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ABSTRACT
Search in the Labour Market, Incomplete Contracts and Growth*

This paper shows that search in the labour market has imporiant effects on
accumulation decisions. In a labour market characterized by search,
empioyment contracts are nalurally incomplete and this creales a wedge
between the rates of return and marginal products of both human and physical
capital. As a result, when workers invest more i their human capital, thay
increase the rate of refurn on physical capital. Provided that these tactors are
complements in the production tunction, this will increase the desired level ot
investrnent tor firms. Then, because physical capital is not being paid its marginat
product, the rate ot return on all human capital goes up. In this modal, theretore,
there are pecuniary increasing returns to scale In human capitai accumulation in
the sense that the more human capital there is, the more profitables it is to
accumulate human capital. Applying this argument conversely, the presence ot
pecuniary increasing returns in physical capital accumulation also tollows. These
pecuniary increasing returns lead to amplifiedinetfficiencies and to the possibility
ot multiple equilibria. They also imply ihat tactor distribution of income has an
important impact on growth. Finally, the paper derives new links between
unemployment and human capital accumulation and shows that when
technology choice is endogenized, search intreduces a negative wage formation
externality which may lead to excessively tast difiusion of new technologies.
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NON-TECHNICAL SUMMARY

The importance of human capital in development and economic growth is now
well understood. Many economists view the low stock of human capital ot many
underdeveloped countries as a serious obstacle {0 growth and also as a factor
that reduces the return to the human capital investment of other agents.
Underlying this view 1s often the presence of technological externalities: when a
worker invests in their human capital, not only their productivity but that ot other
workers i1s also increased. This implies that there will be very significant
underinvestment in human capital and economiss with low human capital may
be trapped in a low growth equilibrium. Although the presence of technological
spillovers in R&D and scientific research is almost certain, their importance in
other areas may be limited. The most direct effect that a worker's human capita
will have is on its co-workers and most of these effects will be internalized within
the firm. This poses the guestion ot whether such ecenomy-wide human capital
externalities are present and if so what the underiying iorce that leads to such
spillovers is.

The starting point of this paper is that the labour markei 15 not competitive but
characterized by costly search. Costly search creates a siteation where human
capital is not paid its marginal product and the paper shows that economy-wide
human capital externalities wilt result w this process. The argument has two
parts; the first is that when human capital is not paid its marginal product, the
employer of the worker will benefit from their edusation and higher skills. Since
these will not teature in the worker's investment decision, they will tend to
under-invest in human capital. Thus in the presence of costly searchin the labour
market, less than the optimal amount of human capital will be accumulated.

The second par of the argument s that firms also have important investment
decisions in physical capital, and physical capital is complementary to the human
capital ot workers. Coslly search alse implies that firms wili not be abie to capture
the fulf return ot therr investments and they will also tend to under-invest.
Furthermore, since human and physical capital are complementary in the
production tunction, the lower is the human capital of the workers, the lower is
the desired investment level of the firms, This implies that as a group of workers
invest more in their human capital, they increase firms' returns and also their
desired level of investment. But this increased investment by firms increases the
return to all workers and agam by the complementarity ot physical and human
capital, the private refurn to furlher human capital investments. Theretore, the
combination ot costly search in the labour market and two-sided invesiments
gives rise to economy-wide human capital externalities {and also economy-wide
physical capital externalities in the sense that the rate of relurn on physical capital
may be increasing in the total amount of physical capital investments in the



economy). Since the effects we derive are not technological in nature, they
cannot be easily internalized within a firm. Additionally, search creates an
anonymily; workers do not know who their tuture employers will be and this
prevents ex anle contracts conditional on the investment decision of firms and
workers, thus the inefficiencies cannot be easily removed.

The paper also shows that a multiplicity of equilibna can anse trom these
interactions in the presence ot technology choices; the more productive
technology will often be profitable 1o adopt when other firms are doing so but not
otherwise. Also more interestingly, too fast as well as too slow diffusion ot
technologies is possible. The intuition tor too slow diffusion is the physical capital
externality mentioned above. There Is also a negative externality that may more
than offset this, however. When a firm invests in more productive technologias,
it increases the wages that workers expect (since their likelihood ot matching
with a new technology firm is higher), thus low-technology firms are also forced
to pay higher wages to keep these workers. As a result, the renis that these firms
obtain from workers tall and they may also preter to adopt the high-productivity
technclogy. The paper shows that new technologies that wouid not be adopted
in a competitive equilibrium may nevertheless be adopted in the presence of
cosily search.

The final result that the paper establishes is a link between unsmployment and
human capital accumulation. When unemployment is high, workers expect their
skills to be unemployed more otten and thus are less willing to invest in acquiring
skills. Since firms pay less than the marginal product of workers, however, when
workers tnvest less, the profits that the firms expect are reduced. This in furn
implies that less firms will be wiiling to enter the market and unemployment will
be higher. As a result, a high-unemployment and low-growth equilibrium can
co-exist with an equilibrium that has low unemployment and a high growth rate.



1} Introduction

Progress of knowledge 15 undoubtedly the most umportant engine of growth. Yet, despie
the fact that most of the new productive knowiedge can giackly spread across countries, we still
observe significantly different jong-run growih performances. This ieads many to believe that
the incentives 1o acgure and apply this knowledge, therefore, the rewards to physieal and human
capiiai, differ across economies. Mumerous factors ranging from social regard (e.g. Sawyer
(19493, Baumol (1990}, Cole e1 al (1991}} to coordination across sectors {e.g. Rosenstein-Rodan
(1943), Murphy et al {1989)) are obviously important in this process. But economic historians
also emphasize the roie of insumtions (e.g, Mokyr (1990}, North {1981)) and in parucular, the
importance of the reiations between labor ard caputal (e.g. Bean and Crafis (1993), Eichengreen
(1993)) as determunants of long-run economic performance. Rewards to vanous skilis and by
implication the rate of return on physical capitai are determined in the labor market. Therefore
to understand how much of the available stock of knowledge will be exploited and exiended by
a society we need to smudy the organization of the tabor market and the instiutions governing
wrade wathin productive units. If trade necessary for productive relauonships does not generate
a high enough retarn to capual, sufficient mvestment will not be forthcoming. But neither wili
sufficient human capital be accumulated if varous skills are not appropnately rewarded,

This paper starts from the premise that search 15 an mmpostant feature of most labor
markets; both workers and firms have to engage in costly search activities when they are looking
for a pariner to produce. Our main argument 15 that the presence of search will create a wedge
between the marginal product of labor and the wage rate (and also between the marginal product
of physical capuitat and its rate of return) and that this will introduce inportant external effects
m the process of human and physical capital accumulation. The role of human and physical

capital externalities as a cause of divergent growth performance has been emphasized by Lucas



{1988,1990) and by Romer (1986). Lucas assumes that when & worker increases his educauon,
all other workers aiso expernence wncreased productivity, hence there exists a rechnological
externality i human capital accumuiation. The seminal paper by Romer, on the other hand,
assumes that technolegical social increasing returns are present in physical capital accumulation®,
Sccal increasing refurns as formulated by Eucas and Romer do not ondy suggest that the level
of growth will be low compared to the first-best, but they also iead 1o the amplificanon of the
inefficiencres: when an agent nvests less, everyone else’s output and productivity wili be fower
and they too will be mduced to iavest less. In other words, the presence of this type of
nteractions wmply that each agent’s optimal level of investment 1s increasing 1n an ecoromy wide
average {or that there exist strategic complementarities 1n the sense of Cooper and John (1388)).
However, a possible objectton to the mechamses put forward by these models 15 that it is not
clear what underlies such technologicai externalities and also in many siuations the mmportance
of technological externalities within a time period seem limuted (though "human capital
externalities" across generations appear more plausible), This paper will show that even when
such technological externalities are absent, search in the labor market wilt introduce pecuniary
soctal increasing returns to seale® within a time period. That 15, as workers invest more in thewr
human capual, though they do not affect others” productivity, they increase the rare of return
on other workers' human capial. Further, the same argument applies to finms’ physical

accumuiation decisions and pecuniary smcreasing remurns i physical capial aceumulation will

' QOther strands of the literature build on Romer {1990} who relies on monapolistic competition and
sncreasing returns at the firm level or on Rebelo (1991} who takes linear accumulation riles and constant
returmns o scaie.

* We suggest the erm "pecumary mncreasing returns” because the logical alternative, pecuniry
externality, 15 often used when there 15 no market faifure but only distribunional effects. As 1n the case
of pecunuary extermalities, our effects do not oniginate from missing markels. However, because prices
are not always equal to margmnal cost 1n all markets, market mediated interactions siill lead to mcreasmg
returns and significant mefficiencies.
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be present as well. Therefore the externalities we emphasize do not only lead to fower than
opuieal growth bui they also umply sumilar equifibrium strategies o those of Lucas and Romer
and they similarly lead 1o the amplificanion of the mefficiencies e the accumulation process.

