUE(t) 066 ; 196
OUE(t) + 0.0074; t
Canada:

UE(t) =-2.1dLF(t)/LF(t) +0.12

“(t) = 2.58dLF(t2)/LF(t-2) - 0.043

(1) = 3.8dLF(2)/LF(t-2) + 0.79UE(®2) - 0.098

France:
“(t) = 4.0dLF(t4)/LF(t-4 ) - 1.0UE(t4)+0.095

Germany:
“(t) =-1.71dLF(t6)/LF(t-6) + 0.041
UE(t) = 2.5dLF(t5)/LF(t-5) + 0.04
UE(t-1) =-1.50 (1)+ 0.116; t>1971
“(t) =-0.3dLF(t6)/LF(t-6) + 0.59UE({1) + 0.072

Italy:
UE(t) = 3.0dLF(t11)/LF(+-11) + 0 .08; t>1968

Japan:
UE(t) =-1.5dLF(t)/LF(t) + 0 .045
“(t) = 1.77dLF(t)/LF(t)- 0.0035

The Netherlands:
" (t) = 3.5dLF(t3)/LF(t-3) - 0.03
" (t) = 3.5dLF(t3)/LF(t-3) - 0.48UE(t3) + 0.006

Sweden:
“(t) =1.15UE() +0.11
UE(t) =-6.0dLF(t2)/LF(t-2 + 0 .39
“(t) = 5.0dLF(t2)/LF(t-2) + 0.044
“(t) = 5.0dLF(t2)/LF(t-2) T 0.5UE(t) + 0.006

Switzerland:
UE(t) =-1.0' (t) + 0.04 .
“(t) = 2.0dLF(t2)/LF(t-2 ) + 0.005 ( t O 1986)
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“(t) = 1.1dLF(E2)/LF(t-2 ) + 0.055 (t O 1987)

TheUnited States:
UE(t) = 2.1dLF(#5)/LF(t-5) - 0.023
“(t) = 4.0dLF(t2)/LF(t-2) - 0.03

These developed countries produce a larger portion of the w@@B. Most of these countries
are situated in Western Europe. They had various economic and social histories {h ¢bat@fy and
in the first decade of the 2Lentury. Nevertheless, they all demonstrate similar links between inflation,
unemployment and labor force. The empirical models for Australia, Spain, and the United Kingdom are
under construction.
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Abstract

This paper studies the effects, leniency programs have on cartel stability and the subsequent abuse of
market powe A gametheoretical model, which allows for asymmetry and retaliation, is employed to analyze this
problem. We find that a leniency program does not always lead to a breach of trust; in certain industries leniency
programs are unable to break collusiokloreover, they may have the adverse effect in the sense that they
strengthen cartel stability or lead to abuse of market power. A relatively large firm can use coercion to remove the
option to a smaller firm to seteport. In industries characterized bycertain degree of asymmetry in market
shares and high exit costs this is an even more likely scenario. In view of this limitation, policies aimed at the
removal of the threat of retaliation need to be considered. This fmperphasis is placed on lenigrrograms
for cartels, but the line of reasoning may also be extended to corporate vithistlieg programs.

Keywords: Antitrust Policy, Antitrust Law, Selfeporting, Leniency Programs
JEL Classification: K21, L41

1. Introduction

Leniency programs fon a relatively new feature of antitrust law enforcement. Its main objective
is to remove trust between cartel members. Trust is an essential element of every conspiracy. A similar
approach is successfully employed in the prosecution of the mafia (tredlest fevitness protection
progran®). In practice, contact is established between a member of a conspiracy and the justice
department with a proposition to serve as a witness againstétnspirators. As a reward the witness
receives (partial) amnestyoim its own misconduct and protection from punishment by the other
members of the (former) crime syndicate. In 866 and®0& of the previous century the witness
protection program proved to be a great success. Even though the trust between (fanbig)snaé the
mafia was relatively strong the program enabled the successful conviction of a great number of
criminals. No wonder a similar approach was adopted by the antitrust authorities in the fight against
organized infringements of competition law.iJlpaper examines the consequences of the introduction
and use of leniency programs in their attempt to remove trust between cartel members. The emphasis of
this paper is on leniency programs for cartels and the prosecution offixirige agreements. The
reasoning can, however, also be applied to corporate whistle blowing programs and witness protection
programs.

Several economists have previously expressed their doubts as to the success of leniency
prograngs application in this new industrial setting. 3 Htiterature is reviewed in Spagnolo (2008) and
includes such contributions like Buccorossi and Spagnolo (2006) or Ellis and Wilson (2001). The main
intuition they provide in order to explain the existence of counterproductive effects of leniency programs
is that in the framework of repeated interactions leniency may increase thé diitiy to punish
deviations (e.g. threatening to report to the antitrust authority after cheating occurs), thereby stabilizing
the cartel agreements by reducing gains fdaiecting. In this way leniency can reduce the incentives to
cheat and make cartels more stable. The current paper adds to these considerations by addressing
another issue that has been underestimated in the design of leniency programs. An importanbfelemen
the witness protection program, which is missing in the design of leniency programs for cartels, is to
safeguard the witness from punishment by its former partners in crime. We show that, using the realistic
assumption of industry asymmetry, the catrdesign of leniency programs éaprevent larger firms
from using a threat of punishment as a means of coercion, effectively not allowing smaller firms to
appeal for leniency. When the antitrust authority is unable to credibly protect leniency apglicant
retaliation by convicted cartel members the program is abused by cartels. It actually serves to strengthen
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trust between its members. The program may have the adverse effect in the sense that it may facilitate
cartel stability.

It should be stressethat any type of leniency program should contain the following crucial
elements. Firstly, the criminal should provide sufficient evidence on the misconduct by its former
partners to the authorities. Secondly, the criminal acts as a witness and regaieg®asly agreed to,
lenient treatment with regard to the crimiiapunishment. This ranges from a reduction to a fine to
clemency from a prison sentence and can evéil enreward g¢eee.g. Kovacic2006). A discretionary
approach ensures the inceetis set according to the constraint faced by the proposed witness and no
resources are wasted. Thirdly, the witness is protected from punishment by its forcoeispivators.

When all policy parameters of these elements are customized to fit the tgsieathe proposed witness
accepts the offer, the crime syndicate is terminated, its members are convicted, no resources are wasted
and, perhaps most importantly, an example is set for those firms or individuals considering the prospect
to conspire.

Leniercy programs for cartels differ from witness protection programs in two main aspects, first
of all the protection aspect and secondly the fact that leniency programs are less customized. Both parts
of the policy instrument have, however, proven to be detrtal to its success. In its new design and
new environment these parameters have unfortunately remained underexposed. It can be shown that,
unless the necessity to protect the reporter from punishment is acknowledged by the authorities, cartels
may strenthen their ties by means of the leniency program. Customization of the program with respect
to the size of the fine and protection after -sefforting can partially overcome this deficiency in the
program. More generally, the leniency program will alwaged to be accompanied by the traditional
law enforcement efforts of the competition authority.

A typical punishment strategy a firm might consider employing involves dumping or aggressive
pricing. Not only can dlargeio (more efficient) firm usually estdish lower marginal costs, the market
share asymmetry also enables such a firm to establish a larger buffer than the smaller firm. When the
larger firm employs its aggressive punishment strategy both firms incur losses. These eat away at both
firms6buffers. Since the larger firéa buffer is generally greater it will be able to sustain these losses for
a longer period of time. Employing aggressive strategy for a sufficient period of time will eventually
push the smaller firm into bankruptcy. This-gpt resembles thdlong-purse storg explanation of
preddory pricing Geee.g. Stiglerl964or Tirole 1988).

The next point we want to address is the role of asymmetry for cartel stability. The bigger part of
the literature on leniency programs uses undivexsiiompanies and industry symmetry as a starting
point. The main reason behind this is the general perception that asymmetry reduces cartel strength.
Leading textbooks such as Tirole (1988) state that, based on work by e.g. Chamberlin (1929) and Stigler
(1964), the coordination towards a focal price under differentiated costs and products is more difficult.
Motta and Polo (2003) argue that asymmetries between large and small firms represent an obstacle for
industry wide collusion. In reality firms are raydtuly symmetrical in their cost functions, products or
market presence. Asymmetry is the rule rather than the exception. Symmetry would imply that all
colluding firms apply for leniency at the same time. This is rarely the case. In general though gymmetr
increases the incentive to collude, but this scenario is not realistic and the introduction of a leniency
program by an antitrust authority might change the incentives for firms. Asymmetry among firms in
products, markets and cost functions is the suilgethis paper. We model asymmetry by considering
firms that have different market shares due to e.g. historic reasons.

The fact that a cartel can be stable under asymmetrical conditions was recently proved by the EU
Competition Directorate General thahaovered a beer cartel in Holland and (parts of) Belgium in
which small players coexisted with larger firmse¢ EC decision 2007, reference IP/07/509). An
illustration of coercion maintained by the threat of retaliation can be found in the leniencwtamplat
British Petrol (BP) in the Bitumen CarteddeEC decision 2006, reference MEMO/06/324). During its
existence the colluders managed to increase trust between thés caeibers by designing a collective
punishment strategy. Each time a carteimber violated the cart@ agreements the other members
agreed to punish the perpetrator. The cartel managed to create a threat of retaliation by joining forces,
using an asymmetry of power, sustained by formal trust.

