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conditioned on age at a balanced budget, it is shown that minimum wagegtimulate economic
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1. Introduction

An important and largely debated argument in the economic literatule with the effects of
minimum wages in aggregate macroeconomic models in both static amanidycontexts.
Opponents viewed the minimum wage as a bad social policy, edgebtehuse it deteriorates
employment and outpdt.Proponents, instead, typically focused on redistributive goals the
minimum wage may create. Moreover, minimum wage legislation atao have important
interactions with the social welfare system (e.g., the unemployb@mefit system, see Shimer and
Werning, 2007), especially in Europe where labour market rigiditiegsept relevant aspects of
real phenomena (see, e.g., Blanchard, 1998).

Even if minimum wages and unemployment compensations cannot probably beddxpe
greatly reduce household’s poverty (see, e.g., OECD, 1998; Miuller &mkerS 2008), their
effectiveness in reducing income inequality among households is recognisedgteater, that is
minimum wage legislation has been prevalently used for equity realsosstrading-off with
efficiency goals (see, e.g., Tamai, 2009 for a theoreticalysinabf the effects of the minimum

wage on income inequalifyAs regards empirical evidence, two important papers that artadyse

! The debate about the effects of the minimum wage on empidymae seen renewed interest starting from the works
by Neumark and Wascher (1995), where it is found evidence ekistence of significant enrolment and employment
shifts due to minimum wage increases for young workers, and by Gaitdraeger (1994, 1995, 1998), where positive
jobs gains rather than losses can, in some circumstancebtdieed. For an analysis of the effects of introducing or
removing the minimum wage on employment and the reservation sag@lso the recent paper by Falk et al. (2006).
Finally, an interesting review of the empirical literatun the employment effects of the minimum wage is Neumark
and Wascher (2006).

2 In particular, Tamai (2009) used a continuous-time endogenous growdel a la Romer with heterogeneous
households (divided by ability) and political determination of theimmim wage to analyse how inequality,

unemployment and growth are related. He found that a positivelattn between inequality and unemployment can
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institutional changes in the labour market can affect wage inegumlithe United States, are
DiNardo et al., 1996; Fortin and Lemieux, 1997

Our knowledge of the effects of minimum wages in aggregateos@momic models has been
firstly improved by the seminal paper by Stigler (1946). The basic (@ters static, partial
equilibrium) model of the minimum wage effects on employment and unemeidyfiocuses on a
single competitive labour market with homogeneous workers (all cobgrélae legislated wage),
and predicts that minimum wages cause both employment and output reductions.

In dynamic contexts, however, the impact of legislated wagemaion employment, economic
growth and welfare is controversial. In particular, it has been shbat if the minimum wage
generates some positive externalities it can be growth improving cadain conditions.

Generally speaking, economic growth models with minimum wagas, linking growth and
unemployment, could be divided at least in three categor)esvrlapping generations two sector
closed-economy models where the minimum wage in the market forataorl generates some
positive external effects on the accumulation of human capital (Gatdudlichel, 1996; Ravn and
Sgrensen, 1999);ii) minimum wage effects in an open economy either with two-period
overlapping generations (Irmen and Wigger, 2006) or in infinite horizonnuanis-time growth
models (Askenazy, 2003)iii) Schumpeterian growth models with labour market imperfections

(Aghion and Howitt, 1994; Meckl, 2004). All these papers, however, stratgyhate from the

exist. A rise in inequality (which in turn implies a higminimum wage), therefore, promotes growth if the former is
high enough.

3 The former authors found that the fall in the minimum wagkthe de-unionisation process in the U.S. contributed to
explain the rise in wage inequality so that institutiong ‘@ important as supply and demand considerations [see Katz
and Murphy, 1992] in explaining changes in the U.S. distribution of svigm 1979 to 1988.” (DiNardo et al., 1996,

p. 1001). The latter authors analysed the effects instituticimahges in the U.S. in the 1980s founding that de-
unionisation can explain the rise in wage inequality for men andnthenum wage is important for women. They
concluded, however, that “When men and women are consideredeiogesiitutions have an even larger impact on

inequality.” (Fortin and Lemieux, 1997, p. 75-76).
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basic one-sector closed-economy growth model & la Romer with overlappirgtigns and Cobb-
Douglas utility and production functions, which is precisely the framlewsed here to assess the
role the minimum wage can play on economic growth and welfare whenplmanent benefits
financed with consumption taxes at a balanced budget also exist, antnpogant,no external
effects induced by the minimum wage are involved. In a closed econompavéxternal effects of
the minimum wage, conclusions are essentially for a negativefrtle sninimum wage on growth
and welfare as well as a rise in unemployment.

We now briefly review some of the main contributions relatingimmam wages, unemployment
and growth. As regards models of pointabove (growth-promoting externalities of the minimum
wage), Cahuc and Michel (1996), in particular, studied how the minivwagpe for unskilled labour
affects economic growth and welfare in a two-sector OLG clesedomy model with endogenous
growth a la Lucas (1988). They assumed that the introduction of a bindinguminivage in the
market for unskilled labour causes a positive external effect oacthenulation of human capital
because the demand for skilled labour raises and, hence, unskilled smerglerto improve their
level of skills in order to avoid unemployment. Because of such amaktgy the minimum wage
may promote growth and welfare. However, Cahuc and Michel alsokedtirat in an exogenous
(neoclassical) growth context, minimum wages actually increaseployment and reduce growth
(see Cahuc and Michel, 1996, Proposition 1, p. 1469), in line witlradional negative view of
labour market rigidities. Another important paper where the minimage is assumed to create
growth-promoting externalities in a closed economy is Ravn and Sgrg@89). Using the same
OLG endogenous growth context as in Cahuc and Michel, they assumadiiraimum wage for
the unskilled affects labour productivity growth through two sources of acationulof skills:
schooling before entering the labour market and training on the job, showinbeliaial effect of
a rise in the minimum wage on growth is potentially uncertain bed¢taoae induce skill formation

through schooling and reduce training.
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As regards models of point)( (minimum wage in open economies) an important contribution is
Askenazy (2003), who analysed the effects of the minimum wage on growthopen economy
model but assuming, different from Cahuc and Michel and Ravn and Smransentinuous time
endogenous growth model a la Ramsey where the minimum wage caudéesfaesturts from the
production sector to the R&D sector and thus may stimulate growth thrbisgthtannel. Another
interesting paper in an open economy context is Irmen and Wigger (2006), different from all
the three previous mentioned papers, no growth-promoting externalities dnbyceninimum
wages are assumed. In particular, they considered an OLG two-cendbgenous growth model a
la Romer with capital mobility, and showed that a binding minimum wadfee domestic country
may stimulate global economic growth, depending on the elasticity ofitatibst between capital
and efficient labour, the output elasticity of efficient labour and dliferences between the
propensity to save in both the foreign and domestic countries. This imtplies that with Cobb-
Douglas production function and/or uniform propensity to save, minimum wages b@tarmful
to the global economic growth, thus confirming that in the absence oftamality channel the
conventional belief about the growth depressing role of minimum wages hold

Moreover, for the sake of completeness, it is important to thateanother strand of literature
exists where unemployment and growth can be positively related owing tavetidé&nown
Schumpeterian idea of creative-disruption (i.e., models of piipapove that were pioneered by
Aghion and Howitt, 1994, where thatrasectoral allocation of labour within the sector that
produces intermediate goods determines the unemployment rate). lrorikestc an interesting
recent paper that treats minimum wages within an innovation-basedhgroadel with three
sectors of production is Meckl (2004). Growth and unemployment are ambiguelasd and this
depends on the sign of the wage differentials between sectors (hegdod sector; the
intermediate-good sector; the R&D sector), i.e.itfiersectoralallocation of labour matters. The
higher the wage in the R&D sector, the more likely growth and unempiaywik be positively

correlated.
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As we briefly mentioned above, all these papers abstantdtudying the effects of legally set
wage minima and unemployment benefits in a simple one-sector closealr®c model with
endogenous growth. The object of the present paper, therefore, ighis ijap using a minimal set
of assumptions within a double Cobb-Douglas OLG economy, where the ushiabléggscal
externality a la Romer (1986) represents the engine of endogenous growttiffaneht from the
previous theoretical literature framed in the OLG context, witlasguming the existence of any
growth sustaining externalities the minimum wage can generate. trcupar we study the
interaction between minimum wages and growth, showing a new theordtmahel with which
minimum wage policies can effectively be used as a stimulusawoauc growth and welfare,
despite the resulting unemployment they create. In fact, even ihttleeluction of a wage floor
causes unemployment, if the replacement rate (as part of the wyemept benefit system) is
larger than the weight of the labour input in production the positive grovigletedue to the
increased workers’ income dominates the negative unemployment afiddthis eventually spurs
economic growth beyond tha&ssez-fairdevel.