The effects of the increasing returns, amplification and complementarsties that we propose
can be general, potenually influencing growth, development, lecational choices, business cycies
and even orgamzationat forms®. However this paper is only a first attempt at suggesting that
tabor market refated smperfections and the presence of two-sided investments will lead to this
type of complementarities and will therefore try too illustrate them by means of a very simpie
model, Suppose that output 15 produced by a partnership of a worker and an entrepreneur and
that both parties need to undertake some ex ante mvestment; the worker 1 human capital and
the entreprencur 1n physical caputai. The efficient fevel of output will be produced if both parties
are paid their marginal product and in pracuce there are two ways of ensurmg this: (i) human
and physical capual can be traded m a compentive {Walrasian) market; {ii} ex ante complete
contracts can be writen 10 detenmine the rewards to the different factors of producnon.
However, when trade in the tabor market s not regulated by the Walrasian auctioneer but
requires bilateral search, both of these solutions run imto problems. First, since search implies
that most workers cannot costlessly move from one firm to another, wages and the rate of refamn
on physicai capnal will be determmned by bargammg on the guasi-rents created by this
immobility. Second, search mtroduces anorymity; workers do not know who thewr future
employers will be, as a resuit, they cannot contract with them and this leads to a patural
incompleteness of contracts.

The mmplication 15 that wages and rates of return on capital will not ve equal to the

5 See the recent survey by Matsuyama (1994) on the wide range of potenual applications of the
complementarities tor of “circuiar and cumulauve causation” as called by Mydral (1954)) mtroduced by
firm level decreasing average costs and monopolistic competition.
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marginal produets of these factors but instead wiil vary with the average product. Now the rest
of the story comes together: as a worker wnvests more, he increases the average human capital
that a firm expects to empley and because the return to both factors are positively related 1o
average produces, enirepreneurial profits will also increase. Next provided that human and
physicat capital are compiements, an increase n the average homan capital increases the average
product of phystcal capital and firms find it more profitable o invest. Consequently, the average
level of physical capital also ncreases and now by the same argument ¢i.e, that physical capual
15 not paid its marginal product), the rate of retun on human capual goes up. Therefore by
mvesting 10 human capual, the worker has improved the rate of return on physical capital and
ndirectly, the rate of retamn on the human capital invesiments of other workers (indirectly
because this effect comes nto operation only when firms respond 1o the mnutial investment). We
thus end up with mereasing refirns but these are pecumary not technologieal. The same
argument naturally applies to physicai capial investmenis, and pecuniary INCTeasing returns in
physical caputal accumulation are also present. As a resuit the decision rules m our economy
resemble those of Lucas (1988} and Romer (1986} and lead to amplified inefficiencies.

Obviousty random matching (as assumed by most search modets) and high costs of
changimng partners {in terms of foregone earungs m the process) are extreme assumpiions and
to the extent that our results depend on these, they will have limued applicability to more
organized markets. To deal with these ssues, we formally analyze wage determination under
different matching assumptions and costs of changng partners. We show that very small search
umperfections and ex ante anoaymity of matching (rather than fuil randomness} are sufficient for
all our results as long as they rule out Bertrand type competstion. The important feature for our
results 15 that decentralized trade shounld be subject to some transaction cosis.

It 15 useful at this stage to relate our main mechanism to earlier literarure. The search
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literature, most notably Diamond (1982} and Morensen (1982) have stressed that "aclions taken
now by one agent affect the probability distribunon over future states rhar others experience”
{Mortensen (1982, p.968)). Although such externalities are theoretically appealing, therwr
importance s [imued. First there 15 a counter-acung effect; as the market becomes more
crowded some agents will also find 1t more difficolt o find partrers. Secendly, these
externalities would manifest themselves in the form of increasing refurns 1o seale n the matehing
technology and the evidence 1s that the matching technology exhibits constant retumns (e.g.
Pissarides {1986}, Blanchard and Diamond (1989)) and thus no aggregate externalities seem (o
be present. This paper snstead shows that important externalities are created by actions that affect
the value of futre maiches and analyzes this m a general equilibrium setting. All our effects are
derived from market mediated imeractions (thus the term pecumary) and do not come from the
properties of the matching technotogy (as it would be the case m Diamond {1982) for msiance).

Grout {1984} pointed out n a parual equilibrium setung that underinvestment would arise
when nvestors could not capsure the whole of the surplus they create because of ex post hold-up
problems. Our first difference from Grout is that nstead of assuming incompiete contracts and
imposing severe liguidity constramts, alt our resulis are derived from bilateral search which
introduces the incompieteness of contracts and makes credit imperfections unnecessary. The
more important mnovauon 1s the finding that two sided invesunent and search lead to mecreasmg
renurns, to a natural amplificanon of the initial mefficiency and to the possibly o multiplicity
of equilibria. Also the bilateral ex ante investment aspect and the ensuing pecuniary INCreasing
returns wmply that ik contrast to Mortensen (1982) or Hosios {1989), no possible atlocation of
property rights over the surpius (and in contrast to Becker (1975)'s seminal analyss, no feasible
contract) would restore efficiency. In this sense, our paper 15 related to the property nights

literature {e.g. Grossman and Hart (1986), Hart and Moore (1985)) which analyzes m a partial



equifibrum setaing how mncompleteness of contracts leads to undersnvestment and the allocation
of property rights can help by changing the division of rents. However, this literature does not
obtam the ecoromy-wide increasing refurns we obtamn from the general equilibriam interactions,
nor does it derive the incompleteness of contracts from bilateral search. Davis (1593) and
Caballero and Hammour (1993) respectively show how the effects emphasized by Grout (1984)
wiil influence the composition of job qualities and the tmmg of job destruction and creation
decistons. Finally Van Der Pioeg (1987) uses Grout's effect 1n a growth context to show the
possibiiity of suboptimal growth rates. However, ali of these papers have one sided investment.
As a resuil, the pecuniary increasing returns, the amplification of inefficiencies (and the
possibility of muitiplicity) of our paper are absent in these models.

The basic model 15 described in section 2. The main results of the paper are contamed
in section 3. The rest of the paper extends our theoretcat framework and obtains a number of
new results. First, n section 3(ii), we show that there exists an optimal distribution of income
across different factors of produchon. Second, we demonstrale in section 4 that muitiple
equilibria are possible. ‘Third, we derive a negarive wage formation externaliry tn the presence
of technology choice and show how technology adeption may be excessively fast due to this
externality. Finally 1n section 5, we endogenize unemployment, show how high unemployment
discourages human capital accumulation and thus lead to a further muitiplicity. Sectron §
concludes. Appendix B contams the proofs of all the propositions while Appendix A offers a
general equilibrum wage determunanion model that gives the wage rule we use 1 the main body
of the paper as the umique equilibrum under different assumphions on heterogenetty and

matching technology.



2} The Basic Model and The Competitive Allocation
We consider a model of non-overlappmg generations. Each generation consists of a
comnuum of workers equal to 1 and 2 continuum of entrepreneurs aiso normalized to 1. The
life of each agent consists of two parts. In the first, they choose thew mvestment ieveis. Each
worker's human caputal decision involves the extent to which he wanis to learn and extend the
stack of knowledge that 1s already present in the economy f{e.g. educatwon). Similarly,
entrepreneurs decide how much to invest ¢n ther skills. Production takes place 1n the second part
of each agent's life in partnerships of one worker and one firm. Consumption takes place at the
end of the perred and then agents die*. The production function of a partnership 1s assumed Lo
be constant refurn 1o scale and takes the form
{1 yAR T
where b, 15 the human capual jevel of the worker and z, 15 the skill level of the entrepreneur.
The utility funcuon of a worker of generation © 15 given as
I
(2 v (el )ee——H,,
Ty
where 1, 15 the human capital irvestment, + 15 a positive parameter and H,, 15 the stock of human

capital m the economy defined as®

(3) H = [, i

* Dur economy 15 cenianly very stylized but these assumptions ate only zdepted for sumplificanon. The
non-overlapping generations struciure implics that emtrepreneurs have to accumuiate skills rather than
physical capual but we will ofien think of z, as physical capual. Also this setting requires that agents
tenefit from the stack of knowiedge of thewr parents but agam this 1s not a crucral assumption. If we use
infinutely lived agents mvesting m bman and physical capttal in every pertod (e.2. as in Rebelo (1991)
and embed this 1 a search framework, we would still obtam the pecumary mcreasing resurns which are
the key to all our results.

s This formulation will give us endogenous balanced growth. However, all the effects derived 1 this
paper would also apply in an exogenous growth context where ., grows exogenousiy tather than bemng
determumned by (3).



where superscript i denotes worker 1and will be dropped whenever this will cause no confusion.
The human capital of the worker, h,, 15 given by the following equation

(4) B =(1e)(1-8)H,.,

This formulation assumes that the worker absorbs and extends the stock of knowledge of either
his parents or of the society by his human capual investment, 1. Interpreting the utifity funcuion
(2) 1 this way, we can argue that the cost of effort 1s proportionai to H,; because the worker
has to absorb this tnformation (or altemnatively higher numan capual inherited from the earlier
generations mcereases the value of lewsure). According to (4}, human capial depreciates at the
raiec & if no further human capital mvestment 1s undertaken by the worker. The utility is
maximized subject to (4) and the budget constramt

