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ABSTRACT

This paper proposes a micro-foundation for analyzing the stylized negative correlation that ex-
ists between entrepreneurship rates and wages, and the existence of multiple equilibria. The
underlying mechanism is the matching of capital and skills in the capital market through inter-
action of the required rate of return on capital, the distribution of skills in the population, and
the mechanism shifting the skill distribution. The model shows that the stylized observation
is driven by a particular matching rule, rather than the general rule, and is not necessarily a
manifestation of disequilibrium. We proceed to conduct empirical tests of the implications of
the model.

1 Introduction

It is now a stylized fact, based on empirical evidence from different parts of the world that
earnings decrease as self-employment rates increase. Blanchflower (2000) examined data from
22 OECD countries including the United States for the period 1966-1996 and found evidence that
growth of self-employment is associated with reduction in growth of Gross Domestic Product
(GDP). Figure 1 taken from Parker (1996) shows that self-employment as a fraction of total
employment rose dramatically in the United Kingdom from 8% in 1979 to 14% in 1991 as a result
of the self-employment expansion programs implemented by Margaret Thatcher’s government
1. Associated with this trend, as Figure 2 taken from Robson (1997) shows, relative self-
employment income – the ratio of self-employment income to wage employment income – in
the UK fell sharply from 1.85 in 1979 to less than 1.4 in 1991. The consequences for income
distribution are borne out in the data. Parker (1997) demonstrates that income inequality
increased in the UK between 1976 and 1991, and that it was largely driven by the self-employed.
Their results also show that income inequality among the self-employed was not the result
of large numbers of people entering self-employment, but mainly by a substantial increase in
heterogeneity among the self-employed.

In the case of African countries, Figure 3 based on data from the Occupational Wages Database
collated at the NBER, shows the trend of average occupational wages for African countries
from 1985 to 2000 for all non-agricultural occupations as defined by the International Labor
Organization (ILO). Major reforms in most countries began in mid-1980s and ended around
early to mid-1990s. The figure shows that wages began to fall shortly after the end of major
reforms around 1993. Figure 4 taken from Pinkovskiy and Sala-i-Martin (2010) shows that
poverty rates, defined as the fraction of the population earning less than $1 per day, began to fall

1Although many factors have been advanced for expansion of self-employment, the government initiatives were
undoubtedly central. In order to combat high unemployment that persisted into the late 1970s, the British
government under Margaret Thatcher created several initiatives aimed at supporting self-employment begin-
ning from 1981. These initiatives include the Enterprise Allowance Scheme which provided guaranteed income
of GBP40 per week to unemployed people that set up an enterprise, the Loan Guarantee Scheme through
which the government provided the security that lenders usually require in order to facilitate lending to viable
small businesses that may lack access to finance, and the Business Expansion Scheme that aimed to provide
investment opportunities for investors.
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after 1993. Figure 5, taken from the same study, provides standardized income distribution for
African countries for 1970, 1990, 2000 and 2006. A comparison of the 1970 and 2006 distributions
shows that the proportion of population living below $1 per day decreased after the reforms but
the proportion of population trapped in the $1-3 per day bracket has risen from approximately
34% in 1970 to 50% in 2006. In effect, poverty headcount rates decreased but the fraction of the
population trapped in low-wage activities increased over the 36-year period. Labor income is
the most important component of household income in developing countries; therefore income
distribution is closely linked to the labor market. Given the proliferation of efforts to expand
small-scale enterprises across Africa 2 and the incidental expansion of self-employment after
the major reforms ended, it appears that most of the workers drawn into self-employment got
trapped in low-wage equilibrium. 3

There have been attempts to explain the decline in wages and increasing income inequality as
self-employment increases. One of the explanations is centered on market competition. The idea
is that in non-competitive labor markets with excess labor, individuals with high ability would se-
lect into wage employment so that those in self-employment are generally of low entrepreneurial
ability. This hypothesis has been repudiated by evidence. Hamilton (2000) examined data
on earnings of wage employees and self-employed individuals in the United States and found
evidence that workers in paid employment earn higher income than workers in self-employment.
However, he found no evidence to support the hypothesis that the differential is due to selec-
tion of low-ability workers into self-employment. Evidence from low-income countries where
labor markets are typically thought to be non-competitive also refutes the hypothesis. Blau
(1985) analysed data from Malaysia and found evidence of a weak positive selection 4 into self-

2These efforts came in many forms. There were pressures on lending institutions to reduce interest rates,
leading to development of enterprise finance initiatives by commercial banks and other financial institutions.
Some assistance also came in the form of credit guarantees. These efforts drew a large number among the
unemployed workers into entrepreneurship.

3Governments in Africa and other developing countries implemented low-cost capital schemes during 1970s and
early 1980 and the outcomes were self-defeating. Earnings plunged, default rates rose and poverty rates
arising from very low wages skyrocketed. The self-defeating growth of higher employment and lower wages
following increased supply of low-cost capital could be attributed to several factors. First, an exogenous
decrease in the cost of capital will result in lower average skills and therefore reduce enterprise productivity.
Output produced by low-tech enterprises is typically non-tradable and only subject to demand for domestic
consumption. In countries where imported goods are favored over domestic products due to either preferences
or quality issues, low-tech enterprise output growth is associated with product glut and low prices. Second,
other than capital requirement, there is free-entry into the sector and low-tech production systems can easily
be replicated. Free entry ensures that output prices and therefore earnings are driven to razor-thin competitive
levels. The absence of institutional barriers and coordination failures make price regulations impossible. Third,
an increased supply of capital that is not driven by skills will have different implications than supply shift
that is driven by skills. Increased supply of capital that is driven by skill upgrade moves the enterprise sector
toward more productive enterprises and leads to higher wages. On the other hand, an increase in the supply
of capital without efficient matching leads to lower wages and reduction in enterprise efficiency levels.

