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Abstract

This paper develops a North-South trade model with heterogeneous labour and horizon-
tally differentiated products and compares the implications of two policies: Southern intellec-
tual property rights (IPRs) and Northern immigration policy that aims to attract Southern
talent as means of preempting imitation. Individuals self-select into becoming entrepreneurs
and innovate (imitate) in the North (South). The likelihood of imitation depends on product
quality, imitator’s ability, and strength of IPRs. Several interrelated channels of competition
are identified. Allowing high-ability migration when IPRs protection in the South is weak
shifts imitation to low-quality and innovation to high-quality products. The outcome is in
stark contrast to the policy of strengthening IPRs, which limits low-quality imitation and
encourages low-quality innovation. High-ability migration also increases the income of low-
ability entrepreneurs, as well as the average quality of products in the high-ability imitation

sector in the South.
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1 Introduction

While the advanced economies (the North) may view imitation as a threat to innovation activity,
imitation remains vital to technological progress in a large number of non-industrialized developing
economies (the South). To limit imitation, the North has been actively pushing to raise the global
standards of intellectual property rights (IPRs), while the South has firmly resisted this push,
fearing that the reforms would limit its access to Northern innovative products and technologies
and thereby, stifle its development. Meanwhile, the South is concerned with an alarming loss of
talent (“brain drain”) as high-ability individuals migrate to the North, where intellectual assets
have stronger protection and career prospects are better. Figure 1 shows, using data from Miguelez
and Fink (2013) and Park (2008), that inventor emigration rates are highest among countries with
weak [PRs. This negative association persists over time, even as the strength of IPRs continues
to rise around the world to meet global standards. However, as the talent pool declines in the
South, so does the imitation threat. Perhaps rather than pushing for a strengthening of IPRs in
the South, the North can use its immigration policy to preempt imitation? Industry leaders in the
North have long emphasized the importance of attracting high-ability individuals from the South,
arguing that a more open high-skilled migration policy would allow the Northern firms to limit
competitive pressure from the Southern firms and also, strengthen their innovation capacity in
the process. In countries where the enforcement of IPRs continues to pose a serious concern, the

competitive pressure from imitators is of utmost importance for Northern firms.
[Figure 1 here]

This paper explores the role of migration policy as a tool to battle imitation. The key questions
in this respect are: What are the consequences of global talent flows? How do the two policies—i.e.,
strengthening Southern IPRs and opening the North to high-ability immigration—compare in their
impact on imitation activity in the South and innovation activity in the North? We introduce an
occupational choice model of an innovative North and an imitative South with two dimensions of
heterogeneity: product varieties spread over a continuum of quality, and individuals in each region
differing in their entrepreneurial ability. This framework allows us to study the impact of migration
and IPRs policies on the composition of innovated and imitated products, while accounting for
competition between innovated varieties in the North, between imported innovated and domestic
imitated varieties in the South, and also between imitators with different abilities in the South.

An individual in each region can become an entrepreneur or a production worker. Entrepreneurs
earn rents associated with their specific ability. In the North, a higher ability entrepreneur inno-
vates a higher quality variety and earns more rents. In the South, entrepreneurs imitate innovated

varieties: imitation is easier for high-ability entrepreneurs but for a given ability, higher quality



varieties are more difficult to imitate. Accordingly, the imitator’s expected rents rise with product
quality initially but fall eventually as the likelihood of successful imitation falls. The endogenous
entrepreneurship decisions determine the effects of policies on innovation and imitation.

We first consider the policy of strengthening IPRs in the South. Stronger IPRs reduce the
expected rents of imitators and so, some low-ability entrepreneurs exit imitation. Thus, the policy
restrains imitation but only of low-quality varieties. In the North, the competitive pressure on
entrepreneurs falls, the innovators’ rents rise, and low-ability individuals enter innovation. More
innovative products are introduced as a result, but these innovations are of low quality. Such nom-
inal effects on low-quality products put into question the effectiveness of Southern IPRs protection
in limiting imitation and encouraging innovation.

We next examine the policy of allowing a number of high-ability Southern entrepreneurs to
migrate to the North. High-ability migrants exit high-quality imitation in the South and enter
high-quality innovation in the North, thereby creating three effects. First, the mass of high-ability
entrepreneurs falls in the South and high-quality imitation set contracts. This is the direct “brain
drain” effect. Second is the negative competition effect. The mass of high-quality (innovated and
imitated) varieties available for consumption rises, and consumers in each region lower their spend-
ing on each individual variety. The entrepreneurial rents fall in each region as a result, discouraging
low-quality imitation and innovation. But the competitive pressure on low-ability entrepreneurs
in the South also falls as high-quality imitation contracts and Northern innovation shifts away
from low-quality products. The rents of low-ability Southern entrepreneurs thus rise, encouraging
low-quality imitation. This third effect — the positive competition effect — is particularly strong in
the “less-developed” South, where IPRs protection is weak and wage rate is low.

The two policies differ critically in their impact on the entrepreneurial activity in each region.
Opening the North to high-ability immigration from the “less-developed” South shifts imitation
from high- to low-quality products (as high-quality imitation set contracts and low-quality imita-
tion set expands). This result is in sharp contrast to the policy of strengthening Southern IPRs,
which limits low-quality imitation. Moreover, while high-ability migration shifts innovation from
low- to high-quality products (as low-quality innovation set contracts and the mass of high-quality
innovated varieties rises), strengthening IPRs in the South promotes low-quality innovation.

Further, both policies serve to decrease the aggregate income in the South and increase the
aggregate income in the North but the distribution of income within each region is affected dif-
ferently. With high-ability migration from the “less-developed” South, the aggregate income in
the production sector falls in the South and rises in the North. But a strengthening of IPRs in
the South has the opposite effect: the aggregate production income rises in the South and falls in
the North. These results suggest that openness of the North to high-ability immigration is more

appealing from a global development perspective as it helps the “less-developed” South reduce its



reliance on the production sector and promotes transition towards a more entrepreneurial economy.

Last, we compare the policies’ impacts on average product quality. These results are more
nuanced. Nonetheless, under certain conditions, we find that allowing for high-ability migration
from the “less-developed” South increases average product quality in the innovation sector in the
North and also, in the high-ability imitation sector in the South. The latter effect could be viewed
as a compensation for the “brain drain”. A strengthening of IPRs in the South, by contrast,
decreases the average quality in the innovation sector and increases the average quality in the
low-ability imitation sector, but does not affect the average quality in the high-ability imitation
sector.

The underlying purpose of IPRs is to encourage innovation by protecting innovators’ intellectual
assets from imitation. The literature on trade-related IPRs has uncovered the important role
of IPRs protection in stimulating technology transfer via international trade and multinational
firm activity (see, e.g., Helpman, 1993; Maskus and Penubarti, 1995; Lai, 1998; Branstetter et
al., 2006; Branstetter et al., 2007; Ivus, 2010, 2015; Canals and Sener, 2016; Ivus et al., 2017;
Ivus and Park, 2019; Ivus and Saggi (forthcoming)). Migration literature has also uncovered
the important role of skilled immigration in promoting innovation in host countries by offering
expertise and entrepreneurial skills (Ganguli et al., 2020)E| Bosetti et al. (2015) argues that policies
aimed at attracting skilled migrants could boost innovation in Europe. Miguelez and Moreno
(2015) investigates the effectiveness of European policies aimed at attracting foreign researchers
and examines preconditions under which migrant researchers help foster EU competitiveness in
innovation. Stuen et al. (2012) finds that international doctoral students contribute to knowledge
production at scientific laboratories in the US, and argues that visa restrictions on the entry of
high-quality students are particularly costly for academic innovation. Kerr and Lincoln (2010)
shows that total science and engineering employment and invention increases with more H-1B visa
admissions in the US, mainly due to immigrants’ direct contributions. More recently, Akcigit et al.
(2017) and Morrison et al. (2018) find, using historical data, that immigrant inventors to the US
substantially contribute to innovation in the country and generate positive knowledge spillovers
that benefit the productivity of US inventors.

The two strands of literature (on trade-related IPRs and on high-skilled international migration)
have been pursued in isolation of each other. Few studies to date have studied IPRs and migration
in a unified framework. Mondal and Gupta (2008) introduced migration into the Helpman (1993)
model of trade-related IPRs and showed that a strengthening of IPRs in the South decreases the

share of imitated products, shifts labour from the South to the North, and promotes innovation.

1 Also, innovator mobility is one channel through which technologies are diffused worldwide (e.g., Hunt and
Gauthier-Loiselle, 2010; Moser et al., 2014). Ganguli (2015), for example, draws upon the influx of Russian
scientists to the US after the end of the Soviet Union to show how high-skilled immigrants contribute to knowledge
diffusion as a basis for innovation and economic growth.



In Kuhn and McAusland (2009), skilled emigrants improve the quality of goods to the benefit of
the source country consumers; the increment in quality is large when the source and host countries
have more disparate IPRs. McAusland and Kuhn (2011) considered whether governments looking
to attract migrant innovators have a greater incentive to protect intellectual property. The paper
shows that while advanced developing countries pass overreaching IPRs (i.e., relative to globally
efficient levels), poorer developing countries with large innovator emigration find it optimal to
under-protect IPRs, assuming goods produced abroad are valued less at home. In Naghavi and
Strozzi (2015), IPRs protection works as a moderating factor between migration and innovation.
Knowledge acquired by emigrants flows back to the source country through diaspora networks,
and this flow-back generates brain gain when the source country’s IPRs are strong.

An important question in the study of high-skilled migration flows is: What type of en-
trepreneurial activities would the migrants have undertaken in their origin countries had they
not had the opportunity to emigrate? The majority of innovative activity is concentrated in high-
income economies; while in many low-income countries, entrepreneurs engage in imitative research
and development activities because economic institutions, regulatory environment, infrastructure,
and market and business sophistication are not conducive to innovation (Dutta et al., 2016)E|

And yet, despite the rich array of evidence on the relationship between high-skilled immigration
and innovation, there has been practically no discussion of imitation in the international migra-
tion literature. One notable exception is Kerr (2008), which outlines a leader-follower model of
technology transfer through ethnic networks and then empirically evaluates the role of U.S. ethnic
scientific and entrepreneurial communities for international technology transfer to the countries
of origin. While the model developed in our paper is novel in that the occupational decisions of
entrepreneurs are endogenously determined in the presence of labour and product market hetero-
geneity, the model in Kerr (2008) is similar to ours in three respects. First, the focus in Kerr (2008)
is on the steady-state equilibrium where the leading economy does not imitate and the follower’s
economy does not innovate. Similarly, our framework is of innovative North and imitative South.
Kerr (2008) argues that such equilibrium is not limited to extremely poor regions but may also
arise in emerging economies with a small inventive stockEl Secondly, similar to our paper, Kerr
(2008) assumes that entrepreneurial scientists imitate foreign inventions for domestic use only, and
a larger stock of foreign inventions provides a larger pool of technologies available for imitation.