The literature on analysis of seHporting schemes in antitrust starts with the paper by Motta and
Polo (2003). They study a twsiage game in which the AA first chooses once and for all its antitrust
policy followed by the competition phase in which the firms compete with each other, ighich
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modelled as an infinitelyepeated oligopoly game. The cartel adopts grigger strategies in which
cheating on the cartel by either setting a different price or applying for leniency triggers competitive
behaviour forever, while the cartel continwedlusion as usual each time it is caught by the AA. Under
the optimal antitrust policy, introduction of @ost leniency programs will increase the chance of the
cartel being captured, but-exte leniency programs that grant reduced fines are ineffeéts/éater
shown in Spagnolo (2004) and Rey (2003), effectivearge leniency programs require substantial
rewards. This is also recommended in Kovacic (2006).

Spagnolo (2004) concludes that courageous leniency programs are closest to the optimal. He uses
a game theoretical model to relate a first lfesurageousleniency scheme andfimmoderaté leniency
scheme to a benchmark case of traditional law enforcement. The courageous program is one in which
the reporting party is actually rewarded with a pathe fine paid by the other parties besides receiving
amnesty. In this way a first best solution is established according to Spagnolo.

The above arguments are closely related to the more general analysis of the optimal structure and
design of leniency pgrams that has been extensively discussed in the liter&egdor example, Rey
(2003), Hinloopen (2003), Feess and Walzl (2004), Motchenkova (2004), Buccorosi and Spagnolo
(2006), Spagnolo (2008), Harrington and Chen (2007), Chen and Rey (2007)gtdar(2008), and
Houbaet al (2009). The question of optimal design of leniency programs has two main debatable
components. They are the number of fine reductions and the size of fine reductions. The research
normally comes to the conclusion that the entlty applied moderate leniency program could be made
more effective by limiting a fine reduction to the first firm to report. Adding more than one possibility to
a fine reduction reduces the deterring effect of the scheme. Most of the analysis alstesatheitithe
first selfreporter should be fully exempted from the fine.

The current paper analyzes the effects of leniency programs on the survival of cartels formed by
firms of different size (i.e. different market shares). We analyze a setup wher@ggee firm can
threaten to force the smaller firm to exit the market by employing aggressive strategy in case the smaller
firm self-reports®® The innovative aspect of the paper relates to considering how cartel members can
react to the introduction of lesicy programs in order to preserve the continuation of collusion. The
punishment strategy for sekporters is intended to counterbalance the incentives to reveal information
to the antitrust authority. We find that a leniency program does not alwaytleadreach of trust; in
certain industries leniency programs are unable to break collusion. Moreover, they may have the adverse
effect in the sense that they strengthen cartel stability or lead to abuse of market power. A relatively
large firm can use @wscion to remove the option to a smaller firm to seffort. In view of this
limitation, policies aimed at the removal of the threat of retaliation need to be considered.

The structure of the paper is as follows. Section 2 contains a formal descriptiembdel. In
Section 3, we solve the model and find sgdme perfect equilibriums of the game. FinallySection 4
the policy implications are discussed and the analysis is concluded. In the appendix a comparative
analysis of the approach to leniencsograms used in the United States and in several European
countries is provided.

2. The Model (Formal Analysis)

We consider two asymmetric firms, which may form a cartel, taking into account the enforcement
activity of the antitrust authority. The asyminyeis related only to the size of the firms or their market
shares, while it is assumed that firms have identical marginal costs. The antitrust authority commits to a
certain enforcement policy, which uses leniency programs. Leniency programs grantaitpbate or
partial exemption from fines to the firms, which reveal the existence of a cartel to the antitrust authority
and come up with sufficient evidence. The main innovation of this model is that we consider firms that
have different market shareshi$ implies different accumulated profits during the period of collusive
pricing. Hence, unless the antitrust authority (AA) is able to remove any asymmetry in the accumulated
profits (buffer) of each individual member of cartel, sofiEggel®O members enyp a strategic
advantage. A firm with a relatively large buffer will be able to employ the difference in buffer size as a
means of coercion, such as the threat of punishment though aggressive pricing in case the rival deviates
from cartel agreement by seHporting. EssentiallyK denotes the costs of aggressive behaviour

8 |n this paper we adopt the legal definition of aggressive (predatory) pricing, which is characterized as
setting price below the marginabst.
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(through e.g. setting price below marginal costs for some periods) for the bigger firm. These costs are
high when firms are more symmetric and, vise versa, these costs are low when aiggrarethigh.

The credibility and impact of this type of pricing strategy depends on the asymmetry in size between
firms, such as the difference i n iidggebfrmandliyar e s .
1- b for fismalb firm, with b >1- b and 0<b <1.

First, we describe the policy choices of the antitrust authority. Second, we describe the timing of
the game. And, finally, we specify the firosrategies.

Enforcement policy: The main goal of the antitrust authority is to prevent the foomabf
cartels in the first place. However, if the cartel has already been formed, the antitrust authority aims to
break the trust at the lowest possible costeHéllowing the reasoning ineBtion 1, we restrict the
number of fine reductions in caserotiltiple applications for leniency to one. Only the first reporter gets
complete exemption from the fine. This, as explained above, reduces trust among cartel members. This
setup is also motivated by the fact that the structure of leniency programsyeahptoUS allows only
for one fine reduction. Moreover, the US scheme also has a longer history than its European counterpart
and has proven to be more succes$ffibllowing Becker (1968), we distinguish two main parameters
of enforcement policy: penalignd probability of detection. Hence, the antitrust policy in the presence
of leniency programs can be described by the following parameters:

AThe full finesF=U ; which are proportional to illegal gains for firms that were proven guilty and
have not cooperated with the antitrust authority, or are not the first to come forward with information
about cartef* Here Uis the coefficient of proportional finé. denoes per period illegal profits from
cartel formation. Competitive profits {) are assumed to be zero for simplicity. So thaan also be
viewed as pure illegal gains. Note also thats maximal per period payoff for each firm in case of full
collusion(i.e. when firms arable to charge monopoly prices);

AThe reduced finé specified by the US leniency program is equal to Z&fitis setup allows
for the strictesadherence to the leniency rules;

AThe probability of law enforcement by the antitrust artitij@equalsp| ( 0.,THig variable can
be thought of as an instantaneous probability that the firm is checked by antitrust authority and found
guilty. Contrary to Motta and Polo (2003), we assume that whenever the antitrust authority checks the
guilty firm, the violatbn is successfully discovered. Moreover, we assume that p is determined by e.g.
an exogenous budget of the antitrust authority financed by the government that can be used to promote
enforcement, so that p reflects the costs of efforts of antitrust aythritinto law enforcement
activities.

Timing of the game: Two asymmetrical firms play the two stage game in the presence of
antitrust enforcement which incorporates leniency programs.

At time t=0 the antitrust authority sets parameters of the enforcepadioy: F = U “andp and
parameters of the leniency program (which allows for only one fine reduction and redudestyfiilads
0). So, selreporting becomes an attractive option at this stage. Prior to thists@afians may decide
to form a collusiveagreement. As conventional arsifyof supegames geeTirole 198§ implies, in the
absence of the antitrust enforcement, collusion can arise in equilibrium only when the discount factor is
large enough, namely, Ob = i.%° So, for further analysis weilivdirect our attention to the values of
the discount factoii O li, which ensures that cartels are stable in the absence of antitrust enforcement
and, hence, the first stage of firevelationretaliatiord game is reached.

8 Seehistorical overview and overview of structures of leniency programs in Appendix.

8 The motivation for this type of structure and example of application of proportional penalty schemes in
competition law enforcement was studied in Motchenkovakant (2006).

% Seealso Appendix.

% |n the absence of any antitrust enforcement, i.e. when neither fines nor rate of law enforcement can be
used, collusion can be sustained only when the short run gain from an unilateral deviation from collusive
agreemenby undercutting in prices together with competitive profits thereafter is smaller than the payoff from
sustaining collusive strategy forevey’ /(1-0)>" ,+U0" /(1-U) for i=1,2. Hence, with competitive profits,
normalized to 0, we haneO b for fbigged firm andii Cb for fismalb firm. The second constraint is binding since
b>1-b. Hence, we havé.=b.
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Next, the game between the tasymmetrical firms is played. At tintel (stage 1 of the game)
the small firm move&’ It can choose between two actions: seffort or keep cartel secret.

Further, at timg=2 (stage 2 of the game) the big firm responds to the action of the small by
choasing whether to punish the small firm for reporting the cartel or to abstain from punishment.

Note that the antitrust authority does not take an active part in the game. It only sets policy
parametersk, f, p, U and the rules of leniency programs. This complies with the cliioeet size fits
allo setting of the antitrust policy parameters.

Payoffs of both players in each of the four possible cases are described in the following
subsection. Each time we refetlnfiSmalld to the smaller firm and witfiBigo to the other player.

Strategies and Payoffs:

1. Small has decided to report and Big responds by setting a predatory price: Big receives its
current shar® 1, of collusive profits and the monopoly profits foes after (i.e. (W/(1-U))). But it has
to overcome a loss of size(due to aggressive pricing) and a one time fine of Bibg’and there is the
risk of a fine when setting a predatory pricepot}(V(1-U)). The latter is the net present value of the
expected fine Big might have to pay, because of the abuse of its dominant position. Small receives its
current share (b)" ,, but loses an amount @& (exit cost), since it has to leave the market. Small
cooperated with the antitrust authority, so it isregted from a fine.

2. Small has decided to selport and Big decides not to retaliate and simply moves to marginal
costs pricing (competitive equilibriuff¥) Big receives its current share of collusive profit, and is
fined U b,,, Small receives its ctent share (b) ., but doesét make any economic profit forever after.
Since it reported to the antitrust authority itdgimed.