4Expectation of positive selection on ability into wage employment in non-competitive labor markets is based
on the assumption that individuals with high ability are likely to be selected by employers. In non-clearing
markets, employers subject job candidates to series of tests -- written, oral and situation-room types of
experiences -- in order to select the most able candidates. Because these opportunities are limited, individuals
with the highest abilities are often drawn into wage employment at least for the first few years of their careers.
However, the sample of workers who seek wage employment may not be representative of the labor force.
Indeed, if individuals with the highest levels of ability choose not to seek wage employment, then positive
selection on ability into wage employment among job-seekers will not translate into positive selection on ability
for the entire labor force.
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employment by entrepreneurial ability in urban areas. His finding is supported by evidence from
India (Rosenzweig 1980), Thailand (Chiswick 1977; Bertrand and Squire 1980; Teilhet-Waldorf
and Waldorf 1983), Kenya (House 1984) and Guatemala (Sumner 1981).

An alternative explanation for decreasing productivity in the UK offered by Robson (1997)
is that productivity declined as a result of decrease in the level of capital per self-employed
worker. However, Barnejee and Newman (1993) cast doubt on the efficacy of this argument.
They showed that decrease in average capital is not a sufficient condition for decrease in wages,
but productivity and wages are outcomes of the distribution of capital over the underlying set
of productive skills. Given an average capital per self-employed worker, replacing a distribution
that assigns increasingly large amount of capital to more productive workers with another
distribution that assigns a fixed amount of capital to all workers could lead to decrease in wages
due to disequilibrium between the cost of capital and its marginal product everywhere in the
distribution except perhaps for the median worker.

In this paper, we emphasize the centrality of skill-capital matching in enterprise formation in
explaining the observation. The central thesis is that the underlying matching of capital and
borrowers kills matters more than the average level of capital employed in self-employment.5

The hypothesis is that while the credit market and the programs to expand access to finance
have focused on expanding access to enterprise capital, they have not paid sufficient attention
to the capital-skill matching process.

2 Literature and background

Research examining the negative correlation between self-employment rates and wages is limited
to cross-country analysis, and most of the country-level analyses are focused on a few developed
countries. Poschke (2011) analyzed data from the Global Entrepreneurship Monitor (GEM)
surveys and observed a negative correlation between entrepreneurship rates and per-capita
income across countries, as well as a positive correlation between firm size and per-capita income.
Gollin (2007), citing data from the International Labor Organization (ILO) Yearbook of Labor
Statistics, demonstrates using cross-section data that entrepreneur-workforce ratio (used as a
proxy for the rate of self-employment and entrepreneurship) falls as income per capita grows. In
the data, the ratio was as low as 0.02 in the US and as high as 0.80 in Nigeria and Bangladesh
during 1988-1993. Blanchflower (2000) examined data from 22 OECD countries including the
United States for the period 1966-1996 and found evidence that growth of self-employment was
associated with reduction in growth of Gross Domestic Product (GDP). Lucas (1978) examined
data from US history and observed that average firm size increased with per-capita income

5The deficit of attention to skill and capital matching is not surprising. It is always assumed, and taken
for granted, that the credit market is capable of creating efficient matches between capital and skill in the
formation of enterprises. But there are noteworthy grounds to believe that this is not always the case. The
practice in the credit market to screen borrowers on the basis of perception of information asymmetry rather
than on the basis of borrowers’ productivity implies that high productivity individuals lacking collateral may
be denied access to entrepreneurship capital.
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during 1900-1970, owing to decrease in the proportion of small enterprises. Gollin (2007) also
presented data showing that the ratio of entrepreneurs to total workforce in manufacturing fell
as income per-capita grew in Japan. Thus, self-employment rates fall and small enterprises
disappear as per-capita income rises.

In explaining the US experience, Lucas (1978) proposed a model of occupational choice in
which individuals endowed with heterogeneous ability can choose wage employment or self-
employment, and a threshold of ability is required to be successful in entrepreneurship. In
equilibrium, individuals with ability above the threshold who would earn more rents than in
wage work will choose entrepreneurship while the others will be wage workers. As capital per
worker grows, wages would rise relative to managerial rents, and more people would choose
wage work, leading to decrease in entrepreneurship rates, larger firm sizes and higher income.
However, there are several challeges to this explanation. First, while empirical evidence from
the US shows that firm sizes increased with income per capita, the principal implication of the
model in Lucas (1978) that connected the theory to empirics – that wages grew more than profits
during the period of capital accumulation, inducing managers to give up their jobs in order to
become workers – was not empirically tested. Existing empirical estimates of the relationship
between wages and profits during a period of capital accumulation do not support the model. [1]
analyzed data collected during the British industrial revolution and found that GDP per worker
rose by 37 percent between 1800 and 1840. However during the period, real wages was stagnant
while the profit rate doubled. Second, in the absence of data on self-employment exit rates, it is
difficult to rule out other interpretations. Third, [2] proposed a different model to analyze the
distribution of firm sizes and entrepreneurship. Their analysis suggests that the implications
of Lucas (1978) would be different if the model accounted for endogeneity of schooling decision
and allow returns to entrepreneur’s schooling to accrue as profit. In addition, they offered
an entirely different but plausible explanation for the negative correlation between income per
capita and entrepreneurship rates. They note that entry barriers in terms of managerial talent
and other requirements for entrepreneurship are more stringent in high income countries than
in low income countries; the more selective process in the developed countries would mean that
many prospective entrepreneurs would be unable to start a business but work for wages. If the
rules become more stringent over time, they may also explain the within-country correlation.
Notably, the paper does not address the role of capital markets.