Last, Kerr (2008)’s assumption that the follower’s expatriates work only in the research sector is

2Talent and IPRs protection are not sufficient for a developing South to transition to an innovating economy.
The developing South must also possess a critical level of complementary research, technological, and marketing
assets to ensure that its entrepreneurs can absorb the transferred technologies, introduce new products, and exploit
innovations.

3In Kerr (2008), the equilibrium is determined by the researcher’s imitation-versus-invention decisions: the
follower’s entrepreneurial scientists choose to engage in imitation when their productivity for invention is less than
their productivity for imitating foreign technologies.



also akin to ours.

This paper highlights the importance of studying skilled migration through the framework of
entrepreneurial decisions and in this respect, contributes to two recent important approaches in
the literature. The first approach is to analyze skilled migration from the perspective of the firm.
Kerr et al. (2015a) argues that firms are mostly absent from the literature on the impact of skilled
migration, and Kerr et al. (2015b) and Kerr et al. (2016) underscore the need for greater clarity
in understanding the heterogeneity in firm employment choices and the impact of migration on
reallocation across firms and aggregate productivityEl The second approach is to consider the
impact of skilled migration on labour-market outcomes when knowledge and skills are specialized.
Borjas and Doran (2012) examine the productivity effects of the influx of Soviet mathematicians
after 1992 on the American (and global) mathematics community. The paper finds that the influx
into the U.S. created competitive pressure in both the job market and in the market for codi-
fied knowledge; consequently, marginal U.S. mathematicians became much more likely to move to
lower quality institutions and exit knowledge production altogether. In Peri and Sparber (2011),
immigration affects occupations and the associated skill content of native-born employees. The
paper finds that immigrants with graduate degrees specialize in occupations demanding quanti-
tative and analytical skills, while native-born employees with the same educational attainment
move to occupations requiring interactive and communication skills. Wadhwa et al. (2012) find
that during 2006-2012, immigrants founded 24% of engineering and technology companies in the
U.S. and 44% of high-tech companies in Silicon Valleyﬂ In line with this literature, our paper
emphasizes that the heterogeneous ability of entrepreneurs and the diverse range of quality among
products available for imitation are important considerations when studying the impacts of high-
ability migration from the developing South. The labor and product market heterogeneity affects
the type of activities entrepreneurs engage in, as well as their productivity, and also determines the
degree of competitive pressure that high-ability immigration creates in labor and product markets.

The paper proceeds as follows. Section 2 describes the basic North-South model of trade
with full enforcement of IPRs in the South. Section 3 focuses on the imitation and innovation
decisions when the IPRs in the South are partially enforced, describes the model equilibrium,

and examines the impact of strengthening IPRs. In Section 4, we assume the North introduces

4Kerr et al. (2015a) stresses that many skilled immigrant admissions are driven by firms themselves (e.g., the
H-1B visa). In our paper, we assume that the number of migrants is exogenously given by the Northern immigration
quota. We abstract from the migration decisions and instead, focus on the heterogeneity in the entrepreneurial
decisions. Immigration creates competitive pressure and affects the occupational choice and productivity of native
entrepreneurs in the North and the remaining entrepreneurs in the South.

SKahn et al. (2017) finds that the documented higher rates of entrepreneurship among immigrants (an immigrant
entrepreneurship premium) are specific to science-based entrepreneurship, which is consistent with immigrants
having larger endowments of entrepreneurial skills or greater alertness to entrepreneurial opportunities. Kerr and
Kerr (2016) quantifies immigrant contributions to new firm creation, and finds that immigrant-founded businesses
have faster employment grow than native businesses, particular in high-tech sectors.



a migration quota for the entry of high-ability individuals and study how this policy impacts the
model equilibrium. Section 5 compares the policies’ impacts on the entrepreneurial activity, the

composition of innovated and imitated varieties, and income and welfare. Section 6 concludes.

2 The Basic Set-up

Suppose the world consists of two regions: imitative South (i = S) and innovative North (i = N).
The North invents new products because of its comparative advantage in research and development
(R&D). The South imitates products because the regulation and enforcement of IPRs is not so
strict as to make imitation prohibitively expensive. The mass of individuals is Ly in the North
and Lg in the South. An individual can be an entrepreneur or a production worker in each region.
An entrepreneur is an innovator in the North and an imitator in the South. Each worker provides
one unit of labour, and labour is the only factor of production.

There exists a continuum of differentiated product varieties, denoted by v € T and a homo-
geneous good vy, which is treated as the numeraire. The instantaneous utility function of the

representative agent in region i = {S, N} is given by

6

U = ¢;(vo) + { /T z(v)leci(v)edv} :

where ¢;(vp) is the consumption of the homogeneous good; z(v) and ¢;(v) respectively denote the
quality and consumption level of variety v; and § = (¢ — 1)/o, with o > 1 being the constant

elasticity of substitution in consumptionﬁ

2.1 A Closed Northern Economy

Individuals in the North are spread over a continuum of ability a € [0, 1], distributed with density
gn(a) and cumulative distribution G (a). The North innovates and produces differentiated prod-
uct varieties, the market for which is monopolistically competitive with free entry and exit into each
variety. An individual can become an entrepreneur who innovates a variety v of quality z(v). High
ability leads to high-quality variety and thus, ability a and quality z are the same. Consequently,
the density of entrepreneurs that innovate varieties of quality z(v) is given by f(z) = Lygn(2),
with cumulative distribution denoted by F(z).

Individuals who do not become entrepreneurs become production WOI‘kGl"SEl Workers are homo-

geneous in their production ability. One unit of labour produces one unit of the innovated variety

6Product quality is modelled as a utility shifter in, for example, Hummels and Klenow (2005) and Hallak (2006).
"We assume no imitation in the North. Thus, no one becomes an imitator.



or w (> 1) units of the homogeneous good. The homogeneous good market is competitive. We
normalize the price of the homogeneous good to one. Thus, the North’s wage rate is wﬁ

Assume for now that the Northern economy is closed. The representative individual in the
North faces the following budget constraint: Yy = cy(vg) + En, where Yy denotes total income
that is equal to total expenditure; Ex = [, pn(v)en(v)du is the aggregate expenditure on the
differentiated varieties that is exogenously given; and py(v) and ¢y (v) are the price and consump-
tion of variety v. Maximizing Uy subject to Yy yields the following “quality-adjusted” demand

for each differentiated variety in the North:

where Py = [ J+ z(v)pN(U)l_"dv} Y=9) §s the price-quality index. Assuming an interior solution,
consumption of the homogeneous good is determined by the residual income cy(vy) = Yy — FE Nﬂ

An entrepreneur that innovates variety v enjoys a monopoly in that variety because varieties
of the same quality are horizontally differentiated. The entrepreneur charges the monopoly price
pn(v) = py = w/60, which equals a fixed markup above marginal cost w, and sells ¢y (v). This

decision is the same for all varieties of the same quality z. The entrepreneurial rents are given by

l-o
7(0) = (o —wpen() = = () )
The rents rise with product quality: 7’'(z) > 0. With free entry into innovation, there must exist
a cutoff Z such that the entrepreneurs with quality (ability) z = Z are indifferent between working
as production workers or innovators: (%) = w. Entrepreneurs with z > Z earn rents 7(z) > w.
From , the implicit solution for the cutoff Z is

G(2)=zZEyN — Uw/ zdF(z) = 0. (3)

Thus when Northern economy is closed, the quality set of innovated varieties is ® = [2,1]. We
assume that Fy is large enough such that G(1/2) > 0. Then, Z < 1/2 and the set ® is wide.

8Tn each region, the homogeneous good sector works as a buffer to absorb all residual labour.

9With quasi-linear preferences and a given aggregate expenditure on the differentiated varieties, prices determine
the demand for the differentiated varieties and the residual income determines the homogeneous good demand. The
consumption of the homogeneous good adjusts to fully absorb a change in income; there is no income effect on the
consumption of differentiated varieties. Alternatively, one could fix the income share of the differentiated varieties.
This specification would embed the income effect on the consumption of differentiated varieties, as it would imply
that the aggregate expenditure on differentiated varieties adjusts in a fixed proportion to the change in income.



2.2 Open Economy with Full IPRs Enforcement in the South

We consider the global economy with free trade. In the South, individuals become either production
workers or entrepreneurs who imitate Northern varieties. One unit of labour produces one unit of
the imitated differentiated variety or one unit of the homogeneous goodm The homogeneous good
is traded at the price of p(vy) = 1. Thus, the Southern wage rate is equal to one.

The likelihood of a Northern variety being imitated depends on the strength of IPRs protection
in the South. We measure the strength of IPRs in the South by Q € [0, 1], which is the probability
that a patent is enforced by the Southern governmentEl In the North, IPRs are fully enforced.

In this subsection, we consider the full enforcement of IPRs in the South: 2 = 1. In this case,
the Northern entrepreneurs can sell their varieties in the global market without risking imitation,
and all individuals in the South produce the homogeneous good.

Let cx(v) denote the demand for variety v in the South and T denote the set of innovated
varieties when €2 = 1. The representative individual in the South faces this budget constraint:
Ys = cs(vg) + Eg, where Ys denotes total income that is equal to total expenditure; cg(vg) is
the consumption of the homogeneous good; Eg = [,r px(v)cx(v)dv is the aggregate expenditure
on the imported varieties; and px(v) and cx(v) are the price and consumption of variety v.

Maximizing Ug subject to Ys, we obtain the South’s “quality-adjusted” demand for each variety:

where Py = [ [,r 2(v)px (v)' 7 dv] Y079 i the price-quality index. Assuming an interior solution,
consumption of the homogeneous good is equal to cg(vy) = Y — Es.
A Northern entrepreneur that innovates variety v sets the monopoly price px(v) = py(v) = w/6

in both regions and earns the global rents given by

l(2) = (o = w)lew() + extal] = = (Bt ) (B o+ Es) @)

where Py = Px. As 7w\ (z) > 0 and entry into innovation is free, there exists a cutoff z such
that entrepreneurs with quality z = Z are indifferent between working as production workers or

innovators: my(z) = w. Using , we find the following implicit solution for the cutoff z:

GF(2) = 2(Ex + Es) — ow / 1 2dF(2) = 0. (5)

OLabour in the North is more productive in the production of homogeneous goods than labour in the South.
Labour productivity in differentiated goods is the same in both regions.
"This assumption is similar to that of Grossman and Lai (2004).



Thus in an open global economy with full IPRs enforcement in the South, the quality set of
innovated varieties is ® = [z, 1].

Based on the above analysis, we establish the following result:

Proposition 1. A unique equilibrium z € (0, 1) exists in a closed Northern economy, such that
indiwiduals with ability a > Z choose to become entrepreneurs innovating varieties of quality z > 2
and individuals with ability a < Z choose to become production workers. This equilibrium is instead
z € (0,2) in an open global economy with full IPRs enforcement in the South.

Proof: See Appendix.

