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Abstract

We provide a competitive theory of middlemen or entrepreneurs
who develop brand-name reputations necessary to overcome product
quality moral hazard problems, embedded in a Heckscher-Ohlin model
of North-South trade. Agents with heterogeneous entrepreneurial abil-
ities sort into different sectors and occupations, with endogenous inter-
sectoral mobility. In some contexts competitive equilibrium is charac-
terized by restricted inter-sectoral mobility; benefits of trade liberal-
ization in the South accrue disproportionately to middlemen, North-
South factor price differences grow, and offshoring reduces inequality
in the South. In other contexts there is enough mobility; classical
Stolper-Samuelson and factor price equalization results hold.
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1 Introduction

Conventional trade theory focuses mainly on sources of production costs, ig-
noring the role of endogenous marketing costs and margins that accrue to
trade intermediaries. Yet there is considerable evidence of the importance
of intermediaries and associated markups that drive large wedges between
consumer and producer prices.® One needs to explain the role of trade inter-
mediaries and analyze determinants of their markups, in order to understand
their implications for distributive impacts of trade integration or offshoring.

In this paper we construct a theory of middlemen or entrepreneurs who
develop brand-name reputations needed to overcome product quality assur-
ance problems to final consumers, besides providing managerial inputs such
as finance, technology, supervision or marketing. (In what follows we use the
terms ‘middlemen’ and ‘entrepreneurs’ interchangeably). There is consider-
able evidence of the role of brand names and reputation in the context of
trade, from consumer studies (Berges and Casellas (2007), Roth and Romeo
(1992)); accounts of the role of trust and long-term relational contracting in
international trade (Rauch (2001)), as well as econometric analyses of specific
traded goods (Banerjee and Duflo (2000), Dalton and Goksel (2009), Machi-
avello (2010)).° Our model of middlemen builds on the theory of Biglaiser-
Friedman (1994), and extends it to an open economy general equilibrium
setting. Reputational markups form part of overall product costs; the asso-

Feenstra (1998) provides the following illustration of these markups: a Barbie doll
sold to US customers for $10 returns 35 cents to Chinese labor, 65 cents covers the cost of
materials, and $1 for transportation, profits and overhead in Hong Kong. Mattel, the US
retailer earns at least $1 per doll. Morisset (1998) reports that the price of coffee declined
18% on world markets but increased 240% for consumers in the US between 1975-93. The
average margin between US consumer price and world price for beef, coffee, oil, rice, sugar
and wheat increased by 83% between 1975-94. Feenstra and Hanson (2004) calculate Hong
Kong markups on re-exports of Chinese goods at 12% of its GDP, while manufacturing
accounted for only 6%. The average markup rate accruing to Hong Kong intermediaries
on re-exported Chinese goods was 24%. Ahn, Khandewal and Wei (2009) report that in
the early 1980s, 300 trading firms accounted for 80% of all Japanese trade, with the ten
largest accounting for 30%. In China they report that trading firms currently account for
22% of exports and 18% of imports.

5Berges and Casellas provide evidence from Argentinian consumer surveys showing
the greater importance of brand names compared with labels, seals and certificantion in
consumer perceptions of food quality. Roth and Romeo and Chiang and Masson (1988)
describe the role of reputations of countries-of-origin in consumer perceptions. Rauch
provides a survey of evidence concerning the role of social and business networks in trade,
and intermediaries that arise in the absence of such networks. Banerjee and Duflo, Dalton
and Goksel, and Machiavello respectively test models of reputation formation and their role
in exports of Indian software, of cars to the US, and Chilean wines to the UK respectively.
Hudson and Jones (2003) discuss problems faced by developing countries in signalling their
quality to export markets, owing to the kinds of goods they specialize in, and lower rates
of ISO-9000 certification.



ciated rents would be sacrificed by entrepreneurs in the event of losing their
reputation which provides them requisite incentives to maintain quality. The
size of these rents are proportional to the size of the firm, which in turn is
correlated with the entrepreneur’s productivity, or ability to ‘manage’ (i.e., fi-
nance working capital, supervise production workers or market the product).
Agents in the economy differ in their latent entrepreneurial ability. Only
those with ability above some (endogenously determined) threshold satisfy
the incentive compatibility conditions for credible quality assurance, in any
given sector of the economy. We focus on steady states of such a model, under
the assumption of a given, unchanging ability of each agent in the economy.
Agents with heterogeneous ability sort themselves into occupations and sec-
tors. Low ability agents have no choice but to do manual or production work,
and are thus prevented from selling directly to final consumers. High ability
agents become middlemen or entrepreneurs that ‘manage’ production, pay
production workers and sell to customers, earning rents or markups. To fo-
cus exclusively on the nonconvexities arising due to reputations, we assume
that the underlying production technology satisfies constant returns.” More-
over, all agents take prices as given; hence entrepreneurial markups represent
competitively determined incentive rents, rather than market power.

The incentive constraints endogenously generate entry barriers, with as-
sociated restrictions on mobility of entrepreneurs across sectors. There are
no technological restrictions on the mobility of agents: neither the ‘capi-
tal’ provided by entrepreneurs (working capital, human capital or marketing
capital), nor the work performed by production workers is specific to any
sector of the economy. We embed this in a two-by-two Heckscher-Ohlin
trade model, and explore the resulting implications for classical results of
this theory, such as patterns of comparative advantage, Stolper-Samuelson
or factor price equalization results. Identifying the managerial services pro-
vided by entrepreneurs as ‘skilled’ labor, and production work as ‘unskilled’
labor, the main variables of interest are ‘skill premia’ or relative returns to
entrepreneurs and workers in different sectors.

In one set of contexts, competitive equilibria turn out to be associated
with restricted inter-sectoral mobility of entrepreneurs, with differences in
skill premia across sectors. Conditions under which this happens involve
differences in severity of the quality moral hazard problem across different
goods, and relative TFP high enough in (or consumer tastes biased enough

"Hence all variations in firm size across industries are generated only by underlying
differences in moral hazard. Extending the model to make it more realistic would have to
incorporate variations in scale economies.

8This interpretation would be valid if we extend the model to allow for skilled and
unskilled workers employed by entrepreneurs, with relative productivity of skilled workers
increasing in the entrepreneur’s ability.



in favor of) the high-moral-hazard sector.” For instance, consider the case
where the quality moral hazard problem is more severe in a less skill-intensive
‘low-tech’ good L than the more skill-intensive ‘high-tech’ good H. This case
is empirically plausible: quality is harder to control and inspect in farms or
in labor-intensive manufactured good sectors, product warranties are rare,
and such goods rarely feature in consumer reports.!® In such a case, skill
premia are higher in the L-good sector under autarky as long as relative
TFP in the L-good sector is not too low. Agents with the highest ability
become entrepreneurs in the L-sector, those of intermediate ability become
entrepreneurs in the H-sector, and those of the lowest ability become pro-
duction workers (working in either sector). We illustrate our results for this
context, though (as explained in (e) below) they also apply when the high-
tech good is more prone to moral hazard under some additional assumptions
on the technology.

(a) A preliminary issue concerns the validity of the Rybczynski theorem
and resulting North-South patterns of comparative advantage. If the elastic-
ity of substitution between production work and managerial inputs is small
enough, Northern countries with a larger endowment of ‘skill’ may end up
with a comparative advantage in the less skill-intensive L-good. This is an
instance of a Leontief paradox, echoing a result of Wynne (2005), though the
reasoning is somewhat different.!! Nevertheless, in what follows, we consider
the situation where the South has a comparative advantage in the L-good.

9This is as long as product prices are fixed. More generally, when product prices are
endogenously determined, this is true under the additional assumption that the elasticity
of demand for the relative outputs of two goods with respective to their relative price is
less than one.

10Scandals over safety of Chinese exports of farmgoods and toys have erupted in recent
years, highlighting quality concerns for less skill-intensive goods exported from developing
countries. Using data spanning a large number of countries, Hudson and Jones (2003) show
ISO-9000 certification rates are highest in electrical and optical equipment, basic metal
and fabricated metal products, machinery and equipment sectors. Conversely, agriculture
and farm products, textiles, wood and pharmaceuticals have the lowest accreditation rates.
Accreditation take up rates are also lowest in less developed countries. In similar vein,
Dobrescu (2009, Table 1) shows that that 14% of Slovenian manufacturing exporting
firms in textiles/tobacco, wearing apparel, leather/shoes, wood between 1995-2005 had
ISO certification, compared with 36% in more capital intensive sectors (chemicals, rubber,
machinery, communication equipment, instruments, motor vehicles).

HWynne’s argument rests on greater financial development between North and South
countries, wherein the North may acquire comparative advantage in labor-intensive goods
because these goods are also more subject to a financial market friction. In our model, the
underlying distortion does not vary across countries. Instead, it results from differences
in skill premia across sectors: if the L-sector premium is large relative to the H-sector
premium to start with, a small increase in skill endowment ends up raising the relative
premium in the L-sector, as the L-sector premium falls by a lower proportion than in the
H-sector. This raises relative production of the L-good.



(b) If the skill premium is higher in the L-sector to start with, a rise in
the price of the L-good results in a rise in the skill premium in this sector,
and a fall in the H-sector. The return earned by production workers will
fall, relative to earnings of L-sector entrepreneurs — reversing the Stolper-
Samuelson result. The intuitive reason for this is that the relative output of
the L-good must rise in this case, for which it is essential for entrepreneurs
to enter the L-sector. These newly entering entrepreneurs must be less able
than incumbents, so the margins in the L-sector must rise relative to wages
to allow them to function credibly in the L-sector.!?

In this situation a rise in the price of L-good causes inequality to rise in
the L-sector, and fall in the H-sector; the implication for the economy-wide
average skill premium is thus ambiguous. If the L-sector is large enough to
start with, the economy-wide skill premium will rise. Moreover, if the South
has a comparative advantage in the L-good, differences in some factor prices
(e.g., L-sector skill premium and profit rates) across countries are magnified
with trade integration. Production workers earn lower real wages in the
South under free trade. Trade integration can thus raise the average skill
premium in both North and South, if the L. and H-sectors are the dominant
sectors respectively in those countries, with corresponding rises in intra-firm
inequality within those sectors. Owing to induced impacts on entrepreneurial
rents, it is also possible for trade integration to lower welfare in one of the
two countries.

