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Abstract
This paper argues that in a growing economy uremployment can be the
cause of goods markets failures, even if these ae purely transitory. As
the eonomy grows, new firms wish to enter product markets. It may
take some time, however, urtil their products are acceted on the
market, which we model as a purely transitory demand shock. Firms
who fal ealy entry wil renege on the job dfers, causing
unemployment. Workers, anticipating this, will ask for a risk premium
in inseaure @ntrads, distorting price and supply dedsions of firms,
reducing incentives to invest into novel products, which reduces, but
does not eliminate the number precaious job dfers. Thus a transitory
demand shock will lead to a persistent level of unemployment in a
growing economy.
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1 M otivation

Realing Okun's sminal contribution on the relationship between gowth and
unemployment carefully (Okun, 1970, we lean that acarding to his estimates, a
one percent dedine in the unemployment rate will | ead to a three percent growth
of output, whereas the recent padliticad debate has inverted the relationship to
argue that an increase in economic growth will reduce unemployment (European
Commission, 1993).

The difference between these two pgsition lies in the focus of the analysis. A
modern version of Okun's law argues that whenever producers wish to extend
output beyond productivity growth, they will need to hire workers, thus reducing
unemployment, which is essentialy a supply side agument. By contrast, Okun
originaly stressed the importance of demand fadors in his analysis. He agues
that as positive shock hits aggregate demand, firms begin to employ new workers,
who contribute to additiona aggregate demand, thus sppating a new
equilibrium where unemployment has declined whilst output has grown.
However, the agument inverts for a negative shock to aggregate demand. Thus,
if we assume that demand shocks are transitory and mean reverting, Okun's law
cannot explain persistent unemployment, unless one assumes that labor markets
fail to clear even in the long run.

Despite an interpretation quite different to the original Okun article, the renewed
interest in the subjed has led to a series of interesting empiricd results. Starting
with Bishop and Haveman (1979, Holloway (1989 and Courtney (1997, and
more receantly Candelon and Heaq (1998, a number of authors have suggested
the breskdown of Okun's Law. However, in recent yeas cointegration studies
have found renewed confidence in a relationship between uremployment and
economic growth (Violante, 1999, Attfield and Silverstone, 1998)

Hence whilst we have seen a breskdown of the relation between growth and
unemployment in the short run, we find evidence that there is a relation in the
long run. We can only explain this fad if we can identify different shocks in the
ewmnomy, where some will cause a unidiredional shift in uremployment and
ewmnomic growth, whereas others must have an oppaite dfed on gowth and
unemployment. Then, evidence ®lleded in the short run can be distorted enough
to eliminate the Okun relationship, whereas in the long-run, when the shocks fade
out, the underlying structural relationship between uremployment and ecnomic
growth comes out.

Traditional models of economic growth and unemployment are not able to
cepture this fad. Consider first the Solow model (Solow, 1956. Assume that
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there is an exogenously given amount of unemployment. In the steady state, the
optimal capital stock and GDP per worker will be independent of the level of
unemployment. Then, a shock to unemployment will not affed these eguili brium
values. However, as an increase in uremployment reduces the labor force, GDP
and GDP per capita will dedine, however still not affeding the growth rate of
GDP. Therefore, only a permanent dedine or increase in the unemployment rate,
which is ruled out by definition, may give rise to the dove mentioned structural
relationship between growth and unemployment.
The endogenous growth literature, by contrast, can motivate astructural relation
between gowth and unemployment (Aghion and Howitt, 1993. However, we
find that the relation between uremployment and growth suggested in this
literature is unidiredional, and an increase in uremployment fosters economic
growth (de Groat, 200Q p. 25). Therefore, any shock to unemployment should a
exhibit a qualitatively equal effed on the emnomic growth rate, hence there is no
reason why the structural relationship between uremployment and economic
growth should not hold even in the short run. This is refuted by the evidence
however.
We ague that demand considerations can acount for both the breakdown of
Okun's law in the short run and the stability of Okun's law in the long-run. As
positive demand shocks foster eanomic growth and reduce unemployment,
whereas supply shocks increase both economic growth and unemployment, we
should find little correlation. As demand shocks fade out in the long run,
however, we should be ale to identify along runrelationship, which is supparted
by the evidence.
The paper proceals as follows. The next chapter presents the demand side of the
model. After a discusson on the product variety index in Dixit-Stiglitz utili ty
functions, we ague that impediments to market entry can, apart from avail abili ty,
determine the number of products on consumer markets. We ague that emerging
firms face atransitory risk of failure to enter the product market. We then argue
in chapter three that smallest of all possble labor market restrictions, the
instantaneous inability to renegotiate labor contrads, can motivate permanent
unemployment in this case, as oppased to the persistent rigidities required in the
original Okun model. Moreover, as workers demand a risk premium to ensure
themselves against unemployment, the optimal dedsion rules of firms are
distorted, leading to lower entry and hence lower economic growth. Chapter four
describes technologicd determinants of market entry. We propose a model of
innovation networks to describe the permanent influx of new innovations on
product markets. After giving fallures to aggregate demand an externality
2



interpretation in chapter five, we show in chapter six that distorted incentives for
bath workers and firms lead to unemployment whenever ecnomic growth is
paositive. Chapter seven then derives the maximum feasible growth rate due to
resource onstraints, and chapter eight finaly interprets the eguilibrium of the
economy.