Since z < Z, trade enlarges the quality set of innovated varieties.

3 Imitation

In this section, we consider partial enforcement of IPRs in the South: € < 1. A Northern
entrepreneur who sells an innovated variety of quality z in the global market enjoys a monopoly in
the South until this variety is imitated. An imitated variety is a copy of the Northern variety that
infringes on Northern patents; hence while it is sold to consumers in the South, it is not exported
to the North, where IPRs are fully enforced.

Each individual in the South can enter imitation and become an entrepreneur to compete with
imports of the Northern variety that it imitates. Imitators have the same production technology
as innovators but lower marginal cost (labour cost). We assume that competition is on the basis
of price. According to Grossman and Helpman (1993), in the event of imitation, there are two
possible pricing scenarios, depending on the size of the North-South marginal cost differential.
First is the narrow-gap case, when w < 1/6. In this case, a Southern entrepreneur enjoys a
relatively small cost advantage over its Northern rival and is unable to set the monopoly price
without fear of being undercut. Thus, the Southern entrepreneur sets the price ps = w and earns
the rents mg(2) = (w—1)cs(z). Second is the wide-gap case, when w > 1/6. A large marginal cost
differential allows the Southern entrepreneur to charge the monopoly price ps = 1/6 and earn the
rents 7g(z) = (1/60 — 1)cg(z). We consider the wide-gap case.

The quality set of innovated varieties is ®" = [z, 1] in an open global economy with full IPRs
enforcement in the South (2 = 1) and ® = [2,1] in the closed Northern economy case. In an
open global economy with partial IPRs enforcement in the South (0 < 2 < 1), the quality set of
innovated varieties will include all varieties with quality z > 2z and possibly some varieties with
quality z € (2,2). We let ®” denote this set and determine it below.

Let TP be the set of innovated varieties and T C YT be the set of imitated varieties

when ©Q € (0,1). Then, the representative agent in the South faces the following budget con-



straint: Ys = cg(vg) + Es, where the aggregate expenditure on the differentiated varieties is
Es = [yryu Px(v)ex(v)dv + [ra ps(v)es(v)dv. That is, Es is the sum of the expenditure on the
imported varieties, which are priced at px(v), and that on the imitated varieties, which are priced
at ps(v). Maximizing Ug subject to Yg, we obtain the South’s “quality-adjusted” demand for each

innovated and imitated variety, respectively:

extv) = =) 2] (B) ) = [0 (), ©)

where Py = UTP\TM 2(V)px (v)'77dv + [ 2(V)ps(v)'=7dv]/(179) is the price-quality index. As-

suming an interior solution, consumption of the homogeneous good is determined by the residual
income cg(vy) = Ys — Ejs.

Since the two markets are segmented, the consumption decision in the North is the same as
that in Section 2.1, except that the set of innovated varieties is now Y rather than 7.

Next, we need to determine the quality set of innovated varieties ®7 and the quality set of
imitated varieties ® when Q € (0,1). To simplify our exposition, we first examine the imitation
decision based on the assumption that all varieties with z > z are available for imitation (which
arises when {2 = 1). We then consider the innovation decision.

All Southern individuals have the same ability in production but there are two types of imitation
ability: low ayz, and high ag, with their respective density given by g5 and gZ. We assume that all
high-ability (H) individuals become entrepreneurs and engage in imitationH Then, the mass of H
entrepreneurs is given by f& = Lgg!. The occupational choice of low-ability (L) individuals is not
certain: g% is large enough that some of the L individuals become production workers while others
become imitators. Thus the mass of L entrepreneurs is f& < Lggk. We determine f% below.

Let the likelihood of the innovated variety with quality z being imitated by j € {L, H} en-

trepreneur be defined as follows:
§(z) = (1 - Qmd (=), (7)

where dm?(z)/dz < 0 and m*(z) < m#(2) < 1. Higher-quality varieties are more difficult to
imitate but for a given quality z, imitation is easier for high-ability entrepreneurs. A useful

approach is to adopt the following linear specification for the imitation rate m?(z):

mi(z) = { a1 — Bz for z < ajy, (8)

ajo — Biez for z > aj;.

To ensure that m¥(z) < m#(z) < 1 for any 2, we restrict the parameters as follows: (i) 0 < az; <

are < am < agz < 1, (i) 0 < B < Br2 < Bm < Bu2, and (iii) ape — Bra < ap1 — B <

12This is the equilibrium outcome under the condition .

10



apo — Bra < amy — B Figure 2 shows that mf(2) and m(z) are linear in z with a kink at ay

and «y,, respectively.
[Figure 2 here]

Two cases could arise in equilibrium: (i) the L and H entrepreneurs do not compete for imitating
the same variety, i.e., the L and H imitation sets do not overlap, and (ii) the L and H entrepreneurs
compete for a range of varieties, i.e., the L and H imitation sets overlap. In the non-overlapping

case, the expected rents of a Southern j imitator of a variety with quality z, are as follows:

) = () s - Deste) = 2 (B9 )

A Southern entrepreneur earns a larger amount of rents from imitating a high-quality variety,
but the likelihood of successfully imitating a high-quality variety is low. One can reasonably assume
that the latter effect is particularly strong in the range of high-quality varieties z > a; so that the
rents 7%(2) depend on z as follows: drk(z)/dz > 0 for z < a; and dr(z)/dz < 0 for z > a;. Then
the entrepreneurs prefer to imitate high-quality varieties when z < a; and low-quality varieties

when 2z > ajE| Lemma 1 follows:

Lemma 1. [t is true that drk(z)/dz > 0 for z < a; and drly(2)/dz < 0 for z > a; under the

following sufficient condition:

Q1 Q1
—— < a; < ——. 10
Bj1 + Bj2 77285 (10)

This condition requires that the line m/(z) is sufficiently flat when z < a; and sufficiently steep
when z > a;. Figure 3 shows the imitators’ rent functions in relation to the imitation rate functions
when the condition holds (and all varieties with z > z are available for imitation).

[Figure 3 here]

All Southern entrepreneurs of the same type are ez-ante identical. We assume the following
allocation mechanism. If a sufficient number of Southern entrepreneurs imitates varieties of quality
2z (within ®), then the entrepreneurs will be randomly allocated such that the density of Southern
entrepreneurs imitating the varieties is equal to the density of Northern entrepreneurs innovating
the varieties, that is, f(z). For the H entrepreneurs, the best varieties to imitate are those with
z = ay and by continuity, the second best varieties are those with quality, for example z};, right

next to ay (on each side). The mechanism will first randomly select f(ay) of H entrepreneurs

13The assumption requires that aj1 —2Bj12 > 0 for all z < a; and ajo — 2822 < 0 for all z > a;. This is true
under the condition , since a1 — Bj1a; = a2 — Bjea; or ajo = ajn + (B2 — Bj1)a; from .
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to imitate varieties with z = ap, and then, will randomly select f(z}) to imitate 2%,. This will
go on until all H entrepreneurs are allocated. The quality set of varieties imitated by the H
entrepreneurs is continuous and therefore, we can denote it as [zyo, 1], with ag € (zgo, zm1). In
equilibrium, the mass of Southern entrepreneurs must equal the mass of Northern entrepreneurs

over the range [zgo, zg1], which requires the following:

ZH1
Log = [ " dr(a), (11)
ZHO0

A low-ability individual enters imitation as long as rents 75(2) exceed the Southern wage rate.
There is a pecking order for imitation, with z = ay, being the best quality to imitate. As with the H
entrepreneurs, the mechanism will randomly allocate the L entrepreneurs to each variety, starting
with z = a;,. We can denote the quality set of varieties imitated by the L entrepreneurs as [z10, 211],
with az, € (210,211). With free entry into imitation, the equilibrium requires that 75(z) > 1 for
any z € [zr0, zr1], where the rents at the two end points are equal to the Southern wage rate. Then
the mass of L entrepreneurs is endogenously determined as follows: f& = fZZLLOl dF(z).

Thus, the quality set of imitated varieties is ®M = [z, 271] U [2m0, 2m1]. To simplify our
analysis, we impose the following two restrictions: zpg € (2,ar) and zg; < 1E| Lemma 2 provides

a sufficient condition for these two restrictions to hold.

Lemma 2. Assume that ap,/Br1 > 1 and falH dF(z) > f&. Then, zro € (2,ar) and zm < 1.
Proof: See Appendix.

Whether the sets [210, 2z1] and [2x0, 2r1] overlap or not depends on ar, ay, g, and the pa-
rameters of the imitation rate function. Lemma 3 establishes a sufficient condition for the non-

overlapping case.

Lemma 3. In equilibrium, the two quality sets of imitated varieties, |zro, z11] and [zho, 2],
do not overlap, i.e., zr1 < zgo, if ar, 1s sufficiently small and ay is sufficiently large.

Proof: See Appendix.

We show in the Appendix that a sufficient condition for no overlap is Z;; < Zpgg, where Zp;
and Zpo are respectively implicitly defined by (e — BreZri1)Zr — (ap1 — Br12)2 = 0 and (apy; —
Br1Zmo)Zno — (age — Bu2) = 0. This condition requires a low a; and a high agy, so that the

gap between the best varieties to imitate is large. The non-overlapping case accentuates the

4\We rule out the possibility that zz; = 1 to avoid the corner solution where zpq is determined by fZIHo dF(z) =
f and 78 (zpo) > 78 (1).
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heterogeneity in entrepreneurial ability, which is the focus of our paper. Thus in what follows, we

study the non-overlapping caseE| From Lemma 3 and its proof, we obtain Lemma 4.

Lemma 4. In the non-overlapping case, ® = (210, 221) U [210, 2m1], 211 < 2m0, the end points
defining the two intervals, zjo and zj1, are determined by , and

(12)

Figure 4 shows one equilibrium in the non-overlapping case. The expected rents of a 7 imitator

of a variety of quality z € ®¥ are given byﬁ

J(s) — 2 (2) w’ ' Eg
o= 2 [ )
where Yy = [ 2dF(z) and g = Z /%jl 21 (2)dE(2). (14)

[Figure 4 here]

H Innovation

So far, we have assumed that all varieties with z > Z are available for imitation. Next, we

determine the quality set of innovated varieties ®. Proposition 2 follows.

Proposition 2. Suppose that IPRs are partially enforced in the South. Then, there exists
a unique equilibrium 2¥ € (z,2), such that individuals with ability a > 2 choose to become
entrepreneurs innovating varieties of quality z > z¥ and individuals with ability a < ¥ choose to
become production workers. The quality set of innovated varieties is ®F = [2F1].

Proof: See Appendix.

The cutoff 2 is implicitly defined by

1

GP (") = 2P (Ex + €Eg) — Uw/ 2dF(z)w = 0, (15)

2P

where 1y is now defined as follows: 1y = lep 2dF(2), and &€ = Yy /[ty + (w1 — 1))g] < 1.