(¢) Northern entrepreneurs have incentives to offshore production to the
South even under free trade, owing to North-South differences in profit and
wage rates. The distributive effects of offshoring are the opposite of trade
integration: differences in skill premia and wages across countries fall, as
does inequality within the Southern L-sector. The key difference between
trade integration and offshoring concerns the pool of potential entrepreneurs.
With trade integration, the most skilled entrepreneurs are already in the
lucrative L-sector; expansion of the sector must therefore involve entry of
less skilled entrepreneurs from within the South, which necessitates a rise
in the skill premium. In contrast offshoring is associated with entry of high
skilled entrepreneurs from the North, motivated by South-North differences
in profit rates. Such entry can coexist with (and in fact induces) a decline

12The more precise reasoning is based on the clearing of the market for production
workers. A higher price of the L-good initially induces some entrepreneurs to switch from
the H-sector into the L-sector — besides inducing L-sector entrepreneurs to employ more
production workers — both of which causes the demand for production workers and hence
their wage to rise. This depresses the skill premium in both sectors. The drop in the
H-sector premium causes the labor market to slacken, owing to an exit of entrepreneurs
from the H-sector and a drop in employment of workers by each remaining H-sector firm.
So the L-sector premium must end up higher, to ensure that the labor market clears. The
key feature here is that a rise in the L-sector skill premium tightens the labor market.



in the Southern L-sector skill premium.

(d) Trade integration raises North-South offshoring incentives in the L-
sector, and lowers them in the H-sector, essentially because trade integra-
tion magnifies profit differences in the L-sector and shrinks them in the H-
sector.!3

(e) In the case where the H-good is more subject to moral hazard, anti-
Stolper-Samuelson results similar to (b) above obtain, provided the skill-
premium in the H-sector is larger to start with, under the additional as-
sumption that the elasticity of substitution between skilled and unskilled
labor is large enough. This assumption ensures that changes in within-firm
employment outweigh effects of cross-sector employment differences resulting
from some entrepreneurs switching sectors.

(f) On the other hand, if both goods are subject to the same degree
of moral hazard, or if initial differences in skill premia are absent despite
differences in moral hazard (e.g., if relative TFP is sufficiently low in the high
moral hazard sector), competitive equilibria involve enough inter-sectoral
mobility of entrepreneurs within each country to ensure that classical results
of the mobile factor version of the Heckscher-Ohlin theory obtain.

Existing empirical evidence (e.g., as surveyed by Goldberg and Pavcnik
(2007), Harrison, McLaren and McMillan (2010), Winters, McCulloch and
McKay (2004) or Wood (1997)) concerning the distributive impact of trade
integration on developing countries shows the results are ambiguous, with
increases in skill premia in some contexts and decreases in others. Our results
provide a potential explanation for these findings, in terms of conflicting
effects on export and import-competing sectors, and different results for cases
corresponding to different degrees of inter-sectoral mobility of entrepreneurs,
which could be tested in future research.!* The evidence also shows limited

13 Antras and Caballero (2009) consider a model where one good is subject to financial
frictions, and the South is more subject to financial frictions, acquiring a comparative
advantage in the good lacking any frictions. They show that factor prices are not equalized
with free trade, and trade integration raises incentives for North capital owners to lend
to entrepreneurs in the financially unconstrained sector in the South. Their analysis
thus predicts complementarity of trade integration with capital flows, whereas our results
pertain to offshoring wherein the results end up being sector specific.

14This is based on the presumption that entrepreneurial rents in our model are inter-
preted as returns to skilled or non-production workers, which is valid once we extend
the model to allow for heterogeneity of worker skills, with relative productivity of skilled
workers increasing in the entrepreneur’s productivity. The only paper we are aware of
examining differences in effects of trade liberalization on wages in exporting and import-
competing firms is Amiti and Davis (2008). Using Indonesian manufacturing census data
for 1991-2000, they find average wages were lower in import-competing firms and higher
in exporting firms following a cut in tariffs. This is consistent with our model, provided
average wages include (at least some fraction of) earnings of entrepreneurs. Amiti and
Davis do not examine effects on wage inequality.



factor mobility across sectors in response to trade liberalization, consistent
both with our theory as well as models with exogenous factor-specificity
(e.g., Anderson (2010)). In contrast to standard specific sector models, the
extent of specificity in our theory is endogenously determined.'® Moreover,
explanation of some key results are qualitatively different from models with
exogenously imposed specificity: e.g., a rise in the L-sector premium in (b)
above following a rise in the product price of L is associated with entry
of less efficient entrepreneurs into the L-sector, rather than the absence of
entry. This is consistent with evidence provided by Fafchamps and Hill (2008)
concerning the rising gap between wholesale and farmgate coffee prices in
Uganda following increases in export prices during 2002-03. They show this
could not be explained by accompanying changes in transport or storage
costs. Instead, the rising demand for coffee exports and accompanying rise
in middleman markups induced entry of a less efficient set of middlemen.
Similar findings are reported by McMillan, Rodrik and Horn (2002) in the
context of rising trader margins for cashews in Mozambique during the 1990s:
a falling ratio of farmgate to export prices was accompanied by an increase
in the number of traders, especially informal, unlicensed traders buying in
smaller quantities directly from farmers’ homes.

The surveys of empirical evidence cited above also highlight the impor-
tance of context within which trade liberalization takes place, such as policy
environment, infrastructure access or local institutions. Our theory provides
one possible source of context-specificity pertaining to inequality and other
determinants of entry barriers into entrepreneurship in specific sectors. In
the presence of imperfect capital markets, agents’ wealth represents an im-
portant determinant of access to capital, and thus of entrepreneurial ‘ability’
in our model, as stressed by occupational choice models in development (e.g.
Banerjee and Newman (1993)). Economies with highly polarized wealth dis-
tributions that lack a middle class are ones where there is limited scope for
entry into lucrative sectors of trade intermediation. Our theory predicts that
the output response of economy to trade liberalization will then be slug-
gish, with high increase in inequality (see Proposition 7?7, part (i)). This
could potentially explain differences between effects of trade liberalization in
Latin America and sub-Saharan Africa during the 1980s and 90s compared
with East Asia during earlier decades that have been highlighted by Winters,
McCulloch and McKay (2004) or Wood (1997).

5Other differences are that in Anderson’s theory, inequality rises between specific cap-
ital in export and import-competing sectors, with no implications for inequality between
capital owners and workers. Our focus is on the latter form of inequality. Moreover, with
a fixed pattern of factor specificity, the former kind of inequality must rise as a result of
trade integration. In our approach the nature of sector specificity is endogenously deter-
mined, generating different kinds of inequality effects of trade integration depending on
the nature of associated specificity.



The next section describes relation to existing literature in more detail.
Section 3 introduces the model of the closed economy. Section 4 considers
the case where the L-good is more prone to moral hazard. We first describe
the equilibrium of the supply-side, where product prices are taken as given.
This is followed by the economy-wide equilibrium, and the main comparative
static properties. We then extends it to a two country context and studies
effects of trade liberalization and offshoring. Section 5 discusses the extension
to the case where the H-good is more prone to moral hazard, while Section
6 concludes.

2 Related Literature

The only other work we are aware of concerning intermediation and its im-
plications for trade theory is that of Antras and Costinot (2010a,b). In their
theory, it is exogenously assumed that producers cannot sell to consumers
directly, and must search for traders who can. The allocation of bargaining
power between producers and traders is exogenous, whereas in our context it
is determined endogenously by occupational and sectoral choices of agents.
They abstract from heterogeneity within producers or traders. The results
of our respective approaches also differ markedly. The benefits of trade in-
tegration are evenly divided between producers and traders in one version
of their model, and accrue entirely to producers in another. Offshoring by
Northern traders may render Southern producers worse off, if the bargaining
power of the former is large enough. This is in contrast to our model where
offshoring always makes Southern production workers better off. A common
prediction, on the other hand, is that Southern traders will be worse off as a
result of offshoring.

Similar to many recent trade models and consistent with empirical ev-
idence (e.g., see the survey by Harrison, McLaren and McMillan (2010)),
our model predicts Southern entrepreneurs locating in the export sector are
of higher ability than other entrepreneurs, and earn correspondingly more.
An obvious extension of our model wherein reputations depend not just on
the product characteristics but also the markets in which they are sold —
specifically, where international reputations are harder to build than domes-
tic ones — would imply that the productivity thresholds for exporting would
be higher than for domestic production in all countries, not just in the South.
In such a context, trade integration would generally raise inequality between
exporting and non-exporting firms. In this respect our approach has some
similarity to that of Helpman, Ttzhoki and Redding (2010), in which trade lib-
eralization may raise inequality by inducing high productivity firms to search
more intensively for high ability workers. In similar vein, Costinot and Vogel



(2010) model matching between heterogeneous productive tasks and work-
ers of heterogeneous abilities. However their analysis generates generalized
Stolper-Samuelson predictions when the source of trade is differences in fac-
tor endowments across countries. Matsuyama (2007) provides an alternative
approach wherein the activity of exporting — involving transport, finance,
marketing and communication — is itself more skill-intensive than produc-
tion. A rise in export activities owing to improved technology of transport or
communication can then end up increasing the demand for skilled workers,
and eventually the skill premium. Verhoogen (2008) provides a theory and
supporting empirical evidence that cars marketed in the US are of higher
quality than those in Mexico (owing to non-homothetic preferences), whence
increased exports of Mexican-produced cars to the US following an exchange
rate devaluation of the Mexican peso generated higher demand and relative
wages of skilled Mexican workers. Zhu and Trefler (2005) provide evidence
with a cross-country panel wherein the rise in skill premia across middle
income and developing countries was positively correlated with a shift in ex-
port shares towards more skill-intensive goods. All these approaches stress
the correlation between firm productivity and export activities, which gener-
ates rising inequality as an outcome of trade integration, a feature shared by
our approach, though it operates through a different (reputational) mecha-
nism. 16

Differences between effects of trade integration and offshoring have been
stressed by a number of recent papers, for reasons quite different from those
in this paper. Feenstra and Hanson (1996) pioneered the literature on off-
sourcing and inequality, showing how inequality could rise in both North and
South as a consequence of offshoring low-skill tasks in the North to the South
where these are relatively high-skilled. Such a mechanism relies on hetero-
geneity of production worker skills, something our model abstracts from. In
a model with a continuum of worker skills, Grossman and Rossi-Hansberg
(2008) elaborate how offshoring can benefit domestic workers via employer
cost-savings through better matching, that are passed on to workers in a
competitive labor market. Antras, Garicano and Rossi-Hansberg (2006) and
Kremer and Maskin (2003) study related models in which agents of hetero-
geneous abilities sort into hierarchical teams. Inequality rises in the South in
these models owing to the matching of high ability agents in the South with
worker teams from the North. Karabay and McLaren (2010) examine ef-
fects on risk and long term employer-employee contracting that coexist with
spot markets. Our theory abstracts from risk considerations, or the possibil-

60ne qualitative distinction between these theories and ours is that quality, produc-
tivity or profits vary continuously in the former, whereas there is a discontinuous rise in
profits of entrepreneurs at the thresholds for entry into each sector in our theory. This
has implications for welfare effects of changes in trade costs or policies.



ity of some production tasks within any given sector being offshored while
others are not. Instead, we emphasize how offshoring and trade integration
may have opposite effects on inequality between entrepreneurs and workers,
owing to differences in the associated entry patterns and pools of potential
entrepreneurs that can enter any given sector.