2 Households

Households are assumed to provide one unit of labor inelasticaly, and to face @
intertemporal trade-off between consumption and savings on the one hand, and an
intratemporal tradeoff between differentiated consumption products on the other
hand. Given homthetic preferences, we can solve the household problems in two
stages. The intertemporal tradeoff is modeled acording to the mnventional
logarithmic utility function,

Ug= Ie‘P“‘S> In c,dt (1)

S

where p is the individual rate of time preference, and ¢; is aggregate consumption
over time t. Households maximize utility subjed to an intertemporal budget
constraint,

& =ra *w(ld-u) -, (2)

which states that a household saves that part of interest income rya, and labor
income w; for those who exped not to be unemployed u, that is not spent on
consumption ¢;. Unemployed workers are asumed to recave no benefits.
Hamiltonian optimization of the utility function subjed to the budget constraint
with resped to consumption, asset acaimulation, and a shadow price of income
yields the well-known Keynes-Ramsey-rule,

G=h-p, (3)

where the hat () denotes the growth rate of consumption. This intertemporal
Euler condition states that households will delay consumption into the future
when the interest rate exceals their individual rate of time preference In eadh
point of time, households demand dfferentiated services from an infinite variety
according to the following constant elasticities of substitution subutility function,
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G =[Ix:;di]8‘1, (4)
0

where X is a spedfic service variety, ranging form zero to infinity. If households
have diosen to purchase atotal of ¢, consumption goods at time t for a price py,
then spending on all products will be constrained by

Ipi,txi,tdi < RG> (5)
0

where p; ; is the price of a spedfic servicei. The intratemporal household problem
yields after optimization a demand function for a specific service,

X t :(pi,t/pt)_sct’ (6)

and we find that ¢ is the demand elasticity for any particular service. Moreover,
we obtain a definition for the price index of services,

pe =If pliedi]=. ©
0

Evidently, not al products will be available dl the time. It is conventional to
asume that unavailable products have an infinite pricet. We have found it
convenient to spilt the integral into two parts, where the available products at
time t are in the interval [0, my], whilst unavail able products range from (m, 7).
This leads to several simplifications. First note that despite the fad that some
prices are infinitely high, the price index (7) is not, as

- - "o POV S
imp = lim [I piedi+ _[pi,tadi]l_8 =[I P dil*e,
{pi,t}::]t—»oo {pi't}mt_'oo 0 m 0
(7)
which implies that we only need to know prices of avail able products to measure

the price index. As the prices of all available products are finite, so is the price
index. Then, by multiplying demand (6) with the product price, and integrating

! That is, a particular product is available if and only if one would devote infinite resources for
its procuration, or pay an infinite price.
2 We will give a more precise interpretation farbelow.
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over all m; available products, we find that households devote dl of their planned
spending (5) on available products,

m M
lim Ipi,txi,tdi = lm  pe I(pi,t/ p) "t di = pc. (5
{pi,t}f;t -®7 {pi,t}::t - 0

Given nonnegativity of demand and prices, the planned spending share for any
individual unavailable product is zero, which furthermore implies that individual
product demand for an uravailable product must converge to zero as its price
converges to infinity,

lim Xi,t = O’ (6,)

Pit -

which, finally, allows us to derive aggregate demarid equal,

M e © el e M o1 e
ime, = lim  [[xfdi+ [x¢d]=t=[[xfdi]=t. 4)
0 m 0

(P~ {Pidm o

We have thus been able to reformulate the intratemporal consumer problem as a
maximizaion of (4') with resped to (5'), where the difference to the origina
optimization problem is the length of the integral. In the transformed
intratemporal problem, households are only required to make doices over all
avail able products, rangng from zero to m.. It is therefore a cucial question as to
what determines the number of avail able products, m.. Endogenous growth theory
has always dressd technicd fadors, in particular the number of reseachers
developing new products, or productivity in research and development

However, both demand fadors and market failures may be of equal importance
Here, we shall discuss three reasons. First, consumers may refrain from
consuming certain products, when they cannot judge their immediate usefulness
or because they consider them to be adanger to hedth. Typicd examples for the
prior are the telephone or the personal home computer, whereas examples for the
later are pharmacaudticds, the microwave, or biotechnology products. Second, and
in part as areadion to the later, government regulation may prevent or defer entry
of some new consumer products, through either hedth laws or product market
reguation (Messna, 2000. Finally, some products may fail to succeal on the
market, due to false promotion. As an example, several American fast-food

% A more predse formulation in the spirit of the endogenous growth literature will be presented
in chapter four.
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chains failed to establish themselves on European markets, when they attempted
to implement the same marketing campaign as in the U.S.