In particular, in this paper we provide necessary and sufficamitions for a regulated-wage
economy with unemployment to grow faster than the competitive-wage econatmyfull
employment. Interestingly, there exigt & whole range of minimum wages that can be used by the
government to promote growth, anig @& growth-maximising minimum wage. We also show that in
the long run, individuals may be better off in an economy with regulatedswaage the highest
possible welfare level is achieved when growth is maximised. &erean important result should
be remarked: the growth and welfare promoting effects of the minimage hold in the case of
both homogeneous and heterogeneous (i.e., skilled and unskilled) labour.n\¥hédarmer case,
the minimum wage is defined as a mark up over the equilibrium comeetiibage and cover all
workers, in the latter case it is fixed as a mark up over ctitivpenvage in market for raw labour
only. However, since in real economies the minimum wage is compsitadfraction of average

earnings, and beneficiaries are essentially the poorest amongsaibworkers, in the model with
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labour heterogeneity we also present numerical simulations to deshd robustness of our
theoretical results by considering the more realistic case mfnanum wage floor fixed as a
percentage of the average wage. As to this purpose, we calibratylmed economy to study the
case of France, where debates about whether increasing or reducingntmeim wage were
intense.

The remainder of the paper is organised as follows. InoBe2Ztive develop the baseline model
with homogeneous labour and consumption taxation not conditioned on age. In Sect®on 3 w
analyse the effects of the minimum wage on economic growth. Séctmoks at welfare effects
the minimum wage generates. Section 5 presents some extensions@hetey, in particular, the
hypothesis of skilled and unskilled labour with a minimum wage being fixed fonlthe latter

category. Section 6 concludes.

2. Themodd

2.1. Individuals

Consider a general equilibrium closed economy with overlapping generataxcts.gEneration is
composed by a continuum adfl identical two-period lived individuals (Diamond, 1965). When
young, each individual is endowed with one unit of time inelastically sagppph the labour market.

When old, she is retired.

The lifetime (logarithmic) utility function of agerjt born att (U;) is defined over young-aged
and old-aged consumptions.: andc’,.4, respectively, that is:
Ul = |n(le,t)+,8|n(C12,t+l)1 (1)

where0< S <1 represents the degree of individual (im)patielmcesnsume over the lifecycle.
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Individuals att can either be employed € €) or unemployed [ =u). If employed, they earn a
unitary minimum wage,w, ., fixed by law as a constant mark yp> dVer the prevailing
competitive wagey, , , see, e.g., Irmen and Wigger (2006), that is:

W, = W, . (2.1)
If unemployed, they receive an unemployment bergfidefined as a fraction of the competitive
wage; that is:
b=yw,, (2.2)
where 0< y < 1is the replacement rate. We assume that unemplaybemefits at are financed
with ad valoremtaxes ¢, > Q levied on both young-aged and old-aged consumptd all people.

Therefore, the budget constraint when youndses

clu{l+1,)+sh =X, (3.1)
where s'; is the saving rate of agertand x'; :{wm,t,h} IS an income-when-young variable equal

to: (i) the minimum wage if the individual is employed; ¢the unemployment benefit if she is
unemployed.
The budget constraint of an old borrt as$

Clam(l+7,,)=(@+r,,)s", (3.2)

wherer,,, is the interest rate fromto t +1.

* Note that the results of the present paper would have beditatively the same if unemployment benefits were
proportional to the actual minimum wage, rather than the cdtmpetvage. We thank an anonymous referee for

suggesting to clarify this point.

® By passing we note that the right-hand side of Eq. (3.1), ltematively be expressed z!iisz’t + (1— d)h , where

d is a variable that takes valdk if the individual is employed and) is she is unemployed (see Corneo and

Marquardt, 2000).
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Employed and unemployed individuals choose haweh to save out of their disposable income
to maximise the lifetime utility function Eq. (1ylsject to Egs. (3). The first order conditions &or

interior solution therefore are the following:

(4)

Clon 1+7,
A s

t+1
Combining Eq. (4) with Egs. (3), when the indivituais alternatively employed or unemployed,
gives young-aged consumption, old-aged consumpdioth saving of both the employed and

unemployed of generatian which are respectively given by:

X't

clue = W ) (5-1)

j — IB(1+ r"[+1)th
Clot+1 ——(1+ ,B)(1+ Tt+1) , (5-2)
s' —f Xﬁj (5.3)

Defining L, as the number of employed peopld agggregate saving in the econon®/ £ Ns)

is defined as the sum of savings of both employetsmemployed, that isl§ = L s% + (N - L[)s“t ,
that can alternatively be written as

s =(1-u,)s% +us*, (6.1)
where u, == (N - L[)/ N is the aggregate unemployment rate .&tTherefore, combination of Egs.

(5.3) and (6.1) yields aggregate savings as:

1+,3[ t1 u +QU] (6.2)

Using the same line of reasoning, summing wngeaged and old-aged consumptions of both

the employed and unemployed from Egs. (5.1) ar?) (fves

® Eg. (6.1) reveals that separating with employed and unempjogegle is the same as assuming a representative

individual that can be employed for the fractibr U, of time and unemployed for the remaining fractign



L. Fanti, L. Gori
_ 1 _
Cre _W[Wm,t(l Ut)"’btut]’ (7.1)

Corsn = Wl”m[ el u) +l1u] (7.2)

2.2. Firms

As in Romer (1986), Daveri and Tabellini (2000) dntien and Wigger (2002), we assume the

technology of production faced by each firm1,...,| as:
Yo=K (AL =BRR L ®)
whereY,, K;, andL;, are the output produced, and capital and labaedHy firmi, A = a%

is an index of labour productivity of each singlerf, which is assumed to depend on the average

per capita stock of capital in the econonty,=K,/N, and it is taken as given by firm,

B:=a"">0 is a scale parameter ar@k a <1. Since all firms are identical, setting, =L,

K, =K, and Y, =Y, then aggregate production ttis the followingY, = Bk “K,”L"", where

L = (1—ut)N is the total labour force employed. Therefore,gapita output isy, = Bkt(l—ut)l"’,
wherey, =Y,/ N, and profit maximisation impliés

r=aB(l-u)"™ -1, (9.1)

=(1-a)Bk(@-u)™. (9.2)

Combining Egs. (2.1) and (9.2), and knowingtth&, =(1-a)Bk, is the equilibrium

competitive wage, the (constant) unemployment matthis simple economy with homogeneous

labour is

"It is assumed that capital totally depreciates at the fegach period and output is sold at unit price.

10
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-1

u =u(w)=1-pue. (10.1)
From Eq. (10) it is easy to verify that a rise gn (y) monotonically increases (does not affect)

unemployment. Moreover, the interest rate is lothan undefaissez-faire that is:

a-1

r(u)=aBu @ -1<r(1) 2 (10.2)
2.3. Government

The unemployment benefit expendituretafh u,) is financed with (time-adjustédad valorem
taxes levied on the first and second period consomgpofall individuals. Therefore, at time the
per capita government budget reads as:

bu =r, (cl,t +C2,t)' (11)

Exploiting Egs. (2.1), (2.2), (7.1), the onaipe backward (7.2); (9.1) and (10.1), the budget-
balancing tax rate is constant and given by:
1
fo-aos ) 1|

r,=r(u)= -, (12)
L+ ap)- 1~ a)ﬁ(w - 1}

a
® Note thatr(,u) >0 forany i < (a'B)ﬁ = U, , which is assumed to be always satisfied in the analyticaltsesf

the present paper. Moreover, in the numerical examplesnpedsan Sections 3-5 the interest rate associated with
different values of the wage mark up used in the sinaulatis of course always positive.
9 In Section 5.1 we study the opposite case of endogenous replacateemd fixed consumption tax rate.