Wynne (2005) and Antras and Caballero (2009, 2010) present trade mod-
els with financial frictions which affect production of one good more than
another, with North countries less subject to financial frictions than South
countries. Our model is based instead on frictions arising from quality moral
hazard which affect different goods in different ways, where the nature of
the moral hazard problem is assumed to be the same between North and
South. These give rise to some features which are similar, though there are
many differences in the detailed way in which these appear. As noted in
the Introduction, shared features include the possibility of a Leontief para-
dox, complementarity between trade and capital flows, and the role of wealth
distributions.

3 Closed Economy Model

3.1 Endowment and Technology

We normalize the size of the population to unity. Each agent is characterized
by a level of entrepreneurial ability or skill a, a nonnegative real variable. We
provide alternative interpretations of ‘skill’ below. A fraction 1 — pu of agents
have no skill at all: @ = 0: we refer to them as wunskilled. The remaining
fraction p are skilled; the distribution of skill is given by a cdf G(a) on (0, c0).
We shall frequently use the notation d(a) = [ adG(a). The cdf G will be
assumed to have a density g which is positive-valued. Then d is a strictly
decreasing and differentiable function.

There are two goods L and H, and two occupations: labor or produc-
tion work, and entrepreneurship. Each entrepreneur can operate at most
one firm, which produces any one of the two goods upon combining labor
with ‘managerial services’ provided by the entrepreneur. Labor is hired on
a competitive market. There is no market for hiring managerial services,
owing to moral hazard problems not explicitly modeled here.'” Hence man-

'In practice, of course, firms may employ more than one manager in order to grow,
but problems of managerial moral hazard and coordination across managers eventually
limit the size of firms (as emphasized by a large literature on ‘organizational diseconomies
of scale’, e.g., Williamson (1967), Calvo and Wellisz (1978), Keren and Levhari (1983),
Qian (1994) or van Zandt and Radner (2001)). In order to explore the industry or general
equilibrium implications of limits to the size of firms created by such problems, we adopt
the simplifying assumption that a firm is managed by a single entrepreneur, similar to

10



agerial services must be self-supplied by the entrepreneur. Examples of these
services are: provision of essential raw materials, supervising and coordi-
nating production undertaken by hired workers, or marketing the product.
These correspond to alternative interpretations of entrepreneurial skill: if
credit markets are imperfect, skill can be interpreted as the entrepreneurs
wealth which determines her ability to finance purchase of raw materials. Or
skill may refer to the entrepreneurs ability to supervise workers, as in Lucas
(1978).

Any given agent makes the following decisions: (a) whether to become
an entrepreneur or worker; (b) if she decides to become an entrepreneur,
she selects which good to produce; (¢) how many workers to employ; and
(d) one of two quality levels for the good to be produced. The production
function for good i is X; = A, F;(n;, a) for the high quality version of the good,
and A;F;(n;, z;a) for the low quality version, where z; > 1 is a technology
parameter representing the severity of the quality moral hazard problem,
A; is a TFP parameter, a denotes the skill of the entrepreneur, and n; the
units of labor hired. F; is a CRS, smooth and strictly concave production
function.'® Producing lower quality enables an entrepreneur to produce a
larger quantity of the good with the same number of workers, as it increases
the number of effective units of skill.*”

In what follows we shall refer to production work as unskilled labor,
and entrepreneurship as skilled labor. Note that neither unskilled or skilled
labor is specific to either sector. Given the assumption that a firm can
have only one manager, there will be no market for entrepreneurs: every
entrepreneur works for herself, managing her own firm. Entrepreneurial rents
will correspond to imputed prices of ‘skill’ which will be equalized across all
agents, which clear the market for skill. In other words, optimal employment
of production workers and an entrepreneur’s own skill will be the profit-
maximizing factor combinations that would have been chosen by an ‘as if’
firm owner who pays for both unskilled and skilled inputs at the (imputed)
factor prices, and ends up with zero profit. Returns earned by entrepreneurs
in any given sector will be linear in their own skill. This allows a simple

Lucas (1978).

18Tn some cases we specialize to the case of a Leontief technology, a limiting case of such
a technology.

9Tn the imperfect capital market interpretation, producing low quality goods requires
fewer raw materials per unit of output, so corresponds to a higher number of effective
units of entrepreneurial skill. The same happens in the production supervision interpre-
tation, since producing a lower quality version requires less intensive supervision by the
entrepreneur. An alternative formulation of the moral hazard problem would be one where
lower quality goods are produced at lower cost (i.e., with fewer workers) rather than in
higher quantity corresponding to a given number of workers. This is closely related to our
formulation and the two versions coincide with a Leontief technology.

11



measure of the returns to skill within any sector.

Consider the cost-minimizing factor combinations in each sector, when
skill is imputed a cost 7 relative to unskilled labor: (6% (v),0H(v)) and
(0L (), 05(7)) are defined as

(0 (7). 60’ () = argmin{6; +0," | Fu (6,',0,) =1}

n»a

and
(0%(7),6% (7)) = argmin{0y +~07 | FL(0%,0%) =1}

The following assumption states that good L is more labor intensive than
good H: for any common ratio of factor costs, production of L uses a higher
ratio of unskilled labor to skilled labor in the cost-minimizing factor choice.
One can think of L as corresponding to agricultural products or low-end
manufactured goods, while H corresponds to high-tech manufactured goods
or services.

Assumption 1 For any v > 0,

0r(v) _ 0 (v)
05(v) ~ 07 (v)

-2

3.2 Entrepreneur’s Profit Maximization and Equilib-
rium Price-Cost Relations

Consider an entrepreneur in sector L, facing a product price of py, (with the
H good acting as numeraire, so py = 1). Suppose the wage rate for unskilled
labor is w. If this entrepreneur were to decide to produce the high quality
version of product L, she would solve the following problem:

max pr ALFr(ng,a) — wny,. (1)
nr

The optimal employment of unskilled labor n} is a function of p/w, char-
acterized by the first-order condition

(po/w)ALOFL(n},a)/0ny = 1. (2)

Let IT5 (pr,w; a) denote the resulting level of profit earned by the en-
trepreneur. Define

=% (3)

wa
the skill premium in the L-sector.

12



Using standard analysis of the profit-maximization conditions, we obtain
the following price-cost relations in each sector (using ; as the imputed price
of skill in sector 7):

L L
pL < 0 (vr) + 720, (1) with = if X7 > 0. (4)
w Ar

| i .

U 0lom ramblm) xS (5)
w An

The left-hand-side of the preceding conditions are the product wage in the two
sectors respectively, which are decreasing functions of their respective skill
premia. Hence the skill premium is the key measure of inequality between
entrepreneurs and workers in any given sector.

Equation (7?7, ?7?) yields the following equation for ratio of prices of the
two goods to their respective unit costs:

by = Ag 0% (o) + b5 (vr)
Ap 08 (vur) + a0 (vu)

in the case where both goods are produced in positive quantities, with a
corresponding inequality in the case of complete specialization. Note that the
right-hand-side is increasing in the skill premium in sector L, and decreasing
in the skill premium in sector H. Hence (7?) expresses a relation between
the skill premia in the two sectors, and the price py, of product L relative to
H. This can be expressed as follows:

(6)

Yo = A(vm;pr, %) (7)
L
For any given product price p; and set of TFP parameters, it expresses a
monotone increasing relation between the skill premia in the two sectors. And
for any given vy and TFP parameters, it expresses a monotone increasing
relation between p; and .
Various properties of this relationship between skill premia in the two

sectors will be used subsequently. For now we note one property which plays
an important role in establishing uniqueness of equilibrium.

Lemma 1 % = M(VH;pLs i—i’) > 1 whenever v, > vy.

Assumption ?? plays an important role here. Since sector L is less skill-
intensive, an equal increase in the skill premium in the two sectors will cause
unit cost in the L-sector to increase by less than in the H-sector. Hence the
premium must rise by more in the L-sector to ensure that the ratio of unit
costs remains the same.
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3.3 Quality Moral Hazard Problem

Customers do not observe the quality of the product at the point of sale. We
assume they value only the high quality version of the product, and obtain
no utility from the low quality version. Entrepreneurs will be tempted to
produce the low quality version which enables them to produce and sell more
to unsuspecting customers. The short-run benefits of such opportunism can
be held in check by possible loss of the seller’s reputation. With probability
n;, an entrepreneur selling a low-quality item in sector ¢ will be publicly
exposed (say by a product inspection agency or by investigating journalists).
In this event the entrepreneur’s brand-name reputation is destroyed, and the
agent in question is forever barred from entrepreneurship. In equilibrium,
customers will purchase only from entrepreneurs for whom the threatened
loss of reputation is sufficient to deter short-term opportunism. Hence in
order for an entrepreneur with skill a to be able to operate in sector ¢, the
following incentive constraint must be satisfied:

Yiwa

Yiwa w

where § € (0, 1) denotes a common discount factor for all agents. The left-
hand-side of (??) is the present value of producing and selling the high quality
version of good ¢ for ever. The first term on the right-hand-side, v;wz;a rep-
resents the short-term profit that can be attained by the entrepreneur upon
deviating to low quality.2’ With probability 7;, this deviation results in the
entrepreneur losing her reputation for ever, in which case the agent is forced
to work as an unskilled agent thereafter. With the remaining probability the
entrepreneur’s reputation remains intact.

The incentive constraint can be equivalently expressed as
a = m;/7; (9)

where
on;

T+ (1=0)(1 - 2)
is a parameter representing the severity of the moral hazard problem in sector
0.

>1

m

Equation (??) represents a reputational economy of scale, which also
translates into a sector-specific entry barrier in terms of entrepreneurial skill
required. Intuitively, higher skilled entrepreneurs produce and earn profits
at a higher scale (conditional on being able to operate as an entrepreneur),
while the consequences of losing one’s reputation are independent of the level

20Recall that a deviation to low quality is equivalent to an increase in the entrepreneur’s
effective skill from a to z;a.
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of skill. The stake involved in losing reputation is thus proportional to the
entrepreneurs skill, which has to be large enough for the agent to be a credible
seller of a high-quality good.?!

The sector-specific entry barriers represent elements of a specific factor
model. However unlike most specific-factor models, these barriers are endoge-
nously determined rather than exogenously imposed: e.g., the skill threshold
for entry into a particular sector is decreasing in the skill premium in that
sector. The reason is simple: a higher skill premium means entrepreneurs
have more to lose from losing their reputations.