The number of avail able products will be determined bah by technicd feasibili ty
and by social feasibility. We asaume that n; products are technicdly feasible,
whilst only m, products are both technicdly and socialy feasible, with m, < n.
Sewond, whilst we asume that products may be forever technicdly infeasible,
socia infeasibility is only temporary, and will vanish in the next period. In that
resped, , supply shocks® to product availability are persistent, whilst , demand
shocks* are purely transitory.

Once a product is invented, it has a spedfic probability ¢; to fal social
acceptance, and therefore aprobability of 1- ¢; to pass ®cia accetance We
asume that the probability to pass ®cia acceptance is drawn from an
exponential distribution,
1 %1

1-¢; =m

where [J is a positive random number, which is asdgned to a particular
innovation. [J is observable, and therefore 1 - ¢; is observable & well. This is
equivalent to stating that the odds whether an innovation will be succesdul are
immediately known, whereas the acdual redizaion is not. Note that the expeded
value for a particular firm equals,

(8)

E(1-9,) = j%e@mﬂd =1-§, ®)
0 i

which we assume to be equally distributed over a random sample of innovations.

3  Firms, Wage Contractsand Entry

Ead particular product variety is provided by a singe firm nonopdisticdly.
They use labor as the singe input, and we normalize output so that one unit of
labor input yields one unit of the product. Firms therefore maximize profits, i.e.
revenueg; x;; minus employment costs,

Tt = PieXe —0¢s (10)



subjed to tedhnology, X = &, ahd demand (6). We asume that workers cannot
renegotiate their wage or employment level instantaneously, but alow for full
flexibility ex-ante. As there is no risk involved with incumbent firms, this does
not affed dedsions in these firms, and they can simply pay market wages w; to its
workforcee , hencew = we ;.

New firms, however, face the instantaneous risk of social unfeasibility (8). As
they cannot renegotiate the wontrad after observing their social acceptabili ty, and
as their workers cannot instantaneously hire with another firm, they offer their
patential workers a antrad which compensates them for the risk incurred. The
risk premium may be ather attached to the wage rate of workers in seaure jobs,
Wi ¢ = W\, in which case we would olserve wages above the marginal product, or
by a lump-sum payment to the workers, g;;. The later is a very common form of
payment in start-up enterprises, where workers recave large parts of their income
in the form of stock-options, profit shares, or bonus hemes. Hence the wage
contract equals zero if marketability fails, and

W =WE +0jy, (11)
Profit maximization in incumbent firms yields the first order condition,
Pit = si_lwt, (12)

hence the price will equal the mark-up over (marginal employment) costs, whil st
firms would have to pay marginal employment costs of ywv. Therefore, we have &
most two dfferent prices, one for incumbent, and one for emerging firms. Hence,
the price index (7’) reduces to,

e o m Le ik
po =5l [wedi+ [(yw)' o di]
0 =y , (7%)
_ ol
=i~y (m - )P
where n, is change of technicdly feasible prices from periodt - Tto t, as the time

span T converges to zero.* Demand for a particular product line (6), making wse
of the aggregate price index (7“) will therefore equal,

X ¢ =GN =M + Y E(m, — g + )] (6Y)

* Note that ag converges to zeray, also represents the change from tirhet + .
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which, taken to the power of &/(e - 1), and integrated over all m, available product
lines, implies that y= 1 by definition, or that workers cannot ask for a risk
element in their wages, but have to rely on the lump-sum payment o, to adjust
for changes in risk. This of course implies that prices (12), quantities supplied
(6”), and labor demand will be identicd aaoss al firms, incumbent and
emerging. The cnsumption goods edor is therefore completely symmetric. The
intuition behind this argument is smple. Once afirm is in operation, there is no
more risk involved in working for this particular firm, and hence the risk premium
should not depend on the ad¢ual amount of time spent on the job. In other words,
If afirm has succeealed in plaang a product on the market, its workforce cannot,
despite the faa that firms lucrate monopdy rents, charge wages above the
competitive level. However, workers may very well ask for compensation of the
risk to signwith an emerging firm in terms of ¢;, reducing profits. Substitution of
the wage contract (11) and the mark-up (12) implies that profits equal

Ty =W (& /(E-1) ~ Ty (10)

Thisimplies that even if profits for incumbent firms are dways paositive, emerging
firms may chose not to proceed to enter the market early, whenever

W& <(€-1)0;;. (13)

This condition implies that firms are not only deferred from market entry by
technicd and social unfeasibility, but may aso choose themselves to await
market entry, if the risk of entry is large enough Note that if condition (12) is
binding for all new products, then no firm will try to enter the market ealy.
Therefore, all workers would sign contrads with seaure firms, and would not face
the risk of unemployment. However, as it would take ,time to build® new
innovations, the growth rate would dedine a well. A similar argument holds, of
course, if condition (12) is binding only for some firms.

