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Abstract
This paper constructs a theoretical model of trade and technology transfer to study
a developing country’s choice of optimum tariffs and patent length. A Northern firm has
a new good, which it must export to or produce in a Southern country. The Southern
government simultaneously chooses an import tariff and patent length to maximize its
welfare and induce foreign direct investment (FDI). The absence of patent protection
requires high tariffs to induce FDI. This reduces welfare when the good is imported. A
combination of patent length and tariffs can be used to reduce this loss and induce FDI.
Thus Southern countries may have an incentive to protect patents, although never to the
same extent as Northern countries.
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I. Introduction
Recent trade negotiations have provided for uniform patent protection among
countries while significantly reducing tariffs. The most contentious issue between
developed and developing countries in this regard has been the desire of Southern
countries to free ride on the research expenditures of Northern firms by providing smaller
amounts of patent protection. As is well known, developing countries have little
incentive to protect patents because the static welfare losses resulting from higher prices
are not offset by dynamic gains from R&D and new product innovation. However, when
the effects of potential technology licensing and FDI are considered, developing countries
may gain from technology spillovers if patent protection induces licensing or FDI. This
paper makes two contributions to the literature on trade related intellectual property rights
(TRIPs). By linking tariff protection to patent length, we provide a direct rationale for
the inclusion of intellectual property rights in trade negotiations. We also show that
Southern countries may have an incentive to protect foreign patents because of their role
in facilitating technology transfer to the South.
The literature on trade related intellectual property has devoted some attention to
the Southern countries’ incentives to protect patents based on R&D and technology
transfer considerations. Southern countries may have an incentive to protect Northern
patents if the resulting research expenditures are very productive or result in innovations
that benefit Southern countries. (See Chin and Grossman, 1990, Diwan and Rodrick,
1991 and Deardorff, 1993) Alternatively, a lack of patent protection may lead to
reductions in technology transfer or behavior by Northern firms that reduces the benefits
of technology transfer to the South, providing an incentive for Southern countries to
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protect patents. (Taylor, 1993, Vishwasrao, 1994, and Zigic, 1998.) Similarly there is a
large literature going back to Nordhaus (1969, 1972) and Scherer (1972), which analyzes
the effects of patent length on welfare. The link between patents and tariffs, however,
has received scant attention. In a notable exception Zigic (2000) considers the role of
countervailing tariffs in inducing more stringent patent protection by Southern countries.
In a model where Southern governments choose the scope of patent protection and
Northern governments choose tariffs, Zigic shows that Southern governments may
protect patents to prevent the imposition of prohibitive tariffs.
The focus of our paper is not on the notion of punitive tariffs by the North, but
rather on the role of patents in the process of trade liberalization. The Southern planner
chooses both optimal patent length and the tariff rate to maximize welfare. The source
of the linkage between patent length and tariffs in our paper is the ability of both to
influence foreign direct investment. The link between FDI and intellectual property
rights has been explicitly recognized in studies on the new TRIPs agreement in the WTO.
A United Nations study in 1997 acknowledges that, “The integration of intellectual
property rights in the international trading system could mean potential short- and long
term benefits in terms of prospects for enhanced market access and a more conducive
framework for foreign investment and transfer of technology”. The same study also cites
evidence from Chile showing a large increase in the number of domestic and foreign
applications for patents and trademarks as well as a rapid expansion in inward FDI since
acceding to the Paris Convention in 19911. Earlier empirical studies also support this
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Although it is not clear that the increase in FDI can be attributed to the improvement in intellectual