3. Small has decided not to report and Big is inclined to use aggressive strategy. This means that
aggressive pricing wastteactive strategy already before the antitrust enforcement and leniency
programs were introducet=Q). We will rule out this possibility later on when we discuss the solution
of the game (it just imposes additional constraint on discount fac@ (*, $ee section below). In this
case Big receives its ¢ ylessalossdustothe aggresdive prickiyg,6 po | vy
but after small leaves it will receive the entire (discounted) monopoly profit forever” aftéfl-u)),
thoughitals f aces a risk of detection duringgpanhe tra
there is the chance of a fine in every period thereafter, which resplt&li/(1-t)). Small receives its
current share ¢b)" , but loses its exit cost S. Sinte firm is bankrupt the authorities cannot levy a fine
on the firm for its misconduct.

4. Small has decided not to report and Big is inclined to continue the collusive price setting: Big
receives its share of collusive profits forewer,(1/(1-0)), but faces the risk of being fined in every
period there after. This results pnU B(1/(1-U)). Similarly, Small receives its current share forever (1
b)" (1/(1-U)) but faces the risk of prosecution in every period gftét-b)" (1/(1-U)).

It should be stressetthat for anyt > 2, decisions of both players do not change, and payoffs
obtained at=2 will be discounted. This is due to the fact that the coefficient of the proportional penalty
and the rate of law enforcement are fixed and, hence, the environmsmataghange. Moreover, we
assume that in case of sadjporting trust is broken and firms do not go back to collusion ever again.
Therefore, outcomes (1) and (2) are stable by assumption.

We summarize the above description of the game as follows:

Stage 0 The Antitrust Authority announces the parameters of the penalty scpemne:F, and
the parameters of leniency progradmd and the number of fine reductions.

Stage 1 The smaller firm decide whether to reveal information about the existence of theocarte
the antitrust authority or not (once and for all decision).

Stage 2 The bigger firm observes the decision of the smaller firm and decides whether to punish
it for self-reporting or not (once and for all decision).

If no selfreporting is chosen by ¢hsmaller firm and the bigger firm decides to continue
collusion, then the repeated game, between authority and firms, where authority can discover violation

87 We assume here that incentives for the bigger firm to keep the cartel secret are always higher since it gets
higher expected gains from continuatiow, $he big firm would either need stronger incentives or will-ssgbrt
only later in time than the small firm.

8 We assume here that in case one of the firmsreptirted, trust will be broken forever and firms will not
go back to collusion anymore.
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with probability p in each period, is played till infinity (under assumption that even in cdagovias
discovered by antitrust authority, firms go back to collusion).

The discount factor is denoted Iy1/(1+), wherer is the interest rate. The game tree and
player®payoffs are summarized in Figure 1.

Stage 1 Stage 2 (- b)py - S

Pud pa gd
bpt+—=-K-abp
(- d) (t-d)

Predate

- by,

Not Predate (2) 4 R-aby
(1' b)pm - S
m a d
Notreport b m(f' d) “pabe F()l' @)

Not Predate (4) a-a)  @-a)

Figure 1. Game tree and playéngayoffs.

We now proceed to establish the ggaime perfect equilibriums of the tvetagerepeated game,
which is described in Figure 1, played by both firms once the policy parameters are set.

3. Solution of the Game

To find the subgame perfect equilibriums of the game we employ backward induction. First we
consider the decision of the lgigr firm which is taken ifstage 2, and next the decision of the smaller
firm which is taken irStage 1. Three different parts of the game in Figure 1 can be distinguished as sub
games. First, Small has a choice whether to report or not. It will basecisah on the reaction to its
choice it expects from the bigger player. Therefore Big faces two possibilities. If Small has reported
their common illegal conduct, Big has to decide whether to retaliate or not. In case of no retaliation, Big
sets its priceequal to marginal or variable costs so that smdipimishe@ for reporting to the antitrust
authority, but keeps operating. In case of retaliation Small firm is driven out of the market. If Small
decides not to report, Big faces the same decisionriZI8aaliés initial action depends on the Big
reaction. Since it knows Big position and is aware of the value of all other parameters (e.g. law
enforcement and discount value) it will choose to play accordingly.

3.1 Collusion is the preferred strategy before leniency is introduced

We start by considering the choice of the bigger firm between retaliation and collusion (i.e. by
comparing outcomes (3) and (4) described in previous section). Note that if outcome (4) is preferred
over outcome (3) by theidger firm, collusion is also the preferred strategy before leniency is
introduced (under traditional antitrust enforcement). This happens Wwh¢b/(1-0))-p U B(1/(1-0)) >
b oK+ o(W(1-0))-p U B-p U,(V(1-U)). This inequality implies that retaliation isore attractive than
collusion for the bigger firm in both situations (with or without the availability of a leniency program)
when the discount factor is greater than the following threshold:

8 Similar assumption is employed in Motta and Polo (2003).
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K

P p, o pay P .

So, for any values of thastount rate above the threshaldt, there is no collusion before the
leniency program is introduced and the game degply. In the remainder of this paper all values of
the discount rate over threshald* &r e regarded as values for the
(no selfreporting, retaliation) arises. This equilibrium ighof any interest to answering the questions
posed above and will therefore be left out of the analysis.

Expression (1) gives us the first incentive compatibility constraint. It is represented insFigure
and 3 by the linai *, Which plotst(K) as a function oK in the (,K)-plane. In addition, as discussed
above, comparative statics of the behaviouti of(K,p,J) with respect to the main parameters of the
model shows that

ho"(K.pa) o o u" (K, p.a)

pa <], <0 if pa>1,

b (Kpa) o W (KPA) o o
ha

These inequalities shw that the likelihood of collusion is increased further and predation is less

pa

l i kely when higher values of p and U apply befo

derivatives ofli * with respect toK, p and U are positive whemp x 1 (i.e in the setting with low

expected penalty). Meaning that raising either of these parameters will increase the height of this
threshold, thus increasing the likelihood of the situation in which collusion is sustainable. Intuitively this

makes sense, sincetaliation is also illegal and increasikgimplies more symmetry. This complies
with general theory on collusion and symmesggMotta and Polo 2003).

Finally, in order to ensure consistent behaviour (meaning that collusion is sustainable and there

areno incentives to retaliate in the absence of the possibility ofegedirting and subsequent clemency)

we will consider only intervali, < U< U *, $0 that outcome (3) is ruled out and collusion is sustainable

before the revelation game starts.

Recall flom Section 2 (footnote 5) thai,= b. Taking into account (1), this implies that interval
[T, U *] s not empty wheri * = b, i.e. wherK > " p(1-p Pwith p & 1 or wherK > | .b(1-p }J with
p U> 1. This implies that the issue we are considering becorspscially sharp in industries
characterized by relatively low asymmetry (i.e. wheiis high).

3.2 Determination of other thresholds for equilibrium intervals

Bigé choice between aggressive strategy and simple competitive strategy is based on a

comparson of the outcomes (1) and (2). The outcome (2) in the model is the situation in which
strategiesreport, not retaliatg¢ are used by the smaller firm and the bigger firm respectively. Outcome

(1) in the model is the situation in which strategiepgrt, retaliate) are used. Big is not inclined to

retaliate in case of reporting by Small when Big considers its payoff in equilibrium (2) to be higher than

its payoff in equilibrium (1). The condition for equilibriumeport, not retaliatg to arise holds whethe
following inequality is satisfiedb -U b,> b il K+ 0/(1-0)-U b'p U,G/(1-0). This inequality implies

that competitive pricing is more attractive for the bigger firm than retaliation after the smaller firm

applied for leniency if the discount factor is less than the following threshold:

K

< <o 0 pa) =d (K, p,a). 3)

Differentiating this expression with respectdamplies that

WaK.pa) o
UK

This implies that whemp ¥1 (i.e. expected penalty is low) the equilibrium (2) is less likely to
occur the smaller the gof K. Recall thaK is the size of the buffer of Small, since it equals the cost of

pa <1 (4)
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e.g. driving the smaller firm out of the market. After Small loses its buffer fit caistain the losses
associated with the aggressive behaviour by Big. Intuitively theans that the greater the size
difference (asymmetry), the lowdé¢ and therefore threshold *will be lower when asymmetry is
greater. It also implies that raising the risk of being fined will incréaséntuitively it means that the
smaller the asymmetry and the higher the chance of detection and substantial fine, the more likely the
perceivel discount rate is below the threshdld

Next, we move tdStage 1 and consider the decision of the smaller firm given no retaliation is
chosen by Big in the second stage of the game. Outcome (2) is preferred over outcome (4) by Small if
the following inguality is satisfied: () > (1-b)" /(1-U)-p {@-b)" /(1-U). This inequality implies that
selfreporting is more attractive for Small when the discount factor is lower than the following
threshold:

d<pa=d” (K,pa). (5)

This is a clear idication that raising the probability of detection and the proportional fine will
make the smaller firm to choose equilibrium (2) over the payoff from equilibrium (4), and will therefore
decide to selfeport instead of continuing to collude.

