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We develop a dynamic genera equilibrium modd of imperfect competition where a sunk
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1. Introduction

(...) On the one hand, then, change that comes from within the system, as well as change that
comes from without it, impinges on situations, induces short-time adaptations and produces
short-time equilibria, which in many cases conform well to the picture drawn by the authors of
the theory of monopolistic competition. On the other hand, new firms producing new
commodities or old commaodities by new methods will, as arule, try to behave according to it, for
that is the obvious method of exploiting to the full, and of keeping alive, the temporary

advantages they enjoy.

Schumpeter (1964), p. 42

Mogt existing modes of the business cycle or growth ether assume that there is a fixed
range of industries and what happens over time is that new firms enter the exiging industries
— eg. Santos Ferreira and Lloyd-Braga (2005), Costa (2004), Portier (1995) - or the
dternative gpproach that there is a fixed indugtrid structure (for example monopoligtic) with

the number of industries varying over time—e.g. Devereux et d. (1996), Heljdra (1998).

On the empirica ground, there is plenty of evidence that entry and growth of observed
total factor productivity ae postively corrdated — eg. Aghion et d. (2004). Rotemberg
and Woodford (1999) suggest two possble links between both: i) endogenous desired
mark-ups due to variable entry of new competitorsin old industries and ii) increasing returns
to product diversity due to variable entry of new industries. However, the usud zero-profit

condition cannot be used to regulate both types of entry.

What is new in this paper is that we dlow for both types of change. Firms can either be

St up in an exiding indudtry or cregte an entirdly new industry. Setting up anew industry has
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a one-off sunk codt: thisis set againg the fact that the firm that undertakes this will enjoy a
monopoly profit for alimited period. Joining an existing industry means that the firm does not
incur a sunk cogt, but has to share the market with the existing firms in that industry. Our
gpproach dlows for a two-dimensond industrid structure described by the number of
indugtries and the number of firms per industry. The industrid  structure of the economy
represents the technology by which the economy transforms labour into output for
consumption. Thereis no capitd as such; the only state variables are the number of firms per
industry and the number of industries. There is free entry which drives the profits down to
zero in both dimensions. effectively, this dso acts as an arbitrage condition equating the

returns between entering and exigting industry and setting up a new one.

These two different ways that new firms can be st up behave differently. Once a new
industry is set up, it isirreversble: the new technology or product it represents will dways be
avalable for free. This means that over time the number of industries can only grow, which
creates a form of hygteress in the economy. The entry of firms into an exiding indudtry is
reversble: firms can come and go over the business cycle. Furthermore, as the number of
firmsin the indudry varies, so will the mark-up in the product market (we assume Cournot
comptition). If we look at the whole economy, the average mark-up is determined by two
things: the number of firms in mature industries, and the number of new indudtries (the new
indugtries are al monopolies for one period). The effect of technologicd shocks in this
setting is to increase the mark-up. A permanent positive technologica shock leads to an
increase in new indudtries. Snce these are al monopoaligts for one period, the average mark-

up in the economy increases for one period following the technologica shock. A negative
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technologicd shock leads to a permanent increase in the mark-up: since the cregtion of a
new indudtry is irreversble, the adverse change in technology leads to exit from existing

industries and an increase in the mark-up. The same argument holds for demand shocks.

Perhaps the most interesting result relates to a temporary positive shock: it can have a
permanent adverse effect on efficiency. The mechanism is easy to understand. The
temporary shock leads to an increase in the number of industries (even though it is
temporary, it is worth the set-up costs to gain the temporary monopoly profit). When the
shock dies away, this leads to exit from dl industries (irreversbility again). Hence mark-ups

increase and efficiency dedlines.

In section 2, we describe the dominant market structure and the business creation and
destruction process. On section 3, we build the macroeconomic modd from its micro-
foundations. On section 4, we andyse the equilibrium existence, features, and modd
dynamics. Section 5 describes the business-cycles features generated by this modd. Section

6 concludes.

2. Business creation and destruction

Let us assume the production sector is condtituted by n; (a very large number of)
indugtries in period t and each industry j is composed by my; firms. We aso assume firms
compete over quantities within the same industry and they compete over prices with other
industries. This type of market sructure corresponds to Cournotian Monopolistic
Competition (CMC), according to dAspremont et a. (1997). If we congder dl the firms

and indudtries are identica, we have my; = m.
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The usud way of endogenisng the number of firms is to assume firmgindudries are
created or destroyed following profit opportunities, i.e. the well-known zero-profit condition
regulates the number of firms. In a monopoaligticaly competitive mode with ingantaneous
free entry, my equals one and the zero-profit condition determines n..* If the number of
goods/indudtries is fixed (n; =n), the free-entry condition controls my, and induces a
(counter-cyclica) endogenous desired mark-up modd, usng the dassfication in Rotemberg

and Woodford (1999).

However, the arbitrage equation given by the zero-profit condition is not able to
amultaneoudy determine both n, and m. Furthermore, in the absence of additiona codts,
investors would aways prefer to create a new industry where they can act as monopoliststo
entering a ‘mature industry where they would have to share market power. Thus, the

monopolistic competition type of entry appears to be dominant in africtionless world.

Of course further investigation is needed in order to solve the entry indeterminacy. Inred
economies, profit opportunities are taken by producing a close subdtitute to an existing
product or by cregting a new one. The relaive cost of these two forms of entry and its
nature (flow and/or sunk costs) must be compared with the reative profitadility of the
dternaives in terms of expected discounted profits. Furthermore, the type of cogts involved
(R&D, marketing and advertising, etc. in the first case and intellectud property protection,

royalties, etc. in the second), vary acrosstime and space.

Hence, we assume the number of industries a a given period is governed by:

1. asunk cost of creating anew industry thet is fixed and represented by W;
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2. aone-period protection for the creators of new indudtries, i.e. mg =1, when k is

anew industry created in period t;

3. theirrevershility of product innovation, i.e. ng 3 ngs.

In the first feature, we implicitly assume there are no codts of creating a perfect subdtitute
to a mature product, but the costs of product innovation may be substantial. Of course, we
can notice that if W, = 0, we have the usua free-entry monopolistic competition (MC)
modd. However, if W, isvery large, we have a free-entry Cournot competition (CC) model

in each indudtry.