The minimum risk premium ¢;; that emerging firms can offer, must of course
make worker indifferent between hiring with an emerging firm or an incumbent
firm. Asuming that workers can pod risk over emerging firms with identicd risk
of market failure ¢;, instantaneous utility from wage income in risky firms and
wealth must equal utility from a certain wage and wealth, or

IN[E;(1-¢;)(Wwe& +0;¢) +a] =In[we, +a], (14)



where workers who hire with an emerging firm receve wages and a risk premium
only in the cae of succealed market entry at a probability of 1- ¢;, whilst
workers in incumbent firms recéve wages for sure, but no risk premiun.
Reformulating (14) implies that the risk premium will be propationa to wage
payments, or

Oit _Lwteht- (15)

1-9;

Substituting the risk premium (15) into the ealy-entry condition (13), we find that
only firms with a probability to fail market entry below 1/¢, will pursue ealy
entry. In principle, the model allows for two types of firing. First, there is firing
out of bad luck. Firms who fail to enter the market ealy will have no use of labor
inputs and will therefore renege on their employment contrads. Seoond, there is
firing for profits. If the probability to succea market entry is sifficiently low,
firms will refrain from pursuing ealy entry, as it would imply losses. Evidently, if
the probability to fail is known ex-ante, firms will not even offer job contrads,
and hence no firing will take place In the cae of a stochastic probabili ty to fail®,
wage ntrads would be signed on the basis of an expeded probability to fail,
and firms may be inclined to renege if they find out that the redized probability to
succeed early entry falls short of the expected probability.

4  Technical Determinantsof Market Entry

The innovation sedor is populated by perfedly competitive R & D firms, which
sell innovations to emerging service sedor firms in order maximize profits. The
stock of knowledge, or the level of innovations does not enter the innovation
tedhnology without cost. By contrast, innovators engage in costly adivity to
aaquire knowledge, by forming internal or external networks. We hence a&ume
that new varieties are created according to,

n = ESﬁ,trlt : (16)

®> Note that we ae deriving this result under the assumption that households sispend savings
for a single period, which is not crucia along the eguili brium path (Blanchard and Fischer, p.
42).
® Thisis equivalent to stating that [7 in equation (8) is unknown at the time wage @ntrads are
signed.
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Given that it is uncetain whether a singe innovation will be succesdul, &
measures the probabili ty of successin innovation, when the number of attempts to
innovate is large, or productivity in innovation. s,; is either the amourt of time a
particular reseacher devotes to the innovation of new products, or the number of
scientists (or science mangers) engaged in innovative adivities, with diminishing
marginal product of innovative activities.

n; represents networking capital, which increases with the size of the network.

We can in general measure the size of a network in different ways. First, we can
measure the nods of a network, or the number of participants. If there ae n
existing products, the potential number of nods in an innovation network equals
n;, hence n; = n(ny). With n, nods, the number of potential ties within the network
would equal (n; - 1)!, and if we use potential ties as a measure for the size of the
network, we would have n; = n((n; - 1)!). Finaly, the number of actual ties within
a network lies between n, and (n; - 1)!, hence the definition of networking capital

would have to be dtadhed to this number. All threepatential measures of the size
of the network depend on the number of existing innovations n;, and we shall

therefore aume for simplicity that n; = n(ny), and that it is linea in n, for
convenience. As aready mentioned, networking capital takes effort, measured in
terms of employment in retworking adivities, s,;, with s,;1= S-S, and
exhibiting a diminishing marginal product as well. Hence, network capital is
acquired according to the following process,

Ny =Yn Sﬁjta - (17)

Productivity in networking is assumed to equal (. Note that innovation firms will
maximize output by setting s,:= (1 - a)s. The arival rate of new innovations
(16) can therefore be reduced to,

f = dW(as)® (A-a)s) ™ n = gsiny, (16°)

where @ is a measure of productivity in the innovation sedor. Given that it is
uncertain whether a singe innovation will be succesdul, ¢ measures the
probability of successin innovation, when the number of attempts to innovate is
large. The advantage of the spedfication of (16') over the traditional speafication
of the endogenous growth literature (16), is twofold. First, whilst endogenous
growth theory has ladked a proper justification for the pasitive impad of existing
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innovations on current and future innovations’ the explanation with networking
capital gives a sound justificaion for this assumption. Seocond, whilst the
parameter  is freein the spedficaion (16), rangng anywhere between zero and
infinity, we can obtain a deaer indicaion of ¢ in the spedficaion (16). If we
asme that workers are not much more productive in innovation and networking
than in the production of consumption goods, where the benchmark labor
productivity is unity, we find thap< 1, sincea®(1 - a)* 9 < 1.