Finally, we dso have to compare the payoffs for Small in case outcome (1) arises and in case
outcome (4) arises. Equilibrium (1) in the model is the situation in which strategpest( retaliatg are
employed by the smaller firm and the bigger firm respectivelyilibgum (4) in the model is the
situation in which strategies@t report, not retaliateare used. Now the smaller player is confronted
with a choice between being predated on by Big (and the associated exit cost) or going along with Big in
the collusie price setting. The latter implies that Small prefers to choose a strategy leading to the
collusive price setting over a strategy leading to bankruptcy. This occurs when the payoff of equilibrium
(4) is higher than the payoff in equilibrium (1) for Smak. the following inequality is satisfied: {1
b) (1/(1-U))-p A-b) (1/(1-1)) > (1-b) ., -S This inequality implies that collusion is more attractive
for the small firm if discount factor is determined by the following inequalities:

pa g](l' b)' S _ *kok _

d> (D) S =d"" (K,p,a), when S<p_(1- b) (6)
S- pa p@- b) _ e )

a< S p (L D) =d"7(K,p,a), when S>p_(1- b) (7)

Closer analysis of expressions (6), (7) and (5) shows the following regularities:

U* *3&* ‘whenp B> 1and (3b) ,>S or whenp &k 1 andSO -p)%L. In this case we
have also thall * * > 1*

U* *&* whenp ®1andSO -p)L, or whenp & 1 and (3b) > S In this case we
have also thaf * * < 1*

3.3 Derivation of Equilibrium Solutions

Next, once we have determined all the thresholds in terms of the discount factor, we can move to
the descption of equilibrium outcomes for each possible combination of the parameter values.

Firstly, two cases need to be distinguished: wipe®l and whenp ¥1. Inequalityp B1
corresponds to the case when the expected penalty is already high enough to pyewéstanduct (in
a static setting) in the absence of leniency programs. The other inequality corresponds to the situation
when traditional antitrust enforcement is not strong enough.

We start our analysis with the discussion of a sufficiently high pe(taiéycase wherp 51). In
this setting two sulsases depending on the sizaiof *(K,3p,0) and on the size of exit costs can arise.
Whenp B1 and (3b)" S we obtain thati * *>1,*and the distribution of outcomes can be described
as is done in the left hand side of fig 2. Wherp 81 and (1b) ,<S, we obtain thati * *<1.*Hence,
the distribution of outcomes is given by the right hand side of Figure 2.
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Figure 2. Equilibrium outcomes whep 1.

Figure 2 presents the locusegd *, & * *awdl * * (derived in previous subsection and given
by (3), (), (5), and (6) respectively) iK,{)-space . The left panel of Figure 2 implies that, in industries
with low exit costs and relatively strong antitrust enforcement, depending on the degsgmuofetry
the following three outcomes can arise. When there is high asymrietry (.6(1-p Y|), outcome (3)
will arise in equilibrium?® This means that in this industry retaliation is the most attractive strategy even
before a leniency program is intnackd. With an intermediate degree of asymmetry (i.gb(fl-p V| <
K < | w(1-p Y|), outcome (1) arises in equilibriuthin this case Big (strong) firm will choose to
retaliate on a smaller firm after the latter chooses toreplirt. This is the outeoe the antitrust
authority wants to avoid. In these types of industries a greater emphasis needs to be put on the protection
part of a leniency program. Perhaps through stricter monitoring after a firm reported to the AA. Finally,
when there are low asymmies (i.e.K>| “(1-p Y|), outcome (2) will arise in equilibriuf. This
implies that with high penalties in the industries with Higtor low asymmetries) there is no danger of
retaliation or collusion. The first best outcome with sefforting and competitive pricingfterwards
arises. In this setting leniency programs appear to be effective.

The right panel of Figure 2 represents the results of the analysis for industries with relatively high
exit costs and relatively strong antitrust enforcement. Here, again degemdihe degree of asymmetry
between firms, the following outcomes can arise. When there are high asymmettiesb(1-p V|),
outcome (3) will arise in equilibrium. When asymmetries are lowKi4.(1-p )W), outcome (2) arises
in equilibrium. For an intermediate level of asymmetry both outcome (1) and outcome (4) can arise in
equilibrium. So in addition to the psibility of retaliation, there is a small danger of collusion, when exit
costs for small firm are too high. This result is quite intuitive, since with high exit costs the threat of a
possible retaliation can force small firm to keep the cartel secreh@intb apply for leniency. The
above analysis can be summarized in the following proposition.

Proposition 1: When traditional antitrust enforcementisstn g (i . e . pU>1), aft e
leniency programs there exists a threat of retaliation and of even stronger collusion in the industries
with an intermediate level of asymmetry (i.e,h (ALU) | < K<p|U) | ) .

% Proof: sinceti *<® andl %0 , anyti in the interval (0,1) is higher thami *, hence (3) is played in
equilibrium.

%1 Proof: sinceti *>1 andii %0 , anyli < U * &nd anyl > U * This in turn implies that outcome (4) is
preferred over (3) by Big in case Small choosesto@elfreport and outcome (1) is preferred over (2) by Big in
case Small chooses to reveal information. Next, sincelianyl * * *whenu * *>4, *aking into account best
response of Big, Small will prefer outcome (1) over (4). Hence, (1) is playediiibeégm.

2 Proof: sinceti *>4 andii #1 , anyti < Ui * 4nd anyli < U * This in turn implies that outcome (4) is
preferred over (3) by Big in case Small chooses not tergptirt and outcome (2) is preferred over (1) by Big in
case Small chooses to revadgbrmation about the cartel. Next, since anyl * *whenl * *p 1, taking into
account the best response of Big, the smaller firm will prefer outcome (2) over (4). Hence, (2) is played in
equilibrium.
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To summarize the above discussibmeeds to be stressed that, even when penalties are high
enough to block the cartel formation in static settings, i.eb 1) there could be adverse effects of
leniency programs on the incentives to the firms to collude in a dynamic setting. Therbeauthreat
of retaliation and of enhanced collusion in the industries with an intermediate level of asymmetries (i.e.
in industries where” |b(1-p YW<K<| (1-p W). This implies that, in this kind of industries, a strong
emphasis on the protection ofilency applicants needs to be introduced and particular attention should
be paid to industries where exit costs are high.

Next, we continue our analysis with the discussion of the case whete In this setting again two
subcases, depending on the sifei * *(K,3p,U can arise. Whep ¥1 and (1b)" ,<S)) we obtain that
4 * *>1 "and, hence, the distribution of outcomes can be described as is done in the left panel of Figure
3. Whenp 91 and (3b)" »>S)) we obtain thati * *<1,’and, hence, the distributiof outcomes is given
in the right panel of Figure 3.
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Figure3Equi |l i bri um outcomes when pU<1.

In the case wherg Y1 the following regularities are satisfied for any parameter values:

* 21, U0 %0, U *>0, U *>f * Note also that whep ©1, (1-b) S andli * *<1,*we have that
* x % xGfp U 1)/((1-b) m - 9<0. Hence, inequalityi * *<ti * *hélds for any parameter values.
This is also depicted in the right panel of Figure 3. Moreover, in both cases described abwelg, (n
U * *<A &andld * *>1,with p ©1), we have thattl *-% * 0% whenK>p U,(1-b) (denoted byK; in
Figure 3) andi i * *0* whenK>p U,(denoted byKin Figure 3)**

Finally, based on the above analysis, we conclude that the following proposition hoddistels
four industry types to an environment with rather weak law enforcement (the product of the rate of
capture and the coefficient of proportional fine is smaller than one). This situation applies to most
European countries and to EU antitrust lavwval. The US antcartel enforcement seems to be stricter.
It only grants a single fine reduction to the first reporter. In addition it generally uses criminal law and
includes possibility of imprisonment also for violations of antitrust law. For a neiegletl insight into
these matters see the appendix. Having established that the environmental condition of the above
proposition holds we can move on to the industry characteristics and complement these statements with
policy implications.

u
u

Proposition 2: When traditiom | antitrust enforcement i's weak
effects of impact of industry structure on incentives tersplirt can be found:

Proposition 2(1): In industries with little asymmetry (K is high) and low discount rate the first
best outome with selfeporting and competitive pricing afterwards (equilibrium (2)) can be achieved.

5 % We do not provide detailed proofs of thessutes here, since they follow the same lines as in case where
p Y1. Detailed proofs and clarifications are available from authors upon request.
% Proofs of these simple regularities are available from authors upon request.
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This result shows that a leniency program can have the desired effect, i.e. destabilizing cartel and
inducing more competition. However, the aim of the leniepoygram to establish competition in
cartelized industries is only achieved when firms within an industry are more or less of the same size
and little emphasis is put on future profits. This result is counterintuitive to the reasoning where
symmetry createsa common focal price and facilitates collusion. Clearly asymmetry can be an
important aspect for the stability of cartels. By far the largest number of industries can be described
along the above lines. The firms within these industries have a strongivec® start competing
healthily, deviate from collusion or report to the AA upon introduction of the program. A new question
that can be raised is whether collusion in these types of industries is as harmful to society as collusion is
in industries charcterized by a higher discount rate.

Proposition 22): I n i ndustries characterized by a higt
always the most attractive strategy for any type of firm (regardless of asymmetry). Outcome (3) arises in
equilibrium.

Indudries that do put an emphasis on future profits will have a reason to do so. Mostly these
industries are comprised of rather larger firms than the previously mentioned type of ifftihNatyral
monopolists are willing to make great investments in netwsitkse they know they will be able to
profit from these for many years. The introduction of a leniency program has no effect what so ever in
this type of industry since there is usually only a single firm active in the market. In other words there is
no cdlusion in the first place. The prevention and regulation of monopolists lies beyond the scope of
this paper.

Proposition 2(3): In industries with low exit costs (S <-fl)) , hi gh asyyiimet)r,y (F
and a low discount rate there is a threat of figlion on the selfeporting firm. Outcome (1) with self
reporting and retaliation arises in equilibrium.

