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Do not steal. Do not covet anything that belongs to your neighbor. Follow the whole
instruction the Lord your God has commanded you, so that things will go well with you
in the land you are about to possess.

Deuteronomy 5:19,21,33

1 Introduction

Intellectual property rights (IPR) protection in developing countries has been a topic of debate for
many years. The Trade-Related Aspects of Intellectual Property Rights (TRIPs) agreement was
signed as part of the Uruguay Round in 1994. This agreement formally introduced intellectual prop-
erty rights into the World Trade Organization (WTO) and the world trading system. The TRIPs
agreement covers copyrights and patents but also enforcement procedures and dispute mechanisms.
Since most developed countries already had such systems in place, the implied changes in national
regulation required by the TRIPs agreement mostly affects developing countries. They have been
forced to increase their IPR protection to remain inside the WTO.

The TRIPs agreement has come in for intense criticism. As Irwin (2009, p.231) explains, “Many
developing countries complain that, unlike mutually beneficial tariff reductions, the TRIPs agree-
ment merely transfers income from developing to developed countries by strengthening the ability
of multinational corporations to charge higher prices in poorer countries.” In his book In Defense
of Globalization, Bhagwati (2004, p.183) describes TRIPs as “like the introduction of cancer cells
into a healthy body.” For this influential economist, the otherwise healthy body is the World Trade
Organization and TRIPs is killing it. Birdsall, Rodrik and Subramanian (2005) concur. They write
“An international community that presides over TRIPs and similar agreements forfeits any claim to
being development-friendly. This must change: the rich countries cannot just amend TRIPs; they
must abolish it altogether.”

Turning to the economics literature, perhaps the best support for this critique is provided by
McCalman (2001), who estimates the value of transfers of income between countries implied by the
TRIPs agreement. He finds that only a few countries gained from TRIPs (United States, Germany,
France, Italy, Sweden, Switzerland) and that all other countries were made worse off, including all
developing countries. But it is just assumed in McCalman’s cost-benefit analysis that there are no
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benefits from TRIPs. For example, Branstetter, Fisman, Foley and Saggi (2011) study the response
of host country industrial production to stronger IPR protection. They find that following patent
reform, US-based multinational firms expand the scale of their activities in reforming countries and
exports of new goods increase in these reforming countries.

The purpose of this paper is to challenge the conventional wisdom that TRIPs is bad for de-
veloping countries. We present a dynamic general equilibrium model that allows us to study the
implications of stronger IPR protection and simultaneous trade liberalization. For developing coun-
tries that belong to the WTO, patent reforms done to satisfy the conditions of the TRIPs agreement
are implemented at the same time as tariffs and other trade barriers are lowered to comply with
other WTO decisions.

In the model, firms in the North (developed countries) engage in innovative R&D to develop
new product varieties, and once successful, these northern firms earn global monopoly profits from
selling the new products. Northern firms also engage in adaptive R&D to learn how to produce
their products in the lower-wage South (developing countries), and once successful, their foreign
affiliates located in the South earn even higher global monopoly profits. Southern firms engage
in imitative R&D to learn how to produce both the product varieties of northern firms and their
foreign affiliates. So over time, the production of every product variety moves from the North to the
South and international technology transfer occurs both through foreign direct investment (FDI)
and imitation. The innovation, FDI and imitation rates are all endogenously determined based on
profit-maximization considerations.

We calibrate the model to fit two benchmark cases: the 1990 benchmark (the world prior
to the implementation of the TRIPs agreement) and the 2005 benchmark (the world after the
implementation of the TRIPs agreement). Going from the 1990 to the 2005 benchmark, we are
able to replicate the large 10-fold observed increase in FDI inflows to developing countries from
1990 to 2005. Our results suggest that for plausible parameter values, TRIPs (stronger southern
IPR protection) leads to more FDI, more innovation and considerably higher long-run southern
consumer welfare. The South also benefits from the trade liberalization that occurred from 1990
to 2005 but the welfare gains from TRIPs are considerably larger. Furthermore, we find that trade
liberalization by itself has a negligible effect in stimulating FDI, so most of the 10-fold observed
increase in FDI inflows to developing countries (from 1990 to 2005) can be attributed to stronger
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developing countries in our analysis.

In the related literature, Helpman (1993), Lai (1998) and Branstetter and Saggi (2011) all
study the effects of stronger IPR protection using dynamic general equilibrium North-South trade
models with costless FDI. Recently, Gustafsson and Segerstrom (2011) have developed a dynamic
general equilibrium North-South trade model with costly FDI and we build on their analysis by
also incorporating costly trade. Thus, in our model, there are costs of moving production across
regions and there are also costs of moving goods across regions.

The rest of the paper is organized as follows. In Section 2, we present the model and derive
seven steady-state equilibrium conditions. In Section 3, we solve the model numerically for different
parameter values and present the results. Then in Section 4 we offer some concluding remarks.
We discuss the related literature in more detail in Appendix 1 and in Appendix 2, we present

calculations that we did to solve the model in more detail.

2 The Model

2.1 Overview

We consider a global economy consisting of two regions: the North and the South. In both regions,
labor is the only factor used to manufacture product varieties and to do R&D. Labor is perfectly
mobile across activities within a region but cannot move across regions. Since labor markets are
perfectly competitive, there is a single wage rate paid to all northern workers wy and one single wage
rate paid to all southern workers wg. Labor is employed in four distinct activities: manufacturing
of final consumption goods, innovative R&D, adaptive R&D and imitative R&D. Although labor
cannot move across regions, goods can. We assume iceberg trade costs between the North and the
South: 7 > 1 units of a good must be produced and exported for one unit to arrive at its destination.

In this global economy, firms can hire northern workers to engage in innovative R&D with the
goal of learning how to produce new product varieties. A successful firm earns global monopoly
profits from producing a new product variety and selling it to consumers in both regions. We call
such a firm a northern firm because all production is located in the North. A northern firm can hire
southern workers to engage in adaptive R&D with the aim of transferring its manufacturing oper-
ations to the lower-wage South (wy > wg). When successful in adaptive R&D, a firm earns higher
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affiliate because production takes place in the South but a fraction of its profits is repatriated back
to its northern stockholders. Adaptive R&D can be interpreted as an index of FDI (foreign direct
investment) because it represents the cost that northern firms incur to transfer their technology to
foreign affiliates, and even when financed by southern savings, northern firms control the amount
of adaptive R&D in order to maximize their global expected discounted profits.

In addition, there are southern firms, firms that are owned and operate in the South. These
firms can hire southern workers to engage in imitative R&D with the goal of learning how to
produce foreign affiliate varieties. Once a product variety has been successfully imitated, it is no
longer profitable for the foreign affiliate to produce the variety since the southern firm has lower
production costs. Instead, the successful southern firm produces the imitated variety and earns
global profits from selling to consumers in both regions. Southern firms can also engage in a second
more difficult type of imitative R&D aimed at learning how to produce northern varieties in the
South. When successful, they earn even larger global profits from selling to consumers in both
regions. Thus technology transfer from the North to the South may occur through two different
channels: either through FDI by foreign affiliates or through imitation by southern firms of northern
products.

As illustrated in Figure 1, the model generates one-way product cycles. Each product variety
is initially developed and produced by a northern firm, its production can later shift to a foreign
affiliate as a result of adaptive R&D, and eventually its production shifts to a southern firm that
imitates the production technology. The innovative R&D activities of northern firms result in the
innovation rate g and the adaptive R&D activities of foreign affiliates result in production shifting
to foreign affiliates at the FDI rate ¢. Due to the imitative R&D activities of southern firms, foreign
affiliate varieties are imitated at the rate tg and northern varieties are imitated at the rate ¢jy. The
innovation, FDI and imitation rates are all endogenously determined based on profit-maximization

considerations.}

2.2 Households

In both the North and the South, there is a fixed measure of households that provide labor services

in exchange for wage payments. Each individual member of a household lives forever and is endowed

!Gustafsson and Segerstrom (2011) present a North-South model with exogenous imitation and costless trade. The
reader may find it useful to study this simpler model first, before studying the more complicated model in this paper.
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with one unit of labor, which is inelastically supplied. The size of each household, measured by the
number of its members, grows exponentially at a fixed rate g, the population growth rate. Let
Ly: = Lyoedtt denote the supply of labor in the North at time ¢, let Lg; = Lgoedr! denote the
corresponding supply of labor in the South, and let L; = Ly; + Lg: denote the world supply of
labor. In addition to wage income, households also receive asset income from their ownership of
firms. We assume that R&D done in the North is financed by northern savings and R&D done in
the South is financed by southern savings, which is consistent with the Feldstein and Horioka (1980)
finding that domestic savings finances domestic investments.

Households in both the North and the South share identical preferences. Each household is

modeled as a dynastic family that maximizes discounted lifetime utility
o
U= / e~ (P90 In (uy)dt (1)
0

where p >g . is the subjective discount rate and u; is the static utility of an individual at time t.

The static constant elasticity of substitution (CES) utility function is given by

wp = [/Omxt(w)adwr, 0<a<l. )

In (2), z; (w) is the per capita quantity demanded of the product variety w at time ¢ and n; is the
total number of invented varieties at time ¢t. There are four types of varieties: ny; varieties produced
by northern firms, ng; varieties produced by foreign affiliates, ny; varieties produced by southern
firms that have imitated foreign affiliates (“I” for imitation) and ncy varieties produced by southern
firms that have imitated northern firms (“C” for copying). The number for varieties available on the
world market n; is the sum of these four types of varieties: ny; = ny¢ + ngt +npe + noy. We assume
that varieties are gross substitutes. Then with o measuring the degree of product differentiation,
the elasticity of substitution between product varieties is o = ﬁ > 1.

Solving the static consumer optimization problem yields the demand function:

_ P (W) ¢ (3)

Tt (w> Plfa
t

where ¢; is individual consumer expenditure at time ¢, p; (w) is the price of variety w at time ¢ and



_ 1/(1-0o)
P = [ Ont Dt (cu)1 7 dw is an index of consumer prices. We will shortly define one such price

index for each of the two regions. By substituting the demand function (3) into (2) and using the
definition of the price index P, it can be shown that u; = ¢;/P;. Then maximizing (1) subject to
the relevant intertemporal budget constraint yields the intertemporal optimization condition

Ct

. 4
e Tt —p ()

implying that individual consumer expenditure grows over time only if the market interest rate r;
exceeds the subjective discount rate p.

The representative consumer in each region has different wage income (wy > wg) and hence
different consumer expenditure. Let cy and cg denote the representative consumer’s expenditure
in the North and South, respectively. We treat the southern wage as the numeraire price (wg = 1),
that is, we measure all prices relative to the price of southern labor. Furthermore, we solve the
model for a steady-state equilibrium where wy, wg, ¢y and cg are all constant over time. Then
¢t/ct = 0 in (4) and hence r; = p. The steady-state market interest rate is thus constant over time
and equal in the two regions.?

Due to the positive trade costs, the prices of goods differ between the two regions. Let py
denote the price charged to northern consumers by each northern firm, p}; denote the price charged
to southern consumers by each northern firm, pr denote the price charged to southern consumers by
each foreign affiliate, p}. denote the price charged to northern consumers by each foreign affiliate, p;
denote the price charged to southern consumers by each southern firm that has imitated a foreign
affiliate variety, p; denote the price charged to northern consumers by each southern firm that
has imitated a foreign affiliate variety, pc denote the price charged to southern consumers by each
southern firm that has imitated a northern variety and pg denote the price charged to northern
consumers by each southern firm that has imitated a northern variety. In our notation, the asterisk
refers to a firm’s price in its export market, regardless of whether this market is the North or the

South. We solve for a steady-state equilibrium where all of these prices are constant over time.

20ur earlier assumption that “R&D done in the North is financed by northern savings and R&D done in the
South is financed by southern savings” implies that there is no international capital mobility. Thus the two regions
typically have different interest rates along the transition path leading to a new steady-state equilibrium. But in a
steady-state equilibrium, the two regions must have the same interest rate because consumers in both regions have
the same subjective discount rate p.



2.3 Steady-State Dynamics

We will now derive some properties that must hold in any steady-state equilibrium.

Let g = ny/n; denote the steady-state growth rate of the number of varieties. From the variety
condition ny = ny¢+np:+nn+nee, it follows that the number of varieties produced by each type of
firm must grow at the same rate g, that is, g = n¢/n; = nye/nNe = npe/npr = Ny /np = not/net.
Therefore, the variety shares yx = ny¢/ne, Yr = npe/ne, y1 = np/ne, Yo = ney/ne are necessarily
constant over time in any steady-state equilibrium and satisfy vy +vr +v7 +7¢c = 1.

Let ¢ = (npt + nye) /nne denote the steady-state FDI rate, which is constant over time in

SR : — ARgetRIe _ DEg MEYM e /Mt YR o
any steady-state equilibrium since ¢ = e = neinneme T anine = 9w T 97x The FDI
rate is the rate at which production of varieties shift from the North to the South due to foreign
affiliates engaging in adaptive R&D. It is taken into account in the definition of the FDI rate that
moving production to a foreign affiliate in the South exposes the firm to a positive imitation rate by

southern firms.® Let tg = ns/npy denote this imitation rate of foreign affiliate-produced varieties.