19 Since both the minimum wage and unemployment benefit are intebdtitee beginning of timé, the consumption

18(1+ rt )Wc,t—l Wc,t IB

, Wherew, _, = ndg, = m(l— a)B —listhe

@+ pla+r,) lrg,

growth rate of per capita income untlissez-faire

of the old-aged born dt—1is C,, =

11
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wherer(1)=0 and 7'(¢)> 0. Now, in order to make the unemployment benefiicydeasible, we
need to ensure >0 for any couple(s, ), i.e. denominator of Eq. (12) must be positivieef&fore,
for any 0< y < ], the benefit expenditure is viable if and onlyhé government does not fix the
minimum wage at too high a level, thatlis < 1, , wherey,, (that cannot be solved in closed

form, however) represents the threshold value ®fathge mark up below which> 0 is fulfilled.
3. Balanced growth

Given the government budget Eq. (11), market-ahggin goods and capital markets is expressed as

K =8, (13)

which is combined with Eq. (6.2) to get:

Ko 1+ﬁ[ (1-u)+hu]. (14)

Since in this paper we are mainly interestedstudying the effects of minimum wages on
economic growth, below we analyse how legislategeveminima affect the evolution of capital
across periods and, hence, the growth rate ofdbeoeny. To this purpose, let us first rewrite Eq.

(14) as a generic function of the wage mark up as

Keor = S, (1), u(s2)] (15)

The total derivative of Eq. (15) with respexyt gives:

oy 25 P EGTT+ ﬁ (16)

du  ow,,

Eq. (16) reveals that the final effect of @ns the minimum wage (i.e., a rise in the wagekmar
up) is ambiguous on growth as it increases bothewagome and unemployment. The economic
intuition is simple. Since in an OLG context ecomogrowth is driven by savings, it will be crucial

how the minimum wage affects the saving rate. Gndhe hand, a rise in the minimum wage

12
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causes a positive effect on savings because tobenmof the employed is now larger. On the other
hand, the unemployment rate raises. The rise impi@yment affects aggregate savings through
two channels of opposite sign: first, the amountesiources saved by the employed is now lower
because the employment rate is reduced, so thasaweg rate shrinks through this channel;
second, the amount of resources saved by the ungeatpis now larger, and this, in turn, positively
affects savings. However, since the minimum wagkrnger than the unemployment benefit, the
rise in unemployment always tends to reduce agtgesgvings, as can easily be ascertained from
the second addendum of the right-hand side of Hg). (

In sum, there exists both a positive wage éféexl negative unemployment effect on growth
when u raises, and this makes clear the reason why rla¢ dffect of a rise in the minimum wage
on capital accumulation is potentially uncertaimmOLG modet’

We now exploit Egs. (2.1), (2.2), (10.1) and)(fb determine how capital evolves across periods,

that is:

Ky = L+ g H (1)K, (17)

-1 1

where H(u):= ,ua{u+ y(,ua - ﬂ H(1)=1 and g, is the growth rate unddaissez-faire(see

Footnote 7).

1 Notice that in a Ramsey-type infinite horizon growth model, wieemomic growth is driven by the interest rate
rather than the saving rate, minimum wages (even if usgethter with unemployment benefit policies) reduce the
growth rate of consumption when the technological externality isedefn per capita terms, because the interest rate is
below thelaissez-fairelevel due to the unemployment occurrence, as Eq. (10.2) sefged, e.g., Hellwig and Irmen,
2001). However, if we alternatively assume, in line with Corueed Marquardt (2000), that the production externality
is defined in terms of capital per employed worker (see QD7 for a discussion about the differences in assuming
that labour efficiency depends on either capital per capitaptat@er worker), then the introduction of minimum
wages is growth-neutral in a growth model a la Ramsey bedaigeterest rate does not depend on the unemployment

rate in that case.

13
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From Eq. (17), therefore, the growth rate opit in the regulated-wage economy with
unemployment (which is the same as the growthaobpeer capita output as the unemployment rate
is constant) is?

g(u) =L+ g )H(w)-1. (18)
Now, let
y=1-a, (29)
be a threshold value of the replacement rate. Thealysis of Eq. (18) gives the following

proposition.

Proposition 1. Let1< < 4, hold to guarantee feasibility of the unemploynimeiefit policy. (1)
If y<y,theng(u)<g,. (2) If y>y, theng(u)>g, for any 1< u<u°, g(u) is maximised at
p=pandg(u)<g, if #>u°, where

f==>1, (20)

ANERS

and x° > i is the value of the wage mark up such thgi°) = g. .

Proof. Differentiating Eq. (18) with respect tou gives g¢'(u)=(1+g,)H' (1), where

~(t+a)

H(u)=au @ (y-uy) and thussgr{g'(u)} =sgr{H'(x)}. Then H'(,u);O if ,u;&. Therefore

Proposition 1 follows, since (1) if <y, H'(z)<0 for any1< u <y, , and (2) ify >y, the fact
that H'(z)=0 only at =4 and H"(z) =0 only at # = {1+ a)> i complete the proof because

H(,u) =1 twice aty= landu=u°. Q.E.D.

12 Since g(,u) is independent of time the model does not show transitionalndgsaand thus a change g

automatically results in an instantaneous adjustment taovdaknced growth path.

14
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Corollary 1. Let =1 hold. If y<y (y>y) then the introduction of minimum wages reduces

(promotes) economic growth.

Proof. The proof is straightforward sincgé(l) <0 (> O) foranyO<y<y (y<y<1).Q.E.D.

Proposition 1 shows that the growth rate iegutated-wage economy with unemployment may
be larger than undelaissez-faire This is due to a combination of minimum wages and
unemployment benefits. In fact, although the mimmuvage causes unemployment, if the
replacement rate is larger than the weight of afs@lir input in production (i.el,—a ), the positive
growth effect due to the increased workers’ incainainates the negative unemployment effect,
and this eventually spurs economic growth beyordatissez-fairdevel. Moreover, it is important
to note thatij a large enough replacement rate always exisgutmantee beneficial effects of
minimum wages on growthii) the higher the output elasticity of capital, tbwer the size of the
replacement rate needed for introducing a growtimmting minimum wage policy, andiij a
growth-maximising minimum wage can exist. Moreoveince both the growth rate and

unemployment rate increase along with the wage mprlat least for any< u < i, then a positive

link between unemployment and growth indirectlyséxin such a case. Therefore, in a broad sense,
our paper may be view as belonging to the litemtiumking positively economic growth and
unemployment (see the discussion in Section 1)ubitg however simple ingredients within an
intuitive context such as the two-period overlagpgenerations growth model rather than adopting
guestionable hypotheses within more complicateithgst

Of course the way of financing the benefit exgiure is crucial for the results. In fact, with
consumption taxes, the provision of unemploymentekits is not completely retrieved by the
amount of resources needed to finance it (as,adsteould be the case with either wage income
taxes or lump-sum taxes on the young, which wouttply both a tax withdrawal and

unemployment subsidy of the same size, thus leavirey aggregate income of the young

15
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unaffected), so that the unemployed will actuafigaive a grant — and the employed are burdened
by taxation — in such a way that aggregate consompsaving and growth are effectively
supported despite the rise in unemployment.