property rights alone.
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view. Ferrantino (1993) finds that multinationals firms will prefer to locate production
where IPRs are well recognized. In addition, Ferrantino also finds a tendency for U.S
firms to have higher transfer exports to its affiliates in countries that do not protect IPRs
possibly in an attempt to conceal production technology. Lee and Mansfield (1996) using
survey data from U.S. multinationals show that differences in intellectual property
regimes have a significant impact on the volume and composition of FDI. Lower levels
of intellectual property protection tend to reduce the volume of FDI and also the funds
invested in R&D facilities in the host countries. Even in an industry like pharmaceuticals
where imitation is relatively easy even without foreign investment, Lanjouw (1998) finds
that in the Indian pharmaceutical industry, few multinationals choose to produce their
patented drugs in India because, in the words of one executive, there is ‘always
something to lose’, particularly through employee job switching. Glass and Saggi (2002)
also assume that technology transfer can occur through post FDI hiring of source firm
workers by host country firms.
In our model, tariffs play a dual role. First, when the foreign exporter is a
monopolist, as is typically the case when new technology is involved, optimum tariff
arguments apply. The tariff can be welfare improving for the importing country since it
provides a way of extracting monopoly profits from the foreign producer in the absence
of FDI (Katrak, 1977, Brander and Spencer, 1981). The second role played by tariffs is
in inducing FDI. Corden (1974) and Svedberg (1979) show that when host country
welfare is higher with FDI there is an additional reason to levy a tariff – to induce FDI.
This tariff, called the ‘switchover tariff’ by Svedberg, is typically higher than the tariff
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without FDI. Foreign direct investment is particularly beneficial in our paper because it
makes it possible for domestic firms to imitate new technology.
Thus a country may end up with prohibitively high tariffs in an attempt to attract
FDI. This has a downside when the good is imported for any length of time. In the
product cycle literature (Vernon, 1966), for instance, a new good is typically produced in
the innovating country and then production moves to countries with lower production
costs when the technology gets older. This poses a problem for the importing country. If
the good is imported for any length of time, the switchover tariff reduces welfare relative
to the tariff without FDI during that period. The introduction of patent length as a policy
variable changes the trade off. Offering a longer patent length allows the country to
lower tariffs and still induce FDI.
Our main findings are that the optimum outcome for the Southern country
involves a lower tariff and a longer patent length, a result that is consistent with the
recommendations of the WTO. The optimum patent length predictably varies with the
ability of a country to imitate. Southern countries that find imitation relatively easy are
more likely to choose a shorter patent length. Alternatively, goods that are
technologically more advanced and thus harder to imitate are better treated with lower
tariffs and longer patent length. We also find that cost-reducing improvements in
technology may reduce Southern welfare by making it necessary to offer longer patent
protection to induce FDI

II.

The model

5

There are two countries, one in the North and the other in the South. A Northern
firm holds a patent on a new good in the North. Assume that the Northern market is
supplied through production in the North. We assume that patent length in the North is
infinite2. The good will be exported from the North to the South until an exogenously
determined date G, where G ∈ [0, ∞ ] . In the product cycle literature, the period until G
would be analogous to the new product stage. We can also interpret G as varying with
the state of technology in a country or how hi-tech the good itself is. Firms from
technologically advanced countries may be able to produce newer goods sooner – earlier
G, or alternatively, the more hi-tech the good, the later the date, before a Southern
country can produce it. At date G, the Northern firm must decide whether to continue to
supply the Southern market through exports or set up a subsidiary in the South (FDI). If
the firm chooses to establish a subsidiary, a date, T at which to set up the subsidiary must
also be chosen. The decision to set up a subsidiary is assumed to be irreversible. In the
South, patents are protected beginning from the time the Northern firm locates in the
South3, for a period of time L. Imitation takes place after FDI occurs and the period of
patent protection in the South, L, expires. Once imitation occurs, we assume that the
market in the South is perfectly competitive.