(5} cEW=wh,

where W, s the income level of the worker and w, 1s the wage rate per unit of human capatal.
Each

entreprenetr has a similar atility function given by

el
(6) ve(c!!ef)ch_ i’é“s"zi—.E

where e, 15 the mvestment of the entrepreneur and Z,, 1s the stock of entrepreneurial skitls of

the economy at time I-] and 15 defined similarly as

1 . .
) Z.=[ ol di
and also
{8) z=(l+e){1 -8)Z,_,

which has a similar explanation to (4). Each entrepreneur maximizes her utility, {6), subject 10
(8) and the pudget constraint,

(% c,SR=rz,



where R, 15 the total sncome of the entrepreneur and r, 15 the remrn o entreprencurial skill,

A compiete descnption of behavior i this economy mvelves; (i) an invesiment decision
for each worker and firm; {ii} given the distributon of types of workers and firms, an allecation
of workers to firms and (i) a wage level for each level of human capitat and a rate of return
for each level of eatrepreneurnial skill. The economy wil be n equilibruon iff (a) given the
distribution of types, thesr allocanion and thewr payments are n equilibrium, and (b) given the
final rewards, the ex ante invesiment decisions are privately opumal. We start with the
Walrastan system which s fricuonless and alf allocations take place at one pomt i tme. That
15, the auctioneer calls out wage schedule as a function of human capual levels and rates of
return on entrepreneurtal capual, and trade stops when all markets ciear. Note first that the
atlocation problem with competitive markets is straightforward {e.g. Kremer {1993)); the most
skilled worker will be allocaied to the most productive entrepreneur because the marginal
willingness to pay for the best worker 1s highest when the levei of capital is highest. In other
words, 1magine a ranking of all entrepreneurs mn descending order and then a similar ranking
for workers, then worker 1 and entrepreneur § will be matched together when they have the same
ranks 1n their respective orderings®. Given such an allocation, the compelitive equilibriem wage

rate and rate of return on entrepreneurtal capital for each parr will be determined as follows:

wj:w(h,,z,)xaAh,“'lz,i_“

(10) .
r=r(h,z)=(1-a)dh Lz

Given these wage rates, the equilibnum accumulation decisions ("saviag rates™} will be given

¢ More formally define for every worker t, {3, ()= J . kds and similarly for each entreprenenr j.
£ k. >k,

Then 1 and j have the same rank if (dw{))=0:(j). In the competitive allocat:on tor efficient matching)
and j will be matched together iff (i) they have the same rank or (i) when 1 is unmaiched and has the
lowest rank {Q(.)) among the unmatched workers and Fj*- Qu(D=0:(*} and j hos the lowest Qe(.)
among Temaining entreprensurs,



as;

E={(1-8Yyw{h,z )}

(11
e ={{1-8)r(h .z )}V

which set the margmat cost of investment equal to the marginal benefit. This gives us our first

result which fike all others in this paper s proved in the appendix.

Proposition 1: The competuive equilibrium 15 umqgue, symmetric’ and Pareto optimal. All
eguilibrium paths converge to a umgue balanced growth path along which the economy grows

at the rate g° where g “=(1+{a®(1-a)24(1-8)}")(1-8)-1 and has z/h rano eguai to (1-e)/e.

This economy tratemporaly fully effictent m the sense that more human capita
investment by a worker will not mecrease the welfare of other workers and firms more than it
reduces the pav-off o the worker. In particular, increasing all agents’ investments by a smail
amount will not be Pareto improving. We therefore say that this model does nor exhibii social
creasing retirns. This is similar to the growth model of Uzawa {1965) or Rebelo (1991} and
15 different from Romer (1986) or Lucas (1988). Ir Lucas’ and Romer’s modeis, an agent would
improve welfare at a given point i time by invesung more because of the external effects and
moreover, each agent wants to invest more when others increase ther imvestment because of the
technoiogical increasmg returns to scale. These features are absent in this model because there
are no technological externalities (within a period) and the labor market s competitive. Yet the

current generation does not take mio account the positive effect that it creates on the productiviy

7 Al workers choose the same nvestmens level and likewsse for all entrepreneurs.
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of furure generations by investing more. Nevertheiess, the competitive allocation s still Pareto
Optimal® because there i no way thai the future generations can compensate the eurrent one for
the mncreased investment {i.e. each generation consumes in only one period and there is no asset
that later generaltons can use to compensate earlier ones) and # 1s therefore not possible to

merease mvestment and then by a seres of redistributions make aifl agents better-off.

3) Search, Incompleteness of Contracts and Pecuniary Increasing Returns

‘We now tumn 1o an economy in which productive partnerships are formed via arcnymous
random matching. At the beginming of the second pericd of their fives {i.e. after the investment
decisions have been made), workers and entreprencurs are matched one-to-one, so that no
worker nor eptrepreneur remans unemployed (see secuon 3, on this). However, despite this lack
of unemployment, moving from one partner to another will be costly ("search”). Note that this
economy has an explicit temporal dimension; investment decisions are taken first and allocations
and equilibrium prices are determuned fater. This 15 obviously an extreme assumption; although
important educational choices are taken before workers arrive 1o the labor market, an unportant
part of the human capital is also accamuiated on the job, Such an extension will not however
change our mam results’,

Combined with the presence of mobility costs, the tming of investment choces will

utroduce a classic hold-up sitwation. Although how much each agent has mvested may be

¥ This 15 obviously rot the only Pareto Opumai outcome. Yet 1t 15 the only one in the set of Pareto
optmal outcomes that can be achieved by a competitive price system and also the one that maxunizes the
weifare of the current generation. Throughout the paper we will use the term Pareto optumum to refer
to this allocation.

9 Acemoghu {1993b) shows that similar effects anse 1n a model of tratung if workers and firms cannot
guarantee that thewr relationship will continue mdefiniely. The mam externality there 15 between the
current employer of the worker and his fumre employers whe also benefit from the worker's human
capatal.
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contractible, they cannol write & contract with their parter to relate their payments o this
investment level because the identity of this partner is unknown at the ume of invesument.
Further, since changing partners at the search stage s costly, they have o share the surpius
within the parmership and an agent who invests more has no way of making sure that he or she
will recetve the returmn of this higher wvestment. This mmplies that workers' and entrepreneurs’
returns are m general related to the average product of thewr investment (as well as, or mstead
of, the marginal product). For the mam result of the paper we will assume that search
mmperfecuions fead 10 a wage determunation ruie whereby the worker obtamns a proporiion § of
the totai surpius, thus wages and rates of remrn on capual depend only on average product,
Appendix A offers a wage determination model which gives this resuit as the umque eguilibrium
under a vartety of assumptions on heterogenesty and matching technology. Although other
assumptions on lechnology and bargaining would imply different sharing rules. ail our qualitative
resuits would go through whenever wages are different from marginal products urespective of

the magmtude of this wedge.

(i) Search i the Labor Market and Pecuwmary Increasing Returns

In this section a worker who is i a maich with total owrput y; obtains W,=78y; and
matching 15 random. This mmplies that each worker has an equai probability of meeting each
entrepreneur and likewise for each entrepreneur urespective of therr skill tevels - nawrally, n
equilibrium some agents may decide to change partners so the equilibrium allocauon will not be
entirely random. From these assumptions 1t follows that the expected income of a worker with
human capital b, conditional on the average investment of entrepreneurs 1S given as

2 Wi, [ )Rl [ 2,y

The worker will always obtain a proportion § of the total output which will depend on the capital
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levei of the entrepreneur z;' as well as his investment h,. The expected income of an entrepreneur
with capital 2, 1s similarly given by

(13) R( [ th)Ydiz y=(1-fydz, ™" f () ydi

Total mcomes are not directly reiated to marginal but only to average product, Consequently,
the marginal reward to one more umt of investment 15 proportional to averape product. This
umplies the {oliowing mvestment rules;

1 = (Bl 1-8)h, [(z) ) odi}

' e[_f{(l-ﬁ}(l-a}(l—ﬁ}r’%:,'"f(h;)”di}”"’

The difference between these expressions and (11} 15 worth noting. In both, pecumiary
mteractions are present. However, i (14) they take the form of pecumary increasing returns 1o
scale. By mcreasing its investment level a worker has a first order ympact on the welfare of
firmss 1n contrast 1o (11) where the only impact was through the equilibrium rates of returns and
thus was of second-order. Moreover, when a worker increases his human capial investment, this
also has a first-order smpact on the desired investment level of all the entrepreneurs. And by the
same argument, the increase wn the entrepreneurs’ mvestment decisien will have a first-order
impact on the weifare and destred investment level of all workers. This 15 the channel which
introduces pecumary mereasing remrns and amplified wefficiencies 1 the accumulation

decisions; by mnvesting less workers {firms) not only create a negative mmpact on the welfare of

other workers and firrns but aiso reduce their desired investment ievels.