We now illustrate Proposition 1 taking the doling configuration of technological parameters:
a = 045, which generateg = 055, and B =20. Then we choose a replacement rate higher than
the thresholdy, that is y= 0.7 (in line with the unemployment benefit legislatiom several
European countries). Therefore, the growth-maximgisivage mark up isgz=1. 272and
K°=1.778. As regards preferences, we consider that evarggeonsists of 30 years and assume
[ =0.3 so that the discount factor is 0.96 per annum @&k Croix and Michel, 2002, p. 59).
With this parameter values we obtaglﬁ,[l) =1.627, corresponding to which the unemployment rate
is u(f2) =0.414 and the budget-balancing consumption tax rate(j#) = 026, while the growth
rate undefaissez-faireis g, =1.538 Moreover, a whole range of values of the wagekmoar, i.e.
1<u<1778, can be used by the government to promote growth.this example, the

unemployment rate that corresponds to the growtkimaing minimum wage (which is 27.2 per

cent higher than the competitive wage) is extrerhéi (41.4 per cent), and the range of minimum
wages for which an economy grows at a rate highan the laissez-faire may even reach up the
77.8 over the market wage. In this stylised econdmoyvever, labour is homogeneous (rather than
heterogeneous) and the minimum wage is set as & upaover the market wage (rather than
computed as a fraction of average earnings, asvaral real economies). Therefore, in order to
evaluate our results for drawing policy conclusjoitsmay be relevant to introduce labour

heterogeneity (e.g., skilled and unskilled laboand then computing the minimum wage as a

13 This value may be considered as an average between ths ghlire output elasticity of capital in developed and
developing countries, which, according to, e.g., Kraay and Ra(R07), areqr = 033 anda = 0.5, respectively.

14 Note that with this parameter set we obtain a large enolgh vhthe wage mark below which feasibility of the

unemployment benefit policy is guaranteed, thaizjs = 6.568.
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percentage of the average wage. This exerciseb@ifpresented in Section 5.2 after showing that
considering skilled (high-paid) and unskilled (Ipaid) labour does not alter the main conclusions
of Proposition 1 as regards the effects on grovitimtooducing the minimum wage in the market
for raw labour.

While we have shown that economic growth catually be fostered by minimum wages,
another crucial aspect regards their welfare effethe next section therefore deals with this
argument and contrasts welfare levels in both ¢igellated-wage economy with unemployment and

competitive-wage economy with full employment.

4. \Wdfare

This section looks at the evolution of individuaglfare over time in both the regulated-wage and
competitive-wage economies along the balanced grpath (BGP henceforth).

Although the introduction of wage minima canngpresent a Pareto improvement, because the
old-aged living at the moment of the reform woutat opt for it sinceij the interest rate shrinks
due to the unemployment occurrence (see, Eq. 18n2){i) the existence of consumption taxes to
finance unemployment benefits tends to deteridte consumption levep,it could be instructive
studying whether the minimum wage can make indislibetter off along the BGP. Below we

show that wheng(u)>g, (i.e., Point (2) of Proposition 1 holds), thenymptotically, the

minimum wage is always welfare-improving.

5 et the minimum wage be introducedtat Then, comparison of the consumption of the old-aged botn-dt in

both the regulated-wage and competitive-wage economies impli€§’t(,u)<C2’t(l), where

2t( )_ :3[1"' r(lu)]wc,t—l (1) — :3[1"' I’(l) We t-1 ,

H)= (1+,[>’)[1+r(,u)] Gl = 1+ 8 r(u)<r() and7(u)>0.
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Let us begin the welfare analysis by noting #yaplying a positive monotonic transformation,

1 g
the individual lifetime utility function Eq. (1) cealso be expressed ¥s= (cn)ﬁ(czm)ﬁ, where

u

V, = 4 Since both young-aged and old-aged consumptiow grithout transition at the constant

rate g(,u),16 the time evolution of individual welfare in an @oony with legislated wage minima is

expressed by the indirect utility function:

W, (1) =Wy ()1 + g ()] (21)
where
W, () =W, (1) (), (22)

is the welfare level at the time of the introduntmf the minimum wage law, i.¢=0,

1+8(2-a) 1 1
o 0 o | o) o-ale e -1
H(x) 1705) =

N(u)=1,; g a)(ﬂ; —1j . (23)
which crucially depends on the level of the exgtininimum wage, and
Co(l)= % , (24.1)
CIE % , (24.2)
Wo(0) = [eso0]a a0 (22)

are the initial consumption and welfare levels undissez-fairg with k, > 0 given.

The time evolution of individual welfare in @sonomy with full employment therefore can be

conveyed by:

W (1) =w,[1){+g,)". (21)

8 This follows because the unemployment rate, the interestratehe budget-balancing consumption tax rate are

constant.
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From Egs. (21) and (21’) it is clear that BGPIfare generically depends o the growth rate
of per capita income, andi) the initial welfare level (i.e. initial consumpti). As regards the
former, to the extent that a rise in the wage marks beneficial to economic growth, i.e. Point (2)
of Proposition 1 is fulfilled, the effects of minitn wages on welfare are positive through this
channel. As regards the latter, comparison of &8.and (22’) makes clear that individual welfare
at the time of the introduction of the minimum wdge, t =0, can be higher or lower than under

laissez-fairedepending on Whetth’I(/J) is higher or lower than unity. A rise in the wagark up

increases the income of the young, and this temdaise initial consumption. However, a higher
minimum wage also implies a higher tax rate torfigean increasing amount of unemployment
benefits, and the higher the minimum wage, thedrighe consumption tax rate. This, in turn, tends
to deteriorate initial consumption.

Therefore, ifI‘I(,u)<1 (that is, consumption at=0 in the regulated-wage economy is lower
than undeidaissez-faire because the weight of consumption taxation iatikaly high), then the
final effect of a rise in the wage mark ypon welfare isa priori uncertain because of the existence
of two opposite forces at work) the positive growth effect, and)(the negative effect due to the
deteriorated consumption &t 0. In this case, therefore, the minimum wage causdfare losses
for the current old-aged, for the generation bdrtirae t =0 and for some generations>T >0.
However, we will show below that beyond the thrédlgenerationT the minimum wage implies
welfare gains because the positive growth effeletays dominates in the long run, i.e. when Point
(2) of Proposition 1 holds consumption grows atge migher than undeaissez-faireand, thus,
there certainly exists a threshold generation beéyamch welfare becomes larger despite the rise in
unemployment.

In contrast, ifI‘I(,u)>1 (that is, consumption &t=0 in the regulated-wage economy is larger
than undenaissez-fairebecause the weight of consumption taxation istively low), then we

obtain the important result that the generatiomlairt =0 as well asll the (infinite) subsequent
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generations will be better off in that case. Th@aimum wage policy, however, cannot be Pareto
optimal because the current old-aged are worsened.

We now proceed to show the results discussedealirst, using Eq. (23) we identify the
parametric conditions for whichl(x) >1(<1). Second, since the analytical treatment of Eq) @1
cumbersome, we resort to numerical simulationsitasthat in the long runi)(the minimum wage
can effectively produce welfare gains either forganerationst =0 or for all generationg born
beyond the threshold@ >0, and (i) in the long run the highest possible welfare leseachieved
when economic growth is maximised.

We now identify the conditions for which théroduction of the minimum wage evaluated at the

margin (« = 1) may or may not be welfare-improving for all geatednst >0 but the current old-

aged, i.e. the ones borntat 1.

Define F(/J)Z: I_I(/J)—l, a, = 'B <E and Viy = (1_a)(1+a:5)(1+ 213)

1+28 3 b+ plairzp)-g) M O

and only ifa <a,,, or a >a,, ,, where

o =20t 2B) 2B +TF +9p +55+1
’ AlL+2p)

_—(1+2B)+28' +78°+9B° +54+1
BL+2p)

Ay,

, U2<a,,<1.

Sincea,, , <0 it can be ruled out. Then we have the followinggasition.

Proposition 2. (1) Let O<a <a,, hold. Then, the introduction of minimum wages l{estad at
u=1) is welfare-worsening at=0. (2.1) Leta, <a<a,,, hold. Theny, >1 and for any
0< y <1 the introduction of minimum wages (evaluatediatl) is welfare-worsening at =0.

(2.2) Leta, , <a <1 hold. Then for anyO<y <y, [}, <y <1] the introduction of minimum

wages (evaluated gt =1) is welfare-worsening [welfare-improving] at=0.
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Proof. Differentiating F () with respect tqu and evaluating it gtz =  jives

e 1) = Lt Blali+ 2@(; f]ﬁ—)ég;;))zh ap)i+26)

Therefore, if 0<a<a,, then F,(1)<0. In contrast, if a, <a<a,,, then sincey, > 1

F.(1)<0;if a,, <a <1, then for any0< y<y, [K, <y<1l, F.(1)<0 [F.(1)>0]. QE.D.