2

This is a more restrictive assumption than is needed, but simplifies the exposition. The same results are

obtained with finite patent length in the North as long as markets in the South become perfectly competitive
after patents expire in the South.
3

The timing of patent length could begin at the same time in the North and South, which would be

consistent with the new WTO guidelines. In the paper, we have patent length begin at the same time as
FDI. Ultimately this makes no difference to our analysis – we can just add Gn to L to get a solution that is
consistent with the Paris Convention.
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The Southern government moves first to announce a patent length, L, and the
tariff rate, τ, that applies to imports of the new good. We assume that the tariff rate is
applicable for the entire period of the game and is permanent. This allows us to abstract
from problems of time inconsistency and committment4. (See Miyagiwa and Ohno
(1995) and Neary and Leahy (2000) for discussion of temporary vs. permanent tariff
protection). The assumption of permanent tariff rates is also consistent with WTO
requirements that do not allow countries to raise bound tariffs lines without substantial
justification. After the announcement, the Northern firm decides whether and when to
locate a subsidiary in the South.
Let wi where i = τ, FDI, and c refer to Southern welfare with imports, FDI and
perfect competition respectively. At each moment, welfare is the sum of the consumer
and producer surplus, and tariff revenue as appropriate. Note that wτ , w FDI , and wc are
maximum welfare levels (and not welfare functions of output) corresponding to the
welfare functions evaluated at their respective welfare maximizing quantity of output.

W refers to the discounted sum of welfare. Assume that wτ is a strictly concave function
of τ. Similarly let π i where i = τ, FDI and c, denote, respectively, the instantaneous
profits of the Northern firm from sales in the South from exporting with a tariff, FDI
(during the period of patent protection) and competition (once imitation occurs). Let

Πτ be the discounted sum of profits with exports only and let Π FDI be discounted profits
with FDI. We have

4

The assumption can further be justified by WTO rules that prevent countries from easily raising ‘bound’

tariff rates or changing patent length after signing the TRIPs agreement.
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∞

Πτ = ∫ π τ e −rt dt

(1)

t =0

T

Π FDI = ∫ π τ e −rt dt +
t =0

T +L

FDI − rt
∫ π e dt +

t =T

∞

∫π

c

e −rt dt

(2)

t =T + L

Since the Southern market is perfectly competitive once patent protection ends we have

π c = 0 . Moreover π τ is assumed to be a strictly convex decreasing function of the tariff
rate τ and π τ ≤ π FDI for any positive τ. Note that all profit functions denote profits for
the Northern firm and all welfare functions are for the South.

III.

Optimum patent length and tariffs
As benchmarks, we first calculate what the optimum tariff would be in the

absence of FDI and what the switchover tariff would be in the absence of patent
protection to induce FDI. Without the possibility of FDI, the Southern government will
choose a tariff rate to maximize the discounted sum of consumers’ surplus and tariff
revenue from exporting the good.
∞

Max W = ∫ wτ e −rt dt
τ

(3)

t =0

Evaluating the terms and differentiating with respect to τ yields the following first order
condition
τ
∂W ∂w
r
=
.
∂τ
∂τ

(4)

Setting (4) equal to zero and solving for τ yields the traditional optimum tariff to extract
some monopoly profits from the Northern firm. Let it be denoted by τo. It can easily be
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seen that the South would prefer to have positive imports to maximize welfare and thus

πτ

τ =τ o

> 0.

Now consider the South’s problem if it would like to induce FDI but without
offering patent protection. To induce FDI, the tariff (called the switchover tariff, τs) must
be such that the discounted profits from FDI are at least as great as the profits from
exports

Πτ ≤ Π FDI with L = 0.

(5)

In the absence of patent protection, post-FDI profits are zero. (5) is satisfied when the
tariff is set at a prohibitive level such that the quantity of imports is zero and thus profits
for the Northern firm from exporting are also zero. Thus the switchover tariff is the same
as the prohibitive tariff when patents are not protected. Since profits are decreasing in τ,

τo <τs .
Having characterized τo and τs, we can now turn to the optimum combination of
patent length and tariffs. Consider the Northern firm’s decision of whether and when to
locate in the South. Proposition 1 describes the best response of the Northern firm
(whether and when to locate a subsidiary in the South) to a given pair of tariff rate and
patent length adopted by the Southern government.
Proposition 1: For any given pair of tariff rate and positive patent length (τ, L)
adopted by the Southern government, the Northern firm chooses to locate in the
South at date T such that:
(i)