Propesition 2: The decentralized search economy with random matching has a unique
equilibrium. All equilibna paths converge to a balanced growth path afong which the economy
grows at the rate g¢ where g “=(1+{a%(1-a)}°8%(1-B) "(1-8)4}'")(1-8)-1 and is less than

g¢. The decentralized economy 1s Pareto domenated by the compeutive equilibrium and exhibits
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pecumary IBCreasing returns n the sense that a small increase 1 all agents investment wifl make

everyone beder off.

Since pari of the emphasis of this paper is on the ampiificaton of inefficiencies due w
pecHnIary INCreasig retrns, i is nstructve to assess the quantitatsve difference between g* and
g As we will see mn the next supsection S~ minimuzes the dislOrons m our economy.
Therefore taking this as the base case would mimrmize the difference between g* and g, Let us
then take B=o and set these equal to the share of labor 1n total output, .6. We take y=1 t0
sumplify the expression. This implies that g#=0.51g%0.495. So if 5=0, compettive growth rate
is twice as high as our decentralized equilibnium. This gap widens when § 15 posuive. For
instance with §=_9 which implies limuied knowledge spill-overs across generations and A egual
to 0.569, the decentralized economy grows at 2% in each pertod whereas g° is equal 10 13.5%,
nearly seven tmes faster. These gaps become much larger when we take configurations where
e 15 not equal to § (i.e. we do not have optinal distribution of income across factors). Because
our model is very sumple, this exercise should of course be mterpreted with cautton but st still
suggests that the ampiification of inefficiencies through our mechamsm can indeed be quite

significant.

{#}) The Role of Instirunions, Property Rights and Optimal Factor Shares

The growth rate of the decentralized equilibrium, g, depends on 3, the way that total
output 15 shared among workers and entreprencurs. The division of surplus between the factors
witl tn general depend on the nstitutional structure of the economy and aiso on the aflocation
of property rights. Although investment and education subsidies financed by non-distorionary

saxation could clearly restore efficiency, 1 will be more instructive 0 investigate whether
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efficiency can be achieved by changing insumnions and property rigiis as captured by f§ {as @
Mortensen {1982} and Hosios (1989)). However, mn our modei, due to the bilateral investment
aspect, such a way of achieving efficiency 15 not possible and this again pomts out that the

externality we propose cannot be easily removed.

Proposition 3: S=o achieves the highest balanced growth. For all values of § the economy 15

Pareto mefficient.

The mngution s straightforward, o caprures how much total output increases by one more
untt of human caputal investment and (1-o¢} 15 the imcremental contribution of entrepreneurial
ivesiment to output. To mimimize distoruions, workers should receive a proportion « of the total
product they create and firms get a proportion (1-a). This also makes it clear that if only one
of the parties had ex ante mvestments, firsi-best could be achieved by making that party the full
residuai claimant of the final rerurns. However in our case since both parties have imporiant ex
ante investments, they both need to be made full residual claimants and this 15 not possible.
Expressed piternatvely, efficiency can be restored if the share of the worker (and of the
entreprencur) ¢an be conditioned upen their ex ante investments. Yet, this requires more than
a straightforward reailocation of property rights. In particutar, since it 1§ not known who will
form: 2 pair, efficient proviszon of incentives requires multilaterai contracts conditional upon ex
ante investments. Although a social planner could mmplement a system of this sort, the
decentralized equilibnum eannot easily achieve this. In summary, § which mn our modet

represemis the mstutionat arrangements in the labor market has smporant effects on
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accumuliation decisions but no value of 3 restores efficlency in this economy™

4) Technology Cheice, Multiple Growth Paths and Negative Wage Formation Externality

Section 3 demonstrated the presence of pecuniary mcreasing returns ard amplification {or
strategic complementanties). Such interactions can in general lead to a multiplicity of equilibna,
yet given the set-up of the previous modei, we obtaired 2 unique equilibrivm. In this section we
will show that muitiplicity of equilibnia can easily arise n this sering, We will aiso show that
in the presence of techrology choice 2 neganve wage formation externality 15 narally
miroduced.

We medify our model such that the production function of a partnership 1s given as
(15) yeAh,
50 output is Finear in human capital. Entrepreneurs on the other hand have a rechnology chorce
whick determines A. At zero cost they can choose 2 technology that has a marginal product A,
or they can incur an additionat cost kH,, and obta:mn the higher productivity A,. The incrementai
cost of advanced technoicgy depends on the knowledge level of the society (H,)) because
entrepreneirs have to absorb this knowledge too. Specifically this assumpuon will ensure the
existence of balanced growth paths. Agamn in this seciion no worker or entreprenesr remams
unempioyed.

In this economy, there will in general be firms of high and low techrelogy and as a resuit
workers may want to swiich from one firm to another. Appendix A shows that under some

plausible assumptions, the possibility of such switches will not change the results of the previous

° Given the wage determination stage of Appendix A, more complicated shanng rules canmot anise 1n
equilibrium. However, « 15 aiso straghtforward to see that rules of the form W,=f(y) where f{.) 15 a
nonlinear funcuion bue does not directly depend on ex ante investments will not help at all in achieving
bester allocations.
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section. However, when firms are constrained to choose between discrete alternatives, this may
no fonger be true. Thus 1n contrast to the previcus section, the size of the mobility costs {the
costs of changmg partners) may become important. For this reason we start with high mobility
costs which will iHustrate the possibility of multiple equilibna: we will then turn to low mobifity

costs which will introduce the negative wage formauon externality.

a) High Mobility Costs

High mobility costs imply that because changing pariners 15 prohibitively costly, a worker
will produce with the first firm he 15 matched with and wages will agamn be determmed by
bargaimng between the entrepreneur and the worker without reference to "outside options”
Therefore workers again obtain a proportion  of the total output, i.e. W,=8y,, as i the
previous section. Now denoung the proportion of firms that adopt the high producuvity
technology at tume t by 7, this implies that a worker of human capual h, will have an expected
wage equal to F{(1-7JA, +7A,}h,. Since from (2}, the worker 1§ risk-neutral, the optimal human
capital imvestment 1s given as
(16) L) =B, 1 A (1-8) Y
When all firms are expected to wse the low prodectivity technology, the human capital
investment of the workers will be given by
(7 " (0)={RA (1-8)}
In contrast when all firms are expected to adopt the technology with the higher marginal
product, workers will optimaily choose the higher level of human caputal investment
(18) L7 (1)={BA,(1-8)}7

The profitability of the new invesunent for the entrepreneurs 1s obvicusty increasing i

the Ievel of the workers” human capital. In twrn, workers are willing to mvest more 1n human
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capial when all the firms possess the new technology because their average product 1s higher.
Therefore as 1 the previous Section, pecumary increasing returns are present. By mvesting tn
the new technology, firms are making workers better-off and when workers Invest more in
response, alt firms experience increased profits. Now defining, B, =(1-8){1+{8A,(1-5)}") and

By (1-8)(1 +8AL(1-6)}77), we have;

Proposition 4: Suppose W;=8y;, then if (1-5)A.B, < {I-H)A,B, - kand (1-3)AB, < (I-3)A,B,
~ K, m every period there exist two pure strategy symumetnic Nash equilibria, one tn which the

high cost technology 1s adopted and one in which it s not.

Inwitively, for the new technofogy to be producuve, a large scale of producnion 15
required. In terms of our model, this corresponds to workers choosing a high levei of human
capual investment. However, workers will only do this when they expect high rewards (i.e. high
average products), and this will be the case when all their future pariners are expected to choose
the more productive technology. In the previous section although the same forces were present,
the Cobb-Douglas functional form led to a emque equilibrium. Here due to the discreetnass of

the rechnology choice, multiple equilibria can easily anse'’.

b} Small Mobility Cosis
With high mobility costs, the advanced technology creates a positive externality on

workers and ndirectly, a positive externality on fellow entrepreneurs. When the mobility cost

" To see the importance of the discreetness note that in the low equilibsium an entrepreneur would prefer
1o 1ncrease its productvity slightiy above A, if she could do this at a small cost. If possible, such actions
would unravel the multiplicity of equilibria. It is therefore the non-convexuty (discreetsiess) that forces
her to ehoose between A, and A, and thus leads to the muitiplicity. The negatsve externality of the next
subsection s likewise due to the non-coavexity.
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ts smali and there 15 the possibility of heterogeneity across fimms, # may no longer be
appropriate o assume that W;=fy, for all pairs. The mtmtion is clear. when a worker 135
matched with a firm of low techaology and changing partners 1s cheap, he would want 1o move
unless he 15 paid more than a proporuon § of the output of the low productivity firm.