Lg is constant over time in any steady-state equilibrium since tg = g—; = Z—Zn;//ntt = g;/—;. Let

LN = nceg/nye be the imitation rate of northern-produced varieties. This imitation rate is also
constant over time in any steady-state equilibrium since 1y = 2¢t = hgy not/me g,
nNt not e /nt IN

Taking the time derivative of the variety condition n; = nyt + np: +np + ney, we can solve for

the northern variety share yy:

g
= - 5
w g+é+in ()

From the steady-state expressions for the imitation rates tg and ¢, and the steady-state expression

for the northern variety share (5), it follows that

LN
= 6
e g+ o+in ()

Substituting (5) and (6) into yn +vr +v1 +vc = 1 yields yp + 71 = . Using this expression

¢
gto+in

3To see that the term 77, should be included in the FDI rate definition, it is helpful to think about a bathtub
with an open drain that is being filled with water from a faucet. The flow of water coming out of the faucet into the
bathtub equals the rate of change in the volume of water in the bathtub plus the flow of water going down the open
drain. Likewise, the flow number of varieties that firms transfer to the South through FDI (np¢ + 1) equals the
rate of change in the number of varieties produced by foreign affiliates (nr:) plus the flow number of foreign affiliate
varieties that are imitated by southern firms (7n1¢).



together with g = gy7/vF, we obtain

= (i) () o= () ) "
g+é+wv/) \g+us P \gto+mv) \g+is)”

As expected, the variety share of foreign affiliates depends positively on the FDI rate (¢ = vr 1).

An increase in the imitation rate of foreign affiliate varieties increases the variety share of the
imitating I-firms at the expense of the foreign affiliates (ts 1= 7 T,7r |) and similarly, an increase
in the imitation rate of northern varieties increases the variety share of the imitating C-firms at the
expense of northern firms (tx 7= v 1,7n ).

Because of trade costs, the price of each product variety is different in the two regions and
and we need to define a price index for each region. Let Py; denote the price index for the
North and Pg; denote the price index for the South. Given the earlier definition of the price

1/(1-0)
index P, = [ Jo e (w)'7 dw} ’ , it follows that the northern price index satisfies Py,” =

179 and the southern price index satisfies P;{ 7 =

_ 1— _
nth]l\f 7+ npe (p) T+ np (P7)1 7+ ney (PE)
NNt (p*N)l_U +n Ftp};_” +n Itp}_” + nCtp}j_”. Using the variety shares defined earlier, we can rewrite

these expressions as
-0 __ -0 * \1—0o *\1—o * \1—0
Py7 = i+ 03)' 7+ (01)' 7 + e )7 e (8)

Psl*t_o = [VN (p7v)1_g + 'YFP}:’_U + 'yfp}_” + ché_”} ng (9)

where the terms in brackets are constant over time. Thus P]{fza and P;{ ? both grow over time at

the rate g in any steady-state equilibrium.

2.4 Product Markets

The firms producing different product varieties compete in prices and maximize profits. There is
constant returns to scale in production. For each firm operating in the North and for each of the
foreign affiliates located in the South, one unit of labor produces one unit of output. Due to their
lack of familiarity with the southern economic environment, foreign affiliates have higher production
costs than southern firms. For southern firms that have imitated either a foreign affiliate variety or
a northern variety, ¢ € (0, 1) units of labor produce one unit of output. Each northern firm has the

marginal cost wy serving the northern market and taking trade costs into account, the marginal
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cost Twyy serving the southern market. Costs are lower for foreign affiliates: each foreign affiliate has
the marginal cost wg serving the southern market and the marginal cost Twg serving the northern
market. Southern firms have the lowest costs of all: each southern firm has the marginal cost (wg
serving the southern market and the marginal cost 7(wg serving the northern market.

A northern firm earns the flow of global profits mn; = (pny — wn) xneLne + (P — Twn) 3 Lst
where x v is the quantity demanded by the typical northern consumer of the northern firm’s product
and x%, is the quantity demanded by the typical southern consumer of the northern firm’s product.
Given (3), a northern firm faces consumer demands zn; = py’cn /P, 7 and 2%, = (pi) " cs/Ps; °.
A northern firm chooses its price in each market to maximize profits. It is straightforward to verify

that the profit-maximizing price in the northern market is the monopoly price py = “¥ and

similarily in the export market, the profit-maximizing price is the monopoly price p}, = =52, Using

these prices and some simple algebra, we can reexpress the northern firm’s global profit flow as

wy (Xy +7X3) Ly

TNt = 10
M (c =1 g (10)
~ *) %esL . .
where Xy = W and X} = w are population-adjusted aggregate demand
PNt Ly PSt Ly

terms for northern product varieties in the North and the South, respectively. Xy and X3, are
both constant over time in steady-state equilibrium since prices and consumer expenditure are
constant over time, Ly; grows at the same rate g;, as the world population L;, and both P]{,;U and
Pét_ 7 grow at the same rate g as ny;. Hence the bracketed term in (10) is constant over time in
any steady-state equilibrium and the profits earned by a northern firm only changes because L;/n;
changes over time. L;/n; is a measure of the size of the market relevant for each northern firm.
Population growth increases the size of the market for firms but variety growth has the opposite
effect because firms have to share consumer demand with more competing firms.

A foreign affiliate earns the flow of global profits 7p; = (pr — ws) xpeLst + (P) — Tws) Ty LNt
where xp; = pp7cs/ Psl,t_ 7 is the quantity demanded by the typical southern consumer of the foreign
affiliate’s product and z%, = (p}) 7 cn /P]{[;” is the quantity demanded by the typical northern
consumer of the foreign affiliate’s product. Profit maximization yields the domestic price pp = wg/a
and the export price p}, = Twg/a. We assume that 7 < wy/wg to ensure that each foreign affiliate

exports to the northern market. For large trade costs, a large wage differential is needed to justify
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exporting. Trade costs cannot be too high. The flow of global profits for a foreign affiliate is

S [ws (Xr + TX}?)] Ly (11)

(c—1)yr Uz
_ pgpcsLlsinry * (p}}) ‘enLnenr : :
where Xp = e, and X7 = ey are population-adjusted aggregate demand
St t Nt t

terms for foreign affiliate products in the South and the North, respectively. Following the same
reasoning as for aggregate demand for northern products, it can be seen that Xz and X7, are
constant over time in any steady-state equilibrium. Therefore the profit flow of a foreign affiliate
only changes because the market size term L;/n; changes over time.

After a product variety that a foreign affiliate produces is imitated by a southern firm (an I-
firm), the southern firm earns the flow of global profits 7j; = (p; — Cws) xreLsi+(p; — TCws) 7, Lnt
where zr; = p;7cg/ Pé; 7 is the quantity demanded by the typical southern consumer of the I-firm’s
product and x5, = (p7)” 7 en/ P]{,;U is the quantity demanded by the typical northern consumer
of the I-firm’s product. Without competition, an I-firm would set the monopoly price (ws/« in
the southern market. But an I-firm is in competition with the foreign affiliate whose product it
has imitated. Given that the foreign affiliate cannot lower its price below its marginal cost wg, we
assume that ¢ > «a, so (wg/a exceeds the marginal cost of the foreign affiliate wg. Then the limit
price p; = wg is less than the monopoly price and it is profit-maximizing for the I-firm to practice
limit-pricing in its domestic market. By setting p; = wg, the I-firm gets all the consumers and
drives the foreign affiliate out of business. In the export market, it is also profit-maximizing for the
[-firm to practice limit-pricing by setting p; = 7wg. With these prices, the global profit flow of a

southern firm that has imitated a foreign affiliate’s product can be expressed as

1= O (X, + X9 L
— CLE 1+ Xp) n—z (12)

—0 * —0
_ pr csLlsings « _ (p}) “enLninn
where X7 = L—F7-— and X} = ~“—7F——

! Pél't TLy I P]{ItoLt

are population-adjusted aggregate demand terms
for the I-firm varieties in the South and the North, respectively. Note that the profits of an I-firm
only change over time because of the market size term L;/n;.

After a variety that a northern firm produces is imitated by a southern firm (a C-firm), the
southern firm earns the flow of global profits 7¢; = (pc — Cws)xciLst + (PG — TCws)xE, Lne where

[

ror = palcs /Pét_ is the quantity demanded by the typical southern consumer of the C-firm’s

12



product and x5, = (p&) 7 en/ P]{,;" is the quantity demanded by the typical northern consumer of
the C-firm’s product. Maximizing these profits with respect to pc yields the monopoly price Cwg/c.
But the southern firm faces a competitor in the northern firm whose product it has imitated. We
restrict attention to the case where 7wy > Cwg/a or equivalently 7wy /wg > (/o to guarantee that
the southern firm charges the monopoly price pc = (wg/« in its domestic market. When it comes
to the C-firm’s export market, there are two cases to consider, depending on whether trade costs are
small or large. If wy > 7Cwg/a or wy/wg > 7¢/a (the small trade cost case), then the northern
firm has too high marginal cost wy to effectively compete in the northern market and the southern
firm sets the monopoly export price pf. = 7¢wg/a. If wy < 7¢wg/a or wy/wg < 7¢/a (the large
trade cost case), then the northern firm has low enough marginal cost wy so its presence needs to
be taken into account and the southern firm sets the limit price p, = wy in equilibrium. With
these prices, the global profit flow of a southern firm that has imitated a northern firm’s product

can be expressed as

X X1 L
m:[CU’S( ctT C>]t if N 5 7 (13)
(0 —Dre g wg o
X — X5 L
mor = [ CwsXo | (wy - rCws) Xg) L pwn 76 (14)
(c=1) Yc Ty wgs o
_ pg’cesLsinct « _ () “enLnince . . .
where X¢o = “PLer, and X = ~“————. Again, profits only change if the market size
P 7Ly Py 7Ly

term Ly /ny changes over time.

The above analysis implies that as a product shifts from being produced by a northern firm to
its foreign affiliate and then by a southern firm, the equilibrium price of the product declines in the
North (py = wn/a > p} = Twg/a > pj = Twg) as well as in the South (py, = Twn/a > pp =
wg/a > pr = wg). This price pattern is consistent with Vernon’s (1966) description of the product

life cycle, in which multinational firms play a central role.

2.5 Innovation, FDI and Imitation

There is free entry into innovative R&D activities in the North, with every northern firm having
access to the same R&D technology. To innovate and develop a new product variety, a representative
northern firm i must devote axg®/n? units of labor to innovative R&D, where ay is an innovative
R&D productivity parameter and n; is the disembodied stock of knowledge at time ¢ (the total

number of varieties that have been developed in the past). The intertemporal knowledge spillover
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parameter 6 can be positive or negative. For 8 > 0, R&D labor becomes more productive as time
passes and a northern firm needs to devote less labor to develop a new variety as the stock of
knowledge increases. In contrast, innovating becomes more difficult at time passes when 6 < 0.
Grossman and Helpman (1991) assume that intertemporal knowledge spillovers are quite strong
and set # = 1. We will instead follow Jones (1995) by assuming that intertemporal knowledge
spillovers are weaker and satisfy # < 1. This assumption is the key to ruling out strong scale effects.
Finally, the externality parameter 3 > 0 captures the duplicative nature of innovative R&D. When
all firms do more innovative R&D (g = n¢/n; is higher), § > 0 means that the individual firm must
do more innovative R&D in order to develop a new product variety.
Given this technology, the flow of new products developed by northern firm ¢ is
lRit nflrit

h't p— —
" ang®/nf ang®

where n;; is the time derivative of n;; and lg;; is the labor used for innovative R&D by firm i (“R”
for R&D). Summing over individual northern firms, the aggregate flow of new products developed

in the North is

ng = 15
! CLNQB anN ( )

B nfLRt B [an’BLRt] 1/(1+8)
where Lg, = ), lri is the total amount of northern labor employed in innovative activities. Thus,
the parameter 8 measures the degree of decreasing returns to innovative R&D at the industry level.
A large empirical literature on patents and R&D has shown that R&D is subject to significant
decreasing returns at the industry level (point estimates of 1/(14/3) lie between 0.1 and 0.6 according
to Kortum (1993), which corresponds to [ values between .66 and 9).

In any steady-state equilibrium, the share of labor employed in innovative R&D must be constant

over time. Given that the northern supply of labor grows at the population growth rate gy, northern

TL?LRt

R&D employment L g, must grow at this rate as well. Dividing both sides of n; = g’

by n; yields

. 0—1
ne  ng Lp;

Uz aNgﬁ

g

0—1
t

Since g is constant over time in any steady-state equilibrium, n; "~ and Lpg; must grow at offsetting

14



rates, that is, (0 — 1) Z—: 4 Lae - (0 —1)g+ gr. = 0. It immediately follows that

LRgt

gzn—: . (16)

-
Q
~

Thus, the steady-state rate of innovation ¢ is pinned down by parameter values and is proportional
to the population growth rate gr. As in Jones (1995), the parameter restriction 6 < 1 is needed to
guarantee that the steady-state rate of innovation is positive and finite (given that there is positive
population growth).

We can now solve for the steady-state rate of economic growth. The representative northern
consumer has utility uny; = c¢ny/Ppn: and the representative southern consumer has utility ug; =
¢s/Psi. In steady-state equilibrium, individual consumer expenditure is constant over time but
consumer utility nevertheless grows because the price indexes fall over time. Since both P]{,;" and
Pslt_ ? both grow over time at the rate g, it follows that consumer utility growth is

Une  USt g gL
W= —=—= = . 1
g un:y usy o —1 (1-0)(c—1) (17)

With consumer utility in both regions being proportional to consumer expenditure holding prices
fixed, consumer utility growth equals real wage growth and we use it as our measure of economic
growth.