The event of fierce competition &nalways an illustration ofihealthypo competition (where
healthy refers to pricing at or slightly above margioas$t). A war on prices or a period of repetitive
advertising on prices might be an indication of dumping or predatory pricing. These practices reduce
welfare, since investments are wasted through the destruction of capital. Moreover the consequence of
this aggressive behaviour is the exit of firms from the industry and healthy competition is further away
than it ever was. Propositiorf3) shows that the introduction of a leniency program in some cases may
lead to aggressive pricing (retaliation can occua assponse to seléporting) and a loss of welfare.
Besides the welfare loss the antitrust authority will also have to spend resources in the future to regulate
the newly created monopolists. This scenario is especially likely to occur in asymmetticsttias
with a relatively low sunk cost and a greater emphasis on future profits. When sunk costs are low, small
firm will not lose much when predated upon, and will therefore be more inclined to report. On the other
hand, due to the low discount factar fthe big firm the potential fine of collusion will outweigh the
future gain from cartel. This will cause retaliation. It is the promise to protect any party-tepself to
the antitrust authority that helps to overcome this scenario. This promisetndsel clear and credible,
though resources need not be wasted. Therefore a promise to protect should be incorporated in the
leniency guidelines.

Proposition 2(4): In industries with high exit costs (S >fl),,) and discount factor in the range
d* < U0** <collusive equilibrium (4) is sustainab
Moreover, in industries with high exit costs (4) is sustainable for a bigger range of discount factors
compared to low exit cost industries.

The worst effect the troduction of a leniency program can have is the strengthening the stability
of cartels. The results of the analysis show this does occur, however. In industries characterized by high
sunk costs this scenario is more likely to occur. The reason thetgtabilhe cartel is increased lies in
the possibility for large firms to use the leniency program as a means to increase the trust they put in

% Note also that discount rates,dn fact, change with time for all industries. Thus, according to the model,
a leniency policy that has one effect when the interest rate in the economy is law might have a different effect
when the interest rate is high. Another interpretation is wiggmeh discount rate is associated with higher industry
stability. The discount ratei) can be interpreted as probability that the firm will survive in the next period. So that
higher U implies higher industry stability. In this sense, industries thataneprised of larger firms, which are
stronger and have higher probability of survival, would be more stable and, as a result, can be viewed as industries
characterized by the higher discount rate.
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other firms not to report to the AA. The larger fifitnust® the smaller not to report to the AA. It can do

so snce the smaller firm knows the punishment of the larger firm is severe. This scenario can never be
prevented completely. The chance, this scenario develops however, can be lowered by developing a
comparable promise to protect the reporting firm as isrdbestin the previous paragraph. Besides this

type of policy approach the leniency programme should always go accompanied by an effort of
traditional antitrust law enforcement directly aimed at the industries described above. When the threat of
a fine dueo the more traditional prosecution increases, more firms will choose to abandon the cartel.

4. Conclusions

The analysis of this paper adds to the current economic literature on leniency programs for cartels
and illegal pricdixing activities, but the @asoning can also be applied to corporate whutleing
programs and witness protection programs. It reveals a number of adverse effects of the introduction of
leniency programs in view of industry asymmetry. The main conclusion is that the introdofcon
leniency program, regardless of the size of the fine, might facilitate the stability of cartels in certain
industries. This is mainly due to a leniency prodgimimability to remove the threat of punishment on a
selfreporter (or whistlblower) by is former partners. After a firm is convicted it remains with
sufficient resources to retaliate on the reporting party. It enables some firms to use coercion as a means
to increase trust in the cartel. Though the removal of trust is the aim of the prdggantroduction of
the scheme actually provides colluding firms with the means to stabilize the cartel.

Increasing the size of the fine and limiting the number of fine reductions to the first party to report
isnd sufficient to (fully) overcome the advereffect of the introduction of the leniency program. The
analysis in this paper implies that the progimmffectiveness largely depends on the environment and
the type of industry to which it is being applied. Raising the rate of capture (throughmitigglithe
number of fine reductions) and the size of the penalty do help to diminish the adverse effect. The size of
the fine can for instance be increased by putting a greater emphasis on aggravating circumstances, such
as coercion. It will however notkebsufficient to tackle cartels in industries with an intermediate level of
asymmetry. When an AA is unable to raise sufficient resources to increase the rate of capture through
traditional law enforcement, in this type of industry it should direct itsfasuthe promise to protect
selfreporters from retaliation by former collusive partners. Since the current type of policy approach is
sufficiently effective in a great number of industries, diversification of the program can give rise to a
more efficientuse of resources. Customization of the program, where it comes to protection, size and
number of the fine reduction, paralleled by a traditional effort of law enforcement aimed at industries in
which the adverse effect is likely to occur will help to mtie program more effective.

The analysis ofSection 3 implies that, even when penalties are sufficiently high to block the
formation of cartels, the leniency program can still withhold firms from self reporting. Because of the
threat of retaliation after eartel is uncovered, trust between cartel members will be stronger in those
industries characterized by an intermediate degree of asymmetry and barriers to entry, due to the
introduction of the scheme. This implies that in these kinds of industries rag stedtreportets
protection program should be introduced besides the leniency program.

When penalties are lower (i.e. the product of the rate of capture and the coefficient of the
proportional fine is lower than one), which is currently generally the rashost European countries,
the effectiveness of leniency programs largely depends on the environment the firms find themselves in
and on the type of the industry. In this case the focus of the competition authority should be on those
industries charactzed by a low to intermediate degree of asymmetry and an intermediate to high
discount rate. Since, in these types of industries, regardless of any barriers to entry, chances are that, the
introduction of a mild leniency program facilitates collusionsdirves to strengthen trust between
colluders, rather than to create a breach of trust.

Another effect of the introduction of a leniency program is reversion to aggressive pricing in order
to retaliate on the reporting partner. Though this might at fiodt like healthy competition it eventually
reduces welfare. In an environment of high fines (product is greater than one) this is a more likely
scenario and it will occur in industries characterized by an intermediate level of asymmetry and low
barriers toentry. However also in an environment of low fines aggressive pricing can be the effect of the
introduction of the program, especially when barriers to entry are low. Besides having to spend
resources on regulating these new (semi) monopolists, the diestrat capital associated with the
retaliation strategy is detrimental to welfare.
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To summarize the above analysis, in industries characterized by high barriers to entry/exit (such
as high exit costs) and degree of asymmetry leniency programs may leetivefand give rise to
increased cartel strength. In industries with low exit costs leniency programs may be more effective, but
retaliation is more likely to occur as a response torsglbrting. Policies aimed at the removal of this
threat of punishmerthrough aggressive behaviour need to be considered in order to remove these kinds
of hard core cartels. A first means is to employ higher fines in order to remove a bigger part of the
illegal gains. Putting more emphasis on aggravating circumstancés,asucoercion, in the fining
guidelines can also be an effective approach. Another regulatory measure is to introduce the promise to
fiprotecd the reporting party after reporting in the leniency application. In general though a leniency
program along canat be fully effective in its aim to prevent and prosecute all cartels. A certain amount
of effort will always need to be directed towards certain industries beside the leniency program.

The currently employed model calls for the decision to collude toaukemrior to the decision to
introduce a leniency policy. This, to some extent, limits the applicability of the model only to analysis of
pre-existing cartels. The natural extension would be to enrich this model by employing a sequential
repeated game fraawork where in each period in the presence of leniency programs the following two
stage game is played. In the first stage firms decide whether to form cartel or not, the second stage is the
revelation decision with the subsequent retaliation decisionlaBistructure is implemented in Houba
et al (2009) with symmetric firms and in the absence of retaliation. However, incorporating asymmetric
firms and possibility of retaliation in such an advanced framework may make the model intractable and
difficult to solve. In this manuscript we forego excessive technical difficulties and adopt a simplified
version of the model in order to concentrate on how possibility of retaliation can influence the
effectiveness of leniency programs for already formed cartels.
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APPENDIX

Historical Overview and Structure of LPs

Table 1.Fining Systems and Structure of Leniency Programs

Max Fine
Reduction
other
reporters

Max Fine
Reduction
first reporter

Country Size of Fine Limitatio n of Fine Moo F_me
Reductions

EU Base level of fineis  10% of the total annual
determined by the turnover of the year
gravity and duration before conviction

100% Up to 75%

Seriousness and 10% of total UK
relevant turnover turnover of the year
form a basis before conviction

Sources:DoJ (2®3), EC (2006), EC (2002), and OECD (2002).

Table 2.Timing of Introduction of Competition Law and Leniency Programs

General Competition Law Leniency Program
Country First Initiative Organization in charge LP introduction LP latest versio

1978

uS 1890 DoJ

NRGEHERRS 1998 NMa 2002

Sources:DoJ (2003), EC (2006), EC (2002), and OECD (2002).

12¢



Volume V/ Issue 2(12)/ Summer 2010

INDO-CHINA TRADE: TRENDS, COMPOSITION AND FUTURE

Rajesh KPILLANIA
Management Development InstitutiDIA
r_pillania@yahoo.com

Abstract

India and China are among the oldest civilizations of the world with long history of interaction and
relationshp. They are the fastest growing economies among the major economies of the world. Both have made
rapid progress after liberlisation. One of the major events in international trade and economics is the recent fast
growth in the bilateral trade. India hasreerged as one of the top ten trading partners of China whereas China has
emerged one of the top three trading partners of India. Due to large sige of economies and composition of
economies and exports as well as high growth rates and political will freimdiaes, the bilateral trade will grow
further and would have significant impact on global trade and economy.