5For completeness, we provide the solution for the overlapping case in the Appendix.
16This result follows from (EI), where Ps = [¥npN 7 +¥s(ps 7 —pN 7)) 1/(170), pn = w/0, and pg = 1/86.
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The innovator z € ¥\ ®M does not risk imitation and earns the global rents given byEl

(16)

() = 2 {EN Bs } |

B SR e

The innovator z € ®M is priced out of the Southern market by the j imitator with probability

1’ (2) and so, earns the expected global rents given by:

_Z | ENn [1 — 1(2)]Es
G {¢N * Uy + (wot — 1)¢S}'

N (2) (17)

It follows from that 7 (z) > 0 for z in the set ®” \ &M which is a union of the three
continuous sets: [27, 2r0), (21, 2mo), and (zp1,1]. Also from (17), 7y (2) > 0 for z in the set
®M  which is a union of the two continuous sets: [zr0, 2r1] and [2g0, zg1]. The competition with
imitators reduces the innovators’ rents in the Southern market but does not affect the rents in the
North. Thus, my(2) > w for any z > 2, where Z is the closed Northern economy cut-off, such that
2 < z19. Hence, the cutoff z© must be below 2. The cutoff 2 must also be above z, which is the
open economy cutoff when IPRs are fully enforced in the South. Innovators with z € (z, 2] do not
risk imitation but a partial enforcement of IPRs in the South still reduces their rents, because it
enables competitive pressure from imitated varieties (that are priced relatively 10W)E|

We now have a complete model and can assess the effects of different policies on the en-

trepreneurial activity in each regionH
B Strengthening IPRs in the South

Stronger IPRs in the South reduce the likelihood of the innovated variety of quality z being
imitated: dp’(z)/dQ) = —mi(z) < 0. The j imitator’s expected rents 7%(z) thus fall, and the

quality sets of imitated and innovated varieties adjust in response. Proposition 3 follows.

Proposition 3. Strengthening of IPRs in the South decreases z* (the innovation set expands),
increases zro and decreases zpy (the L imitation set contracts), and has no effect on zpo and zg; .

Proof: See Appendix.

Figure 5 illustrates the effects of stronger IPRs. The direct effect is given by a proportionate
shift in ng(z) As the L imitators’ rents w5(z) fall, the cutoff 2 rises and the cutoff 2z, falls. The

L entrepreneurs to the immediate right of 27 and left of z;; exit imitation when their rents fall

17This condition follows from 7y (2) = (py — w)[en(2) + c¢x(2)] and the demand functions given in (1f) and @,
where P77 = npy 7, P77 = Unpy 7 + ¥s(ps 7 —pN %), pv = px = w/0, and pg = 1/6.
18We note that £ < 1 in the equation when 2 < 1.

19We detail on the composition of labour and income in the two regions in the Appendix.
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below the Southern wage rate. A reduction in the H imitators’ rents 74 (), by contrast, does not

affect the cutoffs zgo and zgy, as long as ¥ (250) = 78 (251) > 1 as in Lemma 4.
[Figure 5 here]

When the L imitation set contracts, the imitated varieties are replaced with the imported
innovated varieties at the margin. The competitive pressure on the Northern innovators thus
falls and their rents my(2) risef’] Northern individuals with ability to the immediate left of z”
enter innovation, and the innovation set expands into lower-quality varieties (2" falls). The mass
of innovated varieties available for consumption rises and so, consumers in the South lower their
spending on each imitated variety, causing the imitators’ rents ﬂg(z) to further fall This negative

competition effect of stronger IPRs exacerbates the contraction in the L imitation set.

4 Migration

Suppose now that the North introduces a migration quota M for the entry of high-ability in-
dividuals from the South. The quota is restrictive: M < g Lg, and high-ability individuals are
randomly selected to fill the quota. The high-ability individuals who migrate become innovators in
the North, introducing varieties with quality ay. With zero fixed cost of migration, a high-ability
individual will migrate as long as their entrepreneurial rents rise following migration. This requires

that 7xn(ag) > 7 (azr), which holds under the following sufficient condition{?]
— >w (18)
When Ey/Eg is high enough, the migration quota is 100% filled. After migration, the mass of

H entrepreneurs in the South falls while the mass of entrepreneurs in the North rises by M and
so, the condition changes to the following:

ZH1
g¥Ls— M = / dF(z) + M. (19)
ZHO

Opening the North to high-ability migration increases the mass of innovated varieties of quality
ay available for consumption and also, for imitation. The conditions and , which together

20Gince the imitated varieties are priced relatively low, the price-quality index Pg =
[z/sz}\f" + 1/13(]7}970 — p}\f‘j)] 1/(1=o) rises as g falls, holding 1 constant.
21The price-quality index Pg = [wNp}vf‘T + s (p};’” — p}\f“)] 1/(1=o) falls as 9 rises, holding ¥g constant.

22Using and (7)), we rewrite 7y (apr) > 75 (ap) as Ex/(€Es) > (w”~t+1)uf (apy) — 1. The condition
follows because & < 1 and p(ay) < 1.
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with define the equilibrium cutoffs, are unchanged, but the quality-adjusted number of inno-
vated varieties and the quality-adjusted expected number of imitated varieties are now respectively

given by:
1 Zj1 )
Py = / 2dF(z) +agM and g = E / 21 (2)dF(2) + agp™ (ag) M. (20)
P .
z j 2350

The North’s migration policy has two effects on the H imitation activity. First is the direct
“brain drain” effect. The mass of H entrepreneurs falls in the South while the mass of ay va-
rieties available for imitation rises. The high-quality imitation set contracts in response, as zyq
rises and 2z falls to ensure that 7& (250) = 78 (251) and the condition holds. Second is
the negative competition effect. The mass of ay (innovated and imitated) varieties available
for consumption in the South rises and as Southern consumers lower their spending on each
individual variety, the competitive pressure on the H imitators rises. The price-quality index
Ps = [UnpN 7+ ¥s(ps 7 — oy )] YU77) falls (due to “love of variety”), and the H rents 7l (2)
thus also fall. Nonetheless, a reduction in 75 (2) per se does not affect zpo and zpy, as long as
7l (2) > 1. Thus overall, the H imitation set unambiguously contracts.

Unlike the H imitation cutoffs, the L imitation cutoffs z;¢ and z;; respond to a change in the
L imitators’ rents w5(z), because w§(z50) = 75 (221) = 1. But the impact on 75(2) is ambiguous
and depends on three forces at play. First is the negative competition effect: 75(2) falls as the
competitive pressure from the ay (innovated and imitated) varieties rises. Second is the positive
competition effect caused by a contraction in the H imitation set. When high-quality imitated
varieties are replaced with more expensive imported innovated varieties at the H margins, the
price-quality index Ps = [wpk® + ts(pl —pi )] 7
7L (2) also rise. Last is the positive competition effect due to a contraction in the innovation set.

rises and so, the L imitators’ rents

As we discuss below, high-ability migration causes the cutoff 2 to rise. As the innovation set
contracts, the competitive pressure on the L imitators falls and so, the rents 75(2) rise.
Importantly, the overall impact of high-ability migration on the L imitation activity depends
on the strength of IPRs in the South, as measured by . We show in the Appendix (proof of
Proposition 4) that the value of €2 influences the intensity of competitive pressure from the high-

quality imitated varieties as determined by the following function:
AQ) = (0™ = D[2zop™ (2110) — anp (am)] — an. (21)

This function determines the relative strength of the first two forces above (i.e., the negative
competition effect caused by an increase in the mass of ay varieties and the positive competition

effect caused by a contraction in the H imitation set). When A(£2) > 0, the second force dominates
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and so, the competitive pressure on the L imitation activity falls overall. The L imitation set
expands (as zr falls and zp; rises) in this case. But when A(£2) < 0, the strength of the third force
(i.e., the positive competition effect due to a contraction in the innovation set) also matters. We
find that the negative competition effect dominates overall, so that the L imitation set contracts,
when A(Q) < AT(Q), where the function A”(Q2) depends on the elasticity of ¢y with respect to

2P and the relative aggregate expenditure on the differentiated varieties in the South as follows:

P P
age P _ d¢N z

— <0 h =———. 22

1527 1 €65/ , where ¢ (22)

AP(Q) =

Figure 6a plots A(Q) and A”(Q) under the condition that A(0) > 0 or equivalently that:

o—1

(W™ — 1)[22H0mH(zH0) — aHmH(aH)] > ay. (23)

The condition requires a low Southern wage rate (a high w)El Under this condition, the
second force (the positive competition effect caused by a contraction in the H imitation set) is
at least as strong as the first force (the negative competition effect caused by an increase in the
mass of ag varieties) when 2 = 0 but as € rises, the second force loses its relative strength so
that dA(Q2)/d2 < 0. As 2 rises from zero to one, A(Q2) falls at a constant rate from A(0) > 0 to
A(1) = —ay while AT(Q) rises from A”(0) < 0 to AT(1) > —ag. The two functions intersect at a
single point, Q = Q. The L imitation set expands when Q < Q and contracts when > Q.

[Figure 6 here]

Suppose instead that A(0) < A”(0) < 0, for which the following condition is sufficient {*]

o—1

(w”t — D)[2zgom™ (zmo) — agm™ (ag)] < am /2, (24)

The condition requires a high Southern wage rate (a low w)P®| Under this condition, the
first force (the negative competition effect caused by an increase in the mass of ay varieties)
dominates over the entire range of 2, so that A(Q) < AP(Q) < 0P Figure 6b plots A(Q2) and
AT(Q) under the assumption that 2zxom (250) — agm®(ag) < 0, in which case the condition
holds and dA(Q)/d) < 0. As Q rises from zero to one, AT (Q) rises from AT(0) > A(0) to
AF(1) > A(1) = —ay, while A(Q) falls at a constant rate. The two functions do not intersect, and

the L imitation set contracts for any ().

23 The following is sufficient for to hold: (w1t —1)[2Zgom® (Zxo) —apm (ag)] —ax > 0, where Zro < 2o
and from the proof of Lemma 3, Zy¢ is implicitly defined by (g1 — B8r1Zm0)2H0 — (g2 — Bu2) = 0.

24This is because AT (0) > —ay /2 from .

25This condition holds if 2zgom™ (2m0) — agm (ag) < 0 (for which ay, > ay/2 is sufficient) or if (w”~! —
Dmf (am) < 1/2.

26This is because A(f2) is linear in Q and AT (1) > A(1) = —ay.
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With the preceding discussion, we establish the following proposition:

Proposition 4 (Migration and imitation). Allowing high-ability migration into the North
contracts the H imitation set (zpo rises and zyy falls) and affects the L imitation set as follows:
(i) Suppose the Southern wage rate is high enough that the condition holds. Then there exists
a unique critical value of the strength of IPRs protection in the South, given by €, such that the
L imitation set expands (zro falls and zry rises) if Q < Q, and the L imitation set contracts (zro
rises and zr1 falls) if Q > Q.

(11) Suppose the Southern wage rate is low enough that the condition holds. Then, the L
imitation set contracts (zro rises and zpy falls).