Without the second dement (intellectua property protection or a Smple time-to-learn
effect), there would be no incentive to create new products, as new firms would immediately

enter the new industry free-riding on the innovators expense.

The lagt characterigtic may look strange if we face it from a very micro-focused point of
view: where are the Betamax VCRs or the stone-made toals, after al? We can find three
counter-arguments for this remark: i) the technology to produce them is 4ill available and
these industries can be revived a any point in time, provided there is no civilisation
catastrophe (e.g. the Dark Ages); ii) the home-video device industry or the mechanica tools
industry are well dive and kicking; iii) from the macroeconomic point of view there is some
evidence of an ever-increasing number of products’, but not of the total number of firms

which appears to be pro-cydica®.

Therefore, a new industry K is created if the expected present vaue of profits exceeds

the sunk cost associated with the new product:
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¥
W E£EQ diPis @)

s=t

where pys represents the operationd profits of firm k in period s, d, = P (1+iq)'1, fors

S
g=t+1

3 t+1, and d; =1, isthe appropriate discount factor, and is represents the interest rate.

When investors expect future profit opportunities, the creetion of new indudriesis only
limited by i) the 9ze of W, and ii) the exigting stock of viable ideas. On the |atter, we assume
this stock is very large and adways increasing, S0 that it is not a binding condrant. In this
case, consdering the irreversbility assumed, the number of products exigting in period t is

given by
n =max{n., N} , 2

where N; represents the ‘optima’ number of products in the period given the information

availablein period t and the value of W,.

Once this protection period is over, the absence of barriers to entry mean no pure profits

can persg in any indudtry.
3. Themodd

We use a smplified intertempora generd equilibrium mode to assess the importance of
the assumptions made in the previous section in the macroeconomic equilibrium. Here,
labour is assumed to be the only input, SO we can insulate the dynamics of entry from capita

accumulation.
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3.1. Households

Population is gable in this economy and there is alarge number of identica households.
Therefore, we can use a representative agent to study consumption and labour supply. This

infinitdy living representative household maximises the discounted vaue of its utility given by

¥ s ml-q _ 1 L1+C 6
maxg (1+r)°.c———-b=—=, 3)

where C; is a consumption basket of the n; goods, L; 3 0 is the labour effort supply, r 1
(0,1) stands for the discount rate, b > 0, and 1/q > 0 and 1/c > O represent the elagticities of

margind utility of consumption and in labour supply.

The consumption basket is assumed to be CES:

11
Ct =Nts. ) (4)
where ¢;; represents the consumption of variety j and s 3 1 stands for the eladticity of

subgtitution between varieties. The parameter | 3 O represents love for variety: | =0

corresponds to 'no love, and | = 1 corresponds to the Dixit and Stiglitz (1977) assumption.

ASSUMPTION 1: We suppose | < 1, i.e, the sharing effect is always stronger than

the lovefor-variety effect.

In this case, and usng dudity theory in the usud two-step maximisation procedure, the

appropriate cost-of-living index is given by
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8

1 & g OFs
—anpss . (5)
j=1 4]

P=

t

m~0

n

where p;; represents the price of variety j, sothat R.C, = S';‘ _P;iC; - Thus, considering the

aggregate consumption leve as given, the demand function for good j is represented by

a:)it 0 Ct
Cp=g=+t - : 6
! e Pt (4] ntl-I ( )
The budget condraint is given by:
W.L+p - T=DnW+RGC , (7)

where w; is the wage rate, p; stands for non-wage income, and T, represents a lump-sum
tax. Since the economy is closed, there is no fixed capita accumulation, and it is not
plausble to assume government would lend/borrow as much resources as households
require, these agents are n fact liquidity congrained. The only way households can shift
resources across time is by cresting new industries, facing a sunk cost to obtain short-run
abnormal profits. However, this is not a symmetric option as W; is non-refundable, i.e. the
option d liquidating industries (even if we alowed for reverghility of product innovation)

adds nothing to the consumption possibility frontier.

Thus, we can define net profit income as P = p - W.Dny (tota operationa profits of
new indudries minus the corresponding set-up costs), and the intertempora decison

becomes equivalent to a satic problem in consumption and labour supply, where the only
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dynamic decison is given by (1). The firg-order conditions of the maximisation problem

lead to the fallowing behaviourd functions

_WL+P - T

C'[ Ta (8)
1
o wo g
:—.—;.CC, 9
"o, ®

where (8) stands for the consumption function and (9) represents the labour supply.

3.2. Government

We ignore podtive externdities from government consumption in both household utility
and production technologies. Government is assumed to have preferences smilar to those of
the household.®> Furthermore, since Ricardian equivaence holds in this modd, not much is
logt if we ignore government borrowing and impose a baanced-budget congtraint in each

period. Therefore, we have

ap, 6 G
Op=gp = o (10)
ehg N

.1 S

1-1 5 =
where G, = qK.(S;‘: ;s )°t represents the aggregate government consumption index,

and gj; stands for consumption of good j; and dso Pi.G; = T; .

10
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3.3. Firms

We assume firms are price takers in the labour market and compete Strategically in
product markets (inter-industria price competition and intra-industria quantity competition).
Hrmi inindustry j maximises the present discounted vaue of itsred profits

¥
max & d.P. . (12)
{ynr'-n}

s=t
where y;; represents its output, Li; denotesits labour input, and profits are given by

Pit = pjt'yit - V\4L\t : (12)
Considering labour is the only input, the production technology is represented by

‘IlA(Ln' F- Hit'v) U Lit3 F +Hjt'v ‘!lU mjt'lzo

. Hi =1 - . , (13)
10 UOEL, <F+H,v tOUm, 31

Yi =
where A; > 0 is the margind product of labour, F > 0 stands for overhead labour and it
generates a flow fixed cost (W..F ), H;; isequd to 1 if industry j isbeing crested in period t
and O otherwise, and v 3 O represents the labour effort necessary to start a new industry,

and it generates a sunk cost (W, = wi.v ).