Competitive firms in the innovation sedor maximize profits. The highest price a
patential service provider can pay to an innovator will equal the service firmi’s
value, v;*. The only costs for an innovator are wages w;, paid to scientists, s.
Hence, given technology as dated in (16'), the marginal cost for the provision of
a new variety will equal its price,

Vi = (17)
oy

5 TheMarket for Consumer Products and Aggregate Demand
Failures

There will be four types of potential firms populating this economy at ead point
in time, and we will li ne them up systematicaly on the consumption goodinterval
from zero to n. First, there will be n, —n, incumbent firms. They may have
experienced a negative demand shock in the previous period, but whether they
have been on the market before has no impad on their supply and demand
deasion today or in any period in the future. Then, there will be firms which have
been refrained from pursuing ealy entry due to condition (13). Given that
probability to fail ealy market entry is equally distributed over a large number of
firms, the ealy entry condition implies that exadly (¢ - 1)/ of al emerging firms
will refrain from pursuing ealy entry, and we will group these firms towards the
end of the consumption goods index interval, fram-n, (e -1 /€ ton.

Finaly, there will be two types of incumbent firms, which pursue ealy entry,
those which succeel and those which fail. Given that the number of products, and
hence the number of monopdy suppliers on product markets is given by m, we

" Inded, a negative impad cen be justified as well. In particular, if one assumes that the
number of potential innovations is limited, and the eaest innovations have been tadkled first,
then a large number of aready innovated productsimpliesthat it takes more and more dfort to
achieve an additional innovation.
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asdgn al incumbent firms who succeal in entering the market ealy to the
interval [ n, —n,, m], and al incumbent firms who fail to enter the market ealy
to the interval [m, n, —n, (€ —1)/e]. Evidently, only incumbent and succesgul
emerging firms will supply consumer goods on the market.

If the number of new innovations ny, is large, the average number of successul
ealy entries into the consumer markets, 1 - ¢, will equal the atcual number of
early market entries,

L-¢)n =nEQ-¢; |1-§; <=H) =51, (18)

whereas the number of firms who faill to enter the market is composed o the
firms who failed to pass ®cial accetance, and the number of firms which have
chosen not to pursue early entry, as the early entry condition (13) was binding,

on =nE(d; 1§ 2 D)+ = 1- ), (18)

ensuring that m, will i ndeed exceed the number of past innovations n, —n,, but
fal short of the number of total innovations, n.. This allows us to establish the
number of available products on the market as,

m =n —on,. (19)

Apart from its immediate interpretation as an aggregate failure to ealy market
entry, ¢ can be given the interpretation as an aggregate demand failure, or
negative demand externality. To establish this point, define potential aggregate
demand, c*, as the cederis paribus level of aggregate demand that would prevail
in the @sence of a positive probability to fal ealy entry to the market, holding
everything else, in particular consumption goods sector employment, equal,

L e-1 €

\ el e e 1 L1 )
G =[IXif di** =nftx ¢ = (ng/my)ste = (1-¢n)*" ¢ (4%
0

First, in the &sence of economic growth, adual aggregate demand c; will equal
patential aggregate demand, c.*, for any value of the arerage failure rate to ealy
entry, 1 - ¢, since entry will not occur in that case. Second, despite the fad that
the demand shock is purely temporary, and only instantaneously affeas demand,
adual demand will always fall short of potential demand in a growing ecnomy.
Third, an increase it widens the gap between actual and potential output, as

12



ac, /¢, U |
Ty = e en) <o,

Finally, adual output will equal potential if and only if ¢ = 0, hence ¢ describes
an aggregate demand externality. Hence, social acceptance of products influences
the outcome of the e@nomy despite its purely transitory nature, as it distorts the
decision of firms, which take potential failures into consideration.

6  Unemployment and the Labor Market

Ex-ante eguili brium will be ensured if every single worker will be ather offered a
seaure wage contrad in an innovation firm or in an incumbent consumer goods
firm at wage w;, or an inseaure @ntrad in an emerging consumer goods firm,
were the wage antrad would include arisk premium. If we define the total
number of labor contrads offered in the cnsumer goods dor by e*, the labor
market cleas ex-ante if and only if e* + 5 = 1, the total labor supply. Potential
(or ex-ante) employment in the goods market is defined as the integral over all n
individual monopoly suppliers of consumption goods,

n N =My N =N, ne =N+ /e M
& = [6.di= [gedi+ [edi+  [gdi+  [qdi, (20)
0 0 N —n; N —on; N =Ny +n /€