Proposition 2 reveals that the lower is theghtiof employed labour in production, and the
higher is the replacement rate, the more likely itlieoduction of the minimum wage increases
consumption at =0. In this case, in fact, the weight of the increbbadget-balancing tax rate on
consumption is relatively low with respect to tinereased income when young, and thus welfare
raises even at=0.

We now consider how a rise in the minimum wafgeve the existing levely> )laffects the
function Eq. (23) in the casl(u)>1. Although the analysis of Eq. (23) is cumbersoinean be
shown that, in generall,‘l(,u) is an inverted U-shaped function of the wage mapku . The
economic reason is that there exists an intenalided between the competitive wage (pe= ) 1
and a threshold value of the minimum wage (&= (4, where i, cannot be solved in closed
form) such that all generations>0 can experience welfare gains (of course if PohR)( of
Proposition 2 holds). This also means that if tegevmark up is fixed beyond the thresheld,
some initial generation8<t <T are harmed. An illustration of this finding is pided in Table 4.

We now assume that the conditions of Pointof2lProposition 1 hold and proceed with some
numerical exercises to analyse the welfare effecig over time. First, we concentrate on the case
M(u)<1. Then we study the cade(u)>1. This because the want to stress that there eadsts
with respect to which the minimum wage can be welfaproving for either all the generations
t >0 but the current old-aged or for all the generatipiborn beyond a threshold generatib 0,
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and then to precisely identify such a thresholdegation in the case some initial generations are
harmed by the minimum wage policy.

Using the same parameter set as in Sectidrir@ble 2 summarises the time evolution of the
individual welfare for the values of the wage magkreported in Table 1 (Column 1), which also

shows the corresponding values of the unemploymagat the budget-balancing consumption tax

rate and the growth rate (Columns 2, 3 and 4, otisedy).

Table 1. The wage mark up and other macroeconomic andypaéiriables.

A u(x) r(u) g(x)
1 0 0 1.538
11 0.19 0.096 1.508
1272 0.414 0.26 1.627
14 0.526 0.381 1.618

Table 2. The time evolution of individual welfare in batie regulated-wage and competitive-wage

economies whem varies Kk, = 1 W,/10000).

t=0 t=1 t=3 t=5 t=7 t=9
W, (1) 0.001 0.0027 0.017 0.112 0.722 4.657
W, (1.1) 0.0009 0.0025 0.016 0.114 0.773 5.222
W, (1.272) 0.0008 0.0021 0.0148 0.102 0.706 4.875
W, (14) 0.0007 0.0018 0.0129 0.088 0.609 4.178

' Note that with this configuration of parameters we @gt, = 0.572 and, hence, the conditiopf, > 1 is satisfied

(see Point (2.1) of Proposition 2). Since= 045< 0.572, then the minimum wage is welfare-worsenind at 0

(see Table 2, Column 1).
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t=11 t=13 t=15 t=18 t=30 t=50
W, (1) 30.01 193.38 1246.10|  20382.8Y 14510° | 1800107
W, (1.2) 35.26 238.11 1607.78|  28209.3] 26710° | 526007
W, (1.272) 33.65 232.40 1604.57|  29110.38 31501¢° | 776M0"
W,(14) 28.64 196.34 1345.94| 2415656 25011C° | 5740107

Since the budget-balancing tax rate is higherlarger is the wage mark up (see Table 1), the
negative welfare effect due to the reduction irtiahiconsumption is stronger the moge is
increased. Thus, Table 2 shows that the generabons att =0 as well as in the subsequent
periods 0<t<T are made worse off, i.e. the minimum wage polieprot represent a Pareto
improvement. However, in the long run welfare gaans obtained irrespective of the size of the
minimum wage, that is a threshold generafiorn 0 exists beyond which all the future generations
t >T are made better off because the positive growdteasymptotically dominates. In fact, from

Table 2 we see that whepw=  1(1.272) [1.4] individuals of the fifth (ninth) [ihteenth]

generation, as well as those born in all futuregols; are better off in the regulated-wage economy
with unemployment than undéaissez-faire Moreover, and most important, Table 2 also shows
that the highest possible long-run welfare levetsachieved at the growth-maximising wage mark
18

up

We now take a value of the output elasticitycapital higher than the threshotr}, , = 0.572,

that is a = 0.7,"° to show that the minimum wage can actually be aveimproving for all the

8 This has been ascertained through extensive numerical simulaiicins 50 not reported in Table 2 for economy of
space. Moreover, it can be shown (numerically) that the grovettimising wage mark up coincides with the welfare-
maximising one wheit becomes large enough.

9 The other parameter values are the same as before.
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generationst = 0. In this case, therefore, we ggt=03, ), =0.544, i =2.333 (the growth-
maximising wage mark up)}/° =14 8and x4, = 988 Moreover, a whole range of values of the
wage mark up, i.el< g <1. 34Exists such thafl(x)>1, and ther,(u) >W,(1) in such a case.

In Table 4 we summarise the time evolution rafividual welfare for the values of the wage

mark up reported in Table 3 (Column 1).

Table 3. The wage mark up and other macroeconomic andypadiriables.

A u(x) r(u) 9(x)

1 0 0 0.384

11 0.127 0.03 0.452
2333 0.701 0.24 0.643

3 0.791 0.306 0.632

Table 4. The time evolution of individual welfare in batie regulated-wage and competitive-wage

economies whem varies K, = 1 W, /100).

t=0 t=1 t=3 t=5 t=7 t=9
W, (1) 0.0642 0.0889 0.17 0.327 0.627 1.202
W, (1.2) 0.0648 0.0941 0.198 0.419 0.884 1.866
W(2333 | 0.0565 0.0929 0.25 0.677 1.83 4.943
W,(3) 0.052 0.0849 0.226 0.602 1.605 4.276
t=11 t=13 t=15 t=18 t=30 t=50
W, (1) 2.304 4.418 8.471 22.48 1116 | 74900°
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W, (1.2) 3.938 8.311 17.53 53.74 4742 | g29m0°
W, (2.333) 13.34 36.05 97.35 432 | 16700° 34500°
W 3) 11.39 30.34 80.83 3514 | 12501C° | 22600°

Table 4 shows that when the output elastiditgapital is high enough, i.ex, , <a <1, and the

wage mark up is not fixed at too high a level, l& < i, , where g, =1. 341 the minimum

wage is welfare-improving for all generations 0. In this case, in fact, the weight of the increhse
income when young more than counterbalances thatimegeffect on consumption due to the
increase in the budget-balancing tax rate so tledfiave raises. Of course, when the wage mark up

increases further on, the weight of the higherrtie becomes larger and, hence, for any /i,

there exists some generatio@st <T that incur in welfare losses because consumptioimks.

To this purpose, Table 4 shows that wher 2. 33Bthe positive growth effect dominates at

t =1 (3) and welfare gains can then effectively be iolet& Moreover, in the long run the highest
possible welfare level is still achieved when tbhegrnment maximises growth.

To sum up, the following result holds as regdhe welfare effects of the minimum wage:

t
Result 1. Rewrite Eq. (21) asV(x) =W (1) (,u)[%é'u)} . We know from Proposition 1 that if

y>y,theng(u)> g, for anyl<pu<p°. Then, foranyi<pu<p°, im, . W(u)=lim . W().
In this case, therefore, there certainly existieshold generatiom >0 such thatw(x)>W (1)
for any t >T . Moreover, if Point (2) of Proposition 1 holds,, , <a <1 and , <y <1, then for

any1< u <y, we getw,(z)>W,(1) for anyt >0,
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In the numerical example presented in Table$ We studied the cases ofoace-and-for-all
minimum wage policy, i.e. we assumed that at ttnee) a binding minimum wage is introduced,
for instance at the growth-maximising value, anentlkept unchanged in all future periods. The
latter policy, of course, tends to drastically reeluiconsumption (and welfare) of the firgt
generations due to the financing of the unemployrbenefit with proportional consumption taxes,
as the unemployment rate associated with the grovetkimising wage mark up is relatively high.
Nevertheless, another important issue is whethéameosses can actually be smoothed across the
first T generations with gradual or progressivéncrease in the minimum wage from period to
period up to the growth-maximising lev@IDoes a gradual introduction in the minimum wage
really tend to smooth its impact across generatidnorder to answer this question in Table 5 we
summarise — using the same parameter set as iesTabP — the welfare effects of two different
minimum wage policies:i) the once-and-for-all growth-maximising policy @la 5.A), andi{) a

progressive increase in the wage mark up to thetgranaximising level (Table 5.B).