In characterizing the Japanese experience, Gollin (2007) accounted for the phenomenon on the
basis of productivity differences across low income and high income countries. In his model, peo-
ple with entrepreneurial ability above a certain threshold 𝑧𝑢 choose entrepreneurial work; those
with entrepreneurial ability below a lower threshold 𝑧𝐿 choose wage employment while those
with ability within the interval between the two thresholds 𝑧 ∈ [𝑧𝐿, 𝑧𝑢] choose self-employment
and share their time among entrepreneurship and wage employment. Together with size con-
straint on self-employment firms, which makes them small, a closing of the threshold interval
ensures a negative correlation between firm sizes and self-employment. While Gollin focused on
the role of entrepreneurial ability (or managerial talent), he made no reference to the behavior
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of the capitalists.

Research on firm size distribution in African countries, which has recently emerged due in large
part to availability of firm-level surveys, demonstrate the role of markets, especially capital
markets. Sandefur (2010) analyzed data from Ghanaian manufacturing sector and observed
that average firm size decreased by about 50 percent between 1987 and 2003, and further that
the distribution of firm size was more (right) skewed in 2003 than in 1987. Firms with less
than 10 employees accounted for 76 percent of total number of firms and 19 percent of total
employment in 1987. By 2003, the numbers rose to 85 percent and 35 percent respectively. On
the other hand, firms with 100 or more employees accounted for 2.9 percent of total number
of firms and 54 percent of employment in 2003. By 2003, the numbers were 1 percent and 34
percent respectively. Indeed, the share of employment in firms with less than five employees
tripled during the period, showing that the urban labor market is increasingly dominated by non-
agricultural self-employment. Using data from the same sector, Lanker (2012) shows that firm
size has significant influence on earnings, and that the effect is stronger in self-employment than
in wage employment (although the effect in self-employment is notably driven by individual time-
invariant characteristics). Together, this body of evidence implies that enterprise real wages
are being substantially driven by microenterprises in Ghana over the period, consistent with
income distribution data showing that most people who enter self-employment are trapped in
low-wage equilibrium. Other studies based on data from Ghana and other African countries fail
to support the hypothesis that small firms grow to become large. Instead, the body of evidence
shows that small firms remain small, or die, and big firms are “born big” (Sandefur 2010). Thus
firm dynamics exhibit signs of multiple equilibria.

While there is arguably a role for both labor and capital markets in explaining this pattern of
firm dynamics, the role of the labor market is very limited. Expansion and contraction of wage
employment, synonymous with rising and falling wages respectively, will pull or push workers
out of and into self-employment respectively. Once workers are sorted into the employment
sectors, the dynamics of enterprise growth and the sorting of firms into equilibria are henceforth
matters for the capital market and its interaction with entrepreneurial skill distribution. Using
data from a sample of African countries’ enterprise surveys, Sandefur (2010) shows that capital-
labor ratio, productivity and wages increase with firm size (consistent with Lucas 1978), while
implied cost of capital (computed as the required rate of return on capital) decreases with
firm size. Biesebroeck (2005) also observed that credit availability is strongly correlated with
productivity in a sample of enterprises from a number of African countries. In effect, less
productive firms have lower access to credit, thus ensuring that larger, more productive firms face
lower costs of capital. Other evidence suggests substantial selection by firms into equilibrium,
and that credit constraints induce a permanent effect on firm size distribution (see Sandefur
2010). These suggest an important role for credit markets.

However, there is also a body of research showing the influence of skill in the credit markets.
Acemoglu (1996) shows that increase in skill makes investment in capital more attractive by
raising its returns. This demand for capital by firms with higher skill pushes up the cost of
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capital so that the remaining firms end up working with lower capital to skill ratios. In essence,
smaller firms end up with lower capital per worker and higher cost of capital as a result of
endogeneity of the cost of capital to the stock and distribution of skills. The foregoing suggests
that firm dynamics and multiplicity of equilibria are outcomes of interaction between the cost
of capital and the distribution of skill in the population. In the next section, we present a model
of capital-skill matching in the entrepreneurial market that incorporates these salient features.
We analyze equilibrium allocations and compare them under different rues of matching, while
incorporating the labor market effect in form of the mechanisms responsible for shifting the skill
distribution. Thereafter we derive testable implications that we take to the data.

3 The basic environment

This paper builds on Acemoglu (1996) and Lucas (1978). In particular, we invoke the link
between entrepreneur’s skill (composite talent) and the “span of control” presented by Lucas
(1978) in order to make the model suitable for analyzing firm size dynamics. We consider
an enterprise sector that is populated by two types of agents: a fixed number of risk-neutral
entrepreneurs, indexed by subscript i, who require capital to build enterprises and a fixed number
of risk-neutral capitalists, indexed by 𝑗. Entrepreneurs differ from one another only in terms of
skill ℎ𝑖 which is measured in the domain [0,1]. Similarly, each capitalist possesses only one unit
of capital of size 𝑘𝑗 which is also measured in the domain [0,1]. This allows a continuum of equal
measure of both types of agents. 6 We assume, consistent with these findings that the level of
enterprise technology corresponds to the size of capital; a low-technology enterprise is defined
by a small size of capital and a high-technology enterprise is characterized a large size of capital.
Decisions are made in two periods. At period 𝑡 = 0, entrepreneurs choose their skill levels and
capitalists match their capital with entrepreneur’s skill. At 𝑡 = 1, production takes place and
output is divided between the entrepreneurs, who own the enterprises, and the capitalists.