were we have split the integral into four parts two capture different phases of the
product life gycle. The first integral from zero to n, —n, captures employment of
incumbent firms. The second and the third integral in equation (18) contain
employment contrads offered by emerging firms which have pursued ealy entry,
where we have used equation (19) to define the borders of integration. The last
integral ceptures firms we have been refrained from pursuing ealy entry be
condition (13), and corresponds to firing for profits. Given that probability to fail
ealy market entry is equally distributed over a large number of firms, the ealy
entry condition implies that exadly (¢- 1)/e of all emerging firms will refrain
from pursuing ealy entry, explaining the lower border of integration in the last
integral. As these firms know ex-ante that pursuing ealy entry will be
unprofitable, they will not offer any labor contrads, and the last term in equation
(20) equals zero. Given symmetry on the consumption goods market, potential
employment will therefore equal,
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-+ e A

e:= Iatd' L-n +n/e)ng =1-5 1_5 (18’)

Note that this implies that potential employment is constant for a nstant rate of
growth. But then we find that potential aggregate demand (4*) will equal,

1

c = net(ne ), (47)

where the term in parenthesis is constant for a @nstant growth rate, due to
equation (18). Taking time derivatives, we find that the growth rate of potential
consumption is equal to (g - 1) times the growth rate of innovations. The same
holds for the growth rate of adual aggregate cnsumption, from substitution of
(4") and (19) into equation (4%).

Consumer good manufadurers who fail ealy entry will evidently renege their
sigrned labor contrads, rendering their potential employees unemployed. As there
will be no firing in the innovation sedor, an ex-ante deaing labor market implies
that unemployment must be the difference between potential employment and
actual employment in the consumption goods sector,

. N —=ory . R A
&= U = IQ,td' =(@-¢n)ng; =1-u -5 =1-y; _;Fa (18%)
0

The unemployment rate is therefore defined by the third integral of equation (18),
which, given the models symmetry of employment demand, equals

N —nNg +n; /€

: N s 1-0¢/
Uy = IQ,td' =(¢_8Tl)nta,t =(9- 1) _tlfp
e 1, ¢—(e-1¢ Tnt' &)
_(p e €L O~ LG
e =

€

Equation (21) describes a relationship between the e@nomic rate of growth and
the unemployment rate. As it is derived from both the workers incentive to sign
with risky but lucrative jobs in emerging firms, and by the emerging firm's
incentive to renege wmntrads, once the innovation has proven to be atemporary
failure on the market, we shall cdl this locus the incentive @nstraint. It passes
through the origin, implying that we have zeo unemployment with zero growth,
which is a situation when innovation is too costly to be undertaken at all. It also
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exhibits zero unemployment at a growth rate of ¢@(e- 1), which is when ealy
entry is 9 costly that no firm will take the dhance The incentive @nstraint (21)
Is hump-shaped in between the nulls, with a maximum unemployment rate that
would exceeal unity, hence only the upward sloping part of the incentive
constraint will be of economic relevance This allows us to lineaize the incentive
constraint (21) using a first-order MacLaurin expansion,

Uy = (¢ -1+ (e -1E:. (21)

Despite the fad that labor market rigidities are very limited, and concern only a
fradion of the emerging firms, equation (21'), together with (18) implies that the
unemployment rate equals the emnomic growth rate divided by twice the mark-
up (12). Hence, for a three percent growth rate and a 25 % mark-up, the model
helps to explain 1,% percentage points of the unemployment rate.

7  Economic Growth and Venture Capital Markets

Innovators will have to finance there adivities on bond markets. The maximal
price they can achieve for an innovation equals the discounted stream of profits,
which the monopdy supplier of the product can lucrate on product markets.
Given the symmetry of the cnsumption sedor, the profit stream will be identica
for al i ncumbent firms. Emerging firms, however, have to pay arisk premium out
of their running profits, and still facethe risk of market failure, so that their first
period profits, and hence their market value, will be below the eguivalent of an
incumbent firm,

Vi*,t = In;,te_r(T_t)dT = Etn?,t TG "'Iﬂi,te_r(H)dT = Etn?,t —Tht TVt (22)
t t

where stars (*) denote values of emerging firms, and variables without stars
correspond to the acording values of incumbent firms. Equation (22) describes
an intratemporal no-arbitrage ndition. It states that you trade abond o an
incumbent firm, v; *, against a bond of an emerging firm if and only if you are
compensated for the lossin expeded dvidends, i.e. profits, in the first period. As
incumbent firms will make first period profits and pay risk premia only in the cae
of successin marketing its product, we can reformulate the intratemporal no-
arbitrage condition (22),
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where we have diminated the expedation operator and the risk premium with
equation (15), and the value of an incumbent firm with equation (17). Apart from
incumbent and emerging firms, even firms who were refrained from ealy market
entry by condition (13) have avalue on the stock market, as they all benefit from
a future stream of monopdy rents. Therefore, total stock market capitalizaion
equals,

n M~y N+ /€ n
Vo = [vigdi= v dit o [ydit [y, (23)
0 0 -1y NN+ /e

where we have split the integral into incumbent firms, emerging firms, and
Innovators who have opted not to pursuit ealy market entry. An incumbent firm
Is certain that its innovation exhibits a market, therefore its valuation on the stock
market should simply equal oppatunity costs of innovating a new product (17).
By contrast, a firm which has chosen not to pursue ealy entry has to forgo in
addition current profits. Finally, emerging firms facethe risk of failing market, in
which case they would not lucrate runnng profits, but would also not have to pay
risk premia. Making wse of equations (17), (10), (15), (20), and (18), we find
that aggregate stock market capitalizaion depends on the growth rate, wages, and
unemployment only,