Table 5.A. The time evolution of individual welfare in bothe regulated-wage and competitive-

wage economies: the case of the once-and-for-alhmim wage policy K, = 1W,/10000).

t=0 t=1 t=3 t=5 t=7 t=9
W, (1) 0.001 0.0027 0.017 0.112 0.722 4.657
W, (1.272) 0.0008 0.0021 0.0148 0.102 0.706 4.875

20 This argument is relevant especially because the introductitire ahinimum wage in several European countries
followed such design, even when the process was rapid as ydoetiig U.K. or Ireland (see, e.g., Dolado et al, 1996
for evidence of the impact of different minimum wage policiesEurope). We thank an anonymous referee for

suggesting to clarify this point.
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Table 5.B. The time evolution of individual welfare in bothe regulated-wage and competitive-

wage economies: the case of a progressive inciedise minimum wagek, = ,1W,/10000).

t=0 t=1 t=3 t=5 t=7 t=9

M1 =105 H=11 H=115 H=12 M =125 H=1272

W, (1) 0.00106 0.0027 0.017 0.112 0.722 4.657

W, () 0.00101 0.0025 0.016 0.108 0.721 4.875

Comparison of Tables 5.A and 5.B, therefore, makes that it is better to gradually introduce the
minimum wage rather than fixing it at the growthimaising value directly at the time of the
introduction of the reform, i.e.=0, as the welfare losses of the first seven gemeratare smaller
than in the case of the once-and-for-all growth-imasing policy. Moreover, and most important,
welfare gains are obtained starting from the nggheration in both cases. The economic reason
why welfare losses are smoothed across generatidhat a with progressive increase in the wage
mark up, the rise in unemployment is gradual aed tbwer from period to period. Hence, the need
of raising consumption taxes to finance the bersfdtem as well as the negative impact of the
minimum wage on consumption of the initial genena¢iT >0, can actually be smaller in such a

case.

5. Extensions

We now present some modifications and extensioriseobaseline model. In particular, in Section

5.1 we assume the replacement rate, rather thauwygotion tax rate, as the endogenous variable

that balances the government budget. In Sectionwg 2relax the hypothesis of homogeneous

workers and assume the existence of skilled anHilletslabour and then introduce the minimum
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wage for the unskilled (low-paid) jobs. Finally,3®ction 5.3 a capital income tax is used to fieanc

the unemployment benefit systém.
5.1. Endogenous replacement rate

In this section we assume the replacement gaterather than the consumption tax rate is

endogenous and adjusted from period to periodlamba out the unemployment benefit budget Eq.
(12).
Exploiting Egs. (2.1), (2.2), (7.1), the oneipd backward (7.2), (9.1), (10.1) and (11), the

(constant) budget-balancing replacement rate mirodd as

ru(l+ap) (25)

VFV(MT)=( : J ,

pe -1i+ e+ r)la-a)

where y/,(1,7) <0 and y,(1,7)> 0. Now, the unemployment benefit policy is viabley{j, 7) <1,

and this would alternatively require

- a)as ﬂ{yi -1j

H1+ap)-(1- a)ﬁ(#‘l’ - 1} |

T<T=

(26)

Exploiting Egs. (2.1), (2.2), (10.1), (14) and @s(@5) to eliminate the replacement rate, the gnowt
rate in the regulated-wage economy is

g(u.7)= [+ g )P(7) -1, (27)

4o @ p-a+)
(1-a)1+ B@+7)

where P(u,7) = , 9,(17)<0 and g (,7)>0, that is the rate of economic

growth is a monotonic decreasing (increasing) floncdf the wage mark up (consumption tax).

2L This extensions follow the suggestions of three anonymous referees
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Now, define

(1—a)<1+ﬂ{1-ﬁj

T=— , (28)
e pl-a)-(1+p)
as the threshold value of the consumption tax shatP(y,7)=1, wherer > 7, and
-~ [ 1+p }1-0
f=| LYB (29)
{ﬁ@-a)

as the threshold value of the wage mark up beloigiwh > 0.
Although a rise iny is now always growth-reducing, the following prspmn shows that

minimum wages used in conjunction with unemploynimnefits can stimulate growth.

Proposition 3. Let1<u< g and 7 <r <7 hold. Theng(,u, r) > g, and the unemployment benefit

policy is feasible.

Proof. From Eq. (27) it is easy to verify thai(u,7)=g, if and only if P(x,7)=1. Since

P(,u, r) >1 foranyr>7, 7 >0 foranyl< u < i, and the unemployment benefit policy is feasible

if and only if 7 <7, then Proposition 2 follow®).E.D.

5.2. Skilled and unskilled labour

In this section we assume that two types of lalmmuexist: skilled §) and unskilled (). The
market for skilled labour is competitive and therked for unskilled labour is regulated by law. We
take the division of labour exogenously and assthmae each young is endowed with units of
unskilled time and.— & units of skilled time (inelastically supplied dmetmarkets for unskilled and

skilled labour, respectively), wher@<8<1 (see, e.g., Martinez and lza, 2004). Therefore,
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N =N"+NS, whereN” =@N and N° =(1- )N . For the skilled time individuals earn a unitary
competitive wagew,®. For the unskilled one they earn instead a mininwage w,,,” = (w,,’
fixed by law if employed, whem\/c’tLJ is the competitive wage of the unskilled, whileewing a
benefitb, = ywmU if unemployed. Of coursey,® >wm,tLJ . Preferences over young-aged and old-

aged consumptions are still determined by Eq.Thi¢refore, aggregate savings are now given by:

s =115 0- 0 volw,*-u) vbu]} (20)

whereu, = (6N - L[LJ )/6N is the unemployment rate in an economy with hegneous labour and
L,” is the demand for raw labour.

There are three factors of production: physimpital (K ), skilled (L°) and unskilled (”)

labour. The production function of the single firmi at time t now is
Y, =K ™ (Li,ts)az (I_i,tU )03 (A o =Bk ™K, ™ (I_i,ts)az (I_i’tU )03 , Where a,+a,+a,= 1 a,>a,
and the labour productivity indeR , is defined as in Section 2.2, wit:=a" >0. Aggregate
production at t therefore takes place according tg =Bk K" (Lts)az (LtU )03, where
L°®=N%=(1-6)N and " =(1-u )NV = (1-u )&N 22 The intensive form production function is
y, = Bk (1-u, " (1- 6)2 6%~ . Profit maximisation implies:

r=a,Bl-u) " 1-6)=6 " -1, (31)

22 This production function implies limited substitutability betwealh production factors (see, e.g., Lindh and
Malmberg, 1999; Fanti and Manfredi, 2005). The question of the defjsedstitutability between production inputs is
still controversial in literature. Although recent contriboto provided evidence in favour of capital-skill
complementarities (e.g., Hamermesh, 1993; Duffy et al., 2@9#)js context such an assumption would lead to a lack
of mathematical tractability. The important investigation of wering capital and skilled labour to be more

complement then capital and unskilled labour in an economymitttimum wages is left for future research.
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Sincew,,” = (1-a, - a,)Bk (1- )"267“**) then from Eq. (33) the unemployment rate is

-1

U =uu) =1-p*o (34)

Therefore, a rise i increases unemployment and reduces both the shtexte and skilled wage,
and thus it also decreases the ratio of the skillade to the unskilled orfé Moreover, since a rise

in y does not affect unemployment it leaves the raal\;i%/wrmLJ unaltered. Therefore, the ratio of

skilled to unskilled wage is greater when skillethdur is relatively scarcer (see, e.g., Acemoglu

and Zilibotti, 2001), i.e. whe# is relatively high.