Taking the quantities produced by other producersin industry j (k' i1 J) asgiven, the

‘objective’ demand faced by firm i is represented by

1
® Yot & Vi 0°

_C. 1 1ii
pjt_(}nt _%

t

|- O,

P, (14

11
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where D, = C+G; represents aggregate demand. Since n is large, firms are smdl a the
economy level so that macroeconomic variables Oy, Py, ny, d;) are seen as exogenous by

thefirm.

Conddering there is no accumulation variable (e.g. capitd stock) or lag structure, the
maximisation problem is equvaent to datic repeated game. If we ignore the multiple-
equilibria problem arigng with the folk theorem, the solution, under an intra-indudtrid

symmetric equilibrium, is given by the smple Cournot- Bertrand-Nash price-sdtting rule

Pe-(L-my) = (15)

>|s

where my = 1/(s.my) represents the Lerner index in industry j. Notice the left-hand side of
equation (15) gives us the margind revenue and the right-hand sde isthe margind cost for a
representative firm in indudry j. Here, profits can be expressed as a function of tota

revenues and totdl fixed cogsin the period
Pit:mjt-(pjtyjt)'wt'(F +Hjt'v ) ) (16)

With the entry structure described in section 2, mark-up levels may differ between new

(m' = I/s) and old [m° = 1/(s.m°)] industries.
3.4. Macroeconomic variables

Let us define aggregate output as total value added, measure in terms of aggregate good

units

12
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Qo-

Yt=

j=1

p
?”.th : 17)
t

where Y, =S )y, stands for tota output in industry j, and in equilibrium, we have Y; = Dy

. Notice this structure is equivaent to an economy where households and government only
consume a fina good, produced in a competitive sector usng Yj; as the only (intermediate)
inputs, and with a production technology identical to (4). In that case, | would measure

increasing returns to specialisation instead of love for variety.®

We use the aggregate good as the numéraire in this economy, so that P; = 1, for dl t.

Nonwage income is given by the sum of profitsof dl firmsP = SiP ..

Findly, if thelabour market isin equilibrium, we have L = SiL;; ¢ 0, and w; automaticaly

adjuststo reachit.
4. Equilibrium and dynamics
4.1. Seady-state equilibria

Firs, we suppose at least a steady-date equilibrium for this economy exigts, with the
number of industriesis given by n > n, where n a number sufficiently large so that we can
ignore feedback effects from the macro level. If we are in a deady-state and there are no
shocks, there is no reason for new industries to be created, i.e. the profits of a new
monopolist (p") cannot be larger that the profits of a firm in a mature industry @°).

Therefore, dl indudtries are of the ‘mature’ type, and firms within each industry are identicdl.

Also, in the symmetric eguilibrium, and given (5) firms post apriceof p, =n'"®"% 3 1.

13
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In the absence of barriers to entry in each industry (and conddering a stationary number
of varieties), profits are pressed down to zero and equation (16) determinesthe equilibrium
number of firms per industry (m), i.e. the equilibrium mark-up level m Using equations (7),

(9), (15), and (17), we may reduce the system to apair of equationsin C, n, and m

é Uc L
C=gAn(1-mg .(bC")*-G, (18)
8 Q
1 c
éA tF zenF Oa
C=g—n(1- Mg .c—s= ., 19
R )

where equation (18) is a reduced-form representation of product-market equilibrium and

equation (19) corresponds to the zero-profit condition.

Definition: A steady-state equilibrium for the model isatrio (C*, m, n’) that solves
the reduced-form system given by equations (18) and (19), such that it respects the
feasibility conditionsi) C 2 0, ii) 0< m £ Us,iii) n" >n> 0, and (iv) where thereis

no incentive to create new industries, i.e. p™ £ p©.’

In order to analyse the type of equilibria that correspond to the definition above, we firg
concentrate on the solutions to (18) and (19). We can reduce the two-equation syssemto a

sngleequationin n and m by subgtituting (19) in (18):
X (mn)° C(mn)+G-Y(mn)=0. (20)

Of course both n and mshould be endogenoudy determined in the model. However, as

noted in Costa (2004), the same zero-profit condition cannot be used to obtain both values.

14
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What we show is that the implicit function between mand n implied by (18) and (19) is

drictly monotonic and increesing. We then show that the additiond condrants in the
equilibrium provide upper and lower bounds for mand n.

Fird, let us define an equilibrium function which gives us the mark-up level which stisfies
(18) and (19) for a given the number of industries n. For sake of amplicity we shdl cdl it

F(me° X(mmn)/nf and we can notice that ay steady-state equilibrium can be

expressed as
(21)

where

._1 £ -c.(s 1)
K A0 B O TaET g K. =2Ar12h ¢ >0
"&by F » ! S
K,=K,K,>0 c:2§[+%2>2 , d=>0
4]

We can dso notice that C = h(my/nf and Y = K.(1 - m/m?.

Proposition 1: For a given number of products n, a solution mto (18) and (19)
existsand it is unique.

PROOF: See Appendix A.
Second, let us generate an equilibrium function which gives us the number of indudtries

which satisfies (18) and (19), for agiven mark-uplevd m=mi (0,1/s ] . Again, for sake of

15
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smplicity we shdl cdl it L (n)° X(mMn) and we can notice that any steady-state

equilibrium can be expressed as

L(n)° S,n"-S,n*+G=0, (22)
where
1
é _ ..Cw 1+C _1
Sozéé.(l- m) ?fﬁg a>0 S =gA(1- Mgec b°>0
8 eF oy
a | -c.(s -1 I
Szzsl-so c >0 , f= q.(s(_ 1) ) ) g:1+s - >1

Notice both f and g are increasng in the levd of love for variety. Furthermore, f is negetive

forl <c.(s - 1) and postiveif | islarger than thisvaue®

Proposition 2: For a given mark-up level, m a solution n exists which satisfies (18)
and (19) and i) if g 3 1 the solution is unique and ii) if g < 1 the solution is unique if

andonlyifl < (c + g).(s - 1)/(1- q) and a pair of solutions exists otherwise.

PROOF: See Appendix A.

For the rest of this paper, we make the following assumption which is sufficient (but not
necessary) to ensure that | is smdl enough s0 that there is a unique solution under

proposition 2:
ASSUMPTION 2:We suppose| T [0, min{1, c.(s - 1)}).

Hence we put a limit to the love of variety to ensure a one-to-one relationship between

and n.