~
T = G for L > L

9

τ

(ii)

π
1
~
~
T = ∞ for L < L , where L = − ln[1 − FDI ]
r
π

Proof: See Appendix A.
Proposition 1 simply states that for small values of L, the Northern firm would
choose to delay FDI indefinitely, but if patent length is long enough, FDI will occur as
soon as possible. This is because FDI has two effects on Northern profits. FDI increases
Northern profits by avoiding the tariff that the Southern government imposes on imports.
But FDI decreases Northern profits since the Southern market becomes perfectly
competitive at the end of the protection period. For a given interest rate and tariff rate, if
~
L > L it is more profitable for the Northern firm to choose FDI sooner rather than later.
~
For L = L the Northern firm is just indifferent between setting up its subsidiary at G and

never setting up a subsidiary. We assume that in this case it would prefer doing FDI at G.
Given this information about the Northern firm’s decision process regarding FDI,
we now turn to the decision of the Southern government - the choice of a tariff rate and
patent length. The South benefits from FDI because of the possibility of imitation once
patent protection ends. The market becomes perfectly competitive5 and the instantaneous
welfare increases as compared to the import scenario (no matter what the import tariff is).
FDI imposes a cost because it results in a loss of tariff revenues without the offsetting
gains from competition while patents are protected. These two conflicting effects of FDI
in the South make the choice between FDI and imports ambiguous. The South will

5

It is not necessary that the Southern market is perfectly competitive, but rather that welfare in the South is

higher after imitation for the results in the paper. Assuming less than perfect competition will affect the
patent length but not qualitatively.
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generally prefer FDI if the gains in welfare achieved when imitation starts are important
enough (in addition to the usual arguments about lower production costs in the South).
We restrict our attention to the case where the South prefers FDI to imports.
If the Southern government prefers FDI, it would obviously want FDI to take
place with the shortest patent length possible (ideally zero). Zero patent length is not
possible, however, because for any tariff rate a minimum patent length is required to
ensure FDI by the Northern firm. In addition to a short patent length, the Southern
government would prefer FDI as soon as possible, i.e. at G. From Proposition 1, to
~
induce FDI, the tariff rate and the patent length must satisfy L ≥ L .

The objective of the Southern government is thus to maximize the discounted sum
of instantaneous welfare subject to the participation constraint that the Northern firm
would choose FDI at G.
G

Max W = ∫ wτ e −rt dt +
L ,τ

t =0

G+L

FDI − rt
∫ w e dt +

t =G

∞

∫

wc e −rt dt

(6)

t =G + L

Subject to:
τ

π
1
~
L ≥ L = − ln[1 − FDI ]
r
π

(7)

Evaluating the integrals in (6) yields:

rW = wτ (1 − e − rG ) − w FDI (e − r (G + L ) − e − rG ) + w c e − r (G + L ) .

(8)

Differentiating (8) with respect to L, we find that:
r

∂W
∂L

= − re − r ( G + L ) ( w c − w FDI ) < 0 .

(9)

~
Thus welfare is clearly reduced by a higher L and we can substitute L = L into the

welfare function to get:
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rW = wτ (1 − e − rG ) − ( w c − w FDI )

π τ − rG
e + w c (e − rG )
FDI
π

(10)

Differentiating (10) with respect to τ yields:

r

∂W
∂τ

= (1 − e − rG )

Notice that r

∂wτ

⎡ w c − w FDI ⎤ − rG ∂π τ
−⎢
⎥e
∂τ ⎢⎣ π FDI ⎥⎦
∂τ

(11)

∂W
> 0 for G ≤ G where
∂τ

⎡ ∂π τ
⎢
c
FDI
1 ⎡ w − w ⎤ ⎢ ∂τ
G = ln ⎢
⎥⎢
r ⎢⎣ π FDI ⎥⎦ ⎢ ∂wτ
⎢ ∂τ
⎢⎣

τ =τ s

τ =τ s

⎤
⎥
⎥
⎥
⎥
⎥
⎥⎦

(12)