Proof: See Appendix.

With regard to innovation, the impact on the cutoff 2 is not immediately clear because mi-
gration changes the competitive environment for the innovators in both markets. In the Northern
market, migration creates the negative competition effect: the innovators’ rents my(z) fall as the
mass of the ay innovated varieties rises. In the Southern market, the competitive pressure from
the ay (innovated and imitated) varieties also rises but this negative competition effect is opposed
by the positive competition effect caused by a contraction in the H imitation set. The competition
pressure from the L imitated varieties changes as well: it falls when the L imitation set contracts

and rises otherwise. We find that the cutoff 2% rises if A(Q) < A¥(Q), wherd”]

E € €
ALQ:(ZH_N{l+1_ <£+£)}, o
() £2E5 (1-¢) s (25)
_ ds zn _ dipg 2o _dlzam®(zn)] _d[zrom™(z10))
EM=7"7 fL0=—"7 T fL="" 7, .. 5 ="/, .
dZLl 1/13 dZLo @DS m (ZLl)dZLl m (ZLo)dZLo

We find that when the migrants’ entrepreneurial rents rise following migration (i.e., the inequal-
ity holds), it is always the case that A(Q) < AZ(Q), as shown in Figure 6@ The negative
competition effect in the Northern market dominates so that the innovators’ rents 7y (z) fall and

the cutoff 2% rises, for any Q. Proposition 5 follows.

Proposition 5 (Migration and innovation). Suppose Eg/Ey is low enough that the inequal-
ity (@ holds. Then, allowing high-ability migration into the North increases z¥ (the innovation
set contracts).

Proof: See Appendix.

2Tero is the elasticity of 7r§ (z10) with respect to z0 and €y is the elasticity of Wé’(ZLl) with respect to zp1.

28This condition is true regardless of whether the L imitation range expands or contracts in response to M.
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5 IPRs versus Migration

In this section, we compare the policies’ impacts on the entrepreneurial activity, income, welfare,
and the composition of innovated and imitated varieties. For simplicity, we assume that a;, > ay/2,
which ensures that 2zgom® (250) — agm® (ag) > 0 in and dA(Q)/d2 < 0 as in Figure 6a. We
find that at the aggregate level, the two policies have similar effects. Proposition 6 summarizes

the results.

Proposition 6. Both strengthening of IPRs in the South and allowing high-ability migration
into the North (i) increase the quality-adjusted number of innovated varieties, Py, and decrease
the quality-adjusted expected number of imitated varieties, 1g; and (i) increase the North’s total
income and welfare and decrease the South’s total income and welfare.

Proof: See Appendix.

The quality-adjusted number of innovated varieties, ®¥y given in , rises in response to
stronger IPRs in the South because the innovation set expands into lower-quality varieties (z”
falls). With high-ability migration into the North, ¢y also rises, but for a different reason: the
mass of entrepreneurs rises in the North (in proportion to ag), and this effect is strong enough
so that ¢y rises despite a contraction in the innovation set (z" rises). In the South, the quality-
adjusted expected number of imitated products, g, falls under both policies. With stronger IPRs,
g falls because the L imitation set contracts (zro rises and zp; falls). High-ability migration has
more complex impacts: the mass of ay varieties available for imitation rises but the H imitation
set contracts, and the L imitation set also adjusts. We find that g falls overall when ar, > apy/2,
in which case the H imitation set contraction has a relatively strong effectﬁ

Assuming the migrants’ earnings count towards the Northern income, we find that the Northern

and Southern income levels are given by:

YN:wLZ N (2)dF(z jzwf‘\,zsz WﬁaHM; 26
o+ [ PR + i an) (26)
Vo= L5+ Y [ mFG) + nf (an)t, (27)

where LY, = Ly —lep dF(z)and LY = Lg(1—g4) —fZZLLOl dF(z) is the mass of production workers in

294)g rises when the L imitation set expands, but this effect is of secondary importance since migration affects L
imitation only indirectly, by limiting the H imitation activity. When ay, > ap /2 does not hold and 2zomt (zr0)—

agm(ag) <0 in , s may rise.
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the North and the South respectivelylﬂ The expressions — further simplify to the following:

Yy = w (LN—/1 dF(z)> L Ev | ¥n Y5 Bs, (28)

P o U o

w? ipg Eg
D)

7 o (29)

Yo=Lo(t-gf) - [ dFG)+

ZL0
where 1 and g are given in .

From Proposition 6, both policies increase income in the North and decrease income in the
South, but their impact on the distribution of income within each region is critically different.
National income consists of the income of production workers and entrepreneurs. With stronger
IPRs, the total production income falls in the North (as the innovation set expands) but rises in
the South (as the L imitation set contracts). With migration, the total production income rises
in the North (because the innovation set contracts) and falls in the “less-developed” South, where
IPRs protection is weak and the wage rate is low (as the L imitation set expands).

Also, both policies increase the welfare in the North and decrease the welfare in the South.
This follows from the indirect utility functions, given by Vy = Yy — Ey + Ex/Py and Vs =
Ys — Eg + Es/Ps, where Py = pyty " and Py = py[ty + (w1 — 1)pg]/(1=?). The welfare
rises in the North because the Northern income Yy rises and the price-quality index Py falls, and
it falls in the South because the Southern income Yy falls and the price-quality index Pg rises.

Overall, both policies serve to promote innovation and limit imitation activity, but they differ
in the margins of their impact. On the extensive margin, stronger [PRs promote innovation
and limit imitation of low-quality varieties; whereas high-ability migration discourages innovation,
limits high-quality imitation (due to “brain drain”), and shifts the composition of imitation towards
low-quality varieties in the “less-developed” South.

It is worthwhile to more thoroughly examine the impacts on the composition of innovated and
imitated varieties. Let ¢y = lep dF(z)+ M denote the (unadjusted) number of innovated varieties,
and YL = it (2)dF(2) and T o0 wf(2)dF (2) + p(ag)M denote the (unadjusted)
number of the L and H imitated varieties, respectively. Then 9} = ¢n /¢y measures the average
quality of innovated varieties, and @/}éq = ok /&g and @/ng = ol /@ng measures the expected
average quality of the L and H imitated varieties. To simplify the analysis, assume that Northern
individuals’ ability a is Pareto distributed over the range [ag, 1], with the tail index k, i.e., G(a) =
[1—(ao/a)*]/[1—(ag)*]. Then, F(z) = [1—(20/2)*]/[1—(20)¥]. Further assume that ara/ B2 > 1 or
m* (1) > 0, which implies that ag > 1/2 (from Lemma 1). Proposition 7 highlights the differential

effects of the two policies.

30The migrants’ earnings are given by i (ag)M = ag MyN{En + [1 — p* (ay)]¢Es}/o, where dé/dM > 0.
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Proposition 7. Suppose the tail index k is high. The two policies differ in their effect on the
following: (i) the average quality of innovated varieties: V%, falls with stronger IPRs and rises with
migration; (ii) the expected average quality of the H imitated varieties: wglq does not change with
stronger IPRs and rises with migration; and (iii) the expected average quality of the L imitated
varieties in the “less-developed” South: 1/){;?‘1 rises with stronger IPRs and falls with migration.

Proof: See Appendix.

A sufficient condition in Proposition 7 is k > 4. The two policies differ in their effect on the
composition of innovation. With stronger IPRs protection in the South, the innovation set expands
into the low-quality varieties. Both the quality-adjusted and the unadjusted number of innovated
varieties rise in response, but the unadjusted number &N rises relatively more; thus, the average
quality ¢, falls. With high-ability migration into the North, the average quality of innovated
varieties rises for two reasons: the innovation set contracts away from low-quality varieties, and
the number of high-quality (ay) innovated varieties rises.

The composition of imitation is also impacted differently. Stronger IPRs in the South increase
the expected average quality of the L imitated varieties (as the L imitation set contracts) but do
not affect the expected average quality of the H imitated varieties (since ¥ and z/?gf fall in the
same proportion). High-ability migration, by contrast, limits imitation of high-quality varieties (as
the H imitation set contracts) but also promotes high-quality imitation as the mass of ay imitated

varieties rises; the expected average quality of the H imitated varieties rises in response.

6 Conclusion

This paper introduced an occupational choice model of innovative North and imitative South with
two dimensions of heterogeneity: product quality and entrepreneurial ability. This framework al-
lowed us to study how two policies (strengthening of IPRs in the South and opening the North to
high-ability migration as means of preempting imitation) impact innovation activity in the North
and imitation activity in the South. The policies’ impacts depend on the endogenous entrepreneur-
ship decisions and the intensity of competition between innovated and imitated varieties.

The model predicts that the two policies have critically different implications for the en-
trepreneurial activity and income distribution in each region. Opening the North to high-ability
migration directly limits the imitation of high-quality products; but in the “less-developed” South,
where IPRs protection is weak and wage rate is low, it also promotes the imitation of low-quality
products. A strengthening of IPRs in the South, by contrast, limits low-quality imitation and does
not affect the set of high-quality imitated products. Furthermore with high-ability migration from

the “less-developed” South, the aggregate production income falls in the South and rises in the
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North, whereas a strengthening of IPRs in the South has the opposite effect.

The findings suggest that the North’s high-ability immigration policy could be an attractive
alternative to the policy of imposing stronger IPRs in developing economies when the goal is
to combat imitation and promote innovation. Improved migration prospects for high-ability en-
trepreneurs is not a zero-sum game: the rents of low-ability entrepreneurs could also rise in the
South, as well as the average quality of products in the high-ability imitation sector.

In further research, the model could be extended to allow for innovation in the South. Such
model would be better suited to study the policies’ impacts on an emerging economy (e.g., China)
which possesses a critical level of complementary research, technological, and marketing assets to
enable the local entrepreneurs to absorb foreign technology. The strength of IPRs in this “more
advanced” Southern economy would still be below the global optimal level, and the North would
have an incentive to push for global IPRs reforms (Lai and Qiu, 2003). The reforms of IPRs
could facilitate the South’s transition from an imitative to innovative economy, and this transition
could diminish the incentive of high-ability entrepreneurs to migrate to the North. This interplay
between the two policies would be interesting to explore, but the role of migration policy in limiting
imitation—which is the focus of this paper—would become less pronounced. Finally, our model’s
predictions could be tested using data on inventor migration flows in Miguelez and Finks (2013)
and the IAB Brain Drain data in Briiker et al. (2013).
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Figure 1: IPRs protection and inventor emigration rate

Notes: The inventor emigration rate of origin country i is defined as diaspora;/(diaspora; + residents;), where
diaspora; is the number of national inventors of country 7 residing abroad and residents; is the number of inventors
residing in country 4 (including national of country ¢ and immigrants). These data are from Miguelez and Finks
(2013). The index of IPRs protection measures the stringency of patent rights, based on five measures of patent
laws (coverage, membership in international patent treaties, provisions against losses of protection, enforcement

mechanisms, and duration of protection). These data are from Park (2008).
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Appendix

Proof of Proposition 1

From G(z) = zENy — ow le zdF(z), we have G(0) < 0, G(1) > 0, and dG(z)/dz > 0. Thus, there
exists a unique equilibrium with 0 < 2 < 1 such that G(2) = 0. From G¥(z) = 2(Ex + Es) —
ow le zdF(x) and above, we obtain G¥(0) < 0, GF(2) > 0, and dG¥(z)/dz > 0. Thus, there

exists a unique equilibrium with 0 < z < 2 such that G¥(z) = 0.