16
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Given the results of propositions 1 and 2 and assumption 2, we know that equation

(20) implies a one-to-one drictly monotonic equilibrium relationship between nand m We
now proceed to impose the congtraints (ji)- (iv). Now, consder the steady- state equilibrium
par (M, n’) such that X(m, n’) = 0. For m< c/(c + d), the region where m has to be
found, the function X(.) isincreedng in m as F’(.) > 0. Additiondly, for| <c.(s - 1), X(.)
is decreasing in n in the range where the equilibrium occurs, as L’ (.) < 0. Thus, the left pand
in Figure 1 represents the mulltiplicity of steady-state equilibria, corresponding to X(m n) =
0, as an increasing schedule in the (n, ) pace, or dternatively a decreasing schedule in the

(n, m) space.
[Insert Figure 1 here]

COROLLARY: Considering thereis an increasing steady-state relationship between n
and m and that m£ 1/s, then there isa upper bound (ny) for the values n can assume

in the steady-state equilibrium, such that X(1/s, ny) = 0.

The corollary smply tells us that if the maximum mark-up (the monopoly mark-up) iss ™,
this imposes an upper limit on the number of indudries ny. If there were more industries,

then even with the monopoly mark-up they would lose money.

Furthermore, in a steady <tate, profits of a firm in a new industry are given by
pNo Y*.n*l'l.gA(l- rri“)/w*ﬂs-l/s - W.(F +v ), whilst profits of a firm in a mature
. . o *2 P « s 51 «
indugry are given by p~ °m s.Y .n .gA(l- m)/WH - w.F . However, the

equilibrium cannot be sustained unless there is no incentive for new indugtries to be creeted,

i.e if the additional cost of cregting a new indudry is sufficiently high, relaive to the flow

17
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fixed cost faced by dl firms. Therefore, the last condition (iv) imposed in the steady-State

equilibrium vauesimplies alower bound on the number of indudtries:

S-1
1 _&-nl'6 23)

v
Y3 - -
s’ €l-m g

F

pVEPY U fo i(m*)-1°
Proposition 3: For every positive value of the relative sunk cost there is a lower

bound for the number of industries (n.) such that there is no incentive to create a new

industry.
PROOF: See Appendix A.

This result implies that the relative size of the sunk cost determines a lower bound for the
number of indudries (n). If f = v = 0, the modd collgpses to the traditiond
monopoligicaly competitive solutiont it is not possble for a mature industry with
m <m' =1/s to subsis, as cresting a new industry is always preferable to keeping this
mark-up level. In this case  (1/s) = 1 and the number of industries hasto be givenby n'" =

n. = Ny.

If f > Othereisarange of vauesfor n' T [n., ny] thet are compatible with more than
one firm per indudtry, and this solution is sustainadle, as the sunk cogt is sufficiently high to
preventing new indudtries from blossoming. See both panels of Figure 1 for a graphica

determingtion of thisrangegiven f .

18
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4.2. Theinitial steady state

Let us assume the initid deady Sate, a time t = 0, is characterised by the following pair

of values (rrg : n;)T (0,/s]" [n..n,] . For sake of smplicity, we assume profits of cregting

a new industry are exactly zero in the initid Steady Sete, i.e. the mark-up level is Imply
gvenby m = (1 +f). In this case, the equilibrium number of industries corresponds to

point L (n.)in Figure 1, i.e. itisthevaueof ny that isasolutionto X[j *(1+f),ny ] =0.

This amplifying assumption alows us to determine the initid steady-state point of the
system. However, as we will see in the next section, n; is determined by the dynamics of the
system, i.e. it is path-dependent. Thisis a Smilar problem to determining the initia vaue of

net foreign assets in an open-economy modd.
4.3. Entry

Since we assumed barriers to entry in an existing industry dissppear completely in the
period after the industry crestion, profits will be zero thereafter. Thus, the zero-profit
condition for new industries aso holds in the short-run™. Hence, substituting (14) and (15)

in (16), we obtain the zero-profit number of varieties for each period:

1

i z N \S_1Ul>| .
_'[Yt'g(l_ m )AH T 4 UN, >n,
=1 — t

N . :
UN <n,

—) — —
o

(24)

t

i S.(F+uv )w

—_

Under assumption 2 thisis unique.
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Moreover, the effect of the sunk cost is asymmetric, since the economic rationde for
destroying an existing industry cannot be the same for creating a new one. However, aswe
congdered equation (2), the number of industries () is only given by (24) when u, = 1.
Fgure 2 represents the equilibrium number of indudtries in period t given @ ° Y.[(1 -

mY.AJ° (s .F.wd):

[INSERT FIGURE2 HERH

We adopt Q asabusiness cycle indicator. Assume the values of Q and n at the period t-
1 are represented by point A. For Q® < Q < QF, evenignoring theirreversibility in product
innovation, thereis no incentive for new industries to be created or destroyed, since the sunk
cost introduces a discontinuity in the function representing the *optima’ number of industries.
For Q < Q°, the ‘optima’ number of firms would be smaller than n.., but irreversibility
prevents it. For Q, > Q, the sunk cost is not enough to detain product creation. Thus, Q1

[0, Q%) can be seen as aband of inertia

4.4. The aggregate production function

Conddering pure profits are zero a every moment in time (for two distinct reasons) and
there is no invesment, hence aggregate output has to be equa to labour income.
Furthermore, we can use the aggregate output definition in (17) — or its CES reduced-form
formulaion in dternaive — and subgtitute outputs using (14) and (15). If the product market
isin equilibrium (D, = Y;), we find the wage rate required by labour demand, and using it in
the aggregate budget constraint we obtain a reduced-form aggregate production function

given by

20
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=A.G.L "2 (25)

where G is an efficiency index represented by

1

g ) o 1) E >0

| =

G G(n.n,nmf.l)on,

We can noticeits partid derivatives are given by

s-1

Aa-mo -

=c——==+ | (01
A &1-nf 5 o4
G__ G ¢ p, nR U
fn n(l-s)g n, +Dn.R g
ﬂﬂr?:q_ s-(ll ) {-R)®0.%
G _ a8
T e S cR
E:q.”]ﬂ >0
ql s-1

Note G/fn; ispostiveif andonly if | > [Dn + (1 - R).ne.q]/(ne + Dn.R). If we evduate
the term on the right-hand side & the initial steady-state equilibriumweobtainl >1- Ry as
an equivalent condition. Therefore, if there is no love for variety, this efficiency index is

decreasing with n, but it is non-decreasing with n ;.
Let usanalyse G with some particular cases.