The government budget 8hu, = rt(cLt +C2,t) and thus the budget-balancing consumption tax
rate now becomes:
S
-, )us ) w7 -1

I, :r(,u): — : (35)
:u(l+a118)_ y(l_al _az)ﬁ(ﬂalJraz _1J

which is similar to Eq. (12) and whem1)=0, r'(¢)>0 and 7 >0 for any 1<y <y, (with
M. being the new threshold value of the wage markeipw which the unemployment benefit

policy is feasible in the case of skilled and uhisdilabour).
Since equilibrium in goods and capital markststill determined by Eq. (13), the growth rate of

the economy can now be expressed as:

g(u)=(+3)H(w) -1, (36)

23 Notice that this result is similar to that obtained by 8¢p@06, Proposition 1, p. 785), which, in an open economy
model a la Ramsey, focuses on the effects of minimum wagé§ anemployment,ii) the relative wage skilled-

unskilled, andi{i) the R&D intensity, but neglecting however both growth and neisues.
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where @, :%E(l a,)1-6)" 6" -1 is the growth rate unddaissez-fairein an economy
- a;+a,-1 1—0’ _a -1
with labour heterogeneityH (1) := u “* + yll—al(l ,u"”‘“j andg(1)=7..
Let
y=1-a,, (37)

be a threshold value of the replacement rate. Weehave the following proposition.

Proposition 4. Let 1< u < y,,, hold to guarantee feasibility of the unemploymeenefit policy.
(1) If y<y, theng(u)<d.. (2) If y>y, theng(u)>7, foranyl<pu<pu°, g(u) is maximised
at u=f andg(u)<g, if u>p°°, where

a=2>1, (38)

‘<n|~<

and u°° > ,fz is the value of the wage mark up such ©ft°°)= . .

Proof. Differentiating Eq. (36) with respect tou gives g'(u)=(@+3,)H (1), where

~(1+ay+a,)

= 1ma,-a ay+a; h A (u). Then F'(1)20 if
H'(u) = - al)(a1+a2)’u (y-uy) and thussgig(u sgr{ } en (,u)<0 i

,u;fz Therefore, Proposition 3 follows, since (1yik€ y, ﬁ'(,u)< 0 foranyl< u <, ,and (2)

~
~

if >y, the fact thatH'(4)=0 only at 4=/ and H"(4)=0 only at u=a(l+a,+a,)> it

complete the proof becausk:e(y) =1 twice aty = land u = u°°. Q.E.D.

Proposition 4 shows that in an economy with hetemegus labour the same parametric conditions

of an economy with homogeneous labour are invoimedetermining whether a minimum wage
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can foster growth. In fact, comparison of Eqs. (28@ (37) reveals that the replacement rate
beyond which the minimum wage is beneficial to gitowtill depends on the size of the output

elasticity of capital. Moreover, Eq. (38) showsttti®e growth-maximising wage mark-up is now

determined as the ratio between the replacemeatarad the sum of the weight of skilled and

unskilled labour in production, rather than the gistiof (homogeneous) labour. This means that
labour heterogeneity does not alter any of the losmans of the baseline model.

The model built on in Section 2 as well as thlaBection 5.2 represent of course a theoretical
abstraction on the role of an important labour reaikstitution such as the legally set minimum
wage in affecting growth and welfare in a stylisdnomy, as wage minima have been assumed to
be determined as a mark up uponte prevailing equilibrium competitive wage, imetcase of
homogeneous labour (Section 2), amfthe prevailing equilibrium competitive wage iretmarket
for raw labour, in the case of labour heterogengsgction 5.2). In real economies, however, the
minimum wage is computed as a fraction of averagairegs, and beneficiaries are essentially the
poorest among low-paid workers. One of the moselyidccepted measure of the impact of wage
floor is the weighted Kaitz index. On the basissath an index, minimum wages in Europe are
found to be higher than in the U.S. (see Doladal.et1996, Table 1, p. 322-323), ranging between
one third and one héff (see also OECD, 2008 and ETUI Policy Brief, 2009 fore recent
evidence).

At the moment of writing the present paperyeéhexists a wide consensus at the European level
to raise as well as to make the minimum wage umiféor citizens of several European Union

countries in a measure even higher than the 5@gquerof average earnings (see, e.g., Schulten and

24 The Kaitz index for Italy is even much higher. However, aonatilegislated (minimum) wage floor in this country
does not exist, while being determined as a bargaining between uniomsplogers in sectoral collective agreements,

and then it may greatly differ from sector to sector becaiufe existence of differentiated minimum wage rates.
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Watt, 2007)° The question of whether introducing a coordin&edopean minimum wage policy

is debated essentially to reinforce labour markstitutions and protect workers against the severe
recession recently experienced. Moreover, evemwmmesStates of the U.S. the minimum wage has
been recently set at a level higher than the féde@as a measure to combat recession. Therefore,
the question now is the following: would the pasgtieffects of minimum wages on growth be
confirmed in a simple overlapping generations eedogs growth model a la Romer with
heterogeneous labour, in the case wage minima mgalistically computed as a fraction of average
wages?

For a simple quantitative illustration of theeoretical predictions of the model we now refer to
an example of a European country where opponeuntp@ponents of the existing minimum wage
indexation mechanisms battled in the recent yearsthe case of FranéIn order to answer the
guestion above through a calibrated numerical &seme assume first the (minimum) wage floor

for low-paid workers to be computed as a percentddiee weighted average wage between skilled
and unskilled labour wheru=0, that is w,, = zEt(l— O)w, ° + 6w, " ] where 0<z<1.

S
. . W,
Therefore, the wage gap in an economy with full leyypent is —4;- = a 9 . Second,
l-a,-a,1-6

c,t

from EUROSTAT (2005) Data (e.g., Table A.2, Hipo]i2008), we take the 90-10, 50-10 and 90-
50 differentials (i.e., the ratios of the™ &0" and the 90 deciles) of the wage distribution are 3.36,

1.64 and 2.00, respectivelyThird, by assuming for simplicity a uniform digtition within the

5 In particular, “... the core proposal [of a European-wide mimmwage floor should involve] ... an undertaking by
all countries to raise, within a given time scale, theimimum wage to initially 50% and subsequently 60% of the
average wage.” (ETUI Policy Brief, 2009, p. 5).

% See Cahuc et al. (2008) and Askenazy (2008) for debates about tyegffacts of the minimum wage amongst
French economists.

%" Note that important papers dealing with wage inequality foted States and other developed countries are Blau and

Kahn (1996), Goldin and Katz (2007), Autor et al. (2008).
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50-10 and 90-50 deciles, we obtain an approximatdde of the ratio between the lowest wage
(i.e., the wage of the 10 per cent of the low-paiat) average wage around 2.00. Since France has a
current statutory minimum wage of about the 45-80gent of the average wage (see OECD, 2008;
ETUI Policy Brief, 20092 then this would approximately correspond to a wimer covering the

10 per cent of the low-paid.

Therefore, taking seriously into account reqangiposals to attempt to raise the minimum wage
in several European countries up to 60 per cetiteohverage wage (see Footnote 25), we easily see
that this would push the wage flébup of about the 20 per cent, so that the precediegsure of
wage inequality 50-10 and 90-10 deciles are irsttt run compressed from 1.64 to 1.36 and from
3.36 to 2.8, respectively. What the consequencetenms of growth of raising the statutory
minimum wage from 45-50 to 60 per cent would beun context?

Our exercise is the following. Since the minimwage covers the 10 per cent of workers among
the low-paid we assumé = 0.1. Then we take the output elasticity of capital Feance from
Rodriguez and Ortega (2006, Table A.1), so that , &d calibratea, =0. 473uch that the
wage gap (i.e., the ratio between the average amgst wages) isW‘:—'tj:Z. It is therefore

.t
implicitly assumed that the current wage of thekillesl is the competitive one, that is the existing

(minimum) wage floor (equal to the 50 per centhef average wage) is not binding. The production

28 More precisely, ETUI Policy Brief (2009, Table 1) reports $tie4 per cent from OECD data and the 48.3 per cent
from ILO data for the year 2007.