Proof of Lemma 2

2 < zpo iff 75 (2) < wk(210). Using 75(2) = 2u”(2)(ps/Ps)' " Es/o, where 1 (2) = (1 — Q)(ap; —
Bri1z) for z < a;, we find that 7%(2) < w&(zr0) requires 2 + 219 < ari/Bri, which holds if

ar1/Br1 > 1 because 2 < 1/2 from Section 2.1 and 219 < ar, < ap1/(2811) from Lemma 1.

Proof of Lemma 3

The cutoffs zjy and z;; for j € {L, H} are defined by the following four conditions:

ZH1
| are) - dizs o, (A1)
ZHO
(OéH1 - 5H1ZH0)ZH0 - (OtHz - 5H22H1)2H1 =0, (AQ)
(04L1 - ﬁLlZLo)ZLo - (aLQ - 5L22L1)ZL1 =0, (A3)
weE
ZLO,UL(ZLO) > o =0, (Ad)

Uy + (Wt =g
where 1)1} follow from Wé(zjo) = ﬂg(zﬂ) and 1} follows from 7% (zz0) = 1.

We need to find the sufficient condition for z;; < zpg. Since zy; < 1 from Lemma 2, it follows

from (A2) that zgyo > Zgo, where Zyg solves (g1 — Bu1Zm0)Zmo — (age — Br2) = 0. Also since
zro > 2, it follows from (A3) that zp; < Zp1, where Zp1 solves (apo— fr2Zr1)21 — (1 —Bri2)z2 = 0.
Thus, zr1 < zgo if 211 < Zgo, which requires a sufficiently high ay = (ags — amg1) /(B2 — Ba1)

and low ay, = (aps — ar1)/(Bre — Br1), for a given Ey/(ow).

The Overlapping Case

Lemma A.1 establishes the sufficient conditions for the overlapping case.

Lemma A.1. There exists g§ such that in equilibrium, the L entrepreneurs imitate varieties

z € |z10,2101], the H entrepreneurs imitate varieties z € |zyo, zm), and the two imitation sets

30



overlap, zp1 > zgo, if g§ > g, ar, is high and Q is low.

Proof. These two conditions are sufficient for the overlapping case: (i) g§ > g, where g =
falL dF(z)/Ls and (ii) [1 — pf(ar)]wk(az) > 1. Under these conditions, the H imitation set,
given by [zgo,1] with zpo < ap, overlaps with the L imitation set, given by [zr9,zr1] with
ar, € (zr0,211). Substituting for 7% (az), we rewrite [1 — p(ar)|wk(ar) > 1 as follows: [1 —
p(an)larp®(ar)w” " Es > ol + (™! = 1)¢ps]. Since p(ar) < (1 — Q) and Py + (w7 -
1)Yg < w14y, this inequality holds if

[1— (1 —Qagar(l — Qmb(ar)w’ Eg > oy, (A5)

where ¢y = Z(Ey + Es)/(ocw) from G¥(2) = 0. If @ < 1 —1/(2ap;), the left hand side in
rises as € rises and so, holds if it holds for Q = 0, i.e., if (1 — azy)arm(ay) is high. Thus,
[1 — p(ar))7k(ar) > 1 requires a high a; and a low €, for a given ay, Ey/Es and wf] |

Define 27, and 2}, as in the non-overlapping case and use ng(z) to denote j’s rents in the entire
range z > z. We have 7l (2};,) = 7l (2}4,) and 7k(z},) = 7k(z},) = 1. If the two imitation
sets overlap, then 2}, < 27, and L and H entrepreneurs face competition in imitating variety
2 € 249, #;,]. This competition reduces the imitators’ expected rents below 7% (z). Suppose, for
example, that for any z € [z}, 27,], one H and one L entrepreneur try to imitate the same variety.
If only one entrepreneur succeeds, that imitator will compete with the innovator and will receive the
ex-post expected rents 71']5(2’) If both entrepreneurs succeed, they will also compete in Bertrand
between themselves, driving their ez-post rents to zero (since their marginal cost is the same).
When the likelihood of imitation is p?(z), the expected rents in the range [z}, 2},] are equal to
[1—p(2)]7l (2) for the H imitator and [1 —u* (2)]75(2) for the L imitator. From the H imitator’s
perspective, the expected rents rise with quality in the range of low-quality varieties, because u*(2)
falls while 74 () rises as z rises. From the L imitator’s perspective, by contrast, the expected rents
fall with product quality in the range of high-quality varieties if az1/(Br1 + 0.58r2) < arF?| This
sufficient condition requires a low as/8r2 to ensure that as z rises, w5 (2) falls faster than pf?(z)

does. From Lemma A.1 and its proof, we obtain Proposition A.1.

Proposition A.1. In the overlapping case, where ®M = (210, 21| and zr1 > zgo, the end points
defining the two intervals, z;o and z;1, are determined by , mh(zpo) = [1—pf (zp1)|75(201) = 1

and [1 — p(zgo)|md (2m0) = 78 (21) > 1.

31Note that d[agm®(ar)]/dar, > 0 because ar, < ar1/(28L1)-

3211 — pH (2)|rL(2) falls as 2 rises in the range (ar, ap] iff Br1z(are — Br22) < [1/(1—Q) — a1 + B2 (2Br2z —
arz), for which the condition 2ayrs/(38L2) < ar is sufficient since Q@ < 1, ag; < 1, and z > ar. Using apy =
ar1 + (Bre — Bri)ar, we rewrite 2ar2/(30L2) < ar, as follows: ari/(Br1 +0.5812) < ar.
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Figure Al: Equilibrium with overlap in imitation

Figure A.1 shows one overlapping equilibrium. The following “thought experiment” provides
intuition to this equilibrium allocation. Suppose the L and H entrepreneurs enter the market in
a sequential manner. In equilibrium, the H and L entrepreneurs will never compete in the entire
range [y, 271]. Consider an H entrepreneur outside the no-competition range [27,, 2};,]. This
entrepreneur can either imitate a variety to the immediate right of 2}, say z; (> 2};;), or a variety
within [}, 271, say z, . In the latter case, it will choose the highest possible quality, i.e., z;, will
be to the immediate left of z;,, because [1 — pf(2)]7H () is an increasing function of z. The H
entrepreneurs will give up some varieties in [z4, 27,] to ensure that the mass of H imitators is
equal to the mass innovators over the H imitation range. Due to the monotonicity of rents within
this range, the H entrepreneurs will give up varieties to the immediate right of z};,. The cutoffs
zmo and 2y are determined by and [1 — p"(zp0)|7H (zm0) = 7 (2511) > 1. Next, consider an L
entrepreneur outside the non-competition range [z}, 2j,]. This entrepreneur can imitate a variety
within [2%, 27,], say z;7. It will choose the lowest possible quality, i.e., 2" will be to the immediate
right of 2}, because [1 — ul(2)]wk(2) is a decreasing function of z. Due to the monotonicity of
rents within [z, 27,], the L entrepreneurs will give up varieties to the immediate left of 27, to
ensure that the L imitators’ expected rents are not below the wage rate of one. The cutoffs 279 and

21 are determined by 75 (270) = [1 — p# (211)]7%(201) = 1. The innovator z € [zyo, 271] competes
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with both L and H imitators and so, earns rents given by

LH Ey  [1—p*@)[L - p"(2)]Es LH' LH
o (2) = {TﬂN + I+ (W — Do }, where 757 (2) >0 and 7y (z) > w.

Proof of Proposition 2

Since Z < zp, innovator z € (Z, Z] does not face imitation and earns the rents given by

(O
Yy + (wo=t = 1)apg

z |:EN ES

n(z) = — T/J_N + T - 1)1%‘] ,  where ¢=

<L (AG6)

Define GF(2) = 2(Ey + £Es) — awle xdF(x). Since dG¥(z)/dz > 0, G'(z) < 0 and GP(2) > 0

(from Proposition 1), there must exist a unique equilibrium with 2 € (z, 2) such that G (2) = 0.

Innovator z in the set ® \ ®M = [2F 270) U (211, 2m0) U (251, 1] also earns the rents (A6)).
Innovator z € ®M risks imitation with probability p?(2) and earns the expected rents given by
z [En [1— 1 (2)]Es }
n(z) =—< — + . A7
w(z) o {¢N Yy + (w7t = 1)y (A7)

It is true that mn(z) > w for any z > 2.

Labour and Income Composition

In a closed Northern economy, the mass of individuals Ly is composed of L = f; dF(z) en-
trepreneurs and L% workers, of which LYP = [!en(2)dF(z) = Ex/py produce differentiated
varieties and LLH = (YN — EN) Jw produce the homogeneous goodﬁ The total income is given
by Yy = wLk ~|—f —wLN—f dF(2)] + En/o.

Consider now an open tradlng economy. In the South, Lg is composed of f&+g¥ Lg imitators and
LE workers, of which LLP produce imitated varieties, and LE# and LE¥ produce the homogeneous

good for domestic consumption and exports, respectively. We have LEH =Yg — Eg and

LEP = Z/ (2)dF(z) = Psgw’ ! %

Yy + Yg(wot —=1) ] ps

Balanced trade requires the value of Southern homogeneous good exports to be equal to the value

133The homogeneous good supply is equal to ci(vo) = wLiH and its demand is equal to % (vg) = Yy —
[: pnen(2)dF(2) = Yy — En. In equilibrium, LY = (Y — En)/w.
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of its innovated goods imports: LEH = lep pxex(2)dF(z) = [, 1 (2)pxex(2)dF(z) or

PH wN - ¢s :|
= Es. A8
* [%v +pg(wrt—1)] 7 (48)
The total income in the South is given by Yy = LY + p fzﬂ (2)dF(z) or
ZL1 o—1 E
Ys=1 1—H—/ sz+{ Ysw 1—5. A9
S S( gS) - ( ) wN + wS(wU_l _ 1) e ( )
In the North, Ly is composed of lep dF(z) innovators and L4 workers, of which L produce
the homogeneous good, and LYP and LEP produce innovated varieties for domestic consumption
and exports. We have LY = (Yy — Ex — LEH) Jw, LEP = fp cy(2)dF(z) = Ex/pn, and
1
— E
LRP = / / 2)dF { Yy — Vs ] —
< L > = T =) o
The Northern income is Yy = wL% + fq)p\ch TN (2)dF (2) + [, 17 (2)m) 1(2)dF(z) or
1
Ey YN — s Eg
Yy = Ly — dF — —. A10
N w(N /ZP (z)>+ +LpN+(w01 1)%]0 (A10)
Proof of Proposition 3
The equilibrium is defined by (A1)-(A4]) and the following condition:
E E
GF = 2° (wN + S) —ow =0, where U =q¢y+(w ' —1)pg (A11)
N