In a Wdrasan modd al the firms face an infinitely dastic demand function, i.e.

S ® ¥, and there can be no equilibrium with increasing returns to scae, i.e

21
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F=v =0and | =0. In this case both new- and mature-industries mark-ups

aezeoand G =1,i.e Y=A.L.

If monopoligtic competition dways holds (v = 0) and there isno love for variety
(I = 0), the mark-up is aways fixed and equa to M. Here, G =1 - nf, i.e. the
model works like a congtrained Walrasian model. See Dixon and Lawler (1996)

and Startz (1989), inter alia, for modesin thisclass.

If the number of indudtriesis fixed, entry leads to more intra-industry competition
(f ® ¥), and if there is no tagte for variety, dl indudtries are mature and the
mark-up is equal to m°. In this case, G = 1 - m° fluctuates in the opposite
direction of the endogenous mark-up. See inter alia Costa (2004) and Portier

(1995).

If monopoalistic competition dways holds, but there islove for variety (I > 0), we
have G = n!’®Y.(1 - nlY), i.e. there are incressing returns due to entry. Thisis

the casein Devereux et a. (1996) and Heljdra (1998), amongst others.

4.5. Sability and dynamics

To dudy Sability in this modd we log-linearise the dynamic system about its initid

steady-date equilibrium, reduce it to a one-dimendgond sysem in n, and compute the

dynamic eigenvdue.

Usng (24) we obtain alog-linearised verson for the ‘optima’ number of indudtries:

EY +(s -1).A-s.\7\48 : (26)
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where X, © dX,/X, represents the proportional deviation of variable X from its initial
steady-date value. Notice the number of indudtries is pro-cydlicd (rdative to aggregate
output) as we assumed that | < 1, and it would be counter-cyclicd if we conddered the
posshility of having | > 1. The latter would happen because for | > 1 the love for variety
effect would be so strong that it would offset the sharing effect and, as a consequence,

profits would depend pogtively on the number of varieties.

Equation (9) givesriseto
[ =2 -3¢ @7
The equilibrium macroeconomic condition in product markets implies that
Y, =5 C +(1-5)G,, (28)

wheres © Co /Yy 1 (0, 1] is the private-consumption share in aggregate demand in the

initid steady Sate.

Congddering firms are free to enter or leave mature indudtries (provided a least one

days), the mark-up leved in thistype of indudtries evolves according to

ﬁf:-%.g(gt-(lw).ﬁ[g, (29)

where ki © [2/(1+s)- m°]. (L + s)/[(1 - m°) >0, as m° < 1/s < 2/(1 + s). Notice

steady-dtate profits in mature industries react positively to changes in the mark-up levd, as

23
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TP CMimP = ke.(w; + F )/m° > 0. Furthermore, changes in the business-cycleindex (Q) can

be expressed as

A

Q=Y +s-1).A-s .. (30)

Then, equation (25) givesriseto

A

Y =W+l (31)
with the following equilibrium red wage given by labour demand

W=A+G, (32)
and the consequent definition for the efficiency index

I
- —— 2 gy~ g

é}:' gl' =
-1
18RSS o o (33)
_ 4 _ M
= 3 0 , =—1% >0
* e % T

Findly, we loglinearise equation (2) and reduce the system to a single dynamic equation

which can be used to andyse its Sability:

| =max{(ef, +hs G +h,A) AL (34)
where
_ (1-R)a e ‘
e__Rg.a*-(q-s*).(l-l) : a=s.gc.(s-1)-g+s g
q.(l- s*) _g-s
hg =- 0. e , h, = 0.2 e
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We assume the time series for fiscd or productivity shocks are given by

A

G.=a.G ., A, =a,A ,asa,l[0] , "t31. (35)

If atemporary negative shock hits the economy (a decrease in Q*), the number of firms

daysat itspreviousleve,i.e N, =A ;.

If a temporary postive shock hits the economy (an increase in Q), the number of firms

changes, i.e. i, = N, .*° Here, we can face four cases:

If e > 1, the dynamics of the number of indudiriesis ungtable and there is nothing

that can prevent n of moving towards infinity after a positive shock in Q.*°

If 0 £ e £ 1, the number of industries increases for a while, depending on the

persstency of the shock, but it eventualy stops at its new steady- state value.

Findly, f e < 0O, the modd would be ungtable for e < -1 or it would produce
fluctuations for -1 £ e < 0 if irrevershility did not prevent the number of new
indudtries from decreasing. Thus, when a postive shock hits the economy we
have an increase in the number of indudriesin period t = 1, and it Stays at that
level afterwards. Despite the fact n jumps to its new Steady-sate level, other

variables (e.g. C, Y) digolay trangtiona dynamics

Thus, the tability festures of the modd depend soldly on e. Unfortunately, it is a very
complicated function of the fundamentad parameters and it is not possble to obtain an

unambiguous Sgn or range for values. There are three reasons for this ambiguity:

25
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)] The effect of a wage increase on the ‘optima’ number of indudtries is unknown
and its sign is the opposite to the Sign of a . The direct effect of wageson Qiis
negative and o is its indirect effect when it increases consumption, decreasing

employment. However, its income effect on output is pogitive,

i) The effect of the number of industries on wages (via efficiency index) depends on

love for variety.

lif) The absolute vadue of both previous effects combined is dso important.

Whilg e is bound to assume a range of vaues, we provide a numericd benchmark

amulation bedow using the parameter set presented in Table I:

[Insert Tablel here]

The vaues for g and ¢ imply unit dadticities of margind utility of consumption and |abour
supply, | = 0 diminaes increedng returns in n, ng is a large number, Ag = lis a
normalization, and the rest of the values chosen imply that my = 1/6, Lo = 1/3and Go/Y, =
1/5. In this case we obtain e = -0.8, i.e. the modd does not converge to the initia steady

Sate after atemporary positive shock in Q.