Note also that m; > 1 implies that entrepreneurs with skills above the
required threshold for sector ¢ will strictly prefer to be entrepreneurs in sector
i rather than work as an unskilled agent. The per period profit from the
former option is y;wa > wm; > w if (77?) is satisfied.

The results will turn out to depend critically on the relative seriousness of
the moral hazard problem across the two goods. For good ¢ this is represented
by m;, which is a function of exogenous parameters. We shall contrast two
cases:

(A) mg > mp: the L-good is more prone to moral hazard.

(B) my, < mpy: the H-good is more subject to moral hazard.

Quality moral hazard problems could be larger in the less skill-intensive
good, owing to problems in quality control or regulation of these goods, and
the relative lack of product warranties for farm or light manufactured goods
compared with high-tech durable goods. The H-good is more durable; it
is produced in a more automated and regulated production process which
is easier to inspect, and thus allows less scope for skimping on labor or
other essential raw material requirements. An offsetting factor would be the
greater technological complexity of these goods, combining a larger number
of components in the production process. This may lead to high costs of
ensuring high quality, as emphasized in the O-ring theory of Kremer (1993).
Owing to the absence of any concrete empirical evidence on which of these
two cases is more plausible, the purpose of our analysis is to examine how the
results differ between the two cases. We focus first on case A. A subsequent
section explains how the results extend to Case B.

21'We assume customers can infer quality from observing the size of the corresponding
firm and existing prices, by checking whether the incentive constraint is satisfied.
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4 Case A: Where the L-good is More Prone
to Moral Hazard

We break up the analysis of competitive equilibrium into two steps. First we
take product prices as given, and derive the resulting equilibrium of factor
markets: occupational choices and the market for production workers, which
comprise the supply-side of the economy. At the second step we shall bring
in consumer demands and thereby determine product prices.

Definition Given py, the price of good L relative to H, a factor market
equilitbrium of the economy is a wage rate w and skill-premia 7, vy such
that: (i) every agent takes these prices as given and selects between different
occupations (unskilled worker, L-sector entrepreneur, H-sector entrepreneur)
to maximize earnings subject to incentive constraints represented by (77?); (ii)
entrepreneurs within each sector select employment of production workers to
maximize their profits; and (iii) the market for production workers clears.

The analysis of factor market equilibria proceeds as follows. Skill-premia
in the two sectors define the entry thresholds into each sector, which deter-
mine the occupations that any given agent can feasibly choose from while
respecting the incentive constraints. The maximum profit that the agent can
earn in any sector is the product of her own entrepreneurial skill, the wage
rate and the skill premium in that sector. Agents select between occupational
options to maximize their earnings. The allocation of agents across occupa-
tions combined with output prices and the wage rate determines demand for
labor from entrepreneurs in each sector. The aggregate demand for labor
must equal the supply of labor, i.e., the mass of agents that do not meet the
entry thresholds for entrepreneurship in either sector. The equilibrium wage
rate must in turn be consistent with the skill premia in the two sectors, sat-
isfying the price-cost equations (7?7, ?7) characterizing profit-maximization
by entrepreneurs within each sector.

We shall represent the factor market equilibrium by the intersection of
two conditions involving the skill-premia in the two sectors: one which corre-
sponds to clearing of the factor markets, the other to the profit maximization
condition (?7?). We start with the former next.

First we take the skill premia in different sectors as given, and describe
occupational choices of agents in the economy. There are four different situ-
ations to consider, depending on the relation between skill premia and moral
hazard parameters in different sectors.

Case Al: v > 7H:z—z

Since we are in Case A and Z—z > 1, it follows that in this situation v, > vy
also holds. This implies that entrepreneurship in sector L is more profitable
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than in sector H. The entry threshold for this sector is also lower, as % <

”;—If. Hence all those with skill above % will enter the L-sector, and those

below will become production workers. Clearing of the labor market requires
mp,

Op (L), ,me, . mp _
H[eg{(’}%)]d( L ) - MG( L ) + (1 :u) (10)

The production levels will be Xy = 0, X = uALd(%)/Qf(’yL): the economy
specializes in production of good L.

Case A2: vy <7 < 'yHZZ—}LI

Here v > vy implies that the L-sector is more profitable. On the other hand,
the entry threshold is higher in the L-sector: ap, = myp /vy > my/vg = ay.
So agents with a > ay will choose to become L-sector entrepreneurs, while
agents with a € [ay, ar) are unable to enter the L-sector and so have to be
content with becoming H-sector entrepreneurs. And agents with a < agy
become workers.

The labor market clears if

On (’YL)]d( ) +u[9" (ya) ) —d(—2)] = MG(@) + (1 —p). (11)

mr,
s OL(ve) " O (vu) " vu VL Vi

Condition (??) provides a relation between skill premia in the two sectors
that must hold for the labor market to clear. This relationship is downward-
sloping, because an increase in the skill premium in either sector tightens the
labor market condition. To see this, note that a rise in vy lowers the entry
threshold into the H-sector, and raises the demand for production workers
for any given H-sector entrepreneur. And on the other hand a rise in the
L-sector skill premium causes the skill threshold for the L-sector to fall,
motivating some entrepreneurs to switch from the H to the L-sector. By
Assumption ?7?, and by hypothesis v, > vy, L-sector entrepreneurs demand
more production workers than the H-sector entrepreneurs. So the switch
of entrepreneurs between the two sectors tightens the labor market. This
is accentuated by the rise in demand for workers by incumbent L-sector
entrepreneurs.

In this case, production levels are:
Xy = pAgld(ar) — d(ar)l/05 (vir)

X = pArd(ar) /0% (vL)

This case will be of particular interest in the subsequent analysis since
skill premia are not equalized across the two sectors. Entrepreneurs in the
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H-sector would prefer to locate in the L-sector but cannot because they
cannot offer credible quality assurance if they were to produce the L-good.
If this situation happens to prevail, the model ends up exhibiting features
of a specific factor model, owing to the restrictions on the freedom of some
entrepreneurs of intermediate ability to cross sectors. These restrictions arise
endogenously in the model: changes in skill premia will cause entry thresholds
to change, allowing some (but not all) entrepreneurs to move across sectors.

Case A3: vy =1,

YL = Y = 7, say, implies that entrepreneurs are indifferent between the
two sectors. The L-sector is harder to enter, as a, = myp/y > my/v = ay.
Hence agents with a € [ay, ar) have no option but to enter sector H, while
those with @ > a can enter either of the two sectors. The equilibrium in
this case will involve a fraction of those with a > a; who will go to sector
L, the remaining going to sector H. This fraction must be such as to permit
the factor market to clear. We show now that this in turn translates into an
upper and lower bound for the common skill premium .

Denoting the production levels by X, Xy respectively, the factor market
clearing conditions are

[02(1) /AL XL + [0 (7) /A X1 = pG(an) + (1 — p)
(05 (1) /AL X + [657(7)/Au] X i = pd(am)
These equations are equivalent to

T [pGlan) + (1 — p)] — 02 (y)pd(ag)
X = A ) () — 67 (1)6E ()

—0a(VpGlam) + (1 - )] + 0y (v)pd(an)

O ()b (v) = 0 ()65 (v)

However since only agents with a > a; have the option to become L-sector
entrepreneurs,

XH:AH

X, < pArd(ar) /0% ()

which implies

GRS + g ™) — ] 2 pG2E) 4 (1= ). (12)
On the other hand, X > 0 implies
g < (") + (1 - ), (13
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Inequalities (??, ??) provide lower and upper bounds on the common pre-
mium rate 7. Note that (?7) is the inequality version of the factor market
clearing condition (?7) in Case A2. Hence the lower bound in Case A3 ex-
actly equals the limiting premia in Case A2 as vy, and vy approach each
other (see Figure 7?7 below).

This situation involves equal skill premia across the two sectors, thus
corresponding to a non-specific factor setting. The relationship between the
skill premia is upward-sloping (in contrast to Case A2): it coincides with
part of the 45 degree line of equality in Figure 77.

Case A4: vy > v,

v > v implies that sector H is more profitable. Also the entry threshold
in sector H is lower. In this case no entrepreneur enters sector L. Those
with skill @ > ay enter sector H, the rest become workers. The labor market
condition is

95 (va)

05 ()
The production levels are

ul Jd(an) = pGlan) + (1 — ). (14)
XL == O
Xy = pAnd(an)/0; (7).
Hence the economy specializes in production of the H-good here.
Figure 77 shows the relationship between skill premia in the two sectors

consistent with clearing of the factor market. The entry thresholds depicted
v, 7% and 73 are defined by the solutions to the following equations.

O :Z_IL{ ) 1 1
ey dma [vg) = pG(mu /vg) + (1= p)
ea (m_H’)/H)
0L(72 011 (+2
U0 o 3 4 I 23—, o)) = G )+ (1),
ea (fYH) ea (’VH)
0711{(7?{) d 3\ 3 o
nlog s ld(mu /vy) = pG(my [vy) + (1 = p)
Qa (’7H)
For future reference, we shall denote this relationship by the equation

Y = ¥(VH). (15)

Note that this function depends on parameters p, mp, my but is independent
of py, or TFP parameters Ay, Ay. Note also that this function is well defined
for vg < 73, and is not a monotone relationship: it is decreasing below 7%
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Figure 1: Relation Between Skill Premia for Factor Market Clearing

but increasing thereafter. The downward-sloping part corresponding to Case
A2 is the ‘non-classical’ region where skill premia are not equalized across
sectors. The upward-sloping part corresponding to Case A3 coincides with
the line of equality, so this is the ‘classical’ region where skill premia are
equalized. Note that the greater the relative severity z—; of the moral hazard
problem in the L-sector, the greater the range occupied by the non-classical
region.

4.1 Factor Market Equilibrium

We are now in a position to characterize the factor market equilibrium, by
putting together the condition that the labor market clears (which incorpo-
rates reputation effects, occupational and sectoral choices by entrepreneurs),
with the relation between prices and costs representing profit maximization
by active entrepreneurs in each sector.

The former is represented by the relation between skill premia that clears
the factor markets, shown in the previous section. The latter is represented
by the upward-sloping relation (?7?) between premia in the two sector for any
given product price pr. Geometrically it is represented by the intersection of
the corresponding relations between the two skill premia. This is shown in
Figure 77 for different values of py.
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Lemma 2 Consider Case A, where the L-good is more prone to moral haz-
ard: my, > mg.

(a) For any given p;, > 0, a factor market equilibrium exists and is unique.

(b) There exist thresholds p} > p3 > p3 such that below p? the economy
specializes in producing good H while above pt it specializes in good L.
Between pt and p3 both goods are produced. Skill premia are equalized
in the two sectors (i.e., Case A3 arises) when py, is between p2 and
p3, or conversely when relative TFP j—; of the L-good is low relative
to pr. The skill premium is strictly higher in the L-sector, i.e., case

A2 arises, when pr, is between pt and p%, or conversely when relative
TFP ﬁ—z of the L-good is high relative to py.