We adopt a generalized production function whose shape and characteristics are properly pa-
rameterized. The production function for an enterprise is given by

𝑦𝑖𝑗 = 𝑓(ℎ𝑖, 𝑘𝑗) = 𝐴ℎ𝛼
𝑖 𝑘1−𝛼

𝑗 (1)

where 𝛼 ∈ (0, 1) determines the shape of the production function and all the other properties.
The entrepreneur is endowed with a unit of labor all of which he supplies to the enterprise. Since
labor is fixed, it does not appear as an input in the production function. For all intents and
purposes, the production function in equation (1) is a one-worker-one-enterprise version of the
neoclassical production function. Entrepreneurs maximize expected profits conditional on the
set of prices. The variable inputs earn their marginal products while enterprise profits are paid

6Soderbom (2011) concludes that large firms use more productive technologies than small firms and Sandefur
(2010) shows that capital per worker increases by firm size in the Ghanaian data, equivalent to capital
increasing by size of enterprise in the case of one-person enterprise.
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to the entrepreneur as wages 7. Capital is paid rent (or the required rate of return) and skill
is paid its return, which is interpreted as the cost of effort in learning the use of (incremental)
capital or the cost of working with incremental technology. The zero-profit condition in the case
implies that the entrepreneur goes home with the return to skill. The entrepreneur’s utility is
additive and separable in consumption and skill, and is given by

𝑉 (𝑐𝑖, ℎ𝑖) = 𝑐𝑖
1
𝛿𝑖

∗ ℎ1−Γ
𝑖 ⁄ (1 − Γ) (2)

where Γ > 0, and 𝑐𝑖, his consumption, is equal to his total income (return to skill plus profit) as
there is no consumption after period 𝑡 = 1. The parameter 𝛿𝑖 measures the relative disutility of
skill acquisition by the entrepreneur. We assume that the distribution of 𝛿𝑖 across entrepreneurs
is common knowledge at the time of investment. In this paper, we consider the equilibrium under
various matching schemes, beginning with the simple Walrasian allocation and moving on to
consider other matching mechanisms, and comparing the outcomes to the Walrasian mechanism.
In doing so, our objective is to examine the dynamics of entrepreneurship and wages that emerge
under each matching rule.

3.1 The Auctioneer Walrasian Allocation

Under frictionless Walrasian markets managed by an auctioneer, the equilibrium matching of
capital and entrepreneur’s skill will be one-to-one according to their corresponding rankings in
the unit interval. That is, high tech capital will be matched with high entrepreneurial skill and
the most skilled entrepreneur will be matched with the largest size of capital. In this market,
all agents are paid their marginal products:

𝑟𝑖𝑗 = 𝑓𝑘(ℎ𝑖, 𝑘𝑗) = (1 − 𝛼)𝐴ℎ𝛼
𝑖 𝑘−𝛼

𝑗 (3a)

𝜏𝑖𝑗 = 𝑓ℎ(ℎ𝑖, 𝑘𝑗) = 𝛼𝐴ℎ𝛼−1
𝑖 𝑘1−𝛼

𝑗 (3b)

As in standard models, return to capital falls with the level of input. Similarly, �_ij the cost of
skill (which equals return to skill) decreases with the level of skill but increases with the level
of technology of the firm, and is the primary source of complementarity in the model. Given
the returns, entrepreneur’s wage income is given by the sum of profit (return to his labor) and
returns to skill, which simplifies to output minus the total cost of capital,

𝑤𝑖𝑗 = 𝑓(ℎ𝑖, 𝑘𝑗) − 𝑟(ℎ𝑖, 𝑘𝑗)𝑘𝑗 = 𝛼𝐴ℎ𝛼
𝑖 𝑘1−𝛼

𝑗 (3c)

7This is consistent with the practice where the profits of the enterprise are considered as earnings of the
entrepreneur. The only difference is that we separate returns to labor from returns to skill in the model.
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In the Walrasian equilibrium, it must be the case that the marginal product of capital is equal
to the capitalist’s required rate of return on capital, that is, (1 − 𝛼)𝐴ℎ𝛼

𝑖 𝑘−𝛼
𝑗 = 𝜇 . The solution

of the equation yields the capital-skill ratio given by the expression:

𝑘𝑖𝑗 = 𝑘𝑗/ℎ𝑖 = [(1 − 𝛼)𝐴/𝜇]1/𝛼 (4)

In equilibrium, all enterprises exhibit constant ratio of capital to skill, and both entrepreneurs
and capitalists have no incentive to break up a match once it is formed. The optimal level of
skill acquired by the entrepreneur is obtained by maximizing his utility in equation (2) subject
to the condition that 𝑐𝑖 = 𝑤𝑖𝑗 = 𝛼𝐴ℎ𝛼

𝑖 𝑘1−𝛼
𝑗 . The utility maximization process yields:

𝛼2𝐴ℎ𝛼−1
𝑖 𝑘1−𝛼

𝑗 = ℎ−Γ
𝑖 /𝛿 (5)

Substituting (4) into (5), the optimal acquisition of skill by the entrepreneur is given by:

ℎ𝑖 = [𝜇/(1 − 𝛼)1−𝛼/𝛼𝛼−2𝛿−1𝐴−1/𝛼]1/Γ (6)

the matching level of capital is given by equation (4).

Under this matching technology, all firms face identical cost of skills (the cost of learning the use
of incremental addition to capital or alternatively the cost of the learning required to use new
technology), and are therefore able to take advantage of them without anyone falling behind or
getting ahead of others. In effect, all firms benefit similarly from technological improvements.
The constancy of capital-skill ratio in this equilibrium implies that output and wages increase
progressively with the level of technology (or capital) while the costs of capital and skill remain
constant for all levels of skill.

Proposition 1

1. There exists a unique Walrasian equilibrium where the skill investments are given by
equation (6) and all enterprises have a constant capital to skill ratio given by equation
(4).