Let us denote the cost of changing partners by ¢ as in Appendix A. This implies that the
worker knows that he will find a new partner if he incurs the mobility cost . In particuiar agair
let 7 be the proportion of entrepreneurs who adopted the more advanced technology. If the
worker keeps moving until matched with a more productive entrepreneuy his expected cost will
be" e/7. Therefore the wage rate that a worker with human capital h receives when matched
with a Jow productivity firm has to be
(19) wy=max {B4,h, A=)
for him not 10 switch. This equation 13 straightforward to explain. The outside option of the
worker 15 what he can get i a more productive firm minus the cost of moving to such a firm.
If this is iess than his share of the pie he will obtain his share and if it 15 more, his outside
aptior would be binding and ke would obtain his outside option (either he gets this amount mn
his nitial partnership or he switches and obtains this in expected value). In the previous sections,
the cutside option was never binding whereas 11 s now.

From equation (19), we can see that as a firm invests, the outside of option of ail
workers will mncrease and all firms using the old technology have to pay higher prices. This

looks very much like a pecuniary externality that s also present n competitive models; as the

2 This 15 not stnictly correct sn general since we must use the conditional probability that an unmatched
entreprencur has the more productive technology and this may be different from the proportion of
enlrepreneurs who have chosen the more productsve technology. But we will only lock at the cases where
r tends to zero and to i, and in both cases (19) applies exactly. Also note that this 15 a speceal case of
Lemma 3 m Appendix A. All workers will have the same human capial level, h, thus Qy(i)=0 for all
1. Therefore they have exactly the same rank as the high technology firms and they should all recesve
BAR,
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demand for labor increases, the wage rate goes up. However, a pecumsary externality m a
competitive labor market will increase the wage raie that 1s faced by all firms thus will not bias
the technology choice. In our case the outside option 15 naver binding for firms that have adopted
the advanced technology and weges are set with reference to average product. Therefore as
workers increase their mnvestments, high producuvity entrepreneurs make more profits. Yet low
technology firms are forced to pay higher wages because the outside option of their workers
becomes binding. Consequently, as more firms wnvest 1 the new technology, a negative wage
Jormatton externaliny 15 created and the low technojogy becomes less atiractive relative to the
advanced technology.

To analyze the mteractson n this case more carefully, let e»0. If no firm chooses the
advanced technology, for all posiive vaiues of e, workers will have no binding outside option
and will obtamn SAh. In contrast, when a high number of firms choose the more advanced
technology, from {19} workers can always obtain SAjh teither they meet or swich to a high
producavity firm or thesr outside option 15 binding when they bargam with 2 low prodecavity
firm). Antcipating this, they choose their human capital investment equal 1o I,(D) as 1 {18)
above. At this level of human capital mvestment, retem to low technology 15 proportional
{AB, - BA,B,}. Whereas the return {0 choosing the more productive technology will be

proportional 1o {(1-8)A,B, - k}.

Proposition 5: As e=0, if (1-H)AB, > {1-3)AB, - k and A,B, - k > AB, there exst two
symmetric pure strategy equilibria, one m which the high praductivity technology s adopted and
one 1n which the low productivity technology is used. The advanced technology can be adopted

even when it 15 not socially optimal to do so.
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As a result of the negative wage formation externality, the economy may experience toe
fast diffusion of new technotogies. When a high number of firms are expected to adopt this
technology, firms anticipate that they will have to pay higher wages even when they do not
possess the new technology and the higher human caputal of workers makes the new technology
sufficientiy attractive. HMowever, 1t has to be borme m mund that the negative externality
counteracts the positive externality we have emphasized so far, thus it may reduce the
mefficiencies. But, since st can more than offset the posstive exiernality, excessively fast

technological diffusion may also result”

5) Unemployment, Human Capital Accumulation and Multiple Equilibria

in this section we relax the assumption that all workers find employment. This will
iproduce a number of new effects and a new source of strategic interactions. In order to
illustrate these points we mamtain the model of the previous sectten but mstead of a technology
choice entrepreneurs have to decide whether to be active or not. In the previous secuon both
sides had ex ante nvestments and here workers have a human capital investment and firms have
to decide ex ante whether to be active or not; this 15 alsc an "ex ante mvestment” sufficient to
mive us ail our results.

The utility of entreprencurs 15 now given by
20 vic.eycu(EdeH,
where ¢, only takes the vaiues @ or 1. The former denotes the entrepreneur deciding to be
nactive whereas e=I implies that the entrepreneur has decided to allocate her talents 1o

production. E, 15 the measure of active enireprenears. The cost of becomng productive depends

¥ Young {1992) for mstance argues thal such excessively fast adoption cecurred m Singapore but
attribses 1t to governmens policies.
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upen H,, because n the same way as the worker has 1o absorb the stock of knowledge of the
society so does the entrepreneur. It also depends upon E,, the number of agents who decide o
become entrepreneurs at time t because of decreasing returns when the entrepreneurial market
becomes congested" A formulation that captures the idea that the costs (o entrepreneurship are
related to search 15 1o derive u(E} from the standard matching funcuion (e.g. Pissarides (1990)).
According to this interpretation, each enirepreneur INcurs a set-up cost 7, and akso decides how
many vacancies 1o open, When there are more open vacancies, the probability that each vacancy
will get filled falis and each entrepreneur ngeds to open more vacancies. Note 1n particutar that
according to this nterpretation. the marching technology can be constant retarns to scale as
found by Blanchard and Dimmond (1989); thus i no pomt we will require increasing refurns in
the search technology. The crucial ingredient 1s the natural one that the probability of a vacancy
getting filled 15 decreasing in the number of vacancies. To capture all these features we can
assume that the search technology takes a Cobb-Douglas form where the number of jobs (or
active employers) i1s given as E=V'U! where U is the number of workers looking for a job
(which 15 equal to I m our model) and V 13 the number of vacancies. The key assumption for

us 15 that p<1 {i.e. »+£ can be less than or equal to }). This unplies;

#(0):!75

2
2 limg_, p(E)=o

The innntion 1s simple. As the number of vacancies goes to zero, the probability that a vacancy

becomes filled is 1, thus an entrepreneur can become active &t no additional cost except for the

" This type of congestion weuld follow from search, product or factor market competition. If this type
of decreasing returns were not present, we would have two extreme equilibnia, one in which all
entrepreneuss are zetive and one where none are, Also as noted before, the mobility cost e we have used
so far can be derived from a standard matching funcrion by refating 1t to time lost while searching for
a new partner (which we would require the second part of each ageat’s life to be specified as a
continuum) and this already mplicitly assumned the possibility of unemplioyment but we preferred aot (o
concentrate on 1t up to this point.
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sel-up expense 7. When all entrepreneurs are active, each entrepreneur needs @ open a very
high number of vacancies mn order to be muatched with a worker. Since in generat not all
entrepreneurs enter the market, there will be unemployment among workers. In particular when
E enirepreneurs are active, the unemployment (rate) will be equal to u,=1-E,.

Random matching mplies that each worker has a probability (1-u) or E. of ending up
with an entrepreneur. Since we assumed that the worker's human capital is not productive when
he 15 unmaiched, his expected remrn is
22y Bil-u)Ah,

Therefore wtility maximization implies

(23) ' ={(Bl-u JA(1-5 Y}

The mvestment decisions of workers and the growth rate of this economy will be further
distorted due to the presence of unemployment m (23); 1n parucular, the higher 15 the
unemployment rate of the ecopomy, the lower will the growih rate be. However this is only a
partial equilibrmmm resuit since unempioyment 15 aiso endogenous, so the correlation between
unemploymeni and growth will depend on how structural vaniables differ across economies and
ume perods {see Aghion and Howitt {1992), Bean and Pissarides (1992}, Acemoglu (1993b)).

Next we need to determme the unemployment rate m this economy. For this we tum to
the behavior of the entreprensurs. Entry will stop only when resurn to entrepreneurship 1s equal
to s cost, thus equilibnum requires
(24) RE)=(1-B)A(1-8)(1+(BEA(1-8)}")

Inspection of (23} and {24) indicates the presence of pecumary Increasing returns to scate. When
an entreprengur decides to enter the market, all workers are made better off because the
probability that they will be unemployed falls. And in response to this they decide to mvest more

- equatton {23}, When workers invest more, all entrepreneurs are made better off because they
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share the increased preductivity of the workers. This ampiification of the mimial inefficiencies
also ieads to the possibility of a further muitiplicty of equilibnia as Figure | shows. The two
curves that denote the ieft and nght-hand sides of (24) are both ncreasing in E,. These curves
can intersect more than once and equilibma with different unemployment and growth rates are
possible, The mution of this multiplicity shows some similanity 1o that of Pissarides (1992)
where when the proportion of the long-term unemployed in unemployment is high, fewer
vacancies open and thus the jevel of unemployment remains high. In our economy, the effect
does not work through the loss of skill of the unempioyed but via forward icoking choiwces of
the workers on how much sumar capital investment 1o undertake. When unemployment 15 low,
workers find it profitable 1o invest more i human capital but sinwe labor 15 not paid its margimal
product, entrepreneurs benefit from this higher vestment and are more willing to be active
which then reduces unemployment. The result 1s also sunilar to Diamond ¢1982) and Mortensen
(1591) where rechnological increasing returns {respectively in the matching technology and the
production function) lead to multiplicity of eguitibna. However, our result does not depend on
such technological assumptions. Robinson (1993) 15 another paper that has a similar result,
especaily as it relates human capital formation to unemployment as we do here, but agamn based
i 15 based on technological externalities. Finally, Acemogiu (1993b) also obiamns a
complementary resalt that high unemployment discourages technological innovation and human
capital accumufation but the reason 1s that with high unemployment, the effective cost of
tramning that firms take into account when adopting new technologies is higher.