29 Note that it is assumed — for illustrative purposes — thawtge floor only regards the first deciles of the whole
population. Therefore in our model with only two categories, the sifaraskilled (earning the lowest wage) is 0.1,
while the remaining 0.9 is assumed to be skilled (thus eartiagaverage wage above calculated, which is
approximately double the amount of the wage earned by the lowest temieof the low-paid). Note that current
statutory minimum wages in Europe only cover a very low shamgodfers, ranging between 1 and 5 per cent in
several countries, so that the conjecture that a risesistéttutory value up to 60 per cent of the average wage to cover

the 10 per cent of workers seems to be rather realistic.
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scale parameterB =60) is fixed to get a reasonable growth rate aroufdogr cent per annum in

the case of full employment. The subjective distdyh= 0.11), instead, is calibrated to obtain a

propensity to save around the 10 per cent (seg,Jagpelli and Padula, 2007, Table 1 for the case

of France). The replacement rgtes assumed to be 0°6.

A simple calculation therefore shows that & #tatutory minimum wage were raised as proposed

from 50 to 60 per cent of the average wage, thaifmum) wage of the unskilled will raise from
w,,~ =1413 to w,,’ =16.2 (i.e. almost the 20 per cent above the wage ofutiekilled in the

competitive-wage economy; this correspondgte i dur context) and the per annum growth

rate (assuming each generation consists of 30 )y&alisincrease from 1.705 per cent in the
competitive wage economy to 1.712 per cent in dgulated-wage economy. The unemployment
rate is reasonably at the 12.5 per cent and theuooption tax rate to finance the unemployment
benefits is negligible at the 0.24 per cent. Mosxpthe rise in the growth rate also raises the
skilled wage because of the higher capital accutiomiaas a consequence, and thus not only the
current unskilled but also all the future skilledlweneficiate of the higher minimum wage.

The numerical examples above, therefore, rededghat the minimum wage, even when
realistically computed as a fraction of averageniegs, and used together with a system of
unemployment benefits, should be used as an inetiuta promote growth and welfare. Of course,
since our model economy is highly stylised, polmynclusions that can be derived should be
carefully evaluated. However, since an indirectippas relationship between unemployment and
growth certainly exists from a theoretical viewgoiour results shed light on the beneficial effects
the minimum wage can play in a simple and intuitir@mework such as the one-sector Cobb-

Douglas endogenous growth model a la Romer.

30 The amount of the ARE (return to work credit) in France vage®rding to the wage received by the jobseeker
during the reference period. The gross amount of the unemployment eegfial to the highest of the following two
sums: 57.4 per cent of the SJR (reference daily salarf).émpér cent of the SJR plus 11.04 euro per day. Then, in our

context a replacement rate around 55-60 per cent can Isticeali
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5.3. Capital income tax

As is known, in an OLG context taxing capital in@may stimulate growth because it causes a
positive inter-generational transfer effect towatiols young savers (see Bertola, 1996; Uhlig and
Yanagawa, 1996). In this section we briefly showttfinancing unemployment benefits with
capital income taxes, rather than consumption tgxexluces beneficial effects on growth even if
the range of values of wage mark up such thatebelated-wage economy grows faster than the
competitive-wage economy is reduced with respethéobaseline model analysed in the previous
sections.

Since the propensity to save in independerih@finterest rate with Cobb-Douglas preferences
(see EQ. 6.2), the growth rate of the economyilisgsten by Eqg. (18). The government budget,

instead, becomes:
h ut = Tk,t rt kt’ (39)
where 0<r, <1 is the capital income tax rate. Using Eqgs. (22)1), (10.1) and the one-period

backward Eq. (13), the (constant) budget-balancapjtal income tax rate is:

1

1. =1 (u)= yiﬂa _ j(l_ e . (40)

aBu-1

From Eq. (40), the unemployment benefit policy éadible if and only if for any0<y< |1
1< u < u, holds, whereu, (that cannot be solved in closed form) is the wangek up such that

r.(11)<1. Therefore, we have the following proposition.

Proposition 5. Let 1< <, hold to guarantee feasibility of the unemploymeenefit policy.

Then, conclusions of Proposition 1 still remainidal
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Proof. Since Eq. (18) holds arick < i, guarantees, ()<1 then Proposition 5 follows.E.D.

To illustrate Proposition 5 we take the same patamealues as in Section 3. The growth-

maximising wage mark up, therefore, still remaips=1. 722 so that g(,[{):l.627 and
u(&2) = 0.414. The budget-balancing capital income tax,i§)= 0.522, which is higher than in the
case of consumption taxesr([/): 026). Moreover, the range of wage up for which the
unemployment benefit policy is feasible shrinks nfrol< u <y, =6.568 in the case of
consumption taxation ta< < u, =1. 56k the case of capital income taxation. The beradfi

effects on growth of using the minimum wage combingh unemployment benefits financed with
capital income taxes rather than consumption taxkesherefore reduced.

The analyses presented in this section, thexei@vealed that the beneficial effects of the
minimum wage on growth (with tax-financed unempl@ybenefits) are a robust feature of OLG

economies with both homogeneous and heterogenabastrl

6. Conclusions

This paper takes a dynamic view on labour markgtdities. Analysis of labour market
imperfections and the effects of unemployment igragate macroeconomic models have been
widely studied in the economic literature. As refgahow legislated wage minima affect economic
growth, conclusions are essentially negative unigeen the minimum wage causes positive
external effects (for instance, on the accumulatibhuman capital, the R&D sector and so on) or
when capital and labour are relatively complemenprioduction, i.e. the elasticity of substitution
between factor inputs is relatively low.

In contrast to the previous theoretical litarat in this paper we introduce minimum wage and

unemployment benefit policies in a simple doubléli®ouglas overlapping generations growth
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model a la Romer (1986). It is shown that a regdlavtage economy with unemployment may
grow more rapidly than thiissez-faire and a growth-maximising minimum wage exists ia th
case of both homogeneous and heterogeneous la¥@irhave also shown that the growth-
promoting effect of the minimum wage is robust iffedlent unemployment benefit policies (such
as financing the benefit system either with consisnptaxes or capital income taxes as well as by
assuming the replacement rate or the tax rate asndogenous variable to balance out the
government budget). Moreover, since the minimumenagreal economies, especially in Europe,
is computed as fraction of average earnings, imtbdel with heterogeneous labour we presented a
calibrated numerical example for the case of Framgeere the debate between economists and
politicians about both the macroeconomic effectd malexation mechanisms of wage floor were
heated recently, to show the beneficial effectggmwth of raising the minimum wage up to the
sixty per cent of the average wage.

Moreover, we found that minimum wages can b#aneimproving and the highest possible
long-run welfare level is achieved when balancemmn is maximised. In particular, we identified
the conditions under which the minimum wage can entdde current as well as all the future
(infinite) generations better off.

The essential message of the present papegfdhe is that minimum wage policies can be used
not only for equity reasons but also to promoteneaaic growth and welfare even in the absence of
positive external effects the minimum wage mayterea

Our findings contribute to the economic literat framed in the basic one-sector endogenous

growth model and have straightforward policy imations. In particular, the present paper may

31 Interestingly, we have also analysed how a progressivénrtee minimum wage (see the cases of Ireland and U.K.)
affect growth and welfare in contrast to the once-and-for-aitypdlVith a gradual rise in the wage floor we found that

it is more likely that the generations from the current anveands are better off (although the minimum wage it cannot
be Pareto optimal because the current old-aged suffer dilee tonemployment occurrence and the corresponding

reduction of the rate of interest).
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complement the paper by Irmen and Wigger (2002greshin an overlapping generations context
similar than ours, but considering a right-to-managion that fixes wages, rather than a legislated
minimum wage, and without assuming unemploymentefiempolicies, a positive relationship
between unionised wages, unemployment and econgmiwth is established. Their result,
however, holds only when capital and labour areughacomplement in production, and thus it is
prevented in the of case Cobb-Douglas technologyievour findings are confirmeda (fortiori) in
the case of complementarity between productiorofact

The present paper can be extended in sevemttions. For instance, utility and production
functions can be generalised and an open econamefrork used to assess the role the minimum
wage can play on economic growth and welfare inhsaccase. Moreover, fertility can be
endogenised with individuals being free to choast the quality and quantity of children and then
accumulate human capital through education. Fipadlgficit and debt policiés could be
incorporated to enrich the model and test for rotess of the minimum wage policy in a dynamic

context.
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