Equation (17) implies that public policy changes like trade liberalization (a decrease in 7) have
no effect on the steady-state rate of economic growth. In this model, growth is “semi-endogenous.”
We view this as a virtue of the model because both total factor productivity and per capita GDP
growth rates have been remarkably stable over time in spite of many public policy changes that
one might think would be growth-promoting. For example, plotting data on per capita GDP (in
logs) for the US from 1870 to 1995, Jones (2005, Table 1) shows that a simple linear trend fits the
data extremely well. Further evidence for equation (17) is provided by Venturini (2010). Looking
at US manufacturing industry data for the period 1973-1996, he finds that semi-endogenous growth
models (where public policies do not have long-run growth effects) have better empirical support
than fully-endogenous growth models (where public policies have long-run growth effects).

We can now define relative R&D difficulty. In the unit labor requirement for innovation ayg?®/n?,

0

the term n,  is a measure of (absolute) R&D difficulty. It increases over time if # < 0 and decreases
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over time if § € (0,1). By taking the ratio of R&D difficulty and the market size term L;/n;, we
obtain a measure of relative R&D difficulty (or R&D difficulty relative to the size of the market).

-9 1-6
n n
f=—t =— 18
Lt/ Ly (18)
To see that § is constant over time in steady-state equilibrium, note that g =(1-0) Z—i — % =

(1—9)1*‘7%9—ng0.

To learn how to produce a northern variety in the South, the foreign affiliate of a northern firm
must devote ap@®/ nf units of labor to adaptive R&D, where ar is an adaptive R&D productivity
parameter that can be throught of as measuring the friendliness of southern FDI-related policies
and ¢ = (npy +npe) /nne is the FDI rate, the rate at which northern varieties shift to the South
as a result of adaptive R&D done by foreign affiliates. The externality parameter 8 now captures
the duplicative nature of adaptive R&D. Taking into account that adaptation is followed by imita-
tion, the number of varieties that have been succesfully adapted for southern production by firm 4
increases over time according to

it nflpit

Rt + Rz = -
Fit Iit CLFQSB/’I’L? CLF(pﬁ

where np; + Ny is the time derivative of the number of varieties that firm ¢ is responsible for
moving to the South and /p;; is the labor used for adaptive R&D by firm ¢ (“F” for FDI). Summing
over individual foreign affiliates, the aggregate flow of varieties to the South through FDI is given

by

Npe + N = (19)

where Lpy = ), lpi is the total amount of southern labor employed in adaptive R&D activities.
To learn how to produce a foreign affiliate variety, a southern firm must devote ang / nf units
of labor to imitative R&D, where ay is an imitative R&D productivity parameter, tg = ny/np; is
the rate at which a southern firm imitates a foreign affiliate variety and the externality parameter
B > 0 captures the duplicative nature of imitative R&D. When all southern firms do more imitative
R&D (the imitation rate tg is higher), 5 > 0 means that individual southern firms must do more
imitative R&D to learn how to produce a foreign affiliate variety. We interpret a; as measuring the

strength of IPR protection in the South and study what happens when a; changes. An increase
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in a; means stronger IPR protection in the South (as in compliance with the regulations of the
TRIPs agreement). Given this technology, the flow of foreign affiliate varieties that a southern firm
¢ imitates is

e ndlp

ang/nf albg

nrit =
where [7;; is the labor used for imitative R&D by firm 7. Summing over individual southern firms,

the aggregate flow of foreign affiliate varieties that southern firms imitate is

0

) ny Ly

nre = t ﬁt (20)
artg

where Ly, = ), lri is the total amount of southern labor employed in imitating foreign affiliate
varieties.

To learn how to produce a northern variety in the South, a southern firm must devote da [L]‘if /n?
units of labor to imitative R&D, where d > 1 is a “distance” parameter that captures the extra
cost of imitating northern-produced varieties and ty = ncy/nn¢ is the rate at which southern
firms imitate northern-produced varieties. Given this technology, the flow of northern varieties that

southern firm ¢ imitates is
loiw — nllo

neit = =
danﬁ,/n? daIL]BV

where [¢i: is the labor used by firm ¢ to imitate northern varieties. Summing over individual
southern firms, the aggregate flow of northern varieties that southern firms imitate is

0
nt LCt

dan’?\,

noe = (21)
where Loy = ), Iyt is the total amount of southern labor employed in imitating northern varieties.

While southern firms can do imitative R&D, we assume that southern firms are not capable of
doing innovative R&D. The conclusions reached in this paper in support of the TRIPs agreement
become even stronger if southern firms can do innovative R&D, because then there is an additional

benefit of TRIPs: more innovation by southern firms.
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2.6 R&D Incentives

Let vy: denote the expected discounted profits associated with innovating in the North at time ¢.
The R&D labor used to develop one new variety is axg®/n{ and the cost of developing this variety
is wyayg®/nf. Since there is free entry into innovative R&D activities in the North, the cost of

innovating must be exactly balanced by the benefit of innovating in equilibrium:

5
wyay

g = —NONG (22)
iy

Let vpy denote the expected discounted profits that a foreign affiliate earns from producing a
variety in the South at time t. The foreign affiliate uses ar¢®/n? units of adaptive R&D labor to
transfer production of one variety to the South and the cost of this transfer is wgap@?®/n{. The
benefit of the transfer is not the expected discounted profits that a firm could earn from moving its
production to the South vgr; but the gain in expected discounted profits vg: — v ¢, since the firm is
already earning profits from producing in the North. Since the cost of technology transfer must be
exactly balanced by the benefit in steady-state equilibrium, we obtain

wsapg”

VFt — UNt — -9 (23)
t

When techology transfer occurs, each foreign affiliate pays its parent firm the royalty payment vy
for the use of its technology in the South, since the adaptive R&D accounts for the increment in
the firm’s value vpy — vy which is less than the foreign affiliate’s market value vp;.

Let vy¢ denote the expected discounted profits from producing a foreign affiliate-imitated variety.
To learn how to produce a foreign affiliate variety, a southern firm devotes ang /n¢ units of labor
to imitative R&D and incurs the cost wga ]Lg /n?. Since the benefit of imitating a foreign affiliate

variety equals the cost in steady-state equilibrium, we obtain

3
wgarl
Vi =—5 S (24)

t

Finally, let vo; denote the expected discounted profits from producing a northern-imitated
variety in the South. A southern firm devotes da[L’]gV /n¢ units of labor to imitative R&D to learn

how to produce a northern variety in the South and incurs the cost wgda ]LJBV / n?. Since the benefit
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of imitating a northern variety must equal the cost in steady-state equilibrium, we obtain

B
wgdagt
Vet = 79N~ (25)
U

We assume that there is a stock market that channels household savings to firms that engage
in R&D in each region and helps households to diversify the risk of holding stocks issued by these
firms. Since there is no aggregate risk in each region, it is possible for households to earn a safe
return by holding the market portfolio in each region. Hence, ruling out any arbitrage opportunities
implies that the total return on equity claims must equal the opportunity cost of invested capital,
which is given by the risk-free market interest rate p.

For a northern firm ¢, the relevant no-arbitrage condition is
(TNt — wslpi) dt + Onedt + (i + Nopie) dt (Ve — vNe) — (evdt)une = pongdt.

The northern firm earns the profit flow my; during the time interval dt but also incurs the adaptive
R&D expenditure flow wglp;;dt during this time interval. In addition, the firm experiences the grad-
ual capital gain vy dt during the time interval dt and its market value jumps up by (vp; — vay) for
each product that it succeeds in moving to the South. The firm succeeds in moving (i + 1) dt
products to the South during the time interval dt. With the probability ¢ydt the firm’s product is
successfully imitated by a southern firm during the time interval dt, in which case the northern firm
is driven out of business and experiences a total capital loss. To rule out arbitrage opportunities
for investors, the rate of return for the northern firm must be the same as the return on an equal

sized investment in a risk free bond puvpdt. Now

nlpi wgap?

nrit + nrit) (Vet — UNt) = ——= = wglp;

(pit + Nrit) (Ve — UNt) ard®  nl slrit
and vy; = wyayg®/nY implies that Z—xi = —0% = —0g. Thus, after dividing by vy:dt, the no-
arbitrage condition simplifies to Z—]f\\: —f0g—i1ny =poruoys = ergg%erN‘ Combining this equation with

(22), the northern no-arbitrage condition can be written as

p+0g+uv

TNt wyang®
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In this equation, the left-hand-side is the expected discounted profits from innovating and the right-
hand-side is the cost of innovating. The northern firm’s expected discounted profits or market value
is equal to its current profit flow my: appropriately discounted by the market interest rate p, the
capital loss term fg (capital gain if 0 is negative) and the imitation rate ¢x. Substituting for mn;
using (10), dividing both sides by wy and then by the market size term L;/n; yields the steady

state northern no-arbitrage condition

Xy+7X%
(e=DN

_— = 5q”°. 26
p+0g+in e (26)

The left-hand-side of (26) is the market size-adjusted benefit from innovating and the right-hand-
side is the market size-adjusted cost of innovating. In steady-state calculations, we need to adjust
for market size L;/n; because market size changes over time if g;, # g or 6 # 0. The market size-
adjusted benefit from innovating is higher when the average consumer buys more of each northern
variety (Xny + 7Xx T), future profits are less heavily discounted (p |), northern firms experience
larger capital gains over time (fg |) and northern firms are exposed to a lower imitation rate (¢ |).
The market size-adjusted cost of innovating is higher when northern researchers are less productive
(an T) and innovating is relatively more difficult (4 T1).

For a foreign affiliate, the relevant no-arbitrage condition is 7wpidt + vpidt — (Lgdt) vEy = pvpdt.
The foreign affiliate earns the profit flow wg; and experiences the gradual capital gain vp¢dt during
the time interval dt. However, it is exposed to a positive rate of imitation by southern firms and

experiences a total capital loss if imitated, which occurs with probability tgdt during the time

interval dt. The earlier equation vpy — vy = wszg 2 implies that % = % = —fg, so dividing the
t
no-arbitrage condition by vg.dt yields % —0g—1s=poruvp = p+79r§j_LS. Combining this equation
with (22) and (23), we obtain
gy — oy = L wyang” _ wsape’
! " p+0g+s nY nY

where the left-hand-side is the increase in expected discounted profits from moving production to
the South and the right-hand-side is the adaptive R&D cost. The expected discounted profits or
market value of the foreign affiliate is equal to its current profit flow 7w appropriately discounted

by the market interest rate p, the capital loss term fg and the imitation rate tg. Substituting for
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7 using (11), dividing both sides by wg and then by the market size term L;/n; yields the steady
state foreign affiliate no-arbitrage condition

XF-i-TX;;

where w = wy /wg is the northern relative wage or the North-South wage ratio. The left-hand-side
of (27) is the market size-adjusted benefit from southern adaptation and the right-hand-side is the
market size-adjusted cost of southern adaptation. The market size-adjusted benefit is higher when
the average consumer buys more of each foreign affiliate variety (X + 7X} 1), future profits are
less heavily discounted (p |), foreign affiliates experience larger capital gains over time (fg |) and
foreign affiliates are exposed to a lower imitation rate (vg |). The market size-adjusted cost is
higher when foreign affiliate researchers are less productive (ar T) and adaptation is relatively more
difficult (4 1).

For a southern firm imitating a foreign affiliate variety, the relevant no-arbitrage condition is
mredt + vpedt = pvpdt. The southern firm earns the profit flow 77, and also experiences the gradual
capital gain ©pdt during the time interval dt. The rate of return for an I-firm must equal the
rate of return on an equal sized investment in a riskfree bond pvyidt in order to rule out arbitrage

opportunities for investors. Recall that vy = wga[Lg /n?, which implies that Z—ﬁ = —fg. Dividing

the no-arbitrage condition by vydt yields 2—;: — 0g = p and then solving for vy yields vy = pfr’(;g.

Combining this equation with (24), we obtain

T wsaug
p+0g n?

Substituting for 7 using (12), dividing both sides by wg and then by the market size term L;/n,
yields the steady state no-arbitrage condition for I-firms
(1—¢) (X +7X7})

VI

- 2
s aroLg (28)

For a southern firm that imitates a northern variety, the relevant no-arbitrage condition is
Tordt + vordt = pvegdt. During the time interval dt, the C-firm earns the profit flow wg: and

experiences the gradual capital gain 0¢o:dt. As for the other types of firms, the rate of return for the
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C-firm must be the same as the return on an equal-sized investment in a riskfree bond. Recall that

Vo = wsdauzﬁv /nf, which implies that % = —fg. Dividing the no-arbitrage condition by vcdt

yields ;% — 0g = p and then solving for voy yields
e  wsda IL?,

p+0g nY

The southern firm imitating a northern variety will base its pricing decision in the export market
on the size of trade costs and hence there will be one steady-state no-arbitrage condition for each
of the two trade cost cases described earlier. In the small trade cost case, the southern firm can set
the monopoly price in the northern market without having to fear competition from the northern
firm whose variety it has imitated. In the large trade cost case, the southern firm needs to take
competition from the northern firm into account and practice limit pricing in its export market.
Substituting for ¢y using (13) and (14), dividing both sides by wg and then by the market size

term L;/n; yields the steady state C-firm no-arbitrage condition:

o) o

o—1)vo 8 . N

——=— = dajd f—>=

p+0g aIotN ' ws o«

( Qi)c + =z 3 wy 7

o—1)c e .