2. The equilibrium allocation is Pareto optimal.

3. The rate of return on skill is independent of the relative disutility of skill acquisition �.

3.2 Comparative Statics: The cost of capital �

We re-write the equilibrium outcomes in equations (3b), (6), (4), and (3c) respectively as:

𝜏𝑖𝑗 = 𝑤𝑖𝑗/ℎ𝑖 = 𝛼𝐴1/𝛼(1 − 𝛼)(1−𝛼)/𝛼𝜇−(1−𝛼)/𝛼 = 𝐿⋅𝜇−(1−𝛼)/𝛼 (7a)
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ℎ𝑖 = 𝛼−2/Γ𝛿−1/Γ𝛿−1/Γ(1 − 𝛼)−(1−𝛼)/𝛼Γ𝐴−1/𝛼Γ𝜇(1−𝛼)/𝛼Γ = 𝑀⋅𝜇(1−𝛼)/𝛼Γ (7b)

𝑘𝑖 = 𝛼−2/Γ𝛿−1/Γ(1 − 𝛼)(Γ−1+𝛼)/Γ𝛼𝐴(Γ−1)/𝛼Γ𝜇(1−𝛼−Γ)/𝛼Γ = 𝑁⋅𝜇(1−Γ)(1−𝛼)/𝛼Γ−1 (7c)

𝑤𝑖 = 𝛼1−2/Γ𝛿−1/Γ(1 − 𝛼)−(1−Γ)(1−𝛼)/𝛼Γ𝐴(Γ−1)/𝛼Γ𝜇(1−Γ)(1−𝛼)/𝛼Γ = 𝑂⋅𝜇(1−Γ)(1−𝛼)/𝛼Γ (7d)

From the above equations, an equilibrium with higher required rate of return to capital is
associated with a higher level of skill (𝜕ℎ𝑖 ⁄𝜕𝜇 > 0) and lower ratio of wages to skills (𝜕𝜏𝑖𝑗⁄𝜕𝜇 <
0), which is equivalent to lower rate of return to skills. Although the matching capital increases
(𝜕𝑘𝑖 ⁄ 𝜕𝜇 > 0), it does so less than skill because (1 − Γ)(1 − 𝛼) ⁄ 𝛼Γ − 1 < (1 − 𝛼) ⁄ 𝛼Γ for any
Γ > 0. Thus, the capital-skill ratio decreases (observe also from (4) that (𝜕𝜅𝑖𝑗 ⁄ 𝜕𝜇 < 0), wages
increase in absolute terms but decreases in relative (to skill) terms. In effect, as the required
rate of return to capital increases, there is over investment skills, which reduces the capital-skill
ratio and drives down returns to investment in skills. Given that 𝜕2𝜅𝑖𝑗 ⁄ 𝜕𝜇2 > 0 from equation
(4), the capital-skill ratio decreases and the capital deficit widens rapidly as the cost of capital
increases. This outcome is inefficient because entrepreneurs with skill below a threshold will
not find capital while capital sizes larger than threshold will lie idle.

We have assumed in the preceding analysis that the stock of capital supplied to the enterprise
market is fixed, and does not increase with the cost of capital. Suppose the stock of capital
is variable in order to allow the capital-skill ratio remain fixed at the constant rate 𝑘𝑖𝑗 = �̄�.
Then the equilibrium described by equation (4) and equation (6) is restored with the effect that
capital and skill distribution both shift upwards, leading to higher output. However, wages do
not respond to changes in the cost of capital.

Proposition 2

1. Suppose the required rate of return to capital is an increasing function of the stock of
capital 𝜇 = 𝜇(𝐾) in the Walrasian auctioneering market and the capital-skill ratio is
constant 𝜅𝑖𝑗 = 𝜅. Then wages are non-responsive to the cost of capital.

2. The equilibrium allocation is Pareto optimal.

In the transition described in proposition 2, the increase in equilibrium level of skill could be the
outcome of two processes: (1) a general increase in the level of skills compared to the market with
lower cost of capital, or (2) a mechanism that sorts low-skill workers, who would not be able to
generate the higher required rate of return on capital, out of the entrepreneurship market. This
sorting could be into wage employment during increasing wages, or sorting into unemployment.
While the former mechanism does not provide any insight into how the rate of entrepreneurship
changes with wage levels, the latter presents a case of negative correlation between the rate of
entrepreneurship and wages conditional on flexible enterprise capital stock.
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3.3 Decentralized equilibrium with random matching and exogenous cost of
capital

We now replace the Walrasian auctioneer with other mechanisms of matching entrepreneurs
with capitalists. We first examine a decentralized equilibrium with random matching. In this
case, entrepreneurs and capitalists still make their investment decisions at time 𝑡 = 0 and
engage in production in period 𝑡 = 1, but capitalists and entrepreneurs are allocated to each
other through a random matching technology. Entrepreneurs do not know which capitalist
they will match with, neither do capitalists know which entrepreneur they will be matched
with. An entrepreneur is equally likely to be matched with any capitalist, and so is a capitalist
equally likely to be matched with any entrepreneur. In effect, the entrepreneur assumes that
he faces a production function of the form 𝑓(ℎ𝑖, {𝑘𝑗}) = 𝐴ℎ𝛼

𝑖 ∫𝑘1−𝛼
𝑗 𝑃(𝑗)𝑑𝑗 while the capitalist

assumes that the production function is 𝑓({ℎ𝑖}, 𝑘𝑗) = 𝐴(∫ℎ𝛼
𝑖 𝑝(𝑖)𝑑𝑖)𝑘1−𝛼

𝑗 where 𝑝(𝑗) and 𝑝(𝑖)
are the probabilities of matching with capitalist 𝑗 and entrepreneur 𝑖 respectively. The expected
returns to inputs are