W, L : ,
V; =—+(¢+s—1)ntjni'td|. (23))
¢ 0

Whilst the first term in equation (23) is well known from the endogenous growth
literature, and expresses the fad that innovations occur urtil revenues equal costs.
The second term equals the hypathetica losses of ealy market failures, where a
fraaion ¢ of the emerging firms will fail ealy entry, thusloosing their profits, and
atheremaining (1 - ¢) emerging firms will pay afradion of (¢ - 1)/(1 - ¢) of their
profits as risk premia. It implies that as compared to the technologicdly
determined growth models, aggregate stock market cepitalization is lower here.
Evidently, as the growth rate of varieties increases, the gap between paotential and
adual aggregate stock market cepitalization widens, as the dances to incur
losses increase. The seoond term states that as products become doser
substitutes, ¢ increases, runnng profits dedine, and hence the ealy entry
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condition eliminates a larger share of potential ealy entrants. Finally, note that
aggregate stock market cepitalizaion, v;, increases as the growth rate of varieties
increases. Evidently, if an economy becomes more innovative, stock markets will
tend to boam, which can acount for this asped of the new ewmnomy (Zagler,
1999).

Whilst equation (22') describes an intratemporal tradeoff between different types
of stocks, arbitrage on stock and band markets dould also lead to an
intertemporal tradeoff. In particular, investors swould be indifferent between
Investing an amount v; into company stocks, which yields bath dividends, i.e.
running profits, and value gains, and a safe asset, which yields impgrest

Vig TG =1V (24)

Dividing bath sides by v;, noting from equation (17) that the growth rate of a
particular bond is equal to the difference between the growth rate of wages and
innovations, and from integration of the intertemporal budget constraint that
wages and consumption grow at the same rate, eliminating the interest rate from
the intertemporal Euler condition (3), integrating over all n, firms, we find upon
rearrangement,

Vp ==
n +p

N

Ini'tdi : (24")
0

which states that aggregate stock market cepitalization equals potential profits,
discounted at the individual rate of time preference and the innovation rate, or the
degree of supersesson of a particular product from the market. Eliminating the
aggegate stock market cepitalization from the aygregate intratemporal no-
arbitrage condition (24'), and aggregate profits from equation (10') and (20'), we
obtain a relation between the rate of innovation and the unemployment rate,

D(n,) = (e -D(A, +p) + den, (N, +p) + 1y = Pl-uy), (25)

which, as it was derived from both limited resources on the labor and capital
markets, can be referred to as a resource nstraint. The function @(.) is
deaeasing in uremployment. The first term in the resource ®nstraint (25)
corresponds to the discount rate on emerging firms profits, as can be eaily
deduced from equations (24') and (18). It states that as profits gets discounted
faster, firms will sooner defer from pursuing ealy entry, and thus reducing the
unemployment rate. The third term corresponds to the resource drain from the
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innovation sedor. As the innovation sedor offers more seaure jobs, the labor
resource base for the cnsumption goods ®dor dedines, implying that reneging
of labor contrads by emerging firms will affed less and less workers, thus
reducing uremployment. The term in the center, finaly, is an interadion term,
which states that as the number of new innovations increases, a large portion of
the consumption goods ®dor workforce will be anployed in emerging firms,
which evidently increasses unemployment. Given that both the growth rate of
innovations and the individual rate of time preference p are both small, the
interadion term will be only of second-order importance, and we shall therefore
ignore it in the following, yielding a second relation between the rate of economic
growth and the unemployment rate,

L _91-u) _p ,
Ct_s(s—l) £ (25)

8  Equilibrium Unemployment and Economic Growth

The eonomy can be fully described by two lineaized relations in the rate of
economic growth and the unemployment rate, that is the incentive constraint (21')
and the resource @nstraint (25). This alows us to solve for the eguili brium
unemployment rate as a function of the deep parameters of the model only,