At this stage 1t 15 instructive to also look at the efficient outcome of this economy. For
this purpose we define the constramned Pareto efficient allocation where the social plasner is
constramned by exactly the same matching imperfections as the decentralized economy. Since the

soctal planner cannot make sure that only workers who will get jobs should be educated (i.e.
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random matching). all workers will have 1o invest in therr human capitai and some of them, just
as i the decentralized outcome, will be unemployed and not use therr skifls. The crucial
difference 15 that the soctal pianner will meernalize the spillovers and 1nstead of setung the ex
ante mvestment given by (23), he would choose [I'(E)={A(1-8)E}", thus in investing s human
capial, he wil take 1o account that entrepreneurs will also benefit from this tnvestment fevel.
Simiiarly, 1n (24) entrepreneurs 1gnose the positive externalities they create on the workers,
neither do they consider the negative mmpact they have on fellow entrepreneurs by mcreasmg

thetr eniry costs. The social planner wili internalize all these effects ard replace (24) by

(25) (EY-Er'(E)=A(1-8)(1+ {A(1-8)E} )

Propesition 6: Consider the economy described above. If 5, > (1-3)A(1-8), there exist either one
equilibrmm with no activity or three batanced growth path equilibma with different
unemployment rates’” Pecuniary increasmg returns are preseat. Equilibrum with lower
unemployment Pareto domuinates the ones with higher unemployment and all equilibnia are

constrained Pareto mefficien:,

6) Concluding Remarks

The mam argumens of this paper 15 that imperfections 1n the labor market have important
effects on accumuiation decisions. Search and related imperfections create a wedge between the
margmal product of factors of production and their rates of return, as a result they distort the

investment incentives for accumulable factors. Also because of search, a natural incompieteness

% Note that because of our simple setting, the equilibrivm at time t does not affect the likefihood of high
or low unemployment equilibrium at ume (+1. Therefore, there exist non-baianced growth equilibria 1n
which shere 15 high growth and low unemploymen: for a number of periods and low growth and high
unemployment for some other periods.
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of contracts ts induced and this prevents the possibility of providing the right incenuves at the
ex ante wnvestment stage. However this s oy up of the weberg; when workers accumulate less
human capital, this not only depresses the growth rate but, smce the wage rale s not equai to
the margmal product of labor, it also reduces the profitability of physical capual investment. As
a resuit, there will be less physical investment but, by the same argument, this reduces the rate
of rerurn on human caputal and all the workers will also want to mvest less. Consequently the
originat inefficiency 15 amplified and increasing returns are obtared, yet the externalities are not
technological but derived from mmteractions n the labor market.

The paper shows that this type of framework smpties that labor market institutions have
a direct impact on the rate of growth and that there exsts an optimal distribution of income
across factors. Further, a number of other interesting results naturaily follow. First, a
multiplicity of equilibria 1s shown to exist. Second, the possibility of a negative wage formation
externality with smali mobility costs 15 illustrated. Finally, when unemploymesnt 15 endogenized,
a new link between human capital accumulation and unemployment and a new source of
multiplicity of equilibria 15 obtained.

This paper 5 & first attempt at pointimg out mmportant nteractions between search and
accumulation/investment decisions. Many of the effects suggested 1n this paper require more
rasearch. First, equilibnum wage determination with maiching and heterogenous agents needs
1o be fully soived (for an attempt at this see Shimer and Smith (1594)). Although the effects
emphasized in this paper will survive there, new effects may also be mntroduced. For mstance,
mnteresting questions to be answered are; whether with sufficlent heterogeneny, smail mobility
costs create a “large” divergence between marginal products and rates of retumn under different
modelling assumptions; what the extent of equitibrum misallocation of workers 1o firms will be

i the presence of non-negligible mobility costs; what the effects of efficient matching are in the
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presence of unempioyment (on this see Acemoglu (1994)). Second, a more forward looking
madet of capital accumulation would be useful. Usmg such a model, the quantitative effects of
the mechamisms proposed in this paper can be evaluated more carefully. Third, an mvestigation
of the empirical relatsonship between factor shares and growth rate of output and of produenvity
will be informateve.

Finally and most imporniantly, it should be investigated whether the economy can find
ways of dealing with the snperfecuions created by the process of costly exchange. The first
candidate 15 1o change the orgamzation of the markets. We know from the accounts of economc
historians that the process of indusirial development went hand m hand with the development
of markets (for a fascimating account see Braudel (1982)) and that in general a number of
markets have become more centralized in the process while also eertam others such as the labor
market can be argued to have become more "decentralized”. It will be mnteresting to investigate
what the conditions for centralization and for this process to be socially efficient are and how
they interact with the process of (human) capual accumulation. The second candidate is to
change the orgamzatonai forms of firms. An example of such a phenomenon is analyzed in
Acemogiu (1993a) where changes n the internal organizatton of the firm correct "general
equilibrium” inefficiencies created by moral hazard and adverse seiection. No such solution 15
possible 1 the model of cur paper, but with more structure, the joint determmation of
orgamzational forms and market allocations can be studied. I hope to be able o pursue ihese

1ssues in future work.



Appendix A - Wage Determination
(i} A Simple Model of General Equilibrium Wage Determinanon

Let us assume that once a pawr 1s formed, both parties mcur a cost equal to ¢ when they
change partners. This can be inerpreted as a monetary or nor-maoneiary mobility cost or a flow
loss because finding a new partner takes time'® We wiil show that n our framework, even for
very smail values of ¢, the rates of return wili be completely decoupied from the relevan:
margsnal prodects. We alse assume that no ageat can sumultanecusty bargam with more than one
party and Bertrang type competitiot: s ruled out. Thus our bargaiung siage will be similar 10
Shaked and Sutton {1984) which 15 an extension of Rubinstein's (1982) framework. More
precisely we assume the followmng structure. After pars are formed followmg the random
maiching stage, the entrepreneur (firm. F) and the worker, W, play a subgame P(y) (Figure Al)
where y 15 the total ourput produced if there 1s agreement 1n this subgame. First, the finm makes
a wage demand (node A) which can be refused by the worker ¢ncde B). If the worker refuses.
he can at no cost make a couanter offer tnede C) or decide to teave and find a new partner at cost
¢ (0 both parties). If he makes an offer, the entrepreneur can refuse this (node D) and quut at
cost €, If she decides 1o contnue with bargaiming, Nature decides whether the firm or the worker

will make the last offer (node E)7 and at this stage gunung s no longer permisted. The

* With a finite number of agents, when a worker (or an entrepreneur) decides to end bargaing, no new
partners may exist. This would imply that switching partners would be even less astractive thus bias the
resuit m our favor. Since we have a continuurn of agents, we can avoid this problem by assumung that
there always exists some unmatchied apents so that swirching partners s always possible, yet the set of
urmatched agents may be of measure zero. This modelling assumption 1s also a convenient substitute for
the more rigorous strategy of looking at the steady state of a bargaiming market with eatry and exit (e.g.
Osboerne and Rubinstein (1990)).

17 We have chosen Mature to move at node E 1o simplify the game tree, however an alternative game
form where the worker and the entrepreneur asymmetriczlly alternate n making offers wouid do equally
well as long as there is some sort of discounung (e.g. a small probability that the game will end without
agreement after a rejection). However, applying the Nash solutian mrespective of the extensive form
would not be satisfactory stnee this may not correspond to the eguilibrium of a well specified bargaimng
pame (see Binmore, Rubinstein and Wolinsky (1986)). It can alse be argued that 12 Rubinstewn’s (1982)
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probability that the worker will make the offer 15 denoted by #. This structure in a simpie way
captures the importance of instieutional regulations that determune the balance of power between
workers and firms. If 8 is high, the worker has a strong bargamning posution and vice versa. We
choose § as a parameter rather than use an infimte horizon game with alternatmg offers and
equai discount factors because this formulation enables us to investigate later whether a
particelar vaiue of 8 twhich can be also seen as a particular allocation of property rights on final
returns) would internalize the exiernalities we emphasize. In the case where one of the parties
termminates bargaimung, both find new partners {incurming the cost e and play a similar subgame
F{y') twhere ¥ 15 not necessarily the same as y if there 15 heterogeneity}. The presence of the
mobility cost e 1s the crucial feare for us; it caprures i our setling that search and changing
pariners are costly. Without this cost our economy would be frictionless. As ¢ becomes smaller.
the amount of frictions are diminished; in the standard muatching framework where search costs
are foregone earmngs, this cormesponds to the discount rate approaching 1.