𝑟𝑖𝑗 = 𝑓𝑘({ℎ𝑖}, 𝑘𝑗) = (1 − 𝛼)𝐴(∫ℎ𝛼
𝑖 𝑝(𝑖)𝑑𝑖)𝑘𝛼

𝑗 (8a)

𝜏𝑖𝑗 = 𝑓ℎ(ℎ𝑖(ℎ𝑖, {𝑘𝑗}) = 𝛼𝐴ℎ(𝛼−1)
𝑖 (∫𝑘1−𝛼

𝑗 𝑝(𝑗)𝑑𝑗) (8b)

and entrepreneur’s wage income is given by (labor earnings plus skill premium)

𝑤𝑖𝑗 = 𝑓(ℎ𝑖, {𝑘𝑗}) − 𝑓𝑘({ℎ𝑖}, 𝑘𝑗){𝑘𝑗} = 𝐴ℎ𝛼
𝑖 (∫𝑘1−𝛼

𝑗 𝑝(𝑗)𝑑𝑗) − (1 − 𝛼)𝐴(∫ℎ𝛼
𝑖 𝑝(𝑖)𝑑𝑖)𝑘1−𝛼

𝑗 (8c)

The equilibrium outcome of this matching problem depends on assumptions about the choices of
capitalists and entrepreneurs in the investment stage. However, the natural equilibrium where
capitalists choose the same investment and entrepreneurs choose identical level of skill is not
very insightful or different from the Walrasian equilibrium.

3.3.1 The case of uniform distribution of capital and exogenous cost of capital

Consider the specific case where all capitalists choose the same size of capital, so that 𝑘𝑗 = 𝑘,
but skills vary across entrepreneurs. This scenario is relevant in order to analyze the functioning
of capital markets where programs allocate flat amount of capital to entrepreneurs. Although
all entrepreneurs receive equal allocation of capital, the amount of capital offered in the market
is the level of capital that will be commensurate for the median entrepreneur in the Walrasian
market. In this particular case, ∫𝑘1−𝛼

𝑗 𝑝(𝑗)𝑑𝑗 = �̄�1−𝛼∫𝑝(𝑗)𝑑𝑗 = �̄�1−𝛼, and the returns to factor
inputs are
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𝑟𝑖𝑗 = 𝑓𝑘({ℎ𝑖}, �̄�) = (1 − 𝛼)𝐴(∫ℎ𝛼
𝑖 𝑝(𝑖)𝑑𝑖)�̄�−𝛼 (9a)

𝜏𝑖𝑗 = 𝑓ℎ(ℎ𝑖, �̄�) = 𝛼𝐴ℎ𝛼−1
𝑖 �̄�1−𝛼 (9b)

while entrepreneur’s total income is given by

𝑤𝑖𝑗 = 𝛼𝐴ℎ𝛼
𝑖 �̄�1−𝛼 + (1 − 𝛼)𝐴(ℎ𝛼

𝑖 − ∫ℎ𝛼
𝑖 𝑝(𝑖)𝑑𝑖)�̄�1−𝛼 (9c)

Given a required rate of return to capital of �, the equilibrium condition in the decentralized
equilibrium is given by (1 − 𝛼)𝐴(∫ℎ𝛼

𝑖 𝑝(𝑖)𝑑𝑖)�̄�−𝛼 = 𝜇. The solution to this equation yields the
expression:

�̄�/ℎ𝑖 = [(1 − 𝛼)𝐴/𝜇]1/𝛼[(∫ℎ𝛼
𝑖 𝑝(𝑖)𝑑𝑖)/ℎ𝛼

𝑖 ]1/𝛼 (10)

In comparison with the Walrasian equilibrium, the ratio of capital to skill is no longer constant,
but depends on the skill of the individual subscript i and the distribution of skill in the entire
market through the ratio (∫ℎ𝛼

𝑖 𝑝(𝑖)𝑑𝑖)/ℎ𝛼
𝑖 . Entrepreneurs with skill higher than the average in

the population of entrepreneurs would have capital to skill ratio that is lower than the Walrasian
outcome while entrepreneurs with skill lower than the average would have capital to skill ratio
that is higher than the Walrasian level, and the capital-skill gap would widen the father the
entrepreneur’s skill is away from the average. This is not surprising; it is rather expected from
a uniform distribution of capital over a range of skills.

To observe how wages are affected by the distribution of skill, (9c) can be re-written as

𝑤𝑖𝑗 = 𝛼𝐴ℎ𝛼
𝑖 �̄�1−𝛼⏟⏟⏟⏟⏟
𝑄

+ (1 − 𝛼)𝐴ℎ𝛼
𝑖 �̄�1−𝛼 [1 − (∫ ℎ𝛼

𝑖 𝑝(𝑖) 𝑑𝑖)
ℎ𝛼

𝑖
]

⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟
𝑅

(9c)

which is a sum of two parts Q and R. Under the Walrasian auctioneer, entrepreneurs with skill
higher than (lower than) the average are matched with capital higher than (lower than) the
average so that (ℎ𝑖 ⋚ ℎ ⟺ 𝑘𝑗 ⋚ 𝑘). Under the matching rule under consideration here, every
entrepreneur is matched with a constant size of capital, leading wage to decrease (increase)
in wages for above-average (below-average) workers through Q in equation (9c) relative to
the Walrasian outcome in equation (3c). However, there is another effect through the second
term. Wages also increase because (∫ℎ𝛼

𝑖 𝑝(𝑖)𝑑𝑖)/ℎ𝑖 < 1 (decreases because (∫ℎ𝛼
𝑖 𝑝(𝑖)𝑑𝑖)/ℎ𝛼

𝑖 > 1)
through R for entrepreneurs with skills higher than (lower than) the average person. In essence,
the net effect of switching from the Walrasian auctioneer to a random matching with uniform
distribution of capital on wages depends on the relativity of these changes based on the shape
of skill distribution.
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Consider a skill distribution that is skewed to the right. The gap between skill and capital
will be large for the highly skilled, thus reducing the value of Q substantially. For the second
component R, the value of (∫ℎ𝛼