It follows from (A1)-(A2) that dzp/dY = dzp/d = 0. Next, we show that dzf/dQ < 0,
dzro/dQ > 0 and dzp; /dQ2 < 0. Totally differentiating (A3)), (A4]), and (A1l]), we obtain:

FE FE FE| [ d2P/dQ —F&
0 GE GE | |dzpo/dQ| = | 0 |, where
GE G, GE | |dzp/dQ -GE
wolE
Fg = _ZLOML(ZLO)Tslw_NQ <0, (A12)
w' ' B [ dipy
Fﬁ = ZLO,UL(ZLO) 72 (— dzp) > 0, (Al?))
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L _
FLO_

dZL() L P2 B dZLO

w' B [ d
FE = —zpop®(zr0)(w™' — 1) S ( ws) <0,

W2 dzr1

GE =2P(wo™ — 1)%1%59 > 0,
Gy =" — 1) s (— e ) -0,
GP = 2P (w — 1)% (;lisl) <0,

L
Gro=orn1 — 281200 > 0,

L
GLO = Q/BLQZLI — ago > 0.

d L crflE oflE d
[zLop”™ (2L0)] W™ E + ot (zro) (ot — 1) 8 < 1/15*) -0,

(A14)

(A15)

(A16)

(A17)

(A18)

(A19)

(A20)

(A21)

We find that D = GE (FLGE — FEGE,) + GE(FEGEY, — FEGE) > 0, where the terms in the

brackets are positive from (A13)-(A19) and G¥, > 0 and G, > 0 from (A20)-(A21]). We have

—-FL FE FL FLt —fpt FE FL
4P 1 Q o 11 210 1 P Q L1 dzpy 1 P
—_— = = 0 Gt Gk —=—10 0 GEL =— 10
ds? D b, ILDO ]le TdQ D b b, 1L31 T dQ D b
—Gqo Gy G Gp —Go Gn Gp

Ffy —F§
Gl 0
Gro —G§

It follows that d27/dQ = [FE(GE,GE, — GE,GEY)) — GE(FEGE, — FEGE)]/D < 0; dzro/d) =
GE(FEGE — FEGE)/D > 0; and dzp,/dQ = —GE(FEGE — FEGE)/D < 0, where FE < 0,

G5 >0, GE >0, GE, > 0 and all terms in the round brackets are positive.

Proof of Proposition 4

When M > 0, the equilibrium is defined by the following conditions:

ZH1
Fi = / dF(z) +2M — g¥ Ls =0,

ZHO
G = (am — Buizro)zmo — (ams — Brrazm)zm = 0,

GL = (CYLl - 5L12L0)ZL0 - (OéLz - BLQZLl)le =0,

wa—lES
v

FY = zpop*(210) —0=0,
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(A22)

(A23)

(A24)

(A25)



Gy U
where ¥ = ¢y + (w7 — 1)1p5. Totally differentiating (A22))-(A23)), we obtain

E E
GPEzP( N+—S>—aw:0, (A26)

H H
Fhﬂ Fhl

H H
(;HO (;Hl

_F]\I}

0

dZHo/dA4
dZHl/dAI

Hence, dzpo/dM = —FHGE, /DH > 0 and dzy /dM = FHGE,/DH < 0, where D¥ = FH.GHE, —
FHLGE <0, Fi, <0, F, >0, Fl >0 from (A22)), and G&;, > 0 and G, > 0 from (A23).
Next, totally differentiating (A25))-(A26)), we obtain

FL FL FLY [de?/dM _FL
0 Gt GE | |dzro/dM| =] 0 |, (A27)
GE GE, GE | |dzp/dM —GY
) E E
where  Fiy = A(Q)zLo,uL(ZLO)w 7 5 Gh =2" A<Q)\Il_§ — aH—;V , and (A28)
N
AQ) = (" = D[2enon” (2m0) — anp” (an)] — an, (A29)

since zgop!! (zmo) = zmp (zm) P Thus, dzpo/dM = GE(FEGY, — FEGE)/D and dzp,/dM =
—GLo(FpGYy — FiiGp)/ D, where D = Giy(FioGp — FEGry) + Gro(FpGL — FLGR) > 0 from
the proof of Proposition 3. Since G¥, > 0 and G, > 0, we have dzpo/dM < 0 and dzp,/dM > 0
if FEGY, < FELGL. Using (A13), (A17), (A28), and & = ¢y /¥ and simplifying, we rewrite

FEGY, < FLGE as follows:

A(Q) (1 + éEﬂ) + (A4 ag)e” >0, where =5 " =2fF) ", (A30)
N

Define A?(Q) by AP(Q)(1+ EEs/En) + [AT(Q) + agle? = 0. That is,
agel

AP(Q) = — .
() 1+eP +EEs/EN

(A31)

Then, dzpo/dM < 0 and dzz,/dM > 0 if A(Q) > AP(Q), and dzro/dM > 0 and dzp,/dM < 0 if

3Since zgop (2m0) = zeip™ (2m1), we have:

dipg dzgo  dibs dzp H
_ _ =2 .
Do AM  dagy aM - 22roR” (o)
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A(Q) < AP(Q). Assuming F(z) = [1 — (20/2)*]/(1 — 2¥), we have

b k(k — 1)26(=7)
kPR -1+ (k= 1)1 = zK)agM

and so de”/dz" > 0 at M — 0. This in turn implies that dAF(Q)/dQ > 0, since d€/dQ) > 0 and
dzP /d) < 0. Thus, as Q rises from zero to one, A rises from —ay < AY(0) < 0 to AP(1) < 0,

where - s
apé z°f(z
a where &= /()

AP 1)=— 3 )
W l+&+¢Es/Ey [ 2dF(2) +agM

because £ = 1, 2P = z and e = & when Q = 1.

As we detail below, it matters how A(0) compares to A”(0). Figure 6 shows two possible cases.
In Figure 6a, A(0) > AP(0) and so, the sign of dzo/dM and dzr,/dM depends on Q. There exists
Q such that dzpo/dM < 0 and dzp,/dM > 0 if Q < Q; and dzzo/dM > 0 and dzp,/dM < 0 if
Q < Q. In Figure 6b, A(0) < AP(0) and so, dzro/dM < 0 and dzp,/dM > 0 for any .

From (A29), A(0) = (w™™' — 1)[2zgom* (2p0) — agm® (a)] — ag and A(1) = —ay. Thus,
AP (1) > A(1). As AP(0) < 0, it follows that A(0) > AF(0) if A(0) > 0 or (w1 —1)[2zgem™ (2510) —
agm®(ay)] > ay. This requires that 2zgom™ (2p0) > agm® (ay) and so, implies that as € rises
from zero to one, A falls at a constant rate. Hence, A”(Q) and A() intersect at a unique point in
this case. Since zgom! (zgo) > arm®(az), the sufficient condition for A(0) > 0 is given by

o—1

(w”™' — 1)[2a;m™ (ar) — agm™ (ag)] > an.

When A(0) < AF(0), it is always the case that AT (Q) < A(Q), since A(Q) is linear in  and
AF(1) > A(1) = —1. The condition A(0) < AP(0) requires the following:

L )2 pmom™ (2a10) — agm™ ()] — ag < ———— “HE0 ) A32
(w )2zm0m" (2m0) — agm™ (an)] — an 1+el +&Es/En 432

where & = £(Q = 0) and &) = &5'(2 = 0). It is true that 2zgom™ (2x0) — agmf (ag) > 0 if
ar, > ag/2. As zgomf (zgo) < agm® (ay) and € < 1, the condition (w~t — 1)m (ag) < 1/2 is
sufficient for (A32) to hold when 2zgom® (zgo) — agm® (ag) > 0.

Proof of Proposition 5

From (A27)), we find that dz"/dM = [FL(GY,GE, — GL,GE)) — GY(FEGE — FEGE))] /D, where
D = GE (FEGE — FEGL) + GE(FEGE, — FEGE) > 0 from the proof of Proposition 3. Thus,
dzP/dM > 0 if F&(GY,GE —GEGE)) > GL (FEGE — FEGE,), which using (A14)-(A15)), (A18)-
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(A19) and (A28) we simplify to obtain A?Eg/Ey < ag(1+ YH), where

w1l ZLoan(ZLO) = _d[ZLOmz(ZLO)]/dZLO (dws) _ s o Az
N d[ngm (ZLD)]/dZLO d[Zle (ZLl)]/dZLl dZLl dZLQ
Because zrout(2r0) = zp1p”(2p1) and (wo=! — 1)hg/¥ = 1 — &, we have
TH =(1-¢) <€£ + @) ,  where
€r1 €Lo
_ dYs za _ dis zpo _ d[ZleL(ZLl)] _ d[ZLomL(ZLo)]
€1 = ——  EfL0=— —— L= 5, L= 5 -
dzr1 s dzro Vs mb(zp1)dzra mb(zp0)dzro
Now, A(Q)&*Es/Ex < ag(1+ TH) can be rewritten as follows:
AQ) < UtEx {1+(1—§) (Efﬂ)] .
§?Es €r1 €Lo
Define s
ALQEGH—N{l—l— 1 - (@Jrgﬂ)} A34
@)= P g (22 (A34)

Then dz /dM > 0if A(R2) < AL(Q). Assuming Ty (ag) > 7s(ag), which requires that Ey/(£Es
(wo +1)u (ag)—1, it is true that A < AX(Q2). From (A34)) we know that for any Q < 1, A%(Q)
agEx/(EEs) > agExn/FEs = A*(1). Thus A(Q) > AH(Q) if and only if (w” ™! — 1)[2zmou (2m0) —
agi(ag)] —ag > ag[(w'=' + 1)pf(ay) — 1], which is not true since zgou® (20) < agu®(ag).
Hence, A(Q2) < AY(Q) and so, d2¥/dM > 0.