= dajé f— < —. 2
T g ardty i ws< - (29)

2.7 Labor Markets

Labor markets is perfecty competitive and wages adjust instantaneously to equate labor demand
and labor supply. In the North, labor is employed in either innovative R&D or in production. Each

innovation requires ayg” /n? units of labor, so total employment of labor in innovative R&D is
nl—@

(aNgﬂ/n?) e = an

. ~o ) “esL .
¢, = andg'TPL,. Northern firms use 2& cﬁfm + T(pN) 58t units
m Pry Pgy
of labor for each variety produced and there are npy; varieties produced, so total employment
. . . N ) TesL
in northern production is 2 cglLfﬁmNt + T(pN) Pfi,smm = (XN +7X}%) Li. As Ly, denotes the
Nt St

supply of labor in the North, full employment requires that Ly; = andg'PL; + (Xn + TX3) Ly

Evaluating at time ¢ = 0 yields the steady-state full employment of labor condition for the North:

Lo = |andg™P + Xy + T7XN| Lo- (30)
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In the South, labor is employed in adaptive R&D by foreign affiliates, imitative R&D directed
towards foreign affiliate varieties, imitative R&D directed towards northern varieties, foreign affiliate
production, and southern production by the two types of imitating firms (I-firms and C-firms).
Each variety transferred to the South by a foreign affiliate requires ap¢®/ n? units of labor, so total
employment in adaptive R&D is (arp¢®/n?) (Rp; 4+ ny¢). Each foreign affiliate variety imitated by
a southern firm requires ang /nf units of imitative R&D labor, so total employment in imitative
R&D directed towards foreign affiliate varieties is (ang /nd)ngs. Similarly, each northern variety
imitated by a southern firm requires dCL[L]ﬁV /nf units of labor, so total employment in imitative

R&D directed towards northern varieties is (dauﬁ, /nd)ncs. Turning to production in the South,

. . “esL pi) “enLn X%L
a foreign affiliate uses prlfaSt + 7'( ) L= Xple 4 p2pt

St
produced and there are np; varieties produced, so total employment in foreign affiliate production

units of labor for each variety

1—0o n n
Py Ft Ft

is <)if; ft + 7 an ) npy = (Xp +7X5) L. A southern firm imitating a foreign affiliate variety uses

¢ <pIPTSfSt " T(pI)Plc];]LNt> ¢ (XI +7X72 Lo ) units of labor for each variety produced, and

there are ny; such varieties produced, so total employment by I-firms is ¢ (X 15 +7X7 nLItt> np =

1—0o 1—0o
PSt PNt

) L
¢ (X1 +7X7}) Lt Asouthern firm imitating a northern variety uses ¢ <pc cshst 4 7 (ve) “ew Nt) =
Xele 4 TXE Lt units of labor for each variety produced, and there are ngy such varieties
nct Yy P

produced, so total employment by C-firms is ¢ (XcA + XL )nCt = ((Xe+7XE5) Ly As

not Cncy

Lg: denotes the supply of labor in the South, full employment requires that

5 5 daps
a . . arlg . arlyr . * * *
Lst = Z? - (Npe + Tope)+ nHS”1t+ neN”Ct+(XF +7Xp) LitC (X +7X7) Li+C (Xo +7X¢) Le.
t t t

Using the definitions of ¢, tg, tx, 6 and evaluating at time ¢ = 0, we obtain the steady-state full

employment of labor condition for the South:

Lsy = (aFﬁbH_ﬁ'YN + a1L§+B

+[Xr+17Xp+ (X1 +7X7 + X+ 7X5)] Lo. (31)

YF + daILN ’YN) 0L
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2.8 Aggregate Demand

To solve the model, we need steady-state values for the aggregate demand terms Xy, X%, X7, X7,

Xc and X§. Solving for the ratio Xy /X7, yields

)

—0
Py CNLNinNt

1—0o WN
Py 7 Lt

(&7
TWS

«

XN

g
N
YR

(o
nNt/ Uz
nrt / n

PN
Pp

Xp (p%) “enLninpy >
P Ly

(

T

w

g
7 __gtotw  _ (1)" gtis
¢ g
g+o+tin gtis w ¢

and by doing similar calculations looking at other ratios, we obtain that

o 3 2
« 1\7g+us
Ay =Xr (m> ¢
1 g
wi=xe(5)
N N 1\° LS
=i (i)
1 g
Xo=xp(g) U
and
o[ ER wn
-
Xp () et if

2.9 Consumer Expenditure and Asset Ownership

2| 2[R

To determine consumer expenditures ¢y and cg, we need to specify who owns the firms and how

wealth is distributed between the North and the South. We assume that R&D done in the North

is financed by northern savings and R&D done in the South is financed by southern savings. Then

in equilibrium, northern firms end up being owned by northern consumers, southern firms end up

being owned by southern consumers and foreign affiliates end up being jointly owned by consumers

in both regions.

Let Ayt denote the aggregate value of northern financial assets and Ag; denote the aggregate

value of southern financial assets. The aggregate value of all financial assets is A; = Ayt + Agt =
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NNUNt + NEUEE + Npvpe + norvee.  Since consumer savings within the South finance the R&D
investments in the South, Ag;y = npy (VFr — UNt) + 1 +norvey. Substituting into this expression

using the firm values (23), (24) and (25), we obtain

Agt = wsbLy |yrapd” + wang + ’chamﬁv} :

Since An; = Ay — Agsi = nytUNt + npevne, substituting into this expression using the firm value
(22) yields

ANy = wyLi (Yv + vF) andgP.

Let a;; denote the financial asset holdings of the typical consumer in region i (i = N, S). The
intertemporal budget constraint of a typical consumer in region i is Qi = W; + pai—c;— grag. In any
steady-state equilibrium where the wage rates w; are constant over time, we must have that &it =0
and it follows that ¢; = w; + (p — gr) @ir. For the typical northern consumer, ay; = An¢/Lnt and

for the typical southern consumer, agy = Ag¢/Lg:. Setting wg = 1 and wy = £ = w, it follows

wg
that typical northern and southern consumer expenditure levels are given by
s Lo
en =w |14 (p—gr) (VW +vF) andg Ino (32)

and

B

cs=1+(p—gr)o [’}/FQFCbB +yrarty + Vodaﬂm (33)

=0
Lso
Having solved for consumer expenditures ¢y and cg, we can determine the ratio X7 /Xp and

simplifying yields the steady-state asset condition

cs Lso Py,°

Xr _ (pF)UCNLNO Pg; ’
Xr P
where
— * \1— — _ _
Py () T+ yepr v T et ©
1-0 — 1-0o l1-0o
Py” oy T+ r %) T4 (05) 7 + e (98)

-0

is constant over time.
Thus, solving this model for a steady-state equilibrium reduces to solving a system of 7 equations

[(26), (27), (28), (29), (30), (31), (34)] in 7 unknowns [w, 6, ¢, LN, L5, XF, X}|, where the 7 equations
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are: four R&D conditions (innovative, adaptive, two imitative), two labor market conditions (North

and South) and one asset condition.

3  Numerical Results

3.1 Parameter Values

The system of 7 equations in 7 unknowns is solved numerically. We calibrate the model to fit the
world in 1990, prior to the signing of the TRIPs agreement, and in 2005, after its implementation. In
our computer simulations, we used the following benchmark parameter values: p = 0.07, « = 0.714,
gr. =0.014, 0 =0.72, Lyo =1, Lsg =2, (=09, 6 =1, 7 = 1.54 for 1990 and 7 = 1.33 for 2005,
ay =1, ap = 100.5, d = 261, a; = 2.96 for 1990 and a; = 11.8 for 2005.*

The subjective discount rate p is set at 0.07 to reflect a real interest rate of 7 percent, consistent
with the average real return on the US stock market over the 20th century (Mehra and Prescott,
1985). The measure of product differentiation @ determines the markup of price over marginal cost
1/a. Tt is set at 0.714 to generate a northern markup of 40 percent, which is within the range of
estimates from Basu (1996) and Norrbin (1993). The parameter gy, is set at 0.014 to reflect a 1.4
percent population growth rate. This was the average annual world population growth rate during
the 1990s according to the World Development Indicators (World Bank, 2011). The steady-state
economic growth rate is calculated from g, = g/ ((c — 1) (1 — €)). In order to generate a steady-
state economic growth rate of 2 percent, consistent with the average US GDP per capita growth
rate from 1950 to 1994 (Jones, 1995), the R&D spillover parameter 6 is set at 0.72. Since only the
ratio Lyo/Lso matters, we set Lyo = 1 and Lgg = 2 so Lyo/Lso equals the ratio of working-age
population in high-income countries to that in middle-income countries (World Bank, 2003). The
cost parameter ( is set at 0.9 so southern firms have 10 percent lower production costs than foreign
affiliates. Empirical studies on patents and R&D suggests that there are significant decreasing
returns to R&D at the industry-level. Given that point estimates of 1/(1 + /) lie between 0.1 and
0.6 (Kortum, 1993), we set 3 = 1 which yields the intermediate value 1/(1 4 ) = 0.5.

During the time period 1990-2005 when the TRIPs agreement was being implemented, North-
South trade costs were falling. We use the micro-founded measure of bilateral trade costs developed

by Novy (2011) that indirectly infers trade frictions from observable trade data. By linear extrapo-

4The MATLAB files used to solve the model can be obtained from the authors upon request.
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lation of the bilateral trade cost estimates between the US and Mexico in 1970 and 2000, we obtain
a tariff-equivalent of 54 percent for 1990 (7 = 1.54) and 33 percent in 2005 (7 = 1.33).

The remaining parameters are the R&D productivity parameters ay (innovation), ar (adap-
tion), a; (southern imitation) and the “distance” parameter d that captures the extra cost of
imitating northern-produced varieties. Since only the relative difference between the R&D produc-
tivity parameters matters, we can normalize ay to 1. The parameters ar = 100.5 and d = 261
are set so FDI and imitation start off being equally important modes of international technology
transfer (the FDI rate ¢ equals the northern imitation rate ¢y in the 1990 benchmark), and north-
ern consumer expenditure is 2.5 times as large as southern consumer expenditure (cy/cg = 2.5).
The average US-Mexico consumption-share adjusted GDP per worker ratio during the time period
1990-2005 was around 2.5 (Heston, Summers and Aten, 2011). The parameter a; is our measure
of IPR protection in the South. Stronger IPR protection makes imitation more difficult; hence
stronger IPR, protection is captured by a higher a;. We set a low value for a; in 1990 to capture
weak IPR protection in the South prior to the TRIPs agreement. By setting a; = 2.96, we obtain
a high southern imitation rate tg = .25 in the 1990 benchmark (one out of four products produced
by foreign affiliates is copied each year). Finally, we set a higher value for a; in 2005 to capture
stronger IPR protection after the implementation of the TRIPs agreement. In particular, we set
ar = 11.8 so the model is consistent with the evidence of a ten-fold increase in the FDI inflow to
developing countries between 1990 and 2005 (UNCTAD, 2011).

In the model, the FDI inflow to developing countries is captured by Lpg; (the total amount of
southern labor devoted to adaptive R&D activities by foreign affiliates multiplied by the southern
wage rate wg = 1). Rewriting (19) using the definitions for the FDI rate ¢, the relative R&D
difficulty 0 and the variety share of northern firms vy, the FDI inflow measure can be written as
Lpy = ¢1+ﬂ'yN5a rL;. The ratio Ly /Ly is constant over time in any steady-state equilibrium so we

obtain

Lro = ¢ PyndarLy.

In 1990 the FDI inflow to developing countries (including transition economies) was 34.9 billion US
dollars and in 2005 the FDI inflow was 363.4 billion US dollars (UNCTAD, 2011). This represents
a roughly ten-fold increase in the FDI inflow to developing countries measured in current prices.

Adjusting the FDI inflow in 1990 for population growth and inflation from 1990 to 2005 generates
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an expected FDI inflow of 59.7 billion US dollars for 2005.> The ratio of the observed FDI inflow to
this expected FDI inflow yields a six-fold increase in the FDI inflow to developing countries during
the time period 1990-2005 that can be attributed to policy changes (the decrease in 7 and increase
in ay). So we set a; = 2.96 in 1990 and a; = 11.8 in 2005 to assure a small FDI inflow Lpq in 1990

and a six-fold increase in Lgg by 2005.

3.2 The Main Results

The model is solved numerically using the benchmark parameters discussed in Section 3.1. Columns
1 and 2 of Table 1 show the results for the 1990 and 2005 benchmarks. Going from the 1990 to the
2005 benchmark, the model is able to replicate the large 10-fold observed increase in FDI inflows
to developing countries from 1990 to 2005 (Lpo increases from .015 to .089, a 6-fold increase).
The model can also account for large North-South wage differences. In the 1990 benchmark, the
northern wage wy is 2.34 times as high as the southern wage wg (wy/ws = 2.34).

During the time period from 1990 to 2005, WTO-member developing countries implemented
stronger IPR protection but also reduced their trade barriers. In order to disentangle the welfare
effects of stronger IPR protection and trade liberalization, we solve the model for two counterfactual
scenarios. In the first counterfactual, presented in column 3 of Table 1, it is assumed that trade
costs are at their 2005 level (7 = 1.33), but that southern IPR protection remains unchanged from
its 1990 pre-TRIPs level (a; = 2.96). This would be the case if trade liberalization had followed
the same path as in our benchmark scenario, but the TRIPs agreement had not been implemented.
In the second counterfactual, presented in column 4, trade costs are kept at the same level as 1990
(1 = 1.54), but southern IPR protection is at the 2005 post-TRIPs level (a; = 11.8). This would be
the case if the TRIPs agreement had been implemented but not accompanied by lower trade costs.