We sketch the proof. The price thresholds which mark the transition
between Situations 1,2, 3 and 4 are calculated as follows:

OL(Zhryly) + iyl OF (2L
plL:<AL/AH) (mH’yH) mH’VH (mH’YH)

>
ST

(Vi) +vE0H (vE)

Now consider the following price ranges Al, A2, A3, A4 (illustrated in
Figure 77).

Case Al: pp > pt

In this case, there is an equilibrium with vy < ~};, with complete special-
ization in product L, and production levels X; = ud(%)/@ﬁ(vﬂ, Xy =022
Since the price-cost relation (??7) between skill premia in the two sectors is
upward-sloping, it is evident there cannot be any other equilibrium. In the
interior of this range, equilibrium outputs are locally independent of py .

Case A2: pl > pp > p?

221f the price-cost relation does not intersect the horizontal segment of the skill-premium-
frontier associated with labor market clearing, the skill premium in the L-sector is defined
by the point where this horizontal segment intersects the vertical axis. Here the price-cost
relation takes the form of an inequality for the H-sector and equality for the L-sector.
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Figure 2: Factor Market Equilibrium: Case A
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Here there is an equilibrium corresponding to the downward sloping stretch
in the relation between vy, v expressing labor market clearing. This follows
from the fact that at pl there is an equilibrium corresponding to 4, and at
p? there is an equilibrium corresponding to 7%. Moreover in this case there
cannot be any other equilibrium owing to Lemma ?7.23

In the interior of this range of prices, increasing p;, results in an increase
in X, and v, and a decrease in Xy and vg.

Case A3: p? >pp > pi

Now there will be an equilibrium in which skill premia are equalized across
the two sectors. The same argument as in Case A2 ensures the equilibrium
is unique.?* The equilibrium skill premium in this case v, = vy = v* is
determined by the condition

by = (@> 0L (v*) + 705 (v*)
AL O (v*) + 0 (v)

(16)

It is evident that an increase in p; will increase X, reduce Xy and the
common skill premium ~*. The latter results as the shift in production
towards the L-sector raises the demand for labor, inducing a rise in the wage
rate.

Case A4: p; < p?

In this case, there is a unique equilibrium with perfect specialization in sector
H.?> The production level is X; = 0 and

Xy = pAnd(an) /0 (va).

An increase in py, in this region will raise 7y, while leaving X g, vy unchanged.

Z31f there were another equilibrium, it would have to lie in the range vy > ~v%. But this
would require the slope of the skill premium relationship expressing (??) to have a slope
smaller than one somewhere above the 45 degree line, which is ruled out by Lemma ?7.

24Note in particular that Lemma ?? ensures that the slope of the relation between skill
premia expressing (?7?) strictly exceeds unity even on the 45 degree line. Hence a tangency
of this relation with the 45 degree line is ruled out.

25 Again, if the price-cost relation does not intersect the vertical segment of the skill-
premium-frontier represent labor market clearing, the equilibrium is located at a skill
premium of 73 in the H-sector and 0 in the L-sector. Here prices equal cost in the
H-sector while they fall below cost in the L-sector.
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Figure 3: Effect of Increase in p on Factor Market Equilibrium

4.2 Effect of Changes in Skill Endowment on Factor
Market Equilibrium: Validity of the Rybczynski
result

Now consider the effect of an increase in u, the proportion of agents in the
economy with skills. As shown in Figure 7?7, the frontier between skill premia
corresponding to the factor market-clearing condition (?7?) shifts inwards,
owing to the resulting tightening of the labor market. Excepting the case
that yg = 71 is maintained before and after the change in u, both skill
premia fall. What is the effect on the relative production levels X /Xg?
This determines the pattern of comparative advantage in an open economy
setting, an issue addressed by the Rybczynski Theorem in classical trade
theory.

Since the H-good is more skill-intensive, one would intuitively expect an
increase in endowment of skilled labor in the economy to raise the production
of H relative to the L-good, an implication of the classical Rybczynski theo-
rem. This indeed is true in the ‘classical’ region A3 with equal skill premia in
the two sectors. From (?7?) which is independent of p, it is evident that a rise
in p leaves the skill premium unchanged. Hence the entry thresholds into the
two sectors and the demand for unskilled labor from each active entrepreneur
of the same skill are unaffected. Since the L-sector is less skill-intensive, it
follows that the production of the L-good must fall, in order to allow the
labor market to clear.

In the ‘non-classical’ region corresponding to case A2, there will be an
additional effect of a change in p on skill premia in the two sectors. What
turns out to matter is the change in the relative skill premia in the two
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sectors. An increase in p tightens the labor market and thus tends to drive
the unskilled wage higher. Since the L-sector is less skill-intensive, this tends
to lower the skill premium in the L-sector by more than in the H-sector.
However, the relative skill premium ;y—IL{ may still go up, if it was high enough

to start with.?® In that case, we obtain a countervailing effect which can
XL

raise .

To see this concretely, we consider the following example, where the
density of the skill distribution does not fall too fast, and the production
functions for both sectors have constant and equal elasticity of substitution
between skilled and unskilled labor.

Proposition 1 Consider Case A, and assume that azg—s) 1S Increasing in
a and production function for i = L, H exhibit constant, equal elasticity of
substitution k(> 0):

m=1 Bl
with kg > ki (to ensure Assumption 7?7 is satisfied). Then in the factor
market equilibrium:

(i) If k > 1— % an increase in [ has the effect of decreasing X /Xy
mH

for any pr, € (p,pl).

g[k ]
[ H

for any p € (pL,AH/AL). Moreover, there exists pr, € (Ax/ArL,pt)
such that Xp /Xy is increasing in p for any p > pr.

(1) If 0 < k < 1—; , the increase in p has the effect of reducing X/ Xy

The proof is provided in the Appendix. The Proposition shows that ))g—L
falls if the elasticity of substitution is large (case (i)) and otherwise for values
of pr, below i—fz, but not for values of py close enough to pi. In the latter
case the relative skill premium in the L-sector is sufficiently high to start with
that it increases as a result of the increase in skill endowment. This is strong
enough to cause the relative production of the less skill intensive good to
rise. Figure 7?7 provides an illustration of the effect on <& %= In the context of
the open economy, this will provide an instance where the Leontief paradox
appears, if a North and South country differ only in their skill endowments.

268pecifically, the tighter labor market tends to lower vz, and the effect on the relative

d(2L)
; L ; ; Y/ _ 1 1dyr YL d’YL L
premium & of a change in vy is == [ o A/H] which is negative if < 25,

i.e., the initial value of the relative premium is high enough.
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4.3 Comparative Static Properties of the Factor Mar-
ket Equilibrium: Validity of the Stolper-Samuelson
Result

We are now in a position to consider the first key question of the paper: when
does the Stolper-Samuelson relation hold? Specifically, what are the impli-
cations of changing product prices on returns to different factors? We focus
on cases corresponding to lack of complete specialization in either good, i.e.,
where py, lies between pl and p?. Presuming that the South with a shortage
of skill will have comparative advantage in the L-good, trade integration will
induce a rise in py, in that country.

Proposition 2 Consider Case A, where the L-good is more prone to moral
hazard.

(a) If the economy is operating in Case A2, i.e., the L-good has a higher
skill-premium than the H-good, a small increase in pr will raise the
skill premium in L-sector and lower the skill premium in sector H.

(b) If the economy is operating in Case A3, i.e., the two sectors have the
same skill premium, a small increase in pr, will lower the skill premia
equally in both sectors.

Part (a) shows that the Stolper-Samuelson result is reversed in the ‘non-
classical’ region where skill premia are unequal, while it continues to hold in
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the classical region where they are equal. The relation between output price
pr, and skill premia in the two sectors is illustrated in Figure ?7?7. Focusing
on the former region, it is evident that a rise in p;, shifts the skill premium
relation characterizing price-cost equality in the two sectors to the left. Since
the relation between them characterizing the labor market clearing condition
is downward-sloping in case A2, it follows that the skill premium must rise
in L-sector and fall in H-sector. The price-cost relations (??,?77) then imply
that both w and £- rise. Hence the wage rate expressed in units of the
H-good rises, but expressed in units of the L-good falls.?”

The intuitive explanation of the increase in inequality in the L-sector is
the following. The increase in p; induces initially a rise in profitability of
the L-sector, lowering entry thresholds into the L-sector, which allows some
entrepreneurs to move from the H to the L-sector. This tightens the labor
market, both because the L-sector employs more workers than the H-sector,
and each L-sector firm employs more workers. The resulting upward pressure
on the wage rate tends to reduce the skill premium in both sectors. The drop
in H-sector profits will cause the labor market to slacken, as some low-ability
H-sector entrepreneurs will switch to become production workers, and each
H-sector firm hires fewer workers. But the decline in skill premium in L-
sector firms caused by increased wages cannot reverse the initial increase
caused by the increase in the product price. Otherwise a lower skill premium
in the L-sector would slacken the labor market, accentuating the effect of

2"The effect on utility of workers thus depends on relative preferences in their consump-
tion for the two goods: if biased in favor of the L-good sufficiently, workers will be worse
off.
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the decline in the H-sector skill premium. For the labor market to clear, the
L-sector skill premium must rise overall.

The result resembles that in an exogenous specific factor model. However,
a key difference is that in our model entrepreneurs do move between sectors
in response to output price changes, as observed empirically in the Ugandan
and Mozambique contexts cited in the Introduction. The newly entering
entrepreneurs are of lower skill than incumbents in the sector: for them to
be able to function in the L-sector while meeting the moral hazard constraint,
entrepreneurial returns must rise relative to worker earnings, since the latter
serves as the punishment payoff associated with a loss of reputation.

The other difference from an exogenous specific factor model is that the
Stolper-Samuelson result holds in the classical region where skill premia are
equalized across sectors. The relation between skill premia in the two sectors
consistent with labor market clearing is upward-sloping; hence a leftward shift
in the relation between skill premia consistent with price-cost equality implies
that skill premia must fall in both sectors. The logic is similar to that in the
mobile-factor version of the Heckscher-Ohlin model, arising from the ability
of (some) entrepreneurs to move freely between sectors. Entrepreneurs with
skill above the threshold for the L-sector are indifferent between operating
in the L and H sectors. A positive fraction of them are already operating in
either sector. Hence it is possible for a subset of these high skill entrepreneurs
to move into the L-sector out of the H-sector, without any change in the skill
thresholds for sector L. Changes in skill premia result from a rise in the wage
rate, which owes to the shift of entrepreneurs into the L-sector which is more
labor intensive. Skill premia go down in step in both sectors.