At any potat m time, this economy will have a complicated history which describes the
way agents have matched and bargamed up to that pomt. We are oniy interesied in equilibria
that do nor depend on this history 1 a complicated way or are Markovian and implies that ali
agents will play the same strategies 11 each compietely identical subgame I(y). We would also
want the equilibrium to be subgame perfect, thus we are only mterested 1 Markov Perfect

Equitibra {see for wnstance Fudenberg and Tirole (1991)).

f.emma 1: With homogenous agents, random matching and the subgame I'(y) as described

above, W,=fy 15 the unique equilibrium for all strictly positive values of e

framework with akernanng offers, § will only depend on: discount factors. Bul, 12 reat world bargaining
situations many other features seem to be more imporant 18 determimng the refative bargmmnag strength.
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Proof: Consider the extensive form mn Figure Al ard let us denote the supremum expected
return of the entrepreneur by VS which we will try to deterrmine. If the game reaches node E,
the expected return of the worker is By and that of the firm 15 {1-B)y. Next consider node I);
since all pairs are playing the exact same game, the maximum the eatrepreneur can expect from
changing partners 15 V¥e-¢. On the other hand, she can say no and stay m, reach node £ and
obtain (1-B)y. Since we are looking for the supremum of her equilibrium pay-offs, let her remurn
at D be given by the maxsmum of these two amounts. Therefore at node C the worker has 10
offer the firm max{VS¢,(1-B)y}. Now move o node B, the worker can say no and coniinue
with barpaumung 1 which case the game will proceed 1o node C and he will obtain y-max| V-
,(1-B)y}. Alternatively, he can say no and leave to obtawm his outside option. Since we are after
the supremum of the pay-off set of the firm, let us suppose that the worker gets his infimum,
dencted by V'y. It then follows that at node A, the supremum of the pay-off set of the
ENITEPISREUT 15
(Al) Vi =y-max{ Vy-ey-max/ Vi -e(1-B)y})
Now notng that V5. + V', =y, this equation has a unique solution which 1 VS =(i-B)y.

We can now repeat the above argument with the infimum of the pay-off set which wili
imply that V'g={1-8)y. Thus given the extensive form, there 15 a unique equilibrium irrespective

of the value of ¢ (as long as it 1s not equai to zero) In which the worker receives By. QED

This lemma tells us that even with very small search frictions, there may be a large
wedge between the marginal product of factors of production and their rates of reurn. The
mtuition s simple. If the warker could ensure that when he ieft the firm, he would get his
marginal product and the entrepreneur likewise would get her margmai product, the pair would

just bargain over the surplus, &. However, m equilibnum, when the worker leaves, he will meet
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another firm and enter & very sumilar bargainmg situation. In fact, if the firm he meets s exactly
the same as the one he 1s bargamng with, he canrot expect anything bet-icr and hence his outside
option will not be binding (i.e. the threat to quit 1s not credible) and barpaiming will ke piace
over the whole of the pie and the "inside” option will determmine wages ("inside” option 15
defined as the return from I'(y) without the right 10 exercise the outside option). This meuition
15 very similar to Diamond (1571)'s famous result and to Shaked and Sutton (1984). It follows
from this results that if we augment the model of the paper with the wage determination pame
outlined here, the result of Proposuion would be the umgue symmetric equilibrium. The analysis
of the next subsectton shows that 1n some other cases we can actuatly also rule out nomn-
syrametric equilibria.

The fimuanons of this reseit should also be noted. First, it does not always hold m the
presence of heterogenous agents because the worker {or the entrepreneur) may be moving to a
better parmer. We will return 1o this point 1n the next subsection where we wiil show that with
efficient matching, the presence of heterogenous ageats does not change our resuits and with
random matching, we agmn obtain exactly the same resuits if ¢ becomes arbitrarily small.
Second, we are not allowing Bertrand type compettion so that @ worker is never able to bargamn
with twe firms simultaneousiy. If we allow a firm 10 meet two workers (or vice-versa) with a
certain probability, then there will be a closer relationship between the rates of return and the
marginat products but the compettive cuicome will not be achieved unless we remove the
mobility costs completely. [t 1s natural that in our context thai two workers would never
sunultaneousiy meet an entrepreneur and vice versa. If a worker is bargaiung simultaneously
with two firms they will both get zerc surplus. Thus ex ante 2 firm will have no incentive 1
contact a worker who is afready m nepotiation with, or employed by, another firm. Third,

although I believe this formulation, where each party has the right to exercise the outside option,
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captures the most smportant and realistic effects, we know from the literature surveyed and
analyzed by Osbormne and Rubinsten (1990) that when Nature decides when bilateral bargaining
will end and parues wiil be forced to take their outside options, bargaming markets converge

1o the competitive equilibnum as the discount factor tends to I, e.g. Gaie (1987)*

(i) Robustness of Wage Determmanion: Heterogeneuy and Efficient Matching

The divergence between marginal products and rates of return piays a crucial part wn our
results, Three assumptions have been used to obtain this result. The first 1s random maiching;
the second is to concentrate on symmetric equilibnia {i.e. homogeneus agents m Lemma 1) and
the third 1s that muitiiaterai contracts cannot be written before the mvesiment stage. Relaxing
the last assumpiion would take us away from the investigation of the decentralized equilibrim*?
{but see conciuding remarks). In this section we will relax the first two.

Agents certainly do not randomly run into each other when they want to trade, Prices and
the distribution of charactenistics mfluence who will rade with whom. Is random matching the
source of our results? To investigate this we define the polar case; efficient marching. If the

matching technology 15 gfficiens, nitial matches are orgamized so that the highest skilled worker

"* The closest structure to our paper is in Bester {1989) which has a spatial competition model where
moving between iocations is costly. He shows that as this cost (which corresponds o our mobility cost,
¢} tends 10 zero and discounting disappears, the equilibnum converges to the competitive cutcome.
However, this is due to the assumpnon that at the begmmng of each subgame Narure decides who will
make the first offer and shere 15 discounting within the bargaming subgame. Thus with the cost of moving
gaing to zero, any buyer who 1s not the first 10 make the offer can quit and eventually find 2 match where
he will be the first one 10 do so and vice versa for the seller. This unplies that with the mobility cost
arbitrarily close to zero, the outside opuon cannot be worse than the nside optien which can oniy be true
i the compentive equitibrium. In our case, afier a separation, agents find themselves at an identical node
and thus even for very smail values of the mobitity cost, the mstde opeion may be preferred to the outside
one.

¥ Also this would requre the relaxanion of the ex ante anoaymity assumption but Rubinstem and
Wolinsky (1990} show that when this assumption 15 relaxed there exists no limst theorems for the
decentralized equilibrium converging to the competitive outcome.
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15 maiched to the entrepreneur with the highest capual. In other words, the mtial match will be
the same as the competitive allocanion analyzed in section 2; for instance @ and j will put together
in the :mitial match if they have the same rank (see footnote 6). This implies that m the presence
of efficient matching, more mvestment mcreases not only the average product but alsc the
iikelihood of ending up with a2 good job. Such & matching technology may in generai take us
rearer to a compettive allocation where wages not only distribute the final returns across

different factors of production but also allocate the "nght" workers to the "night” Jobs.

Lemma 2: Let us assume that matching 1s efficient and agents are potenually heterogenous at
the wage determenznion stage. Denote the totai output of worker 7 with entrepreneur § by y;.
“Fhen n the umque equilibrium we have W, =Sy, where entrepreneur j and worker i have exactly

the same ranks.

Proof: Consider worker 1 and entrepreneur ) such that (I (D) =0 and 8:(7)=0 (i.e. highest skilled
entreprencurs and workers). We first want to establish that W =gy, for this pair. Suppose one
of the parties switches, they will move to subgame I'(y) where ¥ <y;. Suppose for concreteness
that the worker meets a fimn j* with 2. <z, (if this 15 an equality the argument of Lemma |
applies). Obviously, the worker can only get more than W if the entreprencur gets below her
inside optron when matched with the worker of the smtial maich, Sy.. But i <y; also mplies
that the loss that entrepreneur i* 1s making must be larger than the gamn of worker 1. Thus if
worker 1 wanted to switch, she would too. Therefore i equilibrium, worker i cannot get a
higher wage 1n any subgame I'(y) and hence would end-up strictly worse off for all positive
values of e. The same argument applies to entrepreneur . Now given that the highest ranked

workers and entrepreneurs choose not to swich, the same argument applies to the next iighest
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ranked and they too can only move to a worse maich, so the ouside opuon is not binding, etc,

QED

Thus this lemma demonstrates tha: the divergence between rates of returns and the
marginal products s not due to our random matching assumption but caused by the presence of
transaction costs of decentralized trading (costs of breaking-up partnerships or finding new
partners). Next we can aiso state a similar result for random matching with heterogenous agents
but oniy witen e s arbitrarily small. Yet we have been unable (o charactenize the fulf equilibraum
when & 15 non-negligible, agents are heterogenous at the wage determination stage and matching

15 random;

Lemma 3: Let us assume that matching is random and agents are potentially heterogenous at the
wage detertmnation stage. Denote y; as the totat output of worker » with eatrepreneur ;. Then
as -0, the umque equilibrium 15 W, =8y, where entreprencur § has exactly the same rank as

worker 1.