We find that both the North and the South are better off in the post-TRIPs scenario (comparing
columns 1 and 2). Our measure of long-run consumer welfare in the North uyg increases from 364.7

to 394.3 and our measure of long-run welfare for the South ugg increases from 142.0 to 163.1.

SFrom 1990 to 2005, the US GDP implicit price deflator increased by 38.4 percent (Federal Reserve Bank of St
Louis, 2011). During the same time period, the world population grew by 23.4 percent using the 1.4 percent annual
population growth rate. Multiplying the observed FDI inflow in 1990 by the population growth and inflation over the
period generates the expected FDI inflow in 2005 in the absence of any policy changes.

SWelfare is measured as the consumer utility for the representative consumer at time 0 (uno = cn/Pno and
uso = cs/ Pso). Steady-state consumer expenditures for the typical northern and southern consumers were derived
in (32) and (33). The steady-state price index in each region depends on (i) a constant component of variety shares
and product prices, and (ii) the number of varieties n:. For welfare comparisons across steady-states for different
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The gain is proportionally larger for the South, where consumer welfare is 15 percent higher in the
post-TRIPs case and the northern gain is 8 percent. Taking only lower trade costs into account
and setting southern IPR protection at its 1990 level (column 3), the resulting lower price indexes
leads to some welfare gains for both northern and southern consumers (uyq increases from 364.7 to

378.4 and ugg increases from 142.0 to 149.2). If instead the model is solved holding North-South

(1) (2) (3) (4) (5)
1990 2005 (A) (B) Q)
T=154 | 7=133 | 7=133 | r=154 | 7=133
ar =296 | a; =11.8 | a; =2.96 | a; = 11.8 | a; = 500

wy/ws | 2.34 2.17 2.32 2.18 2.22
5 22.01 22.57 22.01 22.57 23.46
¢ .002 .004 002 004 006
Ls 250 .049 250 049 001
N 002 .000 002 .000 000
N 942 925 942 925 885
vp .005 035 005 035 112
yr 024 034 024 034 003
Yo 029 006 029 006 .000
Lro 015 089 015 089 263
N 2.75 2.56 2.73 2.58 2.65
cs 1.10 1.07 1.10 1.07 1.15
en/es 2.50 2.39 2.49 2.40 2.31
Pxo 0075 0065 0072 0068 .0063
Pso 0077 0066 0074 0069 0064
uno 364.7 394.3 378.4 379.4 418.2
uso 142.0 163.1 149.2 155.6 180.4

Table 1: Pre- and post-TRIPs benchmarks and three counterfactual scenarios

trade costs at the 1990 level but assuming that southern IPR protection is at its post-TRIPs level
(column 4), consumer utilities in both regions are substantially higher than in the 1990 benchmark
scenario, and closer to the 2005 post-TRIPs benchmark scenario (upq increases from 364.7 to 379.4
and ugg increases from 142.0 to 155.6). Stronger southern IPR protection not only enhances the
welfare gains from lower North-South trade costs - most of the welfare gains over the time period
can be attributed to stronger IPR protection.

To understand what is driving these welfare gains, we first look at the equilibrium effects of

TRIPs. In response to stronger southern IPR protection but not to trade liberalization (comparing

scenarios, we evaluate the price indexes at time 0 using no = (JLO)I/(PQ), which follows from the definition of 4.
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columns 1 and 4), the southern imitation rate ¢g falls from 0.250 to 0.049 and the northern imitation
rate ¢y falls from .002 to almost zero. Faced with this lower imitation risk, northern firms choose to
increase their adaptive R&D spending and transfer production to foreign affiliates at a faster rate
(the FDI rate ¢ increases from .002 to .004). Consequently, world production is redistributed from
the North to the South as the variety share of northern firms vy falls from .942 to .925 and the
share of world production in the South (v + 77 + 7¢) increases from .058 to .075. As production
is transferred to the South, northern resources are freed up from production activities, causing
downward pressure on the northern wage rate (wy/wg decreases from 2.34 to 2.18). Northern
firms respond by employing more workers in innovative R&D, leading to a temporary increase in
the innovation rate. In the long run, the innovation rate reverts back to its steady-state level g =
g1,/ (1—0), which is pinned down by parameter values and is not affected by policy changes. However,
the temporary increase in innovation means that relative R&D difficulty becomes permanently
higher (¢ increases from 22.01 to 22.57). Comparing relative R&D difficulty in the two counterfactual
scenarios (columns 3 and 4) confirms that it is the TRIPs-induced redistribution of production and
not trade liberalization that leads to more innovation.

We are now in a position to understand the welfare effects of TRIPs, in particular, why the South
benefits from stronger IPR protection. When ay increases due to TRIPs (from 2.96 to 11.8), southern
consumer utility ugp increases by 10 percent (from 142.0 to 155.6). Using the equation ugy =
¢s/Psg, we can decompose this 10 percent increase into a 2 percent decrease in southern consumer
expenditure cg (from 1.10 to 1.07) and a 12 percent increase in the inverse southern price index P§01

(from 129.87 to 144.93). We discuss first why cg = 1+ (p — g1.) 0[yrarpd® + ’)/[a[Lg + Vcdan]ﬁv] Lo

Lso

1

changes and then why Pg; = [yn (p}‘v)l_a +vrpp 7 + vy 7 + 0D changes.

é—o]l/(crfl) . n(l)/(o—l)
Southern consumer expenditure cg falls because there is a drop in the total market value of the
firms that southern consumers own. This change is mainly driven by what happens to southern firms
that have imitated northern products (the C-firms). Due to stronger IPR protection, the number
of such firms shrinks drastically (y¢ decreases from .029 to .006) and their total market value falls
as a result (dycda [L]ﬁv decreases from .76 to .12). When there is a drop in the market value of the
assets that southern consumers own, these consumers have to cut back on their expenditures.
However, the 2 percent decrease in southern consumer expenditure is dominated by the 12

percent increase in the inverse southern price index, implying that TRIPs makes southern consumers

better off. There are two reasons for the favorable change in the southern price index. First, because
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stronger IPR, protection leads to more FDI (¢ increases from .002 to .004), more production moves
from the higher-wage North to the lower-wage South (vy decreases from .942 to .925) and southern
consumers benefit from being able to buy more products at lower prices ([yn (p*N)l_U + ’ypp};_a +
’Ylp}fg +70p};0}1/ (@=1) increases from .322 to .348). Second, because stronger IPR protection leads
to more innovation (¢ increases from 22.01 to 22.57), southern consumers benefit from being able
to buy a greater variety of products (n(l)/ =1 increases from 401.13 to 415.70). And the increase
in innovation is ultimately driven by the increase in FDI, which leads to more production moving
from the North to the South, depressing the wages of northern workers and stimulating northern
firms to do more R&D.

To summarize, we find that TRIPs (stronger southern IPR protection) leads to more FDI (¢
increases from .002 to .004), more innovation (§ increases from 22.01 to 22.57), and considerably
higher long-run southern consumer welfare (ugp increases from 142.0 to 155.6). The South also
benefits from the trade liberalization that occurred from 1990 to 2005 but the welfare gains from
TRIPs are considerably larger (ugp only increases from 142.0 to 149.2 due to trade liberalization).
Furthermore, we find that trade liberalization by itself has a negligible effect in stimulating FDI
(Lpo increases from .0149 to .0150), so most of the 10-fold observed increase in FDI inflows to
developing countries from 1990 to 2005 can be attributed to stronger southern IPR protection (L g
increases from .0149 to .0892 when only ay is raised). This big increase in FDI is the main reason
why TRIPs is good for developing countries in our analysis.

The final column of Table 1 shows what happens when southern IPR, protection is very strong
(ay = 500, which has approximately the same effect as a; = +o00). Both imitation rates fall to
almost zero (¢t = .000008, tg = .001) and we get the highest FDI rate (¢ = .006). Consequently, a
large part of production is transferred from the North to foreign affiliates in the South (v increases
to .112) and the share of southern firms almost disappears (77 + y¢ = .003). The interesting thing
about this case is that we obtain the best long-run outcome for southern consumers (ugg increases
to 180.4). Developing countries benefit from TRIPs and they would benefit even more with very

strong southern IPR protection, essentially eliminating imitation.
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3.3 The Implications of Alternative Parameter Values

In other dynamic general equilibrium models of North-South trade by Helpman (1993), Lai (1998),
and Branstetter and Saggi (2011), it is assumed that FDI is costless. In these models, a northern
firm can transfer production to a foreign affiliate in the South without incurring any costs. We
assume that FDI, just like innovation and imitation, is a costly activity. A foreign affiliate must
devote labor to adaptive R&D to learn how to produce the parent firm’s product variety in the
South.

For comparison with these earlier models, we solve our model for low-cost and costless FDI.
Costless FDI corresponds to setting ap = 0 in our model. In this exercise, we set 7 = 1 to
facilitate comparison with the above-mentioned literature (all of which assume costless trade) and
to guarantee that the assumption 7 < wy /wg continues to be satisfied (this assumption guarantees
that foreign affiliates export their products back to the North). As shown in columns 1 and 2 of
Table 2, the assumption of costless trade hardly changes the variety shares but generates lower price
indexes as expected. Columns 2 to 5 shows the results of assuming less costly FDI, captured by
lower values of ap. We find that lowering ap causes the North-South wage ratio to fall drastically
(wn/wg decreases from 2.134 to 1.788 to 1.199). In the special case of costless FDI (column 5), the
northern wage rate is only 1.3 percent higher than the southern wage rate (wy/wg = 1.013). Thus,
the standard assumption of costless FDI appears to be very strong —an issue that to our knowledge
has not been pointed out in the related literature. When FDI is costless, so much production is
transferred from the North to the South that the North-South wage difference becomes very small,
negligible compared to the large wage differences that we observe between developed and developing
countries.

Technology in our model is transferred from the North to the South through both FDI and
imitation. We began this section by choosing 1990 benchmark parameter values to guarantee that
FDI and imitation are equally important modes of international technology transfer (t.n/¢ = 1).
We now explore how things change when this property is relaxed. In particular, we are interested
in what happens when imitation is more important than FDI as a mode of international technology
transfer. Do we still find that stronger southern IPR protection (TRIPs) increases consumer welfare
in both regions? In Table 3, we present results from studying three cases (tx/¢ =5, tn/¢ = 2 and

tn/¢ = 1) to show that the model can generate three different outcomes.
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(1) (2) (3) (4) (5)
2005 Costless FDI

7=1.33 T = T = T = T=1

arp =100.5 | ap =100.5 | ap =25 | ap = 0.5 ap =0

wy /wg 2.166 2.134 1.788 1.199 1.013
1) 22.57 22.57 24.22 38.55 56.68
10} .004 .004 .009 .058 .146
LS .049 .049 .026 .006 .004
LN .000 .000 .000 .000 .000
YN 925 .925 .850 464 .255
YE .035 .035 .097 A74 .694
Y1 .034 .035 .051 .061 .050
Yo .006 .006 .003 .000 .000
Lpg .089 .090 116 .089 .000
CN 2.56 2.52 2.13 1.56 1.47
cs 1.07 1.07 1.08 1.06 1.01
cN/cs 2.39 2.35 1.98 1.47 1.46
Pno .0065 .0058 .0043 .0016 .0009
Pgg .0066 .0058 .0043 .0016 .0009

UNO 394.3 437.9 493.2 961.6 1668.1

uUs0 163.1 186.2 249.2 652.1 1144.9

Table 2: The steady-state equilibrium implications of less costly and costless FDI

To obtain the 1990 benchmark parameter values (underlying the results in column 1 of Table
1), we used three properties (v /¢ = 1, ¢y /cs = 2.5, 1g = .25) to determine three parameter values
(ap = 100.5, d = 261, a; = 2.96). To obtain an alternative 1990 benchmark where ¢n/¢ = 5 (the
imitation rate ¢y is five times as large as the FDI rate ¢), we proceed correspondingly and solve
for the values of ap, d, and a; that satisfy 1y /¢ =5, cy/cs = 2.5 and 1g = .25. These calculations
yield ap = 373, d = 149 and ay = 3.52, given that the other parameter values are the same as in the
original 1990 benchmark. The results with this alternative benchmark are presented in column 1 of
Table 3 and the effects of a marginal increase in a; from 3.52 to 4.0 (holding all other parameter
values fixed) are presented in column 2.

Interestingly, columns 1 and 2 show that it is no longer the case that stronger southern IPR
protection increases consumer welfare in both regions. In fact, we find that stronger IPR protection
decreases consumer welfare in both the South and the North (when ay increases from 3.52 to 4.0,
ugo decreases from 139.6 to 137.1 and upyo decreases from 359.83 to 359.76). There is a problem

with these numerical results, however. When a; increases from 3.52 to 4.0, yy increases from .939 to
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942 and g + 1 + ¢ decreases from .061 to .058. Thus stronger IPR protection leads to the North
exporting more products and the South exporting fewer products. This is the exact opposite of
what Branstetter, Fisman, Foley and Saggi (2011) find when they look at the effects of stronger IPR
protection in developing countries. As we mentioned in the introduction, they find that developing

countries export more products after IPR reforms.