Moreover, in Appendix B we produce additiond smulatons that give us some
illugtrations for the vaues that e may generate for a range of vaues close to the benchmark

set. Wedso found e £ 0.75 for the parameter sets considered.
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5. Describing the Business Cydle
5.1. The average mark-up

Firg, if the path of the shocks (temporary or permanent) is known a t = 1 (the short
run), then we know te path for n.. Second, usng (29) and (34) we can observe that

changesin the mark-up level of mature firms are given by

}_0 UQ>(-1)A,

~0 _ 1 ~ R

m _: Q- (1' | )'nt—l 3 ' (36)
1

% UQ<(1-1)A,

This equation can be interpreted as follow: if there is a poditive shock in period t = 1 new
products will be created (remember we assumed the profit of anew firm was exactly zero in
the initial steady State) up to the number that erodes dl the entry incentive. In this case, the
mark-up level of mature firms remains unchanged, but the average mark-up in the economy
increases in the short-run due to the entry of new monopolists.™” However, if the shock is
negative irreversibility prevents the number of products from decreasing and the mark-upin

mature industries increases.

Thus, thereis not aclear cyclical pattern for the average mark-up in the economy, sinceiit
is pro-cydlicad for podtive and counter-cyclica for negative shocks. In a real economy
permanently hit by severd shocks, the inertia band may be active for postive shocks,
reinforcing counter-cydicity, and the time-series for average mark-ups would show a

moderately counter-cydica pattern congstent with the findings in the empirical literature™®
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5.2. A contractionary increase in productivity?

Let us assume there is an increase in A in period t = 1 and government consumption
stays at its steady-date level. Using equations (27), (28), (31), and (32), we can notice the
immediate impact on aggregate output is given by

1+c
gqg+c

V=2 (A+8).
If the efficiency index were congtant, output would increase. This is what happens in fixed-

mark-up modes. However, there is the clear posshility of a decrease in G fallowing the

productivity shock, when the number of firms goes up, i.e, when Q, >0.

Proposition 4: Assuming g > 1 and| = 0, a productivity increase implies an output
reduction if the set of parameter values generates an initial mark-up level in the

following region:

0<m <1- X(s ,z)<sl<1

1

s-las-26- N :
TR , z=———1(0)

S

[y
H

with X(s , ) ©

PROOF: See Appendix A.

Thus, for a smdl dadicity of margina utility of consumption (g9 > 1) and ignoring
increasing returns (I = 0), a productivity increase may decrease the average efficiency leve
in the economy and the aggregate output, provided the eadticity of subgtitution between

varietiesis not too large (it isnecessary that s < 2).
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At firgt glance, this result may look like a theoreticd curiogty. However, Gali (1999)
presents some evidence, for G7 countries, consstent with the contractionary technology
shocks hypothesis, namely negative effects on hours and productivity in response to a
positive technological shock. Of course this modd is too smple b analyse what could

happen in real economies, but anew transmisson channel clearly emerges.

5.3. The permanent effects of temporary shocks

Now, let us assume the economy is hit by a positive shock (i.e. Ql >0)int=1, butits
persgency isgiven by O £ a; <1, withi = A, G. This change can be due to ether apostive
fiscal shock or to a productivity shock. Notice the latter can be ether podtive or negative
snce it s affects the red wage that negatively affects Q. Also, let usignore love for variety

foramoment (I = 0).

In this case, the number of indudtries increases in the short run. Due to irreversibility of
product innovation, there is an excess of firms in old industries and a shortage in new ones,
when the shock fades away. Given the positive relaionship between mark-ups and the
number of indudries, depicted in right-hand pand of Figure 1, the new Steady state will
exhibit a higher mark-up level. This is a consequence of net business destruction in the long

run.

Here, a pogitive temporary shock has a permanent negative effect on the overdl leve of
efficiency in the economy since it increases the average mark-up once and for al. If we
dlow for love for variety (> 0), this negative effect may be partidly or totaly offset by

increasing returns arising from growing varieties.
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To illudrate this dam, let us use the benchmark set to produce a numerica smulation
and to compare the outcomes of the model with both a fixed-mark-up and reversble
innovation modd (f = 0), and a fixed number of industries modd (f ® ¥). Notice we can
choose the gppropriate parameter values in order to generate the same initid Steady State,
nandy usng s’ = U/my instead of s in the laiter. For a one per cent positive shock in
government consumption in t = 1 with a g = 0.85, we obtain the following impulse-response

pictures:

[Insert Figure 3 here]

The negative externdity caused by the increase in the number of products when thereis
no love for variety depresses the efficiency index and thus output permanently. The effect on
output is smdler than in the other two mode s even during the trangtion, especidly due to the

big increase in the average mark-up in the short run.

[Insert Figure 4 her €]

Allowing for a modest levd of increasing returns in n (I = 0.1) reduces the negative
impact of irrevershility, as expected. Figure 4 shows the effects of the same fiscd-policy
experiment in four key variables™ In this case, the efficiency effect of the postive shock is
aufficently high to produce a higher efficiency index in the long run, despite its under-

shooting and the permanent increase in the average mark-up.
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6. Conclusons

In this paper we have developed a dynamic genera equilibrium modd of imperfect
competition where a sunk cost of creating a new product regulates the type of entry that
dominates in the economy: new products or more competition in exigting industries. We
assume the process of product innovation is irreversible, which introduces hysteress in the

business cycle.

The modd exhibits some interesting Schumpeterian business-cycle features 1) the
economy darts from a busness-as-usud seady sate where firms compete over existing
products and abnormal profits are depressed to zero; i) when significant profit opportunities
are matched by product innovation, considerable market power is gained by the innovator,
for a short period of time; and iii) when other firms are able to fredy produce the new

product, we have a new steady state that corresponds to anew ‘ prosperity plateau.’

Here, permanent positive technology shocks can have a negative effect on the overdl
efficency leve of the economy that is absent in most modds, as it leads to a permanent
increase in the average mark-up, due to irreversible product innovation. Temporary shocks,
ether in technology or in demand, may dso have permanent effects on the efficiency levd,

especidly when the leved of increasing returns in the number of productsis amdl.