>
>

Proof of Proposition 6
The Impact of IPRs

First, we show that din/dQ > 0, dips/dQ2 < 0, and d¥/dQ) < 0, where ¥ = ¢ + (w7 — 1)1)g.
We find

dyn  p.,p dz"
dQ - z f(Z )dQ7
digs = — 11659 + ZL1ML(ZL1)f(ZL1) dS-LZl - ZLOML(ZLO)f(ZLO) déo‘

From the proof of Proposition 3, we have dz¥/dQ) = [FE(GE,GE, — GE,GE)) — GE(FEGE, —
FLGL)/D; depo/dQ = GL(FEGG — FEGE)/D; and dzp /dQ = —GL(FEGG — FGE)/D,
where D = GI (FEGE — FEGL,) + GE(FEGE, — FEGE) > 0. Using (A12)-(A21)), substituting
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for 2F f(2F) = ePapn /2P from (A30) and simplifying, we obtain
1
(A35)

dzf P EEg {(w"_l — 1)ts +TH} S

i~ 1-Q Ey

v D

dipy PPy EEs [(w7™! = 1)ig 1

dQ ~ 1-Q Ey { 7 +TH} 5 (A36)
dps s (1+e")n (Es\ TH .
Q- 1-0 {1 L P (1 E_N) _} <0 (A37)

where T and H are given in (A33) and D = (14 &) (14 TH) 4 (1 + &P + YH)EEg/Ey. Now

using (A36)-(A37) and simplifying, we find that d¥/dQ = din /d2 + (w7 — 1)dips/dQ2 < 0.
Second, we show that dYy/dQ > 0 and dYs/2 < 0. We have

1
Ys = Ls(1 —g) — /m dF(z) + (woqj%) % (A39)

As ow = 2P (Ey + £E5) /¢, we find that dYy/dQ > 0 iff

P P
w”les% <d1/}N ! dvs 1 ) > (En +§Eg)i—P (—%) .

Using (A35))-(A37), we simplify this inequality to w®~ + ef > 0, which is true. Next, because
o = zpopt(zr0)w’ 1 Es/V, we find that dYs/dQ) < 0 iff

A Yy dQ U

d 1 d 1 dz dz
o (U L LY o) 8 st e (020
Substituting for dzro/dQ2 and dzp;/dS?, we obtain

dz dz
zuo (210) f(200) " = 2 () () 0 = Tog e = 1

Ex /) D

1 (1+eP)yy (H@) TH

Now using (A36)-(A37)) and simplifying, we find that the inequality (A40|) holds.
Last, dVx/dQ > 0 (since dYn/dQ2 > 0 and dipy/d2 > 0) and dVs/d2 < 0 (since dYs/Q < 0

and dV¥/dQ) < 0).
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The Impact of Migration

First, we show that diyn/dM > 0, dips/dM < 0, and d¥/dM < 0. We find that dyy/dM > 0
iff ay > 27 f(27)(—dz"/dM). From (A27), we find that dzF/dM = [Fi(GY,GY, — GE,GE)) —
Gl(FloGL — F1GLo)l/ D, where D = G (FL,GE — FEGLy) + GLo(FEGT, — F{41GE) > 0 from
the proof of Proposition 3. Substituting for dz¥/dM, we simplify ay > 27 f(2F)(—dz"/dM) to
obtain: 1+ (1+ 26eP)éEs/Ex +YH (14 £FEs/Ey) > 0, which is true. Next, diyg/dM < 0 if

dl/’s dZH1 dlbs dZHo d¢s dZL1 dl/)s dZLo
H

0.
pilan)an + o T T de dM T dage dM

From ({A29)), we have

dg dzgy  dbg dzie A(Q) + ay
H -
# (CLH)CLH * dZHl dM + dZHQ dM wo—l —1 ’

From the proof of Proposition 4, we have dzro/dM = Gt (FEGY, — FEGE)/D and dzp, /dM =
—GL(FEGY, — Fi;GE)/D, where D = G, (Ff,GE — FEGL) + GLo(FFGT, — F[1GE) > 0. Using
(A13)-(A21)), (A28) and (A33)), we obtain

ds dzpa n ds dzro _ 1 {A(Q) <1 + e + @) + CZHEP:| % (A41)

dzpy AM  dzpo dM — we—l —1 Exn

Hence, dws/dM <0if [A(Q) + aH][l + e? + (1 + fép)gEs/EN] + (ZHTH(l + fES/EN) > (. This
inequality holds when A(Q2) + ay > 0, which is true in Figure 6.
Next, d¥/dM = din/dM + (w”! — 1)dipg/dM. We have

Z‘Z’_MN —ay [1 - % (1 - g;ES + TH)] , (A42)
N
(wo ! — 1)% = —[A(Q) +ay] + aHT?H {A (1 +ef + %) + €P} . (A43)

It follows that d¥/dM < 0.
Second, using (A38)), we find that dYy/dM > 0, since dz¥/dM > 0, diy/dM > 0 and
ds/dM < 0. Also using (A39), we find that dYs/dM < 0 iff the following is true:

>0 (A44)

7, Uy dM s dzp, dAM ' dzpo dM ‘

Ysn (dipn 1 dips 1 n dips dzry n dis dzpg
dM ¥n  dM g

Note that if dzp0/dM > 0 and dzp,/dM < 0, then dYs/dM < 0, since diyy /dM > 0, dips/dM < 0,
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dvs/dzry > 0 and dipg/dzrg < 0. Using (A41)-({A43)), we find that (A44]) holds iff

_ Wse( £2Es) {A(Q){ ( 5ES>T_H]_pT_H}
1 \Ij D1+THEN+§CLH1 1++END5D>

AQ) <1+€p+§Es) YH LYH

~— — & =,
ay EN D D

which simplifies to the following:

[A(€) + an] {(GTH) (1+ +5E—N> + Pg;N } > —ag(l—¢€) <1+% +2e PgE;EVS)

This inequality holds when A(Q) 4+ ag > 0, which is true in Figure 6.
Last, dVy /dM > 0 (since dYy /dM > 0 and diby /dM > 0) and dVs/dM < 0 (since dYs /dM < 0
and dV/dM < 0).

Proof of Proposition 7

The Impact of IPRs
(i) dyd/dQ < 0 since (diy/dQ) /x> (dipn /) J1hn, which simplifies to ¢y > 2Py
(i) dol?/dQ > 0 iff (—dk/dQ) /L > (—dpk/dQ) /1%, which requires the following:

dZLl dZLO dZLl

d_Q] > ZLoﬁzé [f(ZLO)d_Q — f(z11) 10

)dzLo m¥(zr1)

L
R T ey

f(ZLl)
since zpom® (o) = zpim*(21). Substituting for m&(z11)/m%(210) = 210/ 211, f(211)/f(210) =
qk+1 where q = ZLO/ZLl and e = (—dZLl/dQ)/(dZLo/dQ) = (O-/Ll _2/8L12L0>/(26L23L1 —OéLQ) >
0, we obtain

¢§ 1+ eg*t
- A4
where . i y "
20/ 2
3—5) = ( f/_LZ?,; {k — (opy — Ozmqk_l) i 2ZLO(BL1 — Bquk_Q)] )
v (20/710)" K k k-1
¢L =7 |01 — «p2q — ZLO(BLI — Br2q ) .
ST 12 k—1

Note that (A45) holds when e = 0, in which case 279 = ar and 2, — ap, where ap =
a1 /(2601) > are/(2Pr2) and ap, — (ape — arp1)/(Bre — Br1). Further, the left hand side

in (A45]) falls as e rises from e = 0, in which case zpg falls from zpy = ar, zp; rises from
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(i)

zr1 — ag, and q falls from g — 1. This is because (1 + eq**1) /(1 + eq**?) rises as e rises and
¢ falls from ¢ — 1, while ¥4z, falls as a faster rate than ¥4 does as ¢ falls from ¢ — 1 and

zro falls from zr0 = ar:

CdWs /o) AV d(E/2r0)
dq dq dzro

_dvg

dZLO

q—1 q—1

Last, note that e < 1. It must be true that de/dzro < 0. This requires that fFro(ar; —
2011210)(—dzp1/dzr0) — Bra (2812211 — ar2) < 0 or € < Br1/Br2 < 1, since dzp1/dzpg = —

zro(art — Brizro) — zr1(are — Brezra) = 0 and Br1/Pre < 1.

It follows that (A45]) holds for any e < 1 if it holds at e — 1, which requires the following:

s 1 + ¢*H!
¢S + gk +2 > 0.

ZL0

The left hand side of this inequality falls as ¢ falls for any z;¢ and so, we can set ¢ = 0
to obtain the sufficient condition: a1 — Br1zp0k/(k — 2) > 0, which holds for k£ > 4, since

zro < ar, < ap1/(2fr1) from Lemma 1.

dyg?/dQ = 0 since (—dypll /dQ) /vl = (—dpl /dQ) /PH = 1/(1 - Q).

The Impact of Migration

(i)

(i)

A JdM > 0 iff (dipy/dM) /by > (dS/dM) /1y, which requires the following:

(¥n — 2"w) f( /aH—zdF) > 0.

The first term is positive. The second is positive iff ay[(zF) % —1]—[(zF)*—-1]k/(k—1) > 0,
which is true if £ > 3 and ay > 1/2. This is because lep(aH — 2)dF(z) > 0 for k = 3 when
ag > 1/2 (because 2z < ag) and it further rises as k rises. Lemma 1 implies that ag > 1/2

if aga/Bra > 1 or m(1) > 0.

First, we show that dy5/dM > 0 if the L imitation set contracts. We note that dip5?dM > 0
ff (—dipk /dM) )15 > (—dipk /dM) /1%, which requires the following;:

dzri
dM

dzrq dzro

dM

dzro B m¥(zp1)

e TR en

) it | > el | Fean) o8~ S

where dzpo/dM > 0 and dzr,/dM < 0. Since e = (—dzp1/dQ)/(dzpo/dQY) = (—dzp1 /dM) /(dzpo/dM),
we obtain ((A45)), which holds for £ > 4.
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Second, dy5?dM < 0if the L imitation set expands. Note that dip5?dM < 0iff (—dipk /dM) ik <
(—dpk /dM) /L, which requires the following:

dZLl
dM |’

dZLQ

} > 2rok {—f(ZLo)W + f(z1)

dzry
dM

dZLQ mL(le)

77Z}§ _f(ZLO) AM + mL(ZL())f<ZL1)

where dzpg/dM < 0 and dzp;/dM < 0. Again, we obtain (A45)), which holds for k& > 4.

(iti) dipy?/dM > 0 if (dl JdM) jpE — (dpH JdM) JE > 0, which requires the following;

d " d
B d d g m
ZHOwSH |:f<ZHO) dzﬁo - f(ZHl)ﬁ} + (¢£‘I — ang) TZLH(<:;))
We note that
. k
Vi —apgl = _% [GH(l —q") - L ﬁ 1ZH0(1 —¢" | <0,
0

where the term in square brackets is positive when k = 2 (since ay > zpo) and rises as k

rises. Thus, it remains to show the following:

dzmo m* (zg1)
dM  mH(zp)

/ “H”ﬁﬂ > ol {f@Ho)CZ@“ - f<zm>ifﬂfﬂ |

Vg | f(2m0)
Substituting for m* (21)/m" (210) = 2mo/2m1, f(2m1)/f(2m0) = ¢*7', where ¢ = zpo/zm
and e = (—dzy/dM)/(dzgo/dM) = (ap1 —2Bm1 210)/ (282281 — ) > 0, we obtain (A45])
where j = L is replaced with j = H. We have shown that (A45]) holds for £ > 4 when j = L;
likewise, it holds for £ > 4 when j = H.
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