𝑖 𝑝(𝑖)𝑑𝑖)ℎ𝑖 will be smaller than one but close to one so that the
right hand side contributes little by way of increase. On a net basis, wages will fall for the
highly skilled entrepreneur under the uniform distribution of capital relative to the Walrasian
equilibrium. With regards to the low-skill entrepreneur, although Q increases substantially,
the increase is more than offset by the large negative value of R induced by a large value of
(∫ℎ𝛼

𝑖 𝑝(𝑖)𝑑𝑖)/ℎ𝑖 > 1, leading to lower wages relative to the Walrasian equilibrium. Thus, wages
are lower for both high-skill and low-skill individuals under a random matching and uniform
distribution of capital than under the Walrasian allocation.

If, on the other hand, skill distribution is sufficiently skewed to the left, the capital-skill gap
for the highly skilled entrepreneur is lower relative to the case under the right-skewed distribu-
tion but is still larger relative to the Walrasian allocation. So, Q will be lower than under the
Walrasian auctioneering outcome. However, the second component will increase significantly
because (∫ℎ𝛼

𝑖 𝑝(𝑖)𝑑𝑖)/ℎ𝛼
𝑖 will be small. On a net basis, wages will increase for the skilled en-

trepreneur under the uniform distribution of capital relative to the Walrasian equilibrium. For
the low-skill entrepreneur, Q will increase substantially relative to the Walrasian allocation and
the value of (∫ℎ𝛼

𝑖 𝑝(𝑖)𝑑𝑖)/ℎ𝛼
𝑖 will be close to one so that the right hand side contributes little

by way of decrease. On a net basis, wages will also increase for the low-skilled entrepreneur
under the uniform distribution of capital relative to the Walrasian equilibrium. Indeed, as noted
at the beginning of this subsection, the finding that different shapes of skill distribution yield
different wages for the same worker is driven by sensitivity of the (uniform) level of capital to
the median level of skill.

It is important to characterize this outcome further. The ratio of wage to skill, or the return to
(or cost of) skills, obtained by substituting (10) into (9b) yields the following expression:

𝜏𝑖𝑗 = (𝛼𝐴 [(1 − 𝛼) 𝐴
𝜇 ]

1−𝛼
𝛼

)
⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟

𝜏𝑊

+ ⎛⎜
⎝

[∫ ℎ𝛼
𝑖 𝑝(𝑖)𝑑𝑖
ℎ𝛼

𝑖
]

1−𝛼
𝛼

⎞⎟
⎠⏟⏟⏟⏟⏟⏟⏟⏟⏟

𝜏𝑀

(11)

which is a product of the constant cost of skills under Walrasian allocation (�_W ) and a
multiplier represented by (𝜏𝑀). Thus, the cost of skills diverges by level of skill relative to the
population average. The first observation from equation (11) is that, regardless of the skill
distribution, (∫ℎ𝛼

𝑖 𝑝(𝑖)𝑑𝑖)/ℎ𝑖 > 1 for low-skill entrepreneurs and (∫ℎ𝛼
𝑖 𝑝(𝑖)𝑑𝑖 < 1 for high-skilled

entrepreneurs. Therefore, compared to the Walrasian equilibrium, the cost of skill (re return
to skill) is higher for entrepreneurs with skills below the average and lower for entrepreneurs
with skills above the population average. In effect, the cost of skills (return to skills) rises
for low-skill entrepreneurs and falls for high skill entrepreneurs if we replace the Walrasian
equilibrium with the decentralized equilibrium with uniform distribution of capital and random
matching. The second observation is that return to skill rises for both high-skilled and low-
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skilled entrepreneurs as we move from a right-skewed distribution to a left-skewed distribution
of skills because (∫ℎ𝛼

𝑖 𝑝(𝑖)𝑑𝑖) increases as a result. In effect, return to skills rises for everyone
as the average level of skill rises in the population. When the two factors are combined, the
low-skilled entrepreneurs benefit more in terms of return to skill under a left-skewed distribution
than a right skewed distribution. This captures a form of social returns to skill that has been
emphasized by Acemoglu (1996) – see page 787 of the article.

Why are wages higher under uniform distribution of capital compared to the Walrasian efficient
allocation rule when skill distribution is left-skewed but lower when skill distribution is right-
skewed? Given that the cost of capital is exogenous, there are two explanatory factors. One,
the amount of capital supplied to the market rises with the median level of skill, so that capital
per entrepreneur is higher under the left-skewed skill distribution than under the right-skewed
distribution. “As the cost of education falls for a group of workers, the stock of skill in the econ-
omy increases, and firms want to increase their capital (p.787)” Thus, low-skill entrepreneurs
benefit in terms of higher levels of capital induced by the high level of median skill when skill
distribution is left-skewed than they would be allocated under the Walrasian rule. Second, a
right-skewed skill distribution yields little for the low-skill entrepreneur in terms of capital in-
crease with the change of rule, and any such benefit from capital is outweighed by the decrease
in returns to skill, leading to lower wages. For high-skilled entrepreneurs, reduction in return to
skills associated with the right-skewed distribution is reinforced by large reduction in capital.

Proposition 3

1. Suppose the matching technology allocates capital uniformly to entrepreneurs, 𝑘𝑗 = 𝑘(ℎ),
where ℎ ∈ (ℎ𝐿, ℎ𝐻) is the level of skill chosen by entrepreneurs.