Appendix A

PROOF OF PROPOSITION 1: Firgt, notice F(0) =-K, < 0. Furthermore, F'(m) = h'(m) +

g (mand g (mM =2.G.m+ K, >0. Thus, we know that
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c-(c+d).m'

h'(m)=C. T

Consdering m= c/(c + d) T (0, 1) is the only solution for h'(m) = 0, function h(.) is
increasing for mi [0, c/(c + d)]. Furthermore, F[c/(c + d)] = h[c/(c + d)] + G.[c/( ¢ + d)]?
+ Ky.d/(c + d) > 0. Therefore, there is one equilibrium for the modd in the interval mi (0,

c(c + d)].

Since q[c/(c + d)] > 0, F(n) is dways positivefor ml [c/(c + d), 1), no equilibrium can
exig in thisinterval, despite the fact h'(.) < 0 here. Considering F(1) = G, m=1isasolution

for (21) when thereis no public consumption, but thisis not an equilibrium.

Thus, 0 < my < min{c/(c + d), 1/s}, such that F(my) = 0, is the unique equilibrium

solution for the system, given no. B

PROOF OF PROPOSITION 2: Firg, if lovefor variety isnot very high - i.eif | <c.(s - 1) -
, f < 0. Therefore, L (0) isinfinite for that range. Furthermore, L’ (n) = f.Se.n""1-9.S,.n% tis
adways negdive in the interval consdered, which means only one equilibrium can exist here.

Considering limL (n) =- ¥ , an equilibrium solution, ng’ > 0, exists

Ifl =c.(s-1),ief=0,L(0) =S+ G >0, and conddering the equilibrium function

tends to minusinfinity when n isinfinite, we aso have a unique equilibrium solution.

For a large tagte for variety, we may have 0 < f £ 1. Inthiscase, L(0) = G 3 0.
Furthermore, notice that L’ (0) 3 0.2 We aso have a unique solution for L’ (n) = 0, given by
n. = [9.Sa/(f.Se)]Y" "9 > 0 and L (n) tends to -¥ when n tends to infinity. Thus, a unique
equilibrium exists ny” > 0 such that L (ny’) = 0.
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Conddering now 1 < f < g, we have L’(0) = O (in fact, thisis vdid for dl f > 1).
Additiondly, noticethat L (n.) = (g - f).So.n.'lg + G, and this value is larger than G in this
interva. Therefore, L (n.) is il the maximum vaue for L (n) and this function il tends -¥
when n tends to infinity (for finite vaues of S,). Thus, a unique equilibrium exigts in the

interva: ng T (N, +¥).

For an even larger love for variety wemay havef = g,i.e. | =(c +q).(s - /(1 - g).
Notice this can only happen for alarge dadticity of margind utility of consumption, i.e. for g
< 1. Here, a unique equilibrium exists and it is given by no” = [G/(S; - So)]™®, provided that

S;> S,

Findly, we may have a very large taste for variety suchthat f > g,i.e. | > (c +q).(s -
D/(1 - q) (agan, only possblewith g < 1). Inthiscase, L (n.) isaminimum of L (.) and we

have limL (n) =+¥ . If G > (f - g).Se.n."g > 0, an equilibrium does not exist in this

n® ¥
interval. For G = (f - g).So.n."/g, a unique equilibrium exists and it is given by ny’ = n..
However, if G < (f - g).So.n. g, L (n,) is negative and there is a pair of solutionsto L (n,)

= 0: oneto theleft of n_ and another one on itsright. B

PROOF OF PROPOSITION 3: Considering the no-incentive condition in (23), and the fact
that j (m) isadecreasng function of the mark-up for m< 1/s < 2/(1 + s), we know that the
steady-state mark-up has to be greater or equal than  *(1 + f), and of course smaller or

equd then 1/s.

Thus, taking into account the trade- off between the equilibrium vaue for the mark-up and

the steady-state number of industries represented by (20), we know that any m T [; (1 +
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f), 1/s], such that X(m, n) = 0, is an equilibrium mark-up for a given n. However, the
equilibrium condition imposes boundaries on the vaues that N may present in equilibrium,

gnceit implies an implicit increasng reationship between n and m

if n is larger than ny, such that X(/s, ny) = 0 no steady-state equilibrium can

exig without negative profits,

if nissmaler then n_, such that X[ (1 + ), n_] = 0 no steady-<tate equilibrium

can be sustained without industry crestion.
Therefore, n_ isalower boundary for n in equilibrium. B

PROOF OF PROPOSITION 4. Fird, if we assume the number of indudtries increases
(n,>0), we are supposing the business-cycle index incresses (Ql>0). Therefore,

consdering the ratio between the changein Y and Q isgiven by

A

Y| (1+c)s.R
Qlxg  a-s
1=0
we can obsarve this vaue is negative for g > 1 > s. Thus, output and the business-cycle

index go in oppodte directions after a productivity shock. Now, Q is affected by

productivity in the following way
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wherex = (+s.c).(1- s.q) +S.(1+ c).g. Thus, we observe anincressein Q fallowing
a productivity incresse if x < 0. This condition is equivalent to s < (1 - 2/R, + z or to
m <1- X(S, 2). Thefunction X()) is srictly incressing in z, the function isincressing in s
when its values are close to one, and it gpproaches unity when s tendsto infinity. Also, itis

not difficult to observe that, given z = z, there is only one solution for X(s, z) =1, i.e. the
vdueof s, and itis $(z). Thus, this condition imposes a congtraint o the range of
possible values for s, and the maximum vaue that is compatible with my’ 1 [0, 1) isgiven
by §(0)=2. When zincreases, $ (3 decreases and so the set of parameter values
capable of generating a recession after a productivity increase is reduced, but it is not empty,

aslong as zissmdler than unity.
H

Appendix B

Fira of dl, let us sart with the parameter vaues in Table I. If we change the key
parameter values one a the time or with another key parameter dong a grid, we obtain the

following vduesfor e
[Insert Tablell here]

We observed that e is norrmonatonic in the vaues of severa of the parameters,

epecidly in g, s, and b. Vaiaions in the vaues of | tend to be irrdevant for the

eigenvaue.