Key words: India, China, IndeChina trade, trade composition, emerging economies
JEL Clasdffication: F14, 053, 057, R11

1. Introduction

Chinaand India are the two fastestemerging economies (The Economist 2006). Until the last
19" century, India and China were the wé@ddwo biggest economies but they were outsmarted by the
steam engine invention and subsequent industrialisation in EUMopethe circle seems to be complete
as we look at the fast growth of India and China in recent years and varioudigmejéor future
(Goldman Sach2003).Chinas and Indié economic growth rates have outperformed world average
growth rates for the ost part of last fifteen years. China has grown at an average rate of close to ten
percent annually during 1999007 whereas India has grown at an average rate of six percent annually
as compared to world economic growth rate of three percent (Kowalsk).206ir rapid growth has
had a significant impact on world econor(fyrinivasan2006). The story has moved beyond GDP
growth rates... the emergence of China and India gives the world an opportunity to experiment and make
sure that there is equitable weadthneration (WEF 2006jogether they constitute a big part of global
population and geographic area. The two countries now account for 37.5 percent of world population
and 6.4 percent of the world output and income at current imkexchange rates (WaBank2007).

Chinese phenomenal growth started in late 1970s whereas Indian growth picked up in the early
1990s.The rapid growth started in both countries after the liberalization process. Liberalization has
brought foreign competition in various induss and encouraged the domestic companies to become
competitive. With liberalization, both countries have also restructured their trade destinations over the
years. In general they have used developed coubniadket for their export destinations wherdéaeir
dependence has gone up for imports from other developingrées (Mohantyand Chaturved2005).
Whereas China is repeatedly mentioned asdMerld Factorg highlighting the contribution of its
manufacturing sector, India is increasingly nameddA®rid Back officé recognizing increasing
outsourcing of global services to India. Various studies have projected that these economies will
continue to grow and become economic superpowearexhfew decades (Goldman Sa2ie97).

India and China are amg the oldest civilizations with long history of association. India and
China relationships have a long history. Nathu La Pass was the famous silk route. Trading through
Nathu La Pass accounted for eighty percent of total border trade volume betweemd¢h@iaina in the
ealy twentieth century (Anonumou2006). Trade ties suffered after Simalia War of 1962. Visits of
Prime Minsters , starting with Indian Prime Minister Rajiv Ghandi in 1988 followed by Chinese Primer
Li Pends visit in 1991 started pdsie steps for trust building and trade promotion. In 1984, India and
China signed a Trade agreement for providing Most Favoured Nation (MFN) treatment. Border trade
resumed in July 1992 after a hiatus of more than thirty years, consulates reopened iai lsiunb
Shanghai in December 1992conomywatct?005). Trading through Nathu La Pass was suspended in
1962 after the Ind&hina War 1962.This pass was reopened after-foriy years of its closure on July
6, 2006. In recent years, the two countries haveipuefforts to improve relationsnd to foster
economic ties (TOROOG Peopledaily2008 Chinese Embassay 200Bidian Embassay 2008). The
bilateral trade between the two countries has shown a phenomenal growth and yet there is a lot of
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untapped future gtential. This research paper is an attempt to study theChdwa trade with focus on
recent past and explore potential for future. This paper consists of six sections including the introduction
part. The second section takes a quick overview of theneshce of Indian and Chinese economies.
The third section studies the recent trends in48dma trade. Fourth section analyses the composition

of SinoIndia trade. Fifth section deals with future of Sindia trade and the last section is conclusion.

2. Recent performance of indian and chinese economies

China has been performing quite well during the past few decades. Its GDP has crossed USD 2
trillion mark in 2005 and the GDP growth rate has been more than eight percent in the first ye&rs of 21
certury. Chinese exports of mass production items have caused serious concern (Mahdnty
Chaturvedi2005); and studies have predicted that this might contribute to recession in {(Rallég
2004).The performance of China on selected indicators and dngeh are shown in Table 1 and Table
2 respectively.

Table 1 China: Selected Indicato(6)SD billions)
Years 2000 2001 2002 2003 2004 2005

Indicators
Exports of goods and services (% of GDP)

23.3 22.6 25.1 PASN) 34.0
GDP (current US$)

Imports of goods and services (% of GDP)

Merchandise trade (% of GDP)

Total debt service (% of exports of goods, servi
and income)

9.3 7.9 8.3

Source: World Development Indicator2001, 02, 03, 04, 05, 06, 07.

A big portion of Chinese GDP comes from Intefoa&l Trade and thus the performance of the
economy depends to a large extent on the world economy. A slump in world imports shows its effects
on Chinese exports and its overall econoifiye expansion of international trade has been the key
feature of thecountnyds rising prominence in the world economy with average annual growth rates of
trade at three times the world rates. Already in 2005 China became the third largest trading nation after
the United States and Germany and its contribution to the gmaiwtlorld merchandise trade over the
period 19962006 amounted to 20 percgitowalski 2007). Looking forward, it is estimated that the
China will become the worfd top exporter by the beginning of the next decade owing to attractiveness
to FDI, a high dorestic saving rate, improvements in productivity spurred by reduced internal and
external barriers to trade, and a significant surplus of labour (OECD 2005). Overall, Chinese goods
exports account for approximately 90% of its total exports, which is stiadiiahigher than the world
average at a little over 80%. Its services exports only account for a little less than 10% compared with a
world average of 20% (Table 2). All this suggests that @hirsarvices exports are still relatively
underdeveloped anth integration into the world economy was mainly driven by goods (Kal@alski
2007).
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Table 2 China: Selected Indicato(Percentage change over the years)

Years 5000 2001 2002 2003 2004 2005

Indicators
Exports of goods and services (% of GDP)

-3.11 11.21 17.60 14.87

GDP (current US$)

Imports of goods and services (% of GDP) 10.16 21 25 14.77

Merchandise trade (% of GDP)

Total debt service (% of exports of goods,

: . -5.66 -14.41 451
services and income)

Source: World Development Indicatord001, 02, 0304,05,06,07.

Indian economy responded positively to the liberalization process started in 1991 and the growth
rates picked up. Table 3 and Table 4 show the performance of India in recentnteasstingly, the
growth in Indid@s economy and trade hassbded by services rather than manufacturing. Whereas India
has a deficit in balance of trade, it runs a surplus of balance of payments, mainly due to rising services
exports.In 19932003, Indids services exports grew at a compounded annual growttOa@R) of as
much as 17.@ercent which for once is even higher than Chimgrowth rate of 1percentAmong the
major economies of the world, India has the fastest growing services sector @porisingh 2004).

Table 3.India: Selected Indicatof&)SD billions)

. Years 5000 2001 2002 2003 2004 2005
Indicators

Exports of goods and services (% of GDP) 13.2 12.7 145 14.8 19.0

GDP (current US$) 4613 4783 506.1 600.7 6947 7855

Imports of goods and services (% of GDP)

Mercharlise trade (% of GDP)

Total debt service (% of exports of goods,
services and income)

Source:World Development Indicator2001, 02, 03, 04,05,06,07.
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Indiads recent economic dynamism has led many to compare it with China and to expect a similar
dramatic insertion in world markets. However, Iridirade expansion is much less impressive. Its share
in world trade has first déned steadily since the beginning of the 1970s to around 0.5% at the
beginning of 1990s and then rose steadily to just above 1% currently. The compound annual growth rate
of Indiads exports of goods and services for the 12005 period was 148&well abovethe world
average growth of 6%. In particular, in the last five years Indian exports have increased at around 18
20% per annui three times the rate of world trade growth. Yet, these significant increases reflect to a
large extent a relatively low baseglas contribution to the growth of world merchandise trade over the
period 19962006 amounted to a mere 2%, as compared to 20% in the case ofKhivadski 2007).
Despite India being relatively abundant in skilled labour and capital, its manufactadiegis highly
concentrated in lovtechnology goods and the share of kigbhnology manufactured goods in its total
exports has barely changed since the-2880s and remains under 5%, as compared to 30% for China
(Kowalski 2007).

Table 4.India: Selectd IndicatorgPercentage change over the years)

Years
Indicators 2000 2001 2002 2003 2004 2005

1 0
Exports of goods and services (% of GDP) 342 13.88 179 2828
GDP (current US$)

Imports of goods and services (% of GDP)

Merchandise trade (% of GDP)

Total debt service (%f exports of goods,
services and income)

-5.89 -19.14 27.02

Source: World Development Indicator2001, 02, 03, 04, 05, 06, 07.

3. Recent trends in IndeChina Trade

Indo-China trade has grown very fast during last few years as simovable 5.After studying
Indo-China trade over the years few trends emerge. First, after adjusting for partner GDP (i.e. bilateral
trade divided by the trading partéeiGDP) Indidés trade with China is greater than that with Japan, th
US or the entiravorld (Gupta2008). Second, China is one of top three trading partner of India whereas
India is one of top ten trading partners of China. Further, @himade is increasing much faster with
India out of its top ten trading partners and same is the césdndia. Third, the trade balance is in
Chinais favour consistently over the years, which may be a cause of concerns to policy makers in New
Delhi.
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Table 5.Indo-China Trade (USD million)

el e Rate of {nalizic Rate of Total S Trade

Year Export To Imports Total
. Growth : Growth Trade Balance

China From China Trade

199495 254.3 761.04 1015.34 -506.74

199697 615.32 84.67 757.55 -6.84 1372.87 19.76 -142.23

199899 427.06 -40.60 1096.47 -2.16 1523.53 -17.18 -669.41

200001 830.03 53.88 1494.92 16.04 2324.95 27.21 -664.89

200203 1980.61 107.35 2799.29 37.00 4779.9 59.41 -818.68

200405 5,615.88 90.04 7,097.98 75.12 12,713.86 81.41 -27,981.49

200607 8,287.48 22.61 17,447.01 60.53 25,734.49 45.99 -59,341.43
Source: Monthly Statistics of Foreign Trade of IndiaDGCI&S, Govt. of India and Commerce Ministry,
Gouvt. of India.