The detailed distributional effects of a rise in p; in the anti-Stolper-
Samuelson case A2 are illustrated in Figure ??. This shows the distribution
of income across agents with varying skills, and how it changes as a result
of an increase in p;. Agents with skill below the entry threshold ay for the
H-sector earn the unskilled wage w. Between the thresholds ay and aj, for
the two sectors, the agents are H-sector entrepreneurs, earning ygwa. By
definition of the threshold ay = %, it follows that the earning of a H-
sector entrepreneur at this threshold equals wmpg, which strictly exceeds w
as my > 1. Hence there is a discrete upward jump in earnings at the entry
threshold for entrepreneurship. There is a similar discrete jump in earnings
at the threshold a; for entry into the L-sector, owing to the difference in
skill premia between the two sectors. The highest incomes accrue to en-
trepreneurs in the L-sector, who manage the largest firms in the economy.
They are followed by H-sector entrepreneurs, who manage smaller firms, and
finally workers who work as unskilled employees in both sectors.

The distribution of income is altered following a rise in py, in the follow-
ing way: a rise in incomes at the top (L-sector entrepreneurs) and the bot-
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tom (workers), and a fall in incomes in the middle (H-sector entrepreneurs).
Within the L-sector, inequality in earnings between entrepreneurs and work-
ers rises. On the other hand inequality falls within the H-sector. Note that
these inequality effects appear within firms.

The output and distributive impact of a rise in p;, depend on induced
entry and exit effects of entrepreneurs, which in turn depends on the local
behavior of the ability distribution. To illustrate this, consider the limiting
case of a Leontief technology.

Proposition 3 Suppose the production function in each sector i exhibits
perfect complementarity: X; = A;min{n;,a} for the high-quality good, and
X; = A;min{n;, z;a} for the low-quality good. Suppose also that case A2
applies. Then small increase in py, results in:

(i) no change in w or outputs X, Xy, while vy rises and vy remains con-
stant, if g(T=) = 0 while g(Z2) > 0.

(i1) no change in vy, while w rises and vy falls, zfg(%) = 0 while g(%) >
0.

This shows that relative rates of entry into the H and L-sectors, which
depend on relative densities at the corresponding thresholds, affect the dis-
tribution of benefits between entrepreneurs and workers. In case (i) where
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there is no entry into the L-sector following a rise in 7, owing to ‘thinness’ of
the ability distribution at the threshold %, changes in p;, will be associated
with a zero output response, and none of the benefits of the rise in p; are
passed on to workers. In case (ii) on the other hand, the entire benefits of
rising py, are passed on to workers, as the rise in w does not choke off the
output expansion in the L-sector owing to shrinking entry into the H-sector
at the entry threshold for that sector (combined with lack of substitution
within firms owing to a Leontief technology).

4.4 Autarky Equilibrium

Now we close the model of the autarkic economy by specifying the demand
side. There is a representative consumer with a homothetic utility function
U =U(Dy,Dy), where Dy, D; denote consumption of the two goods. The
relative demand function is then given by

Dy/Dy = ¢(pr)

where ¢(py) is continuous and strictly decreasing in p;,. We assume that
lim,,, 0 ¢(pr) = oo and lim,, o ¢(pr) = 0.

The economy-wide equilibrium is represented by equality of relative sup-
ply and relative demand:

DL/DH = ¢(pL) = XL/XH (18)

where the dependence of relative supply i((—fl on py, is provided by the factor
market equilibrium described in the previous section.

Lemma 3 Consider Case A, where the L-good is more prone to moral haz-
ard. An autarkic equilibrium always exists, and is unique. It must satisfy

pL € (p%npi)

This follows from the fact that relative demand is continuous and strictly
decreasing in pr.?® An autarky equilibrium (pz, vr, Ve, w) is characterized by
conditions of profit-maximization (?7), (??); the labor market clearing con-
dition (?7), and the product-market clearing condition (?7?). It is illustrated
in Figure ?77?.

Now consider the effect on the autarky equilibrium of increasing p, which
will be helpful in determining patterns of comparative advantage when we

Z8Relative supply is well-defined (owing to uniqueness of the factor market equilibrium)
for pr, € (p3,p}), and over this range is continuous and strictly increasing in pr,. Moreover,
as pr, tends to p3 , relative supply of the L-good tends to 0 while relative demand is bounded
away from zero. And as py, tends to pl, relative supply of L tends to oo, while relative
demand is bounded.

30



pL

X1/ Xy

pL -DL/-DH

Figure 7: Autarkic Equilibrium

extend the model to an open economy setting. While the effects of varying p

on ig—f{ in the factor market equilibrium were seen above to be quite compli-
cated, it turns out that the distributional effect on the autarkic equilibrium

is quite simple: skill premia in both sectors fall.

Lemma 4 Suppose Case A applies. A small increase in skill endowment p
lowers skill premia in both sectors, while w and }% both rise.

4.5 Free Trade Equilibrium and Lack of Factor Price
Equalization

Suppose there are two countries South S and North N, the former cor-
responding to the less developed country. They are identical in all re-
spects, except that country N has a higher p the proportion of skilled agents
(u® < pu™).2% Lemma ?? then implies that in autarky Northern country has
a lower skill premium in both sectors.

In a free trade equilibrium (with zero transport costs), there will be a
common equilibrium price p in the two countries, determined by

Dy + DY X7+ X))
Dy + DN X5+ XY
where both relative demand and supplies in each country will depend on
the common price. Once p? is determined, the respective factor market

(19)

29Gimilar results obtain when N has a higher relative TFP in the H-sector.
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equilibrium of each country will determine the remaining variables in each
country.

If the South has a comparative advantage in the L-good, trade integration
will induce a rise in py, in the South, with distributive effects as described in
Proposition ?7?. If skill premia differ across sectors, the skill premium will rise
within the L-sector and fall in the H-sector in the South, and the opposite
happens in the North. Hence the initial gap in skill premia in the L-sector
across the two countries will be accentuated, while that in the H-sector will
shrink. On the other hand, if both countries are operating in the classical
region with equal skill premia in the L and H-sectors, they will decline in
the South and rise in the North: in this case factor prices tend to equalize.

We summarize these results below.

Proposition 4 Suppose the L-good is more prone to moral hazard, and the
South has a comparative advantage in the L-good.

(a) If skill premia differ across sectors (i.e., Case A2 applies) within both
countries under autarky and trade integration, the gap between skill
premia in the L-sector in the two countries grows while that between
skill premia in the H-sector narrows as a result of trade integration. In
this case free trade must be associated with unequal skill premia in each
sector across countries.

(b) If skill premia are equal across the two sectors (i.e., Case A3 applies)
under autarky and trade integration in both countries, the gap between
skill premia in either sector across countries narrows as a result of trade
integration. In this case free trade must be associated with equalization
of skill premia across countries.

4.6 Welfare Effects of Trade

The effects of trade on the equilibrium outcomes of each country are rep-
resented by the effect of trade on relative product price p; and thereafter
on the resulting factor market equilibrium. Hence it suffices to examine the
welfare effect of changes in p;, which can be shown to be equivalent to the
following expression.

Lemma 5 The aggregate welfare effect in country j of a change in p]L has
the same sign as

(X] = D3) +w ul(1 = mu)g(aly)dal; /dp], — (v, — vip)al,g(a])dat, /dp] (20)
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In addition to the standard allocative effect X7 — D7, there is an addi-
tional set of welfare effects operating through the change in entry thresholds
ar, and ay. This owes to the upward jumps in incomes at these thresholds,
owing to the binding incentive constraints operating at these thresholds. A
relaxation of these thresholds enables agents to transfer occupations (from
being a worker to an entrepreneur, when ay falls) or sectors (from sector
H to sector L, when ay falls) and experience a discrete income gain. This
explains the second and third terms in the expression above. When ay falls,
the change in income is —w’(1 — mpy) for every agent at the threshold, who
is switching from being a worker to a H-sector entrepreneur. When ay, falls,
the change in income is proportional to the difference in skill premia between
the two sectors.

In general, it is difficult to sign the sum of these income effects resulting
from a change in entry thresholds following a relaxation of trade barriers. For
instance, consider the cases described above where country S has a compara-
tive advantage in the L-good, and it is operating in case A2. Trade causes an
expansion in the L-sector (a fall in ay) which raises aggregate entrepreneurial
incomes. It also causes a contraction in the H-sector (a rise in ag) which
reduces aggregate income, as some H-sector entrepreneurs switch to becom-
ing workers. The net effect is ambiguous. However, in the case where the
moral hazard problem in the H-sector is negligible (i.e., my approaches one),
the pecuniary externality at the ay threshold vanishes. In that case the ag-
gregate income effect of trade is positive for country S, which adds to the
standard allocative benefits of trade. Conversely, the aggregate income effect
is negative for country N, which subtracts from the allocative benefits. Hence
starting from autarky, a small expansion of trade can be welfare-reducing for
country .

With different parameter values, these welfare results can get reversed.
For instance, suppose that the moral hazard problem in the H-sector is non-
negligible, and approximately the same as in sector L (i.e., my is bounded
away from 1 and my —myg is negligible). Then only movements in the entry
threshold ay will generate non-negligible income effects. If country S has
comparative advantage in the L-good, trade will generate negative income
effects for country S and positive income effects for country N.

4.7 Offshoring

If skill premia in the North are lower as a result of failure of factor prices to
equalize with trade, Northern entrepreneurs will have an incentive to offshore
production to the South. The incentive to offshore can be measured by the
difference in profits between the two countries earned by an entrepreneur of

33



given ability.?® Our preceding results imply that trade integration will cause
the incentive for North-South offshoring in the L-sector to go up, and in the
H-sector to go down, when Case A2 applies and the South has a compara-
tive advantage in the L-good.?' Hence our model predicts complementarity
between trade integration and North-South offshoring in the L-sector, and
substitutability in the H-sector.

We now examine the equilibrium implications of this type of offshoring,
when there are zero costs to offshore, in addition to free trade in goods. The

following proposition shows that the resulting equilibrium is identical to that
G — p+ul
= 2

in the completely integrated economy with p , with factor prices

equal across the two economies.

Proposition 5 With free trade and costless offshoring, the equilibrium is
equivalent to that in the completely integrated economy with u® proportion of
skilled agents. In this equilibrium, the skill premium in each sector are equal-
ized across countries. If the Southern country has comparative advantage
in the L-good under autarky, complete integration relative to autarky causes
skill premia to fall (resp. rise) in each sector in the South (resp. North).

In the integrated equilibrium, the absence of any trade or offshoring costs
implies that entrepreneurs are indifferent which country to locate their op-
erations. This implies that the structure of trade is indeterminate. This
indeterminacy would be resolved in the presence of small trading and off-
shoring costs. Since the North has a higher endowment of skill, the net
outsourcing from the North must be larger.