_ -5 Hle-pe-1)]
= S

Uy : (25)

and simultaneously for the balanced rate of economic growth, which equals,

o-p(e-1) _ (26)
ge-D+@e-D($ -1

& =

This leads to several comparative static conclusions. First, an increase in the
individual rate of time preference, unsurprisingly, reduces the rate of economic
growth. In addition, however, it also contributes to lowering the eguili brium rate
of unemployment. As people become more patient, they aaguire a more
conservative ansumption profile, demanding lessinnovative products, and hence
reducing the scope for failures in ealy market entry. Second, an increase in the
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Innovation sedor’ s productivity fosters ecnomic growth, as an identica share of
innovation sector workers will produce a greater number of innovations,

0¢, _ (e-Dle+p(e -1 -] 0
09 [e(e -1 +pe-D(d -]

However, this implies that workers are freed from innovative adivities, and move
particularly into emerging sedor firms, were the risk of unemployment is high,
thus increasing the equilibrium rate of unemployment,

ou; _ ¢-2h S
0p e+p-5t

0.

Anincrease in the price dasticity of demand &, unambiguously reduces economic
growth, since

a¢, _ —ple(e -D) +@e-D(¢ - =H] -[o-p(e - D][2e -1+ x _sT_l)'(Psle] .
o [s(s—l)+(p(g_1)(¢_%—1)]2

Evidently, as innovations yield lower rents, they will induce lower innovative
effort, thus reducing the eonomic growth rate. In conventional endogenous
growth models, this would redlocae the workforce towards an increased
production of consumption goods, thus raising profits despite lower profit shares,
and hencethe dfed is ambiguous. Here, the partial deferment of current runnng
profits due to a demand constraint is sufficient to render the dfed negative.
Whil st reducing the mark-up will reduce the growth rate of the eonomy, it will
improve the employment situation, as

ou, =_(¢—€T‘1)p+ut

<0.
i3 e+¢-ct

Here, the lower number of innovations reduces the risk of getting ajob dfer from
an emerging firm, and hence reduces unemployment.

Finally, an increase in the magnitude of the transitory demand shock will i ncrease
the aygregate demand externality ¢, which in turn diredly leads to an increase in
the unemployment rate, as can be observed from equation (21'), and persists in
the general equilibrium, as
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However, the increase in the aggregate demand externality will distort dedsion
by firms to defer market entry, rendering lessinnovations lucrative & any gven
paint in time, thus an increase in ¢ unambiguously reduces the eonomic growth
rate indirectly,

0G _  —@e-D[e-p(e-I]
0 [e(e=D+e-D(d -]

<0

This last effed sheds new light on the discusson of unemployment benefits. As
al the distortion in firms dedsions dem from the risk premium which workers
ask to compensate the risk of loasing a job, unemployment benefits will reduce
the size of the risk premium, thus fostering economic growth, but by the same
token also raise the level of unemployment. In order to eliminate the aitire
distortionary effed, unemployment benefits are required to drive the reservation
wage up to the aurrent wage rate. The duration of unemployment benefits can,
however be short, given that labor contracts only take a short time to renegotiate.
Summerizing, we find that an increase in the individual rate of time preference a
deaease innovation productivity and a dedine in profit shares all reduce growth
and unemployment, whereas a deaease in the demand externality, equivalent to
an increase in aggregate falure to enter the market ealy, reduces growth and
fosters unemployment. Therefore, whilst all growth determinants addressed by
the endogenous growth literature, namely preferences, represented by the
parameters p and &, and tedhnology, represented by innovation productivity ¢,
lead to a positive mrrelation between growth and unemployment, only shifts in
aggregate demand can acount for the intuitive negative correlation between
growth and unemployment, as asserted in the empiricd literature ever since Okun
(1970. Whereas the individual rate of time preference the dasticity of
substitution, and innovation productivity may acount for situations of jobless
growth, only a wicked combination of these parameters, or an aggregate demand
externality, can explain situations of high growth and low unemployment.
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9 Conclusions

This paper has argued that in a growing ecnomy unemployment can be the caise
of goods markets failures, even if these ae purely transitory. As the eonomy
grows, new firms wish to enter product markets. It may take some time, however,
until their products are acceted on the market, which we model as a purely
transitory demand shock. This can either be due to consumers choice to defer
immediate ansumption of certain products, in particular if they consider them to
be dangerous to hedth, because of failures in the marketing of the product, or
finally becaise of government regulation, deferring entry into the product
markets.

Firms who fail ealy entry will renege on the job dfers, causing uremployment.
Workers, anticipating this, will ask for a risk premium in inseaure oontrads,
distorting price and supply dedsions of firms, reducing incentives to invest into
novel products, which reduces, but does not eliminate the number precaious job
offers. Thus a transitory demand shock will lead to a persistent level of
unemployment in a growing ecnomy. Moreover, shifts in the aggregate demand
externality are the only unique fador which can acount for a negative crrelation
between the e@nomic rate of growth and the unemployment rate, which is line
with empiricd observations. Therefore, the introduction of aggregate demand
externalities is important to explain the joint determinants of ecnomic growth
and unemployment.
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