(1) (2) (3) (4) () (6)
/,N/¢:5 LN/¢:2 LN/¢:1
arp = 373 arp = 166 ar = 100.5
d=149 d =190 d =261
ar = 3.52 ary =4.0 a1:3.2 a1:4.0 a1:2.96 a1:4.0
wy/wg 2.45 2.47 2.39 2.39 2.34 2.29
o 21.87 21.85 21.94 21.96 22.01 22.11
0] .0005 .0006 .0011 .0013 .0015 .0021
Ls .250 .226 .250 .199 .250 172
LN .0027 .0024 .0021 .0017 .0015 .0011
YN 939 942 940 943 .942 941
YF .002 .002 .003 .005 .005 .009
vI .008 .010 .016 .020 .024 .030
Yo .051 .046 .040 .032 .029 .020
Lpg .007 .009 .011 .018 .015 .027
CN 2.87 2.90 2.80 2.80 2.75 2.69
cs 1.15 1.14 1.12 1.11 1.10 1.08
en/cs 2.50 2.55 2.50 2.54 2.50 2.49
Pno .0080 .0081 .0077 0077 .0075 .0073
Pso .0082 .0083 .0079 .0079 .0077 .0075
UNQ 359.83 359.76 362.3 363.4 364.7 367.7
Us0 139.6 137.1 140.9 139.3 142.0 144.2

Table 3: Alternative 1990 benchmarks

Next we consider the case where ¢t /¢ = 2 (the imitation rate ¢y is two times as large as the
FDI rate ¢). To obtain benchmark parameter values that generate this outcome, we follow the
same procedure as described above. We solve for the values of ap, d, and ay that satisfy cx /¢ = 2,
en/cs = 2.5 and g = .25. These calculations yield ap = 166, d = 190 and a; = 3.2, given that
the other parameter values are the same as in the original 1990 benchmark. The results with this
alternative 1990 benchmark are presented in column 3 of Table 3 and the effects of a marginal
increase in ay from 3.2 to 4.0 (holding all other parameter values fixed) are presented in column 4.

In the (/¢ = 2 case, we find that stronger IPR protection decreases consumer welfare in

the South but increases consumer welfare in the North (when a; increases from 3.2 to 4.0, ugp
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decreases from 140.9 to 139.3 and uyq increases from 362.3 to 363.4). Thus, without changing any
assumptions, just by appropriately choosing benchmark parameter values, our model can support
the conventional wisdom that TRIPs is bad for developing countries and only benefits developed
countries. However, we encounter the same problem with the ¢x/¢ = 2 case as with the (y/¢p =5
case. Stronger IPR protection leads the North to export more products and the South to export
fewer products (when ay increases from 3.2 to 4.0, vy increases from .940 to .943 and vr + v1 + Y¢
decreases from .060 to .057).

Finally, we present the ¢tx /¢ = 1 case in columns 5 and 6. Column 5 just reproduces the earlier
results from column 1 of Table 1 and column 6 shows the effects of a marginal increase in aj. In
this case, we find that stronger IPR protection increases consumer welfare in both regions (when a;
increases from 2.96 to 4.0, ugg increases from 142.0 to 144.2 and u g increases from 364.7 to 367.7).
Furthermore, stronger IPR protection leads to the North exporting fewer products and the South
exporting more products (when a; increases from 2.96 to 4.0, vy decreases from .942 to .941 and
vF + 71 + Yo increases from .058 to .059). Thus, of the three cases that we study in Table 5, only
the 1 /¢ =1 case is consistent with the evidence that developing countries export more products

after IPR reforms.

4 Concluding Comments

This paper challenges the conventional wisdom that the TRIPs agreement is bad for developing
countries. We present a dynamic general equilibrium model of North-South trade that allows us
to study the implications of stronger IPR protection and simultaneous trade liberalization. In the
model, firms engage in innovative R&D to develop new product varieties in the North and foreign
affiliates of these northern firms engage in adaptive R&D to learn how to produce these product
varieties in the South. There are also southern firms that can engage in imitative R&D to learn
how to produce both the product varieties of northern firms and their foreign affiliates. So over
time, the production of every product variety moves from the North to the South and international
technology transfer occurs both through FDI and imitation.

We find that stronger IPR protection in the South (TRIPs) induces foreign affiliates of northern
firms to increase their R&D expenditures and results in a faster rate of technology transfer within

these multinational firms, consistent with the empirical evidence in Branstetter, Fisman and Foley
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(2006). As a result of TRIPs, more product varieties end up being produced in the South and
exports of new products increase, consistent with the empirical evidence in Branstetter, Fisman,
Foley and Saggi (2011). TRIPs also stimulates innovative R&D spending by northern firms and
results in faster economic growth in the South, consistent with the empirical evidence in Gould and
Gruben (1996). When we solve the model numerically for plausible parameter values, we find that
TRIPs leads to significantly higher long-run southern consumer welfare. The welfare gains from the
trade liberalization that has occurred are not nearly as large as the welfare gains from TRIPs.
Many years ago, Deardorff (1992) developed a partial equilibrium model where imitation is
immediate and costless in the absence of IPR protection. He showed that as more of the world
is covered by IPR protection, the additional innovation that can be stimulated by the resulting
monopoly profits of patent-holding innovators becomes smaller and smaller. Eventually the benefits
from more innovation are outweighed by the loss of consumer surplus from monopoly pricing. Thus,
when the innovating country is sufficiently large, the imitating country is better off not protecting
intellectual property. Based on this analysis, Deardorff (1990) concluded that “patent protection is
almost certain to redistribute welfare away from developing countries” and he added, “If I could be
convinced that a patent system would be the magical key to unlocking the secret of development
for those who need it most, then I would gladly change the conclusion of this paper. But at the
moment I do not see how that case can credibly be made.” It has taken a long time but this paper

is our response.
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Appendix 1: Related Literature

In this appendix, we review the related literature about TRIPs in more detail. We discuss models

without FDI, models with costless FDI, models with costly FDI and evidence about TRIPs.

Models without FDI

The first models of North-South trade and IPR protection provided support for the conventional
wisdom that TRIPs is harmful for developing countries. The first such model was Chin and Gross-
man (1990), who used a global duopoly structure where a northern firm had the capacity to innovate
and a southern firm could costlessly imitate the production process invented by the northern firm in
absence of IPR protection. There is innovation and imitation in this model, but no FDI. The gain
from IPR protection in the Chin and Grossman model comes from additional expected monopoly
profits for the northern firm, which stimulates further innovation. While the North always benefits
from IPR protection in the South, the South itself is found to benefit only when the prospects of
cost-savings through R&D are quite substantial or when the South comprises a sufficiently large
share of the overall market for the good. The interests of the North and the South generally con-
flict, with the South benefiting from the ability to pirate technology and the North harmed by such
actions.

Deardorff (1992) presents another partial equilibrium model where imitation is immediate and
costless in absence of IPR protection. In his model, imitation results in perfect competition and
there is a continuum of new products that can be invented. All consumers have identical preferences
and all firms have the same marginal cost of production. Deardorff finds that as more of the world
is covered by IPR protection, the additional innovation that can be stimulated by the resulting
monopoly profits of the patent-holding innovators becomes smaller and smaller. Eventually the
benefits from more innovation are outweighed by the loss in consumer surplus from monopoly
pricing. Thus, when the innovating country is sufficiently large, the imitating country is better off
not protecting intellectual property. Based on this analysis, Deardorff (1990, p.507) concludes that
“patent protection is almost certain to redistribute welfare away from developing countries.””

Diwan and Rodrik (1992) present a partial equilibrium model of IPR protection with the new

TAt the end of his paper, Deardorff (1992, p.50) does point out that “information about many new inventions is
not costlessly transmitted abroad, and that extending patent protection may therefore be beneficial to the extent that
it stimulates the transfer of technology.” However, he does not develop this insight further.
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feature that consumers in the North and South have different preferences. The two regions therefore
compete with each other to encourage the development of technologies most suited to their needs.
Innovation only takes place in the North while imitation takes place in both regions. The reason
for the South to implement IPR protection in their model is to encourage innovation in the South’s
preferred range of products. Diwan and Rodrik find that a reduction in preference differences
between the two regions reduces the optimal level of patent protection in the South and that “free
riding on the North makes eminently good sense” in the absence of preference differences.?

Partial equilibrium models do not allow for any feedback effects on labor demand, wage rates
and consumer expenditures, or any general equilibrium price effects which in turn have real effects
on consumer welfare. Helpman (1993) presented the first welfare analysis of IPR protection using a
dynamic general equilibrium model of North-South trade. In this model with innovation, imitation
but no FDI, innovation is a costly activity that takes place in the North and imitation in the
South is costless. The typical northern consumer buys goods for consumption but also saves and
invests in firms that engage in innovative R&D (the development of new product varieties). The
typical southern consumer spends all of her income on consumption. Starting from a steady-
state equilibrium, Helpman finds that the South loses from a marginal decrease in the exogenous
imitation rate and the North loses as well if the imitation rate is sufficiently small. Thus stronger
IPR protection (a lower exogenous imitation rate) is bad for developing countries in this model.

Grossman and Lai (2004) study a dynamic general equilibrium model with two countries (North
and South) that are both capable of innovating. The two countries differ in market size and in
their capacity for conducting innovative R&D. The North has a larger market for newly innovated
products and a larger endowment of human capital which is necessary for innovation. Imitation is
costless when it occurs and due to special assumptions about consumer preferences, no economic
growth occurs in equilibrium (regardless of what patent policies countries adopt). Solving for a
Nash equilibrium in patent policies, Grossman and Lai show that patent protection will be stronger
in the North than in the South. Among patent policies that generate the same overall incentives
for global innovation, the North fares better and the South worse, the stronger is patent protection
in the South. Grossman and Lai also conclude that a treaty like TRIPs that essentially harmonizes

patent policy may well benefit the North at the expense of the South.

8We consider it to be a strength of our model that we assume identical consumer preferences in the two regions
and can still show that the South benefits from stronger IPR protection (TRIPs). Given the analysis in Diwan and
Rodrik (1992), the case for TRIPs becomes stronger if there are North-South differences in consumer preferences.
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From our perspective, the main drawback of the above-mentioned models is that there is no
FDI. In these models, no international technology transfer takes place within multinational firms.

FDI is central to our explanation for why TRIPs is good for developing countries.

Models with costless FDI

Helpman (1993) also presents a second model with costless innovation, costless imitation and costless
FDI. Innovation takes place at a constant exogenous rate in the North and once a northern firm has
innovated, it can costlessly form a manufacturing subsidiary in the South to take advantage of lower
labor costs there. For a firm that innovates, the risk of imitation is assumed to be independent of
whether the firm produces in the North or in the South. Starting from a steady-state equilibrium,
Helpman finds that the South loses from a marginal decrease in the exogenous imitation rate
(stronger IPR protection) and the North loses as well if the imitation rate is sufficiently small. In
this model, costless FDI leads to factor price equalization: there are no wage differences between
the North and the South in equilibrium.

Of the papers that we have discussed so far, all support the perspective that TRIPs is probably
bad for developing countries. With Lai (1998), we start to encounter a more favorable view of TRIPs.
He presents a dynamic general equilibrium model of North-South trade with costly innovation,
costless imitation and costless FDI. Northern firms do innovative R&D to develop new product
varieties and then choose whether to produce in the higher-wage North or in the lower-wage South.
Unlike in Helpman (1993), Lai assumes that for a firm that innovates, there is only a risk of imitation
if the firm produces in the South. If the firm produces in the North, it earns monopoly profits forever.
With these new assumptions, Lai finds that stronger IPR protection (a lower southern imitation
rate) leads to a higher rate of innovation and a higher rate of technology transfer to the South.
These conclusions continue to hold in a more general model with imitation of northern products if
the FDI rate is sufficiently high. But the opposite conclusions hold if imitation is the only mode
of international technology transfer. Lai does not comment on which case is more relevant (FDI
or imitation as the dominant mode of international technology transfer) and does not study the

welfare effects of stronger IPR protection.’

9We showed in Table 3 that when imitation and FDI start off being equally important modes of international
technology transfer, stronger IPR protection leads to a higher rate of innovation and a higher rate of technology
transfer to the South, making southern consumers better off. However, when imitation starts off being five times
more important than FDI as a mode of international technology transfer, stronger IPR protection leads to a lower
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Building on Lai (1998), Branstetter and Saggi (2011) have recently developed a dynamic gen-
eral equilibrium North-South trade model where imitation is treated as a costly activity and the
southern rate of imitation is endogenously determined. They assume that imitation only targets
multinationals in the South and in effect shut down the imitation channel for international technol-
ogy transfer. Focusing on the case where costless FDI is the only mode of international technology
transfer, Branstetter and Saggi find that stronger IPR protection results in a lower southern imita-
tion rate, a higher northern innovation rate and a higher rate of technology transfer to the South.
These effects are interesting and suggest that stronger IPR protection (TRIPs) may benefit southern
consumers, but Branstetter and Saggi do not provide any welfare analysis.

One paper that does provide welfare analysis is Iwaisako, Tanaka and Futagami (2011). They
present a North-South quality-ladders model without transitional dynamics where innovating north-
ern firms can choose to engage in costless FDI and become multinationals. All technology transfer
occurs through FDI and they study a special case of IPR protection which is patent breadth.
Iwaisako, Tanaka and Futagami show that, as long as the northern labor force is large enough rel-
ative to the southern labor force and innovative R&D is productive enough, consumers in both the
North and the South experience welfare gains from stronger patent protection. Broadening patent
breadth allows multinational firms to charge higher quality-adjusted prices and obtain higher prof-
its, stimulating northern innovation. In this model, imitating firms do not themselves produce in
equilibrium but their presence forces quality leaders to practice limit pricing.