2. The equilibrium with ℎ = ℎ𝐻 where capital to skill ratio is given by equation (10) is effi-
cient and wages given by equation (9c) is preferred to the Walrasian equilibrium described
by equation (6) and equation (4).

3. The equilibrium with ℎ = ℎ𝐿 where capital to skill ratio is given by equation (10) is ineffi-
cient and wages given byequation (9c) is worse than the Walrasian equilibrium described
by (7f).

The foregoing implies that when the stock of capital is flexible under random matching with
uniform distribution of capital so that average capital increases with average (median) level of
skill, entrepreneurs earn higher wages when the population of entrepreneurs is high-skilled on
average and lower wages when the population is low-skilled. This scenario leads to multiple
equilibria where wages are lower than the Walrasian equilibrium in the equilibrium with ℎ =
ℎ𝐿and are higher in the equilibrium with ℎ = ℎ𝐻 whereas the cost of capital, capital-skill ratio
and cost of skill are constant and the same as the Walrasian equilibrium.
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3.4 Decentralized equilibrium with endogenous cost of capital

We discard the assumption of uniform distribution of capital and consider the case where match-
ing is random (large number of lenders and borrowers) and the required rate of return on capital
is a decreasing function of entrepreneur’s skill. That is, 𝜇 = 𝜇(ℎ𝑖). For simplicity, we assume
that 𝜇 = 𝜃 ⁄ ℎ𝑖 . Solving (1 − 𝛼𝐴(∫ℎ𝛼

𝑖 𝑝(𝑖)𝑝(𝑖)𝑑𝑖)𝑘−𝛼
𝑗 = 𝜃/ℎ𝑖 yields

𝑘𝑗
ℎ𝑖

= ((1 − 𝛼)𝐴
𝜃 )

1
𝛼

((∫ ℎ𝛼
𝑖 𝑝(𝑖) 𝑑𝑖)

(ℎ𝛼
𝑖 ) ⋅ ℎ𝑖

)
1
𝛼

(12)

In this case, the capital to skill ratio is determined by the entrepreneur’s both relative and
absolute levels of skill. A high-skill entrepreneur in a population with high average level of skill
will have very high capital to skill ratio relative to the Walrasian outcome, while a low-skill
entrepreneur in a population of entrepreneurs with low average skill will have very low capital
to skill ratio relative to the Walrasian rule. In the former, the high average skill will attract high
levels of capital that are typically cheaper to administer, and the entrepreneur’s high skill will
further reduce the cost of capital thereby enabling him to demand large size of capital. In the
latter case, the low average skill attracts low level of capital, which is typically more costly. The
entrepreneur’s own low skill level further raises the cost, ensuring that his demand for capital
will be low. Otherwise, a high-skill entrepreneur in a population with low average skill and a
low-skill entrepreneur in a population with high average skill may have similar ratios of capital
to skill. The capital-skill ratio will be the most dispersed among the matching rules considered
so far. Because larger sizes of loan are typically less expensive to administer in reality relative
to small loans, this is likely to mirror the system in well-developed credit markets. An analysis
of equation (12) shows that the allocation is characterized by an indefinite number of equilibria.
Suppose, instead, that such unique equilibrium level of skill exists. From equation (12), although
(∫ℎ𝛼

𝑖 𝑝(𝑖)𝑑𝑖)/ℎ𝛼
𝑖 = 1, the resulting capital skill ratio which simplifies to 𝑘𝑗/ℎ𝑖 = [(1 − 𝛼)𝐴/𝜃]1/𝛼

depends on the level of skill. Because this is not the same for everyone who chooses the same
level of skill, then there is no unique equilibrium. The problem could be modified if the cost of
capital is a step function. In that case, there could be up to twice as many equilibria as the
number of steps once we incorporate skill distribution. It is possible that the standard credit
market has a matching technology that generates a finite number of equilibria, each with unique
realization of wages and constant capital-skills ratio.

4 Empirical tests of models

The following are testable implications of the model:

1. In general, the level of skill (or demand for skill) increases with the required rate of return
on capital. Thus, the model predicts a stronger correlation between skills and the cost of
capital than between skills and wages.
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2. Return to skill (wage-to-skill ratio) falls with the required rate of return on capital when
enterprise capital stock is fixed but remains unchanged when the stock of capital increases
with the required rate of return on capital.

3. A negative correlation between wages and the rate of entrepreneurship arises in a general
equilibrium context when skill growth is driven by sorting of low-skill workers out of
entrepreneurship rather than through increased demand for skills. Thus, the negative
relationship between the rate of entrepreneurship and wages does not always hold.

4. It is not necessary that self-employment rates decrease in order to achieve higher enterprise
wages; only the distribution of skills need to be sufficiently left-skewed.

5. Skill-blind (uniform-distribution) credit programs with exogenous cost of capital are not
inherently destined to generate low wages; amount of capital only needs to be sensitive to
skill distribution such that it increases with the median level of skill in the population.

6. Skill assessment and ordering of groups to generate skewed skill distribution becomes a
crucial necessity for uniform-distribution capital programs to generate high wages.

7. Under uniform distribution of capital and fixed required rates of return to capital, multiple
equilibria of high and low wages can emerge to the extent that skill distribution is not
uni-modal.

References

1 Allen RC. Capital accumulation, technological change, and the distribution of income
during the british industrial revolution. Department of Economics, University of Oxford
2005.

2 Roy N, Seshadri A. Economic development and the organization of production. 2013.

16


	Introduction
	Literature and background
	The basic environment
	The Auctioneer Walrasian Allocation
	Comparative Statics: The cost of capital μ
	Decentralized equilibrium with random matching and exogenous cost of capital
	Decentralized equilibrium with endogenous cost of capital

	Empirical tests of models
	References