4. Composition of IndeChina trade

The composition of Ind&hina trade is given in Table 6 and Table 7. Indian major exports to
China mainly consist of primary goods as shown in TablEhé.top three Indian exports are iron ore;
primary and semiinished iron and steel; and, plastic and linoleum products.

Table 6. Major Indian Exports to China (USD million)

1998 1999 2006 200k 2002 2003 2004
99 2000 01 02 03 (073 05

Iron Ore 87.77 81.43 130.16 207.56 409.37 825.74 2084.43

Name of the Commodities

Plastic & linoleum products 6.28 25.36 103.11 14195 177.92 306.44  438.9
Inorg/org/agro chemicals 22.28 39.32 60.01 48.84 88.89 83.96 217.91
Drugs, pharma.& fine chem. 42.68 46.01 58.56 80.37 93.02 102.53 106.33

Residual chem. & allied Prod 6.42 8.5 11 16.75 21.45 33.89 76.77

Marine products 51.51 87.81 116 85.19 118.39 89.08 65.38

Electronic goods 4.08 9.24 20.66 15.9 22.82 42.31 4453
Oil meals 32.64 9.69 8.29 4.22 3.67 17.28 35.81
Manufactures of metals 3.79 1.41 10.57 11.5 32.31 27.9 28.95

Dyes, intermediaries etc 3.41 3.31 8.59 11.29 20.08 66.2 18.63

All Commodities 427.06 539.41 830.03 955.19 1980.61 2962.92 5344.88

Source: Monthly Statistics of Foreign Trade of IndiaDGCI&S, Govt. of India and Trade and Balance of
PaymentStatisticss CMIE, July 2005
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Chinese major exports to India mainly consist of manufactured goods as shown in Tedpe 7.
three Chinese exports are electronic goods ; coal, coke and lubricants; and, organic chemicals.

Table 7.Major Indian Imports fron€hina(USD million)

1999 20006 200k 2002 2003 2004
2000 01 02 03 04 05

Electronic goods 178.22 24456 385.19 812.16 1384.44 2069.19

Name of the Commodities

Organic Chenicals 178.71 181.02 242.38 326.42 474.06 606.66

Electrical machinery . 28.58 46.34 59.98 72.3 101.7 211.23

Other tex yarn, fab, madeups 20.5 34.75 46.89 7597 107.66 172.95

Non-ferrous metals 49.01 41.89 54.53 46.23 86.82 145.13
Iron & steel 30.75 7.53 14.52 9.24 31.65 136.21
Silk raw 87.44 95.66 122.9 106.96 113.7 123.34
Manmade filament/spun yarn/ste 12.38 9.84 17.32 56.05 82.61 115.78
Professional inst, optical goods etc AT PACHC:] 55.31 80.49 90.01 99.32

Manufactures of metals 15.38 17.77 31.14 32.69 55.34 88.07

Source: Monthly Statistics of Foreign Trade of Indi®GCI&S, Govt. of India, and Trade and Balance of
Payment Stadticsi CMIE, July 2005

The trade composition as discussed above and shown in Table 6 and 7 supports the presence of
strong complementarities between the two economies having similar factor endowments but well
differentiated economic structures (Boilbrtd Labbouz, 2006)

5. Future of Indo-China trade

Looking at the economic size and growth rates there is huge scope for further growth-in Indo
China tradeThe scatter plot of the data reveals that there is an exponential growth of trade in the given
time series. Moreover the coefficient of determination for a linear regression equation comes out to be
low (R = .680 and adjusted °R= .654) strongly suggesting a nbnear trend in the timseries.
Performing a no#inear regression analysis upon the givata and plotting it shows that there is a
better fit of the estimated curve. In addition tHeaRd adjusted Rvalues, both, are considerably high
suggesting a good fit of the model. ANOVA statistics also substantiate the appropriateness of the model
corsidered. The trend lines of exports as well as imports also exhibit a similarity in distribution and are
given as noslinear regression equation given as equation (2) and (3). Growth rates of exports and
imports are highly spiked and import growth ratekilit a weak linearity (R=.064), but as the data is
highly skewed (skewness = 2.18) normality of the growth rate of imports is doubtful.
Norntlinear Regression Equations

Y 7ot = 7624.0386813671.088981X+ 392.699657% & é é é . 1)
R?=.95301 Adjusted R =.94446 Standard Error 2652.60028
F= 11154171 Signif F = .0000

Y exports= 1799.83-895.02 X + 108.264 %¢ é é &
R?=.979 F= 258.64 Signif F

[N

éé eee (2)

é
.000

o
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Y imports= 5824.21-2776.1 X + 284.436 %6 é 6 ¢ 6 6 6 6 & é é (3)
R?=.925 F= 67.78 Signif F = .0000
Foreas
—&4— Rea

250000 +
200000 -+
150000 -+

Trade
100000 -

50000
g - i -
(X '_ by

Year:

Figure 1.Indo-China Trade

The regression analysis reveals that the total trade of the country will increase in quadratic
proportions, and in the years to come one can expent and more bilateral trade to follow between
China and India. The projection for the year 2008 onwards is given in Table 8 and Figure 1. Total trade
between India and China can be expected to become 8 to 10 times of the level it was in the year 2007.
Even if the growth rate in Indi€hina trade slows down to 25% annually (a conservative projection)
from the current rate of over 50%, bilateral trade between them will be almost $75 billion in 2010 and
$225 billion in 2015, i.e., as large as ChIi& tradgust three years ag&upta2008).

Imports from China are larger than the exports and the growth based on the regression annalysis
reveals that it would remain higher in the coming years. Differentiating Equation 2 and 3 we get:

dy/dXexport = -895.02 + 26.528 X, dy/dXimport = -2776.1 +568.872 X

we can observe that coefficient of Xd§/dXexportiS less tharmly/dXmport.

India can expect the deficit in balance of trade to accompany the growth in trade. The mean
growth rates of exports is higher thdmat of imports (39.0638 and 34.0215) suggesting that if India can
substantially increase the export growth rate the problem of deficit in balance of trade can be taken care
of. The total trade can also be expected to fluctuate, as it can be seen in a oiuatdoasions in the
given data that there are minor fluctuations as in the year-@®02e analysis of the variables under
consideration suggests that the growth of trade in the initial years have been low, but in the coming
years this can rise sharpks the larger portion of the total trade is comprises of imports from China, in
the longrun this can prove to be detrimental to the balance of trade between the countries.

Table 8 Future IndiaChina TradgEstimated)

Trade(USD million)
33197.93

49417.73
68779.13
91282.12
116926.7
145712.9

177640.7

212710.1
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India and China are two fastest growiegpnomies with huge exports growth rates and roughly
one third of humanity. India and China are major developing countries and our strategic relationship has
global significance (President H2006).As their economies keep growing further and as the ¢urren
bilateral trade is a small fraction of the trade potential, the trade between these two economies is one of
the most important aspect of tweligst century international trade and it will have significant impact
on global trade and economy. It is maed more essential for developed countries to adapt to the
emergence of these two Asian giants, and, to do so, the developed countries must target their demand
more Boillot, and Labbouz 2006).

6. Conclusion

India and China are the two fastest growingneenies among the major economies of the world.
Both countries have shown remarkable growth after liberlisation process. One of the recent and more
important aspects is the bilateral trade between the two countries. The bilateral trade has grown
remarkablyin the last sixseven years. Today China is one of the top three trading partners of India
whereas India has become one of the top ten trading partners of China. Looking at the size of the
economy, composition of economy and exports and growth ratesjdleetet of untapped potential for
bilateral trade growth. This bilateral trade will have significant impact on the global trade and economic
scenario.
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Abstract

Same authors sketch the causal chain that produced the current account surplus in China and the current
account deficit of the US (as a part of global imbalances) as follows: declining interest rates in the US cause a
redirection of capital flows into the gphery, rising capital inflows into China and other Asian countries trigger
currency purchases by periphery central banks, and increasing stocks of foreign reserves on the asset side in the
central bank balance sheet are matched by a proportional increfaseserve money on the liability side. To keep
the exchange rate stable, foreign reserves are accumulated and reserve money expands. The Peoples Bank of
China is trying to fight the inflation pressure with several measures, among them higher intezestTtdas
attracts even more foreign capital to China. Moreover, it cannot solve a problem that originates in the
macroeconomic policy of the global econdmigaderi a crucial point in this argument is the redirection thesis.
The empirical evidence doestnsupport this thesis in several respektthere is no evidence for a redirected
capital flow away from the US toward China, and there is no evidence that interest rates controlled by the Federal
Reserve are the cause of the capital flow to China.

Keywords: global imbalances, current account surplus, current account deficit
JEL Classification: F32

1. Introduction

In the search of the causes of the worldwide recession that beganus the2007 and reached
Germany a year later, the main focus wasthmn crisis in the financial system with its roots in an
overheated real estate and housing market. Another more structural cause is seen in the global
imbalances that evolved in the past decade and that are reflected by rising asymmetries of the current
accounts of some global players. How is this phenomenon linked to the real estate and financial crisis in
the US? Is there a link that is responsible for these asymmetries? Some authors argue that East Asian
current account surpluses are responsible {8 current account deficit (Dooley/Folkerts
Landau/Garber 2003, Bernanke 2005) because the East Asian countries keep their exchange rate
artificially undervalued, for instance by pegging it to the dollar. Their goal is to promote -egbort
growth. This feedsverconsumption in th&S. Other authors argue the other side and are more focused
on fiscal and monetary policy. Rising deficits in large countries such ddStare producing rising
surpluses in an increasing number of periphery countries, includima Cichnabl/Freitag 20094).
According to these authors, fiscal and monetary policies ithare among the main factors causing
the global asymmetriés.