From our perspective, the main drawback of the models by Lai (1998), Branstetter and Saggi
(2011) and Iwaisako, Tanaka and Futagami (2011) is that FDI is costless. In the real world, FDI is
measured in terms of its costs. From 1990 to 2005, the FDI inflow to developing countries increased
from 34.9 to 363.4 billion US dollars (UNCTAD, 2011). We calibrate our model to match this

evidence and it would not be possible to do this using a model with costless FDI.10

rate of innovation and a lower rate of technology transfer to the South, making southern consumers worse off. We
argued that the first case is more relevant.

10 Also, when we solved our model for the costless FDI special case, we found that this assumption leads to so much
production being transferred from the North to the South that the northern wage rate was only 1.3 percent higher
than the southern wage rate. Explaining large North-South wage differences becomes a problem when FDI is assumed
to be costless.
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Models with costly FDI

Recently, Gustavsson and Segerstrom (2011) have developed two North-South trade models with
costly FDI. In the first model, there is costly innovation, costly FDI and costless imitation. This
model is relatively simple and can be solved analytically. Gustavsson and Segerstrom find that
stronger IPR protection leads to more innovation and more FDI. In the second model, there is
costly innovation, costly FDI and costly imitation. This model is more complicated and is solved
numerically but the results are the same for plausible parameter values. Again, they find that
stronger IPR protection leads to more innovation and more FDI.

In an earlier paper, Glass and Saggi (2002) obtained the exact opposite result. They developed
a North-South trade model with costly FDI and found that stronger IPR protection leads to less
innovation and less FDI. However, as Gustavsson and Segerstrom (2011) point out, the Glass-Saggi
result is not robust to allowing for decreasing returns to R&D. The Glass-Saggi result holds when
constant returns to R&D is assumed but ceases to hold when a realistic degree of decreasing returns
to R&D is assumed (see their Table 5). According to the empirical literature, R&D is subject to
significant decreasing returns at the industry level (Kortum, 1993).

In this paper, we build on the analysis in Gustavsson and Segerstrom (2011). As is usual in the
North-South trade literature, they assume that there are no costs to international trade. We extend
their second model by incorporating trade costs. We present a dynamic general equilibrium model
of North-South trade where there are costs of moving production across regions (costly FDI, costly
imitation) and there are also costs of moving goods across regions (costly trade). With this model,

we can study the implications of stronger IPR protection and simultaneous trade liberalization.

Evidence about TRIPs

Empirical support for the view that TRIPs generates dynamic benefits by promoting innovation
and economic growth can be found in Gould and Gruben (1996). They use cross-country data
on patent protection, trade regime and country-specific characteristics and find evidence that IPR
protection is a significant determinant of economic growth. Countries with stronger IPR protection
tend to have higher average yearly per capita GDP growth from 1960 to 1988. Furthermore, the
effects are slightly stronger in relatively open economies. They attribute this to the linkage between

innovation and IPR protection playing a stronger role in more competitive (open) markets. These
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results are consistent with our model’s implications (a; 1= 0 T,uso 1).

Recently evidence has emerged suggesting that TRIPs also generates other dynamic benefits.
Branstetter, Fisman and Foley (2006) study how international technology transfer within US-based
multinational firms changes in response to IPR reforms in developing countries. They find that
due to IPR reform, royalty payments for technology that has been transferred to foreign affiliates
increase and the R&D expenditures of these foreign affiliates increase. In another paper, Branstetter,
Fisman, Foley and Saggi (2011) study the response of host country industrial production to stronger
IPR protection. They find that following patent reform aimed at strengthening IPR protection, US-
based multinational firms expand the scale of their activities in reforming countries and exports of
new goods increase in reforming countries. This evidence suggests that IPR reform enhances, rather
than retards, southern industrial development.

These results provide further empirical support for our model’s implications. In our model,
stronger southern IPR protection leads to a permanent increase in the rate of technology transfer
to the South within multinational firms (a; 7= ¢ 1) and a permanent increase in adaptive R&D
spending in the South by foreign affiliates (a; 1= Lo T). Whenever technology transfer within
a multinational firm occurs, the foreign affiliate pays its parent firm the royalty payment vy for
the use of its technology in the South, since the adaptive R&D accounts for the increment in the
firm’s value vpy — vy which is less than the foreign affiliate’s market value vg;. It follows that
stronger IPR protection leads to more royalty payments as Branstetter, Fisman and Foley (2006)
find. Stronger southern IPR protection also leads to more goods being produced in the South
(ar 7= vr +v1 +7vc 7). Thus, our model is consistent with the evidence in Branstetter, Fisman,
Foley and Saggi (2011) that patent reform is associated with an overall expansion of industrial
activity and higher exports of new goods in developing countries.

Empirical support for the view that TRIPs is bad for developing countries can be found in
McCalman (2001). He estimates the value of income transfers between countries implied by the
TRIPs agreement. For each country, the net transfer is defined as the increase in the present value
of patent rights held by residents of the country less the increase in the present value of patent rights
granted by that country. Using data for 29 countries, McCalman finds that only a few countries
gained from TRIPs (United States, Germany, France, Italy, Sweden and Switzerland) and all the
other countries were made worse off, including all developing countries. However, it is important

to note that this analysis is conducted for a given set of innovations, so the benefits of any increase
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in innovation in response to the TRIPs agreement are not taken into account. Also the probability
of technology diffusion does not depend on the strength of patent protection, so the benefits of any
increase in FDI in response to the TRIPs agreement are not taken into account. It is just assumed

in McCalman’s empirical estimation that TRIPs does not have any effect on innovation or FDI.

Appendix 2: Solving The Model

In this appendix, calculations done to solve the model are spelled out in more detail.

Households

The static consumer optimization problem is

) /0 2(@)dw st gw) = pw)aw), y(0) = 0, y(ne) = cr.

where y(w) is a new state variable and y(w) is the derivative of y with respect to w. The Hamiltonian
function for this optimal control problem is

H = zy(w)” + y(w)pi(w)ze (w)

where y(w) is the costate variable. The costate equation %—I; = 0 = —j(w) implies that y(w) is

constant across w. %—Ij = azs(w)* 1 + v - pi(w) = 0 implies that

Substituting this back into the budget constraint yields

Tt nt Q 1/(1-a) a /(A=)  rny l—a—1
ct = w)x(w dw:/ w <> dw = <> / w) =o dw.
o= [ pwm)as = [ (=S - " )

l—-a—1 _ —«o
l-a = 1-a’

¢ a 1/(1—-a)
s (5)

It immediately follows that the consumer demand function is

Now o = ﬁ implies that 1 — o = o)

_ne) e 5

T (w) Plfa
t

where P; = [ font Dt (w)lf"dw] /(=9 is an index of consumer prices.
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Substituting this consumer demand function back into the consumer utility function yields

ne @ ng ( )_Uaca a ne (w)_o_a
w
U = (W) dw| = Pl Gl = ct AL
P(l—a)a P(l—cr)oc
0 0 t o t
Taking into account that —oca = =% = 1 — o, consumer utility can be simplified further to
nt a
G l-o G o712 G 5 Gt
Uy = Ptlfa /pt (w> dw - Ptlfo [Pt U] - Ptlfg Pt 7= Ft
0

or
Inu; =Ine¢ — In P,

The individual household takes the prices of all products as given, as well as how prices change over
time, so the In P, term can be ignored in solving the household’s dynamic optimization problem.
This problem simplifies to:

o0

max /e(ng)t Inc; dt s.t. Ay = W + 140 — gr.ar — Ct,
Ct

0

where a; represents the asset holding of the representative consumer, w; is the wage rate and r; is
the interest rate.
The Hamiltonian function for this optimal control problem is

H=e P79 n ¢, + N [wy + ey — gras — )
where )\; is the relevant costate variable. The costate equation —)\t = %—Ig = A [rt — g1 implies that

}\t
— = — Tt
by gL t

0H/0c; = e~(Pm9L)t L _ N, = 0 implies that e_(p_gL)t% = A;. Taking logs of both sides yields

Ct

—(p—gr)t —Inc = In A\ and then differentiating with respect to time yields

Ct }\t
—(p—gL)—— =1 =91t
A
It immediately follows that '
Ct
. 4
o TP (4)

Steady-State Dynamics

We will now derive some steady-state equilibrium implications of the model.
First, we solve for «y. By differentiating the variety condition n; = ny¢ + ngr + np + nos, we
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obtain that

ng = NNt +npe+ 0+ net
N TNt TN n nEe + N N n nct Nt
s nnt T NNt s nnt Ny
g = gIN+ YN+ ININ
g = (g+é+un)w
and solving for vy yields
W= —T (5)
g+o+in

To solve for v¢, note that

Yo g+o+in
07_

IN =9 =97 Ye(9+ ¢+ un),
TN g
from which it follows that
N (6)
R -
We can also solve for vr and ~;. Substituting into yn + vr + 71 + 7¢ = 1 yields
g LN
— Sttt ——— =1
grotu T T g oy
or
tr= —— .
YF T G+ d+in
Since tg = g7 /vF implies that yp = g7 /ts, substituting yields

o (Y
LS L g+o+in

It immediately follows that

= (i) () o= () ) "
g+é+wv/) \g+is P \gto+mv) \g+is)”

Because prices differ between the North and the South, we need to define a different price index
for each region. Let Py be the price index for the North and let Pg; be the price index for the
South. Given the earlier definition of the price index P; = [ Om pt(w)l_"dw] v (1_0), it follows that
the northern price index satisfies

Pl—a _ " ( )lfod
Ne T belw w

nywy ” +ned(pp) 7+ ne () 4+ ne(pl)
ynvupy © + e F) 7 + e ()7 + e (E) T

*

= [woN 7+ @)+ 0D+ e E) ]

l1—0
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where the term in brackets is constant over time. Likewise, the southern price index satisfies

nt
P;t_g = / pt(w)lfadw
0
nnt(PN)T7 4+ nEwp T+ npp; 7 + neps ©
= vn(pn)' T+ vrmpy © + yrmup;C + yenps ©
= [w@N"7 +vrpE T+ ey 7 +veps 7] ne

where the term in brackets is constant over time. It follows that both P]{IZU and Pé; 7 grow over
time at the rate g in any steady-state equilibrium.

Product markets

A northern firm earns the flow of global profits

Nt = (pN — wN) TN Lt + (P — Twn) T Lst

where x v is the quantity demanded by the typical northern consumer of the northern firm’s product
and z’, is the quantity demanded by the typical southern consumer of the northern firm’s product.
From the earlier demand function, it follows that zx; = pr“cn/Py;” and xk;, = (py) 7 cs/Pe; °.
Hence, we can write a northern firm’s global profit flow as:

PN eNLni py) 7 csLs
Nt = (PN — wN) NT + (P — TwN) (N)T
Py P
Maximizing 7y with respect to py yields the first-order condition
0Nt 11 ¢cNLnt
= [(1=0)py +ownpy’ ] =5 =0,
Ipn Py,
which implies that (1 — o) py” + cwnpy” = 0 since we know that Cg Lyt -£ (). Dividing by px N
Nt
yields U“’N =o—1or
OWN WN
PN = = —.
oc—1 «
To demonstrate the second equality, ﬁrst note that o = 1— implies that o — 1 = l(i;a) = 125

It follows that —Z- = (£)/(7%.) = L. Similarly, maximizing 7y, with respect to p} yields the
first-order condition

csLgt
1—0o
P,

0T Nt
Opy

= (1= o) (3) ™7 + orun ()Y 2 =,

which implies that (1 — o) (py) ™7 + oTwy (ph) 7" = 0. Dividing by (p%) 7 yields TN — 5 ]
or

oTWN  TWN
oc—1 a

49



Plugging the prices back into the profit expression, we obtain

—0 E3 —0
Dy cN Ly (PN) csLst
TNt = (PN*U)N)?WL(P*N*TWN)?
Nt St
wN PN eNLne TWN (PN) 7 esLse
= (7 —wNn o TTUN) T o
a Ppy a P
_wn | py enLng - (py)° CSLSt]
- o 1-0o 1-0
o—1 Py Pg,
where we have used that % -1=-%5- g—jl = i It turns out to be convenient to reexpress
profits by multiplying the RHS by %Z—Jf\vf’z%
_ wn | Py eNnLnenne (pn) 7 csLsinne | Ly
7TNt_0__1 Pl*O'L T Pl*O'L nNt "
Nt t St t nt
Now vy = "n—f\t’t is constant over time, Xy = w is constant over time since P]{,;U grows at
Nt
(p*N)_aCSLStnNt

_ . . . -0
the same rate g as ny¢, and Xy, = is constant over time since Pg,  grows at the

PLT7Ly

same rate g as ny;. Thus we can write 7; more simply as:

wy (XN +7X3) ] Lt
(c—1)w n

TNt = (10)

A foreign affiliate earns the flow of global profits:

re = (pr — ws) e Lsy + (P — Twg) Ty Lt

where xp; = pp7cs/ P;{ 7 is the quantity demanded by the typical southern consumer of the foreign
affiliate’s product and z%, = (p}) " en/ PJ{[;U is the quantity demanded by the typical northern
consumer of the foreign affiliate’s product. Hence, we can write a foreign affiliate’s profit flow as

pr csLst pp) 7 enLine
Tt = (pr — ws) £ o + (Pp — Tws) —( F) 1o
P P
St Nt
Maximizing 7g; with respect to pr yields the first-order condition
O Ry - o171 ¢sLst
=(1—-0)pn° +owspr’ — =
which implies that (1 — o) p? + awgpga_l = 0. Dividing by p.7 yields % =oc—1or
owg wg
o—1 «
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Similarly, maximizing 7p; with respect to p}. yields the first-order condition