Proof: Since the mobility cost e 15 arbitrarily small, agents will switch partners uniil the best
atlocation of workers to enirepreneurs is achieved. But in this allocation, no worker (or
entreprenelr) can be moving o a better partner - as in the proof of Eemma 2 - and smce € 18
still positive, the inside option s preferred to the outside opuon. Tl herefore, for alt i ard j of the

same rank, W;=8y;. QED

Both efficient matching and random matching with small mobility costs lead to a sHuation

where heterogenous agents are matched in the "nght” way (i.e. the most skilled worker with the
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most skilled enirepreneur). But grven this allocation, the outside options wili never be binding
because no party can be moviRg io a better match; thus the "inside” option determines the wages

and rates of retum to CNEEPIencus. Now we can state;

Corollary to Proposition 2: With efficient marching or with random matching as e-+0, the
equilibrium of Proposition 2 is the ungque equilibrum of the fully specified economy even when

agents are allowed (0 use non-symmetnic strategies.

Proof: Consider a case 1n which two workers of human capual b, and h, have different utility
levels. If the first worker has higher utility and h, >n,, then the second worker can increase his
investment to slightly above h, (by continuity) and get a better rank thus the same job and the
same utility (or arbitrarily ciose w it). If b, <h,, this time he cap reduce his mvestment to
slighily above b, and the same argument applies. Hence a contradiction and a!l workers have to
obtam the same tevel of utility and the same applies 1o all entrepreneurs. Given that the problem
we have is strictly convex, this can onfy be possible, if they all ehoose the same level of ex ante
wmvestment and this gives exactly the same outcome as Proposition 2 as the unique equilibnum
even considermg non-symmetric outcomes. QED

The mnution of this corollary s straightforward. The wage determmnanion rules of
Lemmas 2 and 3 still give concave pay-off functions to each agent which feads 1o a situation in
which they all choose the same leveis of investment ex ante and in this case the result is exactly

the same as Proposition 2%

* Efficient matching 1s not always wnnocuous. When workers face the nisk of being unemployed (as in
section 5, higher human capual enables workers to wcrease their likelihood of being employed and this
may lead to an “education race” The wntwition 15 that with unempioyment, there 18 v post heterogenesty
and workers will change thetr ex anfe investment decissons o influence therr likelihoods of ending-up 1
differemn groups. If in the modef of the secnon 5 we change the matching technology to efficient
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Appendix B - Proofs of Propositions -6
Proof of Proposition 1: (11) defines optimal decision tuies. Subshituting from (12) we get

Ir(l-ﬂr) 114 z;—l

(AZ)
efi-g) I-aH_,

for all pairs. Balanced growth 15 only possible when the growth rate of Z, and that of H, are

equal which implies investment fevels

(A3) Lee.=ta(1-a) "A(1-8)} T

(A3) makes sure that both H, and Z, grow at the same rate and output will also grow at this rate
g°, Equation {A2) also unphes that if z/h ratio 15 less than {1-«)/«, more entrepreneursal capital
than human capital will be accumuiated, and vice versa if the rato s more than (l-a)/e. Thus
the baianced growth path s globally stable.

Pareto opumality follows from the observation that this allocation maximizes the welfare
of generation 1 given H,, and Z,, and that there 15 no possibility of redistribution weifare across
generanons, so increasing the mvestment of current generation to improve the welfare of future

generations will not be a Pareto improving action. QED

Proof of Proposition 2: Equation (14) mplies that all workers face the same distribution of
returns and thewr problem 15 concave, thus they will ali choose the same level of human capitai

investmens and the same argument applies to entreprenenrs. Imposing this condition we obtain

matching, an equilibrium fails to exst {(details available from the author). These issues are further
imvestigated in Acemoglu (1994). Also similarly, in the presence of non-convexities, small values of «
will fead to new effects which we study next.
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i!(1+l,) B L‘tﬁ Z.I-}
eflve) {I-e){1-BYH.,

(Ad)

for all pawrs. Balanced growth 15 only possible when the growth rate of Z, and that of H, are

equai which wmplies

{A5) I'Eﬁejﬁ{f:ta(l“a)z'aﬁa(i“ﬁ)i—af‘i(i“a)}?

and therefore the economy grows at the rate g* as given n the text. By the same argument as
above, if the z/h rauo 15 different than the one consistens with balanced growth, i.e. af/(1-2)(1-
#3). transuory dynamics will bring the economy back to balanced growth.

Both on and off the balanced growth path, if a Socal Planner imposes the competitive
mvestmen: levels, all agents can be made better off. Therefore the dynamic equilibrium s
mefficiens. The iast thing to prove is thal pecuniary ncreasing refurns are present in the sense
that a small increase 1n all agents mvesiment will make everyone better-off, Consider such a
change. The impact on the welfare of a worker will be proportonal o
(A6) (1-8)(1-a)(1-B)dh 2, "dz +{(1-8)eBA "z, "")-1")dh,

The coefficient of dh, s equal to zero by the first-order condition and thus the effect on the
welfare of the worker will be positive. A sumilar term applies for the welfare of the
entrepreneurs and they too are made better-off. Thus a small increase 1n the investments of all
current agents makes all current agents (and so, all future agents) better-off and the economy

13 subject to pecuniary increasing returns. QED

Proof of Proposition 3: Sumghtforward maximizaton of g* gives 8=o but by the above

argument the eguilibrium s still Pareto dominated for all values of 8. QED
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Proof of Proposition 4: If an entreprencur chooses the advanced technology when all others are
expected to choose the Jow technology, workers will only mvest 1,(0), thus the entrepreneur wil
make {(1-8)A,B.-k}H,, and if this s fess than {{1-3)A,B,}H,,, there exists an equilibrium m
which the advanced technology 15 not adapted. Conversely, the profit 10 adoption when ali others
are anticipated to adopt s {(1-A)A.B,-k}H,; (since workers now choose 1(1)); if this greater than
{{1-f)AB,}H, , then there exists an equilibnium 1n which the new technology is adopted. Since

both conditions can be sausfied simultaneously, there exisis multiple equilibna. QED

Proof of Proposition 5: First consider the case i which e 1s positive and 7 tends to zero (i.e.
all firms choose the low productivity technology). This unplies that the worker will have
switch fimtely many partners before finding a firm with the high technology ard thus bis
outside option 15 not binding and he always receives SA,h. This gives us the same value of 1(D)
and the same condition as 1n Proposition 4 for mvestment in the less productive technelogy to
be an equilibnuem.

Next consider the case with 71 and e~0. Equation {19} for the wage rate implies that
a firm without the more productuve technology has to pay exactly the same wage rate as the
more productive firms. Thus the remurn 1o the Jow productivity technology 1s JA,B, - BAB:1H,,
whereag the rewrn to the advanced technology 15 as before {(1-A.B,-k}H,,. The comparison
of these two amounts gives the condition for the new technology to be adopted as A;B,- k >
AsB..

in contrast for the new techrology to be adopted m the first best we need;

L i3
(AT) A (1+1A,{1-8)} 1)-k-AUC> A (1+14,(1-8)} 1)
AB,-k-AUC>A,B,

where AUC.H,, is the utility cost of higher investment for each worker. It 1s straightforward to
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see that (A7) 18 more restrictive than A;B,-k> A,B, even when AUC 15 set egual to zero.
Therefore, advanced technoiogies that would not be adopted in the first-best can still be adopted

in the decentralized economy if ¢ 15 small enough. QED

Proof of Proposition 6: Random matching agan implies that all workers are facing the same
convex maximezation problem and they will all choose the same level of investmeat. Thus the
imtersections of the two curves denoung the night and lefi-hand sides of (24) charactenize all the
equilibria. When no entrepreneur enters, workers do not mvest in human capital at all. If 5 15
greater than (1-8)A(1-5), an enirepreneur who deviates and decides 1o enter would not make
enough profits (0 cover her siart-up costs given the human capual investments of the workers.
However, we aiso know from (21) that if all firms want to be active, this 15 mfimtely costly for
the last firm, thus in the neighborhood of 1, p(E) is vertically above the curve that denotes
returns to active entrepreneurship. Therefore, if the two curves will intersect at all they must
imtersect at least two more times. The presence of pecummary creasmg retarns can be
demonstrated by exactly the same method as in the proof of Proposition 2. To analyze the
mefficiency, denote the efficient aliocation as (E',1") such that E entrepreneurs become active
and each worker chooses investment 1. It follows from comparing (24) and (25) that if E=E’,

then | cannot be equal to 1", thus the decentralized economy is constrained Pareto mefficient.

QED
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