Proposition 7?7 indicates that the distributional effect of full integration
differs sharply from trade integration when the latter is associated with factor
price disequalization. If the South operates in Case A2 under autarky, trade
integration raises the skill premium in the L-sector while complete integration
lowers it. The reason is that in Case A2 there are restrictions on entry
of entrepreneurs into sector L, who must come from the pool of Southern
entrepreneurs. These entry restrictions are relaxed under trade integration
only if the skill premium in this sector increases. With complete integration

30Without loss of generality, a Northern entrepreneur producing in the South will sell
in Southern markets. This is obvious if transport costs are high enough to render trade
unprofitable. If transport costs are low enough to generate trade, the difference in prices
of any good across countries will equal the transport cost, implying that entrepreneurs
will be indifferent between selling in either country.

31We have shown in this case that the South-North difference in skill premia in the
L-sector rises and the H-sector falls, as a result of trade integration. It is easy to check
that the same property holds for the difference in profits in each sector: e.g., profits in
sector L equals ypw = GH-:#@}? which rises in the South because 7y, rises while vy falls,

and conversely falls in the North.
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on the other hand, high skill entrepreneurs from the North can enter the
L-sector in the South. So the Southern L-sector skill premium does not have
to rise to induce this entry. The fact that it is higher than skill premia in the
North motivates Northern entrepreneurs to offshore operations to the South,
which drives down skill premia there.

The comparison of full integration with free trade is somewhat more com-
plicated. Let us continue to suppose that under autarky the South has com-
parative advantage in the L-good, and Case A2 applies in both countries.
Under autarky skill premia are higher in both sectors in the South; trade in-
tegration causes the skill premium in the Southern (resp. Northern) L-sector
to rise (resp. fall) even further. Under complete integration the L-sector
skill premium must be equalized, and lie between the autarkic skill premia
in the two countries. Hence starting with free trade, offshoring must cause
the Southern L-sector skill premium to fall. But the effect on the H-sector
skill premium is ambiguous.

If relative product prices were to remain unchanged, offshoring would
lower the H-sector skill premium in the South. In that case, offshoring
unambiguously tends to reduce Southern inequality between unskilled and
skilled agents. However, offshoring could have another effect, by causing
a change in py. This effect is not easy to sign. If terms-of-trade effects
of offshoring are insignificant we can infer that it would generally improve
Southern income distribution in favor of production workers in both sectors.

5 Extension to Case B, where H-good is More
Prone to Moral Hazard

Now consider what happens if the H-good is more subject to moral hazard:
mpy > my. Now if skill premia differ, they will be higher in the H-sector.
Consequently occupational patterns will be different: the most skilled en-
trepreneurs will locate in the H-sector, which will be associated with a higher
entry threshold.

As we have seen previously, the relation between skill premia that en-
sures factor market clearing plays a central role in determining the effects of
integration. The following cases can be distinguished:

Case B1: 7. > vg. Here the entry threshold in the H-sector is higher,
while the L-sector is more lucrative, so all entrepreneurs with skill above %
enter the L-sector, and the rest become workers. The economy specializes in
the L-good. The factor market clearing condition is the same as in case Al.

Case B2: v, = vg. The entry threshold into the L-sector is lower but
both sectors are equally profitable so entrepreneurs are indifferent between
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the two sectors. Those with skills intermediate between the entry thresholds
of the two sectors will enter the L-sector; others of higher skill will divide
themselves between the two sectors so as to ensure that the labor market
clears. The factor market clearing condition is similar to that in case A3.

Case B3: vy > vy, T;‘LL < m; Now everyone with skill between =£ and
2 will enter the L-sector, and those above ™4 ™ i will enter the H-sector, The
skill premia must satisfy the condition

"k
0L(ve)" 1 i OH (ve)  vm

mpyg mpyg

>=<1—u>+ua<%>. (21)

Case B4: vy > vy, :LLL > ’Z:If . Everyone with skill above m—}f enters
the H-sector, everyone else becomes a worker, the economy specializes in
producing the H-good. The factor market clearing condition is similar to

that in case A4.

Case B3 is the region where both goods are produced and unequal skill
premia across the two sectors. Unlike the case where the L-good is more
prone to moral hazard, the slope of the skill-premium-frontier is ambiguous
in general. The reason is that the effect of raising v on the tightness of the
labor market is subject to two conflicting effects. Increasing vy lowers the
entry threshold into the H-sector, motivating the most able entrepreneurs
previously operating in the L-sector to now enter the H-sector. Since the
L-sector is less skill-intensive, this lowers the demand for production workers
by an amount that depends on differences in skill intensity between the two
sectors. On the other hand the rise in v induces each H-sector entrepreneur
to hire more workers, which tightens the labor market; the strength of this
effect depends on the elasticity of substitution between skilled and unskilled
factors. To show that the effect can go either way, we specialize to the case
of a CES production function considered earlier in Proposition ??, and a
Pareto distribution for ability.??

Lemma 6 Suppose my > my, the production function in each sector is
given by (??), and the density of the ability distribution g(a) is proportional
to a=® for some parameter § > 2. The relation between skill premia Vi, Vi
i case B3 is downward-sloping if

ku

R > (= DE-2) (22)

32The following result extends to more general ability distributions, provided the asso-
ciated d function has a bounded elasticity. In such cases, the term (2 — §), which is the
corresponding (constant) elasticity for the d function associated with the Pareto distribu-
tion, will be replaced by upper and lower bounds of the elasticity.
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and 1s upward-sloping if

(G

—1](6 — 2) (23)

For sufficiently high elasticity of substitution (condition ??), the relation
between skill-premia that ensures clearing of the labor market continues to be
downward-sloping. In this case, all results of the preceding section continue
to apply (with region B3 substituting for region A2, where skill premia are
unequal and both goods are produced). The only difference is that skill premia
are now higher in the H-sector, since the H-good is more prone to moral
hazard. The key reason is that in this case a rise in the skill premium in
either sector tightens the labor market. It continues to be true for the L-
sector for the same reasons as before. Consider the effects of a ceteris paribus
decline in vy (which may have been induced by rising wages, in turn the effect
of rising py, and the resulting tightening of the labor market). This induces
some entrepreneurs to move from the H-sector into the L-sector.®® This
movement tightens the labor market, since the L-sector is less skill intensive.
On the other hand, a high elasticity of substitution implies a sharp drop in
workers hired within H-sector firms, owing to the fall in 5. This latter effect
dominates under assumption (??), and the labor market slackens. In order
to restore demand for labor, the L-sector skill premium must rise.

On the other hand for sufficiently low elasticity of substitution (condition
?7?), the relation between skill-premia is upward-sloping in region B3. An
increase in py will lower the skill premium in both sectors, whenever both
goods are produced. Hence the Stolper-Samuelson result will always hold
in this case: trade integration will move skill premia closer together across
countries.*® The movement of entrepreneurs from the H-sector to the L-
sector following a decline in vy now ensures a tightening of the labor market,
which causes the skill premium in the L-sector to decrease. However, factor
prices will not get completely equalized with free trade, as long as at least
one of the countries is operating in region B3.

33This does not happen in Case A, where a fall in vy induces some low-ability en-
trepreneurs in the H-sector to shift to being a production worker. It happens in case B
because now the highest skill premium is in the H-sector, so entrepreneurs in the H-sector
that fall below the threshold for the H-sector enter the L-sector.

34Some additional technical qualifications are necessary, however, for this statement to
be true. First, note that factor market equilibrium need not be unique, as both the labor
market clearing condition and the price-cost relation generate upward sloping relationship
between skill premia. Hence comparative static propositions pertain to local effects of
small changes in py,, starting with a locally unique equilibrium. Moreover, the statement
is valid provided we start at a locally stable equilibrium, where the slope of the skill
premium relationship corresponding to the price-cost condition is steeper than for the
factor market clearing condition.
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6 Concluding Comments

We have constructed a theory of middlemen or entrepreneurial rents in a gen-
eral equilibrium model of trade, which provide incentives to maintain product
quality reputations. Entry thresholds, occupational and sectoral choices of all
agents are endogenously determined in an otherwise fully competitive model.
The allocation of agents between production work and entrepreneurship is
explained by their underlying endowment of entrepreneurial skill. In partic-
ular, the model explains why producers cannot directly sell to consumers,
and must sell to intermediaries instead.

A novel feature of this model is that the extent of factor-specificity is
determined endogenously. If the severity of moral hazard problem differs
markedly between different goods, equilibrium skill premia must also vary
in a corresponding way. The lack of equalization of skill premia is associ-
ated with restrictions on movement of entrepreneurs, and the distributive
effects of trade liberalization end up resembling a Ricardo-Viner specific fac-
tor model. Otherwise, there is enough intersectoral mobility to ensure that
classical results of the mobile factor Heckscher-Ohlin model results obtain.
Empirical evidence from some African countries where rising export prices
were accompanied by rising gaps between export and farmgate prices are
consistent with the predictions of the model, suggesting the need for fuller
empirical testing of the model in future research.

The model explains incentives for Northern countries to offshore their pro-
duction to Southern countries, and predicts the distributive implications of
such offshoring to be the opposite of trade liberalization. Normative implica-
tions for trade policy include the possibility of trade liberalization reducing
welfare in the North owing to reduced entrepreneurial margins in import-
competing sectors. Pass-through and output responsiveness to trade liber-
alization depends on underlying distribution of entrepreneurial ability which
determines responsiveness of entry into entrepreneurship in response to in-
creasing profit margins. The model suggests that policies encouraging entry
responsiveness, such as regulatory reforms, or development of entrepreneurial
abilities may thus enhance growth and pro-poor effects of globalization.