O ry [ — —o—1] ¢NLnt
— = |(1—0)(p} + oTws (p} } — =0,
et = [0 i) ] B
which implies that (1 — o) (p%) 7 +oTws (pi) "' = 0. Dividing by (p%) 7 yields % =oc—1or

oTWS  TWg

*_ p—
pF_a—l o

We assume that 7wg < wy so each foreign affiliate exports to the northern market. The trade costs
parameter 7 cannot be too high. Plugging the prices back into the profit expression, we obtain

(ws ) pr’csLst (Tws ) (pF) “enLnt
T = |— —w - —TWg ) — g
« pP.7° pl-o
St Nt
 ws | ppcsls Ly (p5)° CNLNt]
- _ -0 1-0c :
o—1] Pg Py
We reexpress profits by multiplying the RHS by %%%
- wg | pp’csLsinry - (p5) " enLyinpe | Ly
Ft = _ l1—0o -0 nrt °
o-1 PSt Ly PNt Ly U
. . “esL . . . _
Now yp = %Lt is constant over time, Xp = w is constant over time since P§; 7 grows at
St t
(py) “enLnimp:

the same rate g as npy, and X7, = is constant over time since PJ{,;U grows at the

PioL
Nt t
same rate g as ng;. Thus we can write mp; more simply as:

ws (XF +TXF)] Le (11)

””:[ (0 —1)r

TLt'

After a product variety that a foreign affiliate produces is imitated by a southern firm (an
“I-firm”, where “I” stands for Imitating), the southern firm earns the flow of global profits

e = (pr — Cws) e Lse + (p7 — 7Cws) 7, Lve

where z1; = p;7cg/ Pé; 7 is the quantity demanded by the typical southern consumer of the I-firm’s
product and z%, = (p})" 7 en/ P]{,;” is the quantity demanded by the typical northern consumer of
the I-firm’s product. Thus,

prcsLst (p7) 7 enLt
T = (pr — (ws) L=+ (pf — T¢wg) L
P P
St Nt
Maximizing 7y with respect to py yields the first-order condition
oy _ 17 csLst
—— = |1-0)p;7 +oCuwsp;’ =0,
ap] [( ) I I ] Psth_J
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which implies that (1 —o)p;7 + Jg‘wspfafl = 0. Dividing by p;? yields

oCws
o—1

U%}}S =oc—1lorpr =
= leTS This is the monopoly price that the southern firm would charge if it had no competitors.

Cws

We assume that ¢ > a, so =%

price

exceeds the marginal cost of the foreign affiliate wg. Then the limit

pr = ws

is less than the monopoly price and it is profit-maximizing for the southern firm to practice limit
pricing in its domestic market. (Once the product is imitated, the imitator is in competition with
the foreign affiliate. The foreign affiliate cannot lower its price below its marginal cost wg. At
pr = wg the imitator still makes positive profits but drives the foreign affiliate out of business.)
Maximizing 77; with respect to p} yields the other first-order condition:

cN Ly
1—0o
Py,

orr
op;

= [(1= o) 01" + orcws (7)1 B <,

which implies that (1 — o) (p5)™7 + orCws (p) "7~ = 0. Dividing by (p})~7 yields C’T]g% =0o—-1

or pj = ”;wals = % This is the monopoly price that the southern firm would charge in the
export market if it had no competitors. But it is competing against the foreign affiliate whose
product it has imitated. Since % exceeds the marginal cost of the foreign affiliate Twg, it is

profit-maximizing for the southern firm to set the limit price
pr = TWs

in its export market. Plugging the limit prices back into the profit expression, we obtain

e = (ws —Cws)

= ws(1-¢)

prcsLsingg () " enLneng | Ly
l1-0o l1—-0o nre ”
Pg, 7 Ly Py " Ly Nt

—0
— npo; : _ pr csLsingy
Now vy = . 1s constant over time, X = TP,
—0
(p}) “enLyenm
Py 7L
rate g as ny;. Thus we can write 7w, more simply as:

is constant over time since Pét_ 7 grows at the

same rate g as ny, and X7 = is constant over time since P]{[;U grows at the same

1-— Xr+X7)| L
e (12)

After a variety that a northern firm produces is imitated by a southern firm (a “C-firm”, where
“C” stands for Copying), the southern firm earns the flow of global profits

ey = (po — Cws)zcerLse + (p — TCws)xEe L
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where z¢y = p7cs/ Pé; ? is the quantity demanded by the typical southern consumer of the C-firm’s
product, and z¢, = (&) " en/ P&g" is the quantity demanded by the typical northern consumer
of the C-firm’s product. We write the C-firm’s profit flow as

pc’csLst . (p&)” 7 en Ly
mor = (pe — Cws) === + (& — T¢ws)————
P P
St Nt
Maximizing m¢y with respect to po yields the first-order condition
omey _ o171 csLsy
= |(1 = 0)pc7 + oCwsps’ — =0,
which implies that (1 — o) pg” + oCwsps” ' = 0. Dividing by p;7 yields aggs = o — 1, and

rearranging gives the monopoly price

_oCws _ (wg

pc = =

o—1 «

But the southern firm faces a competitor in the northern firm whose product it has imitated. We
restrict attention to the steady-state equilibrium where 7wy > QfTS or TTT]; > é to guarantee that
the southern firm charges the monopoly price pc = (wg/« in its domestic market. Maximizing mcy

with respect to p¢, yields the first-order condition

67TCt * 0\ — x \—o—1 CNLNt
Ge = (1= 0) )"+ omCus () T =0,
C Nt
which implies that (1 — o) (p§) ™7 + orCws (pzw)fgf1 = 0. Dividing by (p&) 7 yields or¢ws/pl =
o — 1 and rearranging gives the monopoly export price p;, = ‘7;(%15 = % But southern firm faces

a competitor in the northern firm whose product it has imitated. There are two cases to consider,
depending on whether trade costs are small or large. If wy > % or szI; > % (the small trade cost
case), then the northern firm has too high marginal cost wy to effectively compete in the northern
market and the southern firm sets the monopoly export price in equilibrium:

If wy < % or ‘:’U—g’ < %C (the large trade cost case), then the northern firm has low enough
marginal cost wy so its presence needs to be taken into account and the southern firm sets the limit
price in equilibrium:
w T
Do = WN it N < —C
wg Q@
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In the small trade cost case,

csL N
et = (po — CQus)—~——— + (pc — TCws

Ly

nct *
ne

o’ csLsincy (P&) 7 enLnincy
o g
Pg, 7L, Py, 7L,

Cws
c—1

ny

. ~“csLgin ) enLnine . .
Since X¢ = Pe 22t X = M and 7o = ¢t are all constant over time in steady-
Pg, "Lt P " Lt v

state equilibrium, the profit flow for a C-firm is:

X X
ror— |SUs Kot TXE) | Ly ww TG (13)
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In the large trade cost case,
pc’csLst . pe)  enLing
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St Nt
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and it follows that the profit flow for a C-firm is:
X — X5 L
ey — | SwsXe (wy — 7¢uws) X5 Ly iy _TC (14)
(c -1 Yc nt wg «

Innovation, FDI and Imitation

Given the innovative R&D technology, the aggregate flow of new products developed in the North
is
. nfLRt

B aNg’g

o4



where Lr, = ) . lrit is the total amount of northern labor employed in innovative activities. Sub-

stituting for g = %’ we obtain

iy = n?LRt
an(ne)?/(ne)?
6+
a8 e L
(12¢) an
1/(1+8)
T L
an ’

R&D Incentives

For a northern firm, the relevant no-arbitrage condition is

TNt _ wyang’

:p+Hg+LN_ nf

UNt

Substituting for 7, yields

’u}N(XN—f—TX;{]) L:

(c=Dww  ne wNaNg’B
p+0g+in n?
Xn+7X% o
(e=1)yNn = ay Ty gﬁ.
p+0g+in L;

Thus the steady-state northern no-arbitrage condition is

XN+7Xy
(o=Dn

TN — andgP 26
p—l—@g—HN aNog ( )

For a foreign affiliate, the relevant no-arbitrage condition is

e wyang’ _ wsapd’
p+0g+1is n? nd

VUFt — UNt =

Using the foreign affiliate profits from earlier, we can write this as:

ws(Xp+7X}5) L,

c—hr  ne _ wnang’ _ wsapd?
p+0g+is nY nf
Xpt7Xp 1-0 1-0
-1 wN n n
_lozlyr WN T 8 g p g8

p+0g+ts wg L
It follows that the steady-state foreign affiliate no-arbitrage condition is

XF-I—TX;
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where w = “X is the northern relative wage.

ws
For a southern firm imitating a foreign affiliate variety, the relevant no-arbitrage condition is

v Trt wgajbg
It = =
p+0g n?

Using the southern firm profits from earlier, we can write this as:

ws(1-¢)(X+7X7) L,

I ng _WwWsarlg
p+0g nY
(1-¢)(X1+7X7) 18
1 — a B
p+ eg Lt s

It follows that the steady-state I-firm no-arbitrage condition is

(1-0) (X +7X7})

I B
= ajols.
p+ 09 s
For a southern firm imitating a northern variety, the relevant no-arbitrage condition is
dar?
TCot wgdarty
vor = = .
“T 4y n?
In the small trade cost case,
oy wsda ]L?V
p+06g n?
Cws(Xc+7XE) I,
0D m _  wsdaply
p+0g n?
C(Xo+7XE) 18
(o=D)vc d ny 3
——=— = da L
p+0g LN

It follows that the steady-state C-firm no-arbitrage condition is

((Xe+7XE)
(O’—l)’yc Jé] .. WN
————= —dajdtL if — >
p+0g N ws ~
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In the large trade cost case,
TCt B wsdanfv
p+0g n?
CwsXo | (wn—1Cws)XE] L,
o-Dve T e <\ e _ M
p+0g nY
(Xc (w—70) X _0
G- ¥ e - 4 ”i B
= dag Uy
p+0g Ly
It follows that the steady-state C-firm no-arbitrage condition is
O + 0% o
e ¢ gagsly it SN < > (29b)
p+0g wg !
Labor Markets
Full employment of labor in the South implies that
(6] B d B
ar . . arlg . arlpr . * * *
LSt = n? (nFt =+ n]t)+ nesn[t—i— nHNnCt+<XF + TXF) Lt+< (X[ + TXI) Lt+< (XC' + TXC> Lt~
t t L
1-6 . . . .
Noyv, using § = ntL—t, LN = Z—gi, ¢ = "%7;?“ and 1g = %’ southern R&D employment can be
written as
8 B 8
ap®” . ) arg . darly, .
—— (Fe + ) + —5> N ey
ny ny ny
B (s . 1—-6 . 1-6 . 1-6
a N+ Nrg) NNt N nr Npg N nct NNg N
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It follows that
Lg; = [(aFQSHﬂ’yN + au?ﬁvp + dajb}v+ﬂ’7]v> S+ Xp+17Xp+ (X1 +7X7 + X+ 7X0)| Ly

and evaluating at ¢ = 0 yields the steady-state full employment of southern labor condition:

Lso = (aFéﬁHﬁ N+ a1L§+ﬁ7F + dalbjler’BVN) d Lo

+[Xrp+7Xp+ (X1 +7X7 + X+ 7X5)] Lo.
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Aggregate demand

We need to solve for steady-state values of the
Xc and X7 The calculations

PN eNLNtnNg
XN P Ly

X5 (p%) “enLyinry
P Ly

(px) “csLsinne

Xy PL Ly
Xr pr csLsinry
T—
Pg, m
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X7 Py, 7 Ly
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Pgy 7 Lt

imply that

In the small trade cost case (¥& >

(pt) “enLnincy
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Xp (py) “enLnimp:
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aggregate demand expressions Xy, X3, X7, X7,

w
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In the large trade cost case (% < TC)
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Consumer Expenditure and Asset Ownership

The aggregate value of all financial assets is the total value of firms:
At = Ant + Ast = nNtUNt + nFVURE + N + netvct.
The aggregate value of southern financial assets Ag; is given by

Asi = npi(vpr — vNt) + npvn + nerver
wgapqﬁﬁ wsang U)Sda[LJ‘i,
= MNft 7] ny———mp— +NCt g
”t Ty Ty
nFEt 3 U ni B
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Lt g eL Ty o eLt

= wgéLt’yFangﬁ + QUS(SLt"}/[a[LS + wS(SLt'ycdaILN

= wsdly |yrarg® + yrapld + 'yodan]ﬂv} -

= wS

N, da]LN

The aggregate value of northern financial assets Ay, is given by

ANt = At_ASt

[MNtUNE + NEtvE: + N + nowet] — e (Ver — UNE) F v + nerved]
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= (nnt+nF) vne
wyang’ Ly
nfL,
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Northern consumer expenditure ¢y is given by

cy = wy+(p—gL)ane
A
= w(p—g1) T
Nt
wnLi (Y + Yr) andg?®
Nt
s Lo
exy =w |1+ (p—gr) (Y~ +7F) andyg ol (32)

Likewise, southern consumer expenditure cg is given by

cs = ws+(p—gL)ast
Ast
— 14 (p—gy )25t
(p—9r) Ts,
5L p g dagl?
ws0Ly |yrapd® +yrarig + yodarty
= 1+ (p—gz) 7
St
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Having solved for consumer expenditures ¢y and cg, we can determine the relationship between
Xr and Xp:

(py) “enLnimp:
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and simplifying yields the steady-state asset condition
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