Findly, we ran a larger sequentid grid-search numerica exercise to look for extreme
vauesof e. The vaues for the parameters were in the following ranges. g T [0.01, 20]; ¢ T
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[0.01, 20]; | T [0, min{1, c.(s - 1}]; s T [1.01,30]; bT [0.01,100]; F T [0.000001,

0.0000001]; and G | [0, 100]. The vdues obtained, redism asde, range from -151 to

+5022.
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! See, inter alia, Blanchard and Kiyotaki (1987), Heijdra (1998), or Startz (1989).

% See, inter alia, Chatterjee et al. (1993), Costa (2001), Portier (1995).

® Bils and Klenow (2001) report an implicit growth in variety growth of about one percent per year in the

1959-1999 period, with a strong acceleration in the second half of the sample.

* On this subject see, amongst others, the literature reported in Chatterjee et a. (1993) for the U.S,, or in

Portier (1995) for both France and the U.S.

® The existence of love for variety in government preferences may be criticised. However, as Heijdra and
van der Ploeg (1996) noticed, using different aggregators may influence the mark-up by changing the
composition of aggregate demand. Gali (1994a) showed this additional source of endogenous mark-ups

may introduce further complicationsin the model. Hence, we use this assumption for sake of simplicity.

® See Devereux et al. (1996) to see the consequences of changing n, in this alternative environment with

m=1(v =0).

" Henceforth, asterisks stand for steady-state equilibrium val ues.

® Note that m= 0 cannot be a steady-state equilibrium with F > 0.

° Considering most empirical studies point to a small elasticity of intertemporal substitution in labour
supply, we have ¢ > 1. Moreover, for plausible values of s (e.g., for s > 2), thelevel of lovefor variety
implied in Dixit and Stiglitz (1977) would not be high enough to generate f> 0. Notice f> 0 would mean

theindividual profit function wasincreasinginn.

%1t would not hold if the protection period were longer. Alternatively, entry would also be sluggish if

we consider an intertemporal arbitrage condition equating a cost of entry, considered to be an
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increasing function of the entry flow, to the net present value of incumbency. For a monopolistic-

competition model in this class see Datta and Dixon (2002).

" Notice N, = [Q/(1 +f)]Y* "

2 Notice that w; = A.G.

® Note j (M) = R/(s.n")".

“ Notice an increase in productivity (A) may have a negative effect on Q due to its positive impact in

real wages.

> Assuming m = j (1 +f), meansthe economy is, int = 1, at point A = CinFigure2. Thus, thereis no

inertia band at the right of it.

'® This source of instability may disappear in a model with capital accumulation or in an open-economy

framework, asthe transversality condition works by keeping the discounted utility finite.

' We can define the average mark-up asnf* =1-n;'"®" V.G,

'8 See Martins and Scarpetta (2002), inter alia.

¥ Of course the steady states do not produce the same val ues.

% We also have m= 0 (perfect competition) as a solution in the interval. However, this cannot be an
equilibrium since F > 0 impliesincreasing returnsto scale at the firm level. Likewise, havem=1lisalso a

solution, but it implies an infinite price or a zero marginal cost.

# The value of the derivativeis zero for f> 1and itis Sy > 0for f=1.

40



H X(un)=0 H
/o 1
L
0 0
1 no nH n 1 1+¢

Y(p)

FIGURE 1 — BOUNDARIES TO MARK-UPS AND NUMBER OF INDUSTRIES

max{nt_l,[Qt/(1+¢)] 1/(1-4) }

/
//
n; /
/
/
/
/
/
/
/
/
/
/
7 A
‘/
ne ’ g o
s
1/(1-2) ! e
Qt ' i
! L,
1 -
e
| e P
B
0 0 0Ou 0 Qt

FIGURE 2 — THE EQUILIBRIUM NUMBER OF INDUSTRIES



Number of Industrie:

Mark-up (mature ind.)

0.25

0.20 1~

0.15 q

010+ dg-— - m - - m - m oo

0.05 q ~

0.00

0.12
0.10
0.08
0.06
0.04
0.02
0.00
-0.02
-0.04
-0.06
-0.08

= Irreversible n(t) - - - - Fixed n(t) — — Fixed mark-up

q

Trreversible n(t) - - - - Fixed n(t) — — Fixed mark-up

Output

Efficiency Inde:

0.14

0.12 -
0.10
0.08 -
0.06 -
0.04
0.02 -

0.00

002 F -2 S T

-0.04

0.02

0.00

-0.02 -

-0.04 1

-0.06 1

-0.08

-0.10

= Irreversible n(t) - - - - Fixed n(t) — — Fixed mark-up

Irreversible n(t) - - - - Fixed n(t) — — Fixed mark-up

FIGURE 3 — A TEMPORARY FISCAL SHOCK



Number of Industrie

Mark-up (mature ind.)

0.25

0.20 A

0.15 1

0.10

0.05 -

0.00

= lambda=0 — lambda=0.1

25

0.12

0.10

0.08 -

0.06 -

0.04

0.02

0.00

-0.02

= lambda=0 — lambda=0.1

Output

Efficiency Inde

0.10

0.08

0.06 -

0.04

0.02 -

0.00

-0.02 4

-0.04

= lambda=0 — lambda=0.1

0.01
0.00

-0.01 4

-0.02 1

-0.03

-0.04 1

-0.05
-0.06
-0.07 4
-0.08

-0.09

= lambda=0 — lambda=0.1

FIGURE 4 — INCREASING RETURNS IN THE NUMBER OF INDUSTRIES



TABLE I

NUMERICAL VALUES FOR THE PARAMETERS IN THE BENCHMARK MODEL

0 ¥ A Ao o 1o b D Go
1 1 0 1 2 1000 45/4 1/54000 1/18
TABLE II

NUMERICAL VALUES FOR THE EIGENVALUE

Main parameter Range for & Secondary parameter Range for ¢

6 [0.01,100]  [-8.270,-0249] Ae {0,0.01,0.05, 0.1} [-8270,-0.016]
7€[0.01,100]  [-0.986,-0.784] Ae {0,0.01,0.05,0.1} [-2.139,-0.768]
oce[1.01,100]  [-1.253,0.750] e {0,0.01,0.05,0.1} [-1.253,0.750]

A €[0,0.3] [-0.831,-0.800] oe {1.01,2, 10,100}  [-1.253,0.750]
b e [0.01,200]  [-0.944,-0.789] A e {0,0.01,0.05,0.1} [-0.952,-0.755]