2. The analytical framework

To avoid the ovesimplifying terminology of aenterand itsperiphery,every country that trades
internationally is called global player A few have large economies with strong international trade and
financial markets providing internationally used currencies in the world monetary system. By now and
in the foreseedé future, theUS dollar is the leading international currency. International trade and
capital flows are denominated mostly in tb& dollar. Backed by the large size ofS goods and
financial markets, the dollar e dominant international medium of @xange, unit of account, and
store of value in the Americas, Asia, the Middle East, and the Commonwealth of Independent States.
There are different reasons why other countries and private international agents accept the dollar as
common international mongythey include low transaction costs, ubiquity, and higher stability
compared to their own currency.

! with few exceptions, the first paragraphs summarise th¢ Aor 6 s shared views wit
(2009.
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Since the euro was created, its international role has been steadily increasing not only in Europe,
but also beyond. From this point of view and taking imccount the dimension of its international trade,
the European Monetary UniofEMU) can be regarded as another important actor in the global
economy. To mark the difference between the leading country and the other global players we see the
US as a glohl player exertindiegemonyMansfield 1994 272) and define th&)S as theleader The
rest of the global players achallengers According to the literature, the EMU and its currency can be
regarded as one of the challengers ofl$és role in the worlc&economy (Chinnand Frankel 2005). In
spite of the fact that China, a large and rapidly growing economy with strong international trade, is
pegging its currency to tHgS dollar, it is a global player that also can be called a challenger because its
moneary policy can be changed at any time in the future.

| do not raise the question here of whether there are or have been other challengers in the global
economy such as Russia or Japan; for the special purpose of this analysis it is sufficient to fleeus on
leader and one or two of its challengers. To make the picture more clear cut in terms of-atat&tion
framework, the analysis treats the EMU as being represented by its economically leading country,
Germany. Theeuropean Central BankECB) acts indepndently from any member state of the EMU.
Therefore in this analysis, the EMU is financially represented by the ECB and economically by
Germany. This is a simplification, but it plays no crucial role in the discussion of my leading question:
Can the globlambalances be explained by the macroeconomic policy digas it is done by Schnabl
and Freitag?

3. The main actors
3.1. The United States

The US is (as is the EMU) a large adidn the view of Schnabl and Freitag (200806 a
comparatively closedcenomy. As a matter of fact, the trade openness (Suzuki/Krause 2005) in 2004
was 0.31 in thdJS, 0.65 in China, and 0.71 in Germany. Monetary decisions made by the Federal
Reserve (Fed) are based first on domestic targets such as growth and financialeashiglity, even
though authorities may feel the burden of responsibility connected with having an international currency
(see Chinn/Frankel 20057,11-12). By and large, it may be legitimate to classify macroeconomic
policies in theUS of the past dexde as being expansionary (Schnabl/Freitag 2@09but this
assessment ignores the period from 2004 to 2006 which is characterized by rising interest rates in
reaction to the overheating of the domestic market. External targets of macroeconomic mhlieg su
export competitiveness are regarded as secondary by the Fed and the exchange rate is being left to free
floating. With two short exceptions among the past 18 years the two prosperous phaseb®f the
economy are accompanied by a rising current adcoeficit. What was the cause of the deficit? The
authors give a very vague answer to this questibow interest rates and buoyant domestic activity are
likely to contribute to rising imports and increasing current account défi§ithnabl/Freitag 20045
16.) Why did the flourishing economy of théS not lead to rising exports and increasing current
account surpluses like in Germany? According to a widely shared point of view the answej is this
exports are a cause of a flourishing economy instead effact. But imports can be regarded this way.
Therefore, the account deficit of tHéS economy is mostly homemade, caused by an overheated
consumption, in spite of the fact that the staggering demand in the rapidly developing countries may be
one of thecauses for lagging exports. Another explanation refers to the increasing food and raw material
prices that contributed to the rising current account surplus of countries with this kind of exports
(Schnabl/Freitag 2009.8-19), but only from 2008 onward ateks valid for trading partners China and
Europe.

3.2. Europe

The euro was introduced in 1999 and has gained importance as a regional international currency.
It was backed by the substantial size of European goods and financial markets. The ewtdas use
payment transactions within the EMU and as a vehicle currency between EMU members-BiMlLhon
countries. Some countries with institutional links to the EMU have redirected their exchange rate
strategies to the euro (Lithuania, Bulgaria). Foreignrueseare increasingly held in eslenominated
assets (e.g., Russia). According to ECB (2008), private and public agents have increased the use of the
euro for their international transactions. Like in 148, the macroeconomic policy of the EMU is
designel to meet domestic targets such as price stability, growing output and financial stability, first, but
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these are supmaational targets. External targets such as exchange rate stability and export
competitiveness are regarded as secondary. Therefore, ngechate is left as free floating.
Macroeconomic policies in the euro area tended to be more restrictive than the Fed, because of the
priority of price stability. The aggregated current account of the euro area has been balanced by and
large. Some membeds the EMU such as Greece and Spain have experienced increasing deficits. If we
focus to Germany as the economic leader of the EMU, her current account has increased since 2001.

Germany's Quarterly Current Account, Billion G
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3.3. China

China has a big and rapidly growing economy with emerging markets and it has tended to run
account surpluses since 1996. There are several reasons why China pursues a soft peg of its currency to
the dollar. China still has underdeveloped capital marketggipg to the dollar provides stable
conditions for Chiné export dependent industrial sector, it secures alesgecycling of the revenues
generated in dollars abroad, and it is attractive to foreign investors. An appreciation of a currency is an
appopriate measure in the case of an increasing current account surplus, but this would worsen the
conditions of exports and erode the value of international assets in terms of the RefiimenBeOplés
currency with its unit AYuand). On the other handhére is the danger of importing inflation of the
dollar. Soft pegs allow for a restricted kind of exchange rate flexibility. A slow process of appreciation
of the Yuan has been underway since 2G@&Kigure?2).

4. The Asymmetries

The exchange rate poiées of the three global players, ti8, EMU, and China, generates three
relationships characterized in two types: the (almost) constant rate between China bBiSlathe
consequence of Chifmpegging to the dollar is contrasted by a flexible rate livtlee euro and the
dollar and between the euro and the Yuan. To summarize the asymmetries between the current accounts
of the three big global players, the international position of8&conomy is characterized by a rising
deficit, while the EMU (Germay) and China show rising surpluses. This generates increasing pressure
on the Yuan being appreciated compared to the dollar, while appreciation of the euro has been steady
since its introduction. Looking at the macroeconomic policy behaviour,UBdendal to be as
expansionary as China, while the EMU had more restrictive fiscal and monetary policies.

4.1. Monetary, fiscal and exchange rate policies

In the MundeHlFleming framework, flexible exchange rates are dampening the effectiveness of an
expansiongy fiscal policy due to increases of the interest rate and the tendency to an appreciation of the
currency. According to the ABD model, fiscal expansion aimed to stimulate a staggering economy is
more effective when it is supported by a monetary expartbigt keeps domestic interest rates low and
softens appreciation pressure. Such a rare coordination of macroeconomic policies is one of the standard
examples in macroeconomic textbooks (Blanchard/llling 2068-156). It also can be supposed to be
the cae in China, because there is no clear institutional separation between the government and central
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bank. The EMU countries are much more restricted in their scope to carry out discretionary fiscal
policies because (i) the ECB is independent from the exti@as of the membestates of the EMU and
bound to pursue first and foremost price stability; and (ii) the legal limits for government deficits
supposed by the Maastricht treaty.

4.2. The redirection thesis

The consequence of dollar or euro pegsirsared by the asset side of the central arbdalance
sheets. Foreign reserves are the most important item that builds the basis for reserve money creation.
fiClaims on government and on the private sector play only a marginal role for reserve moi@y. creat
From a longterm perspective, when output grows the necessary increase in reserve money is via the
accumulation of foreign resen@gSchnabl/Freitag 2009.1). This is the background for the hypothesis
by the authors in the scheme of a center aniglpeny of the global econom¥iAs a result interest rates
in periphery countries are dependent on the monetary policy of the centers. If interest rates in the center
decline, capital flows are redirected towards the peripheries, and the currency ofggherparountry
appreciates. To keep the exchange rate stable, foreign reserves are accumulated and reserve money
expandsé (Schnabl/Freitag 2009.1).

4.3. Claiming a causal link

The redirection of capital flows from thdS to China which is supposed to lrggered by
declining interest rates of the Fed is the central argument delivered by Schnabl and Réeitay:e
direction of causality matters. Are the complementary trends in global imbalances driven by the centers
or the peripherieg?(Schnabl/Freitag2009 13). Contrary to the view of others who see a causality
running from East Asia to th&)S, the authors hypothesisBWe assume a reverse causality: rising
deficits of | arge centerséare assumed t dgohepgyr oduce
countrie® (Schnabl/Freitag 2009.4.). They identify two types of transmission channels that explain
how current account deficits (surpluses) in the center are transformed into surpluses (deficits) in the
periphery. The first channel is a link be&®n the macroeconomic policies of the center and the
periphery mainly mediated by the exchange rate policies; the second channel consists of relative prices
that influence the current accounts of exporting and importing countries. This paper is condérned w
the first channel only.

5. The Facts

There is no quarrel over the described asymmetries between the three global players or over the
immense accumulation of foreign reserves in China. The question discussed here is this: Can the
accumulation of dollar and foreign assets in China be seen as the result of a higher capital inflow
caused by low interest rates in ti€? A first answer can be found by a simple inspection of the data.

Figure 2. Target Rates of the Fed and the PBoC
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