We abstracted from the realistic possibility that reputations may be mar-
ket or country-specific in addition to being commodity-specific. For instance
it may be harder to maintain a reputation in international markets com-
pared with domestic markets, owing to the role of information networks that
underlie word-of-mouth reputations. Such a model would create higher pro-
ductivity thresholds for exports compared with domestic sales for any given
commodity, providing an alternative to a number of recent explanations for
export ‘premium’ in productivity and earnings. Yet another extension in-
volves country-specific reputation thresholds, owing to differences in product
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quality regulations or their enforcement across countries. Our model can be
used to explore the general equilibrium implications of changes in regulatory
policy.
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Appendix: Proofs

Proof of Lemma ?7: Implicitly differentiating (??) we obtain

HL
dyL Ap 028 Op +by 0 Ltk
=P = < =
dvu A 0F O +yub 0%~y + %Z

> 1,

with the second equality using (?7?), and the last inequality following from Assumption
L
7?7, vL > vg and the fact that 2—2 is non-decreasing in v7,. 1

Proof of Proposition 77
Step 1

WIfk > 1, d[yL/vu)/dya = d[A(va; pL, %)/VH]/d'yH > 0 for any vy so that A(vu; prL, ‘:—’Z)/VH >
1

()If & < 1, diyp/yul/dve = dN(ve; pr, §2)/vu)/dye > 0 if and only if p, < Ap /AL
(and equivalently v, /vy < (%)ﬁ)

Proof of Step 1

From (?77),
9L
yL + ot
dive/ve)/dve = (Ufye)[——eer — 22,
Y + ﬁ YH

which means that d[yL/vu]/dyg > 0 if and only if

L0 (ve) a0 (vm)

0% (L) 0 (i)
Under this production function in the proposition,
92(%’) -k
~ = (v) "k
o) Y

and
A OEO) b0 ) _ Ak
AL OF (ve) + b8 (vu) AL kpyi 41

In the case of kK > 1 and v1, > vy,

ey = o)< iy =
implying d[vr,/vr]/dym > 0. In the case of k < 1,
vels(vr) _ vubs ()
05 (VL) 05 (vu)
if and only if v, /vy < (i—f)ﬁ which is equivalent to pr, < Ag/AL. [ ]
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Step 2

10%[ kL, ]

) Ifr>1—7 gL

™mpr

d[A(vm;pr, i Y/vu)/dye >0

holds for py, € [p7,p}).

log[%4L]
i) fo<r<1l-— logg[[ﬁ for any p;, < Ay /Ay,

A
d[A(va;pr, Tj)/VH]/dVH >0

and for any p;, > Ay /Ay,
An
d[A(vm;pr, T)/WH]/dVH <0.
L
Proof of Step 2

First suppose that :n”—g < [i—f]l/(l_") and k < 1, which are equivalent to 1 > x >
log[ L

— ;s[[ifiﬁ]. If pp € (p2,p}), since mp/my > v /vy > 1 is satisfied in an equilibrium

of supply-side, it implies v /vy < (’”")1/(1 ) (or pr, < i—f). From (ii) of Step 1, this
means that

d[Xvu;pr, i )/vu]/dve >0

holds for p;, € [p%,p}). From (i) of Step 1, this inequality also holds for x > 1. This
completes the proof of (i).

1 kg
ljg[[ifii] From (ii) in Step 1, for any p;, < Ay /Ay,

m oy

Next take 0 <k <1 —

d[Xvu;pr, i V/vu]/dve >0

and for any pr, > Ag/ArL,

An
This completes the proof of (ii). [ |
Step 3

Taking py, € (p},p?) as given, let’s consider the effect of u on

Ay 88 (y)  d(ay)
A 05(11) [dlar) — d(ar)]

X/ Xy =
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We can use the following relationship.

05(’”{)]/6&[!
L

0F (yu) 0F () OF (y1) 4
0% (vr) [ef(w) T 9Ly, )Al('VHsza A M dyg Jdp

df

/ 0. (var)

04 (var) 0 () e % An

= GECu) 050 i et~ M Oipns i d
0% (vr)
L’ /\( . 7;1) YLOk (L) +1

_ 0. ()0, (WL)[ VH;PL, Ay) “0E(G) = e pe, A do

0z (ve) 0% (L) YH %W(H)) +1 AL

01 (vur) 0F (v) Mvmipr, 5% Ay
= 0L (vr) 0% (vr) | YH —M(mspe, Ap )]dVH/du <0

if d]A(vu;prL, ﬁ—fz)/'yH]/dVH > 0. This relationship is using the fact that

0% B v; 0%,
A

+1)

H
aﬁg 'd[A(VH;pLy%)/VH]/dVH > 0 if and only if ”gf(%) < ng"ﬁ(;’;). Similarly, we
obtain

d(am)
U Gay) /O
= e a1 = e
a 29(a Aovespr, 52
> (fl((alz))( )dg(ELLL))ML[ S 5; AL) - )\1(7H7PL>;{1 )dye /dp > 0

if dA(vm;pL, I)/’yH]/d'yH > 0. This is using the assumption that * fé‘)l) is increasing in
a. This implies that

d(Xp/Xu)/dp < 0.

k
];)gg[[ L ]] and for py, € [pL,AH/AL) Hfo<k<1l-— toa [ ]

log[7 L]

for pr, € [p3,pt)if K >1—

m

Step 4

*

Next suppose pr, € (p2,p3). YL =yu =7

by — (Ai) 0n(v*) + 7702 (v")
AL 08 (v*) + 0 (v*)

is determined by

~* is independent of p. This means that dy*/dp = 0. We have only the direct effect of u
on X /Xpg, which is negative.

From step 3 and this step, this completes the proof of (i) and the first half of (ii) in
the proposition.

Step 5
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Finally let us show the last part of (ii). Suppose that there does not exist pr, € (Ag /AL, p})
so that X, /Xy is increasing in u for any p € (pr,p}). Then p! has to be non-decreasing
in u. However

myp 1 pLimp -1
ey gm0y (=) ’YIIJQH(’Y}{)
dpl du: pl ,}/1 mH mH . a d’)’l d‘LL
/i = P G LR (e B Gl + a0 o)

is negative from step 2(ii). This is the contradiction. [ |
Proof of Proposition 77

With perfect complementarity in production, factor intensities within firms are indepen-
dent of the skill premium in that sector. Moreover, d(a) is locally constant if g(a) = 0.
Then from the factor market clearing condition in case A2, we obtain

H
[oran + a%g(an)my
dy/dve = — [;ﬁ H

- :
ot — grlapg(ar)mu

This shows that vy and hence w does not change in case (i), while 7, does not change in
case (ii). The rise in ., in case (i) generates no change in Xy, because g(7=) =0. 1

Proof of Lemma 77

Suppose that an increase in p raises py, that the initial price level is in (p%,p}). Then as
explained previously, taking p;, as given, the increase in p causes vy and 7y, to decrease
in the factor market equilibrium. On the other hand, the increase in pj, causes vy to fall
and vz, to rise. Therefore the total effect on vy is negative. Since equilibrium py, rises,
the equilibrium level of X /Xy must be lower. However the right hand side of

A 08  d(ay)
Ay 85(ve) [d{ar) — d{ar)

increases with a decrease in 7y, which implies that the total effect on y;, must be negative.
From the price-cost relations, the effect on w and w/py, must be positive. On the other
hand, if the price level is in (p3,p?), the increase in p does not have a direct effect on vy
and ~yy, for given pr,, and the effect on both through the increase in py, is negative.

X1/ Xy =

Next, consider the case where an increase in p is associated with a fall in p;. By
Proposition ?7 this is possible only if p;, € (p2,p}). Then the direct effect of p taking py,
as given is negative for both 7 and yg. On the other hand, the indirect effect through
the decrease in py, is negative for vy and positive for vg. Hence the total effect on ~y is
negative. A symmetric argument to that in the previous paragraph also implies that the
total effect on vy is negative. 1

Proof of Lemma 77

Let the indirect utility function for country j be V(pJL, I7) where national income

[ =p) X] + X}
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Vp(Pian)
Vi (py,.19)’

By Roy’s identity D] = —

av(p},, I’)/dp], =

oV(pl,I’) | oV(p),I7) dI’
Vv (p), 17) Di g

= —_— + JEE—
an [ L dpL]
VL) i i+t a4 dotl 1
= TL][(Xi — D) +ppdXy/dpy, + dXy /dpy]
Since % > 0, the sign of the welfare effect of the change in pL is the same as the
sign of

(X7 — D7) +pdX{ /dp), + dX{; /dp],

Owing to linear homogeneity of the production function and the common ny/a chosen
by all entrepreneurs in a given sector, X] = ApFy, (nL7 h 7) where n} (resp. h7}) is the
total amount of unskilled (resp. skllled) labor used in the L-sector of country j. Since

P X ST — i j _ OFL(ny hy)/0h],
prdX7] /dn], =w! and v] = TR R

pidXJ /dpL =p} AL[aFL(nL,hJ )/8nL[dnL/dpL] —|—8FL(nL,h] )/8h] [dhj /dpL}]
= wj[dnL/dpL —|—7thi/dpL]
Similarly
dX{,/dp}, = AlOFu (nly, hyy)/Ongyldndy /dp)) + 0F (niy, hly) /Ol [l /dpy)]
= w[dny /dpy + yirdhi /dpy)
Therefore
pLdX] Jdp), +dXY, fdp], = w [d(n], +ndp) [dp), + vl d(W] + i) Jdp), + (], =i )dhd, fdp} ).
Since hJL = pd(a; ) for pL (pjf,pil) and 'yi = ’in for pji € (pf’,pf),
(v, = vh)dhi, Jdp), = p(~] — vip)d(d(a}))/dp],
holds fog pjéle (pf’,p];). With n]L +nl; = uG(aly) + (1 — p) and hJL + hi, = pd(aly) for
pr, € (07,07)s
(X4 — DI+ pldX3 Jdp), + dX3, /dp),
= (X7 — D7) +w'pldG(ay)/dpy, + yyd(d(ay))/dpy, + (v, — v)d(d(az,))/dp ]
= (X7 — D7) +w'pl(1 — mu)g(ay)day/dp7, — (v, — v)az.9(ay)dar, /dpy]
Proof of Proposition 77

Suppose that w® # w! with free trade and costless offshoring. If w® < w!, all en-
trepreneurs would hire only workers in country S. However production workers in country
N do not have the option to become entrepreneurs, and would thus be unemployed, im-
plying w" = 0, a contradiction. Similarly, we cannot have w® > w”. With a common
product price ratio p;, and the common unskilled wage, skill premia must be equalized in
each sector across the two countries. These premia must clear the market for production
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workers in the integrated economy, i.e., satisfy (??) with u© representing the proportion
of skilled agents.

As shown in the autarky equilibrium, in the region that vz > g holds in the equilib-
rium, the autarky levels of vy and 7y, are decreasing in u regardless of its impact on py,.

Hence p® < u© < N implies a fall (resp. rise) in skill premia in each sector in the South
(resp. North). 1

Proof of Lemma 77

It is evident that increasing -y, tightens the labor market clearing condition (??). So the
relation with vy ensuring labor market clearing is downward-sloping if and only if an
increase in ~yg also tightens the labor market, i.e.,

¢’Lm>d<%> — [bu () — mwmm%ﬁg >0

where ¢;(;) = 3"837 which reduces to the condition

(28 )

o <

Suyn  mu —d %))

With the CES production function, we have ¢; = ('yi)”%, with kg > kr. Hence it
reduces to .

L H

(=)=

Yu' kL

where € denotes the elasticity of d evaluated at ZXt. This elasticity equals 6 — 2 in the

case of the Pareto distribution. The result now foﬁows, upon observing that in region B3,

mp

the skill premium ratio J—IL{ varies between ;2 and 1. |

—1lle<k
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