Thus for G ≤ Max{0, G } we obtain a corner solution where the tariff chosen is the
prohibitive tariff τ s and the patent length is zero.
For G > Max{0, G } , setting (11) equal to zero would yield the first order
condition for the welfare maximizing tariff and an interior solution for the optimum
tariffτ∗. The optimum patent length is chosen to satisfy the participation constraint of the
North (7) with equality and
τ

π
1
~
L* = L = − ln[1 − FDI ]
r
π

The second order condition,

(13)

∂ 2W
∂τ 2

< 0 , is satisfied by the assumption of a

Southern welfare function that is concave with respect to tariffs and Northern profits that
are convex with respect to tariffs.
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Proposition 2 characterizes the optimum tariff and patent length combination.
Proposition 2: For G > G , the optimum tariff, τ * , is such that τ o < τ * < τ s and the
~
optimum patent length, L * = L is positive. For

<

, τ * = τ s and L* = 0 .

(Proof in Appendix B)
The possibility of imitation makes FDI desirable for the South. Thus the Southern
government has an incentive to impose a tariff that will induce FDI – the switch-over
tariff. In the absence of patent protection, this tariff must be close to prohibitive to
induce FDI. The switchover tariff is clearly higher than the standard optimal tariff.
Consequently, for the time period in which the good is being imported G, the welfare in
the South will be reduced by this higher tariff. The South can decrease this welfare loss
of deviating from the traditional optimum tariff during the import period because it has
two policy instruments to induce FDI – higher tariffs and longer patent length. By
charging a lower tariff and offering a longer length of patent protection, the Southern
government can reduce the welfare loss of deviating from the optimum tariff in the export
period because the patent length does not actually matter in this period. Thus when the
switchover tariff is higher than the optimum tariff, the optimum solution for the South
involves some positive patent length, combined with a tariff that is lower than the
switchover tariff. The loss in welfare due to a longer patent length is less than the
welfare gain resulting from the lower tariff, which induces the South to use both tariffs
and patent length. Increasing patent length beyond L* induces a loss in welfare that is
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larger than the welfare gain from a lower tariff. So the optimum patent length is less than
provided in the North, but is positive nonetheless6.
As G becomes smaller, the tradeoff changes. Consider, for example, the limiting
case where G = 0. The South can induce FDI through as high a tariff as needed because
it is never paid. Since welfare is lowered by protecting patents but is unaffected by
tariffs, the corner solution where patent length is zero and the tariff equals the switchover
tariff is optimal.
The equilibrium outcome is summarized in Figure 1. Southern welfare increases

~
towards the origin and FDI occurs to the right of L = L line. This implies that the welfare
maximizing tariff and patent length is where the iso-welfare curve for the South is
tangent to the constraint that FDI occurs.

L

Iso welfare curves for the South

No
FDI

FDI

L*
~
L= L
τo

τ*

τs

τ

Figure 1: Welfare maximizing tariffs and patent length.

6

In the case of linear demand (see example in section IV), G = −∞ so that τ o < τ * < τ s ∀G ∈ (0, ∞) .
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Proposition 3: An increase in G will decrease the level of tariff protection and increase
the length of patent protection.
Proof: See Appendix C.

The optimum tariff lies somewhere between the traditional optimum tariff for a
monopolist and the switchover tariff. As G, the date until which the good is exported, is
later, the importance of the traditional tariff increases. The Southern government’s
response is to lower the tariff closer to τ o and use the patent length to attract FDI instead.
This suggests that Southern countries that are more developed and perhaps find it easier
to imitate Northern goods (earlier G) might choose shorter patent length and higher
tariffs. Counteracting this effect however, if more developed Southern countries import
predominantly higher tech goods (higher G) then they might choose lower tariffs and
longer patent length.
The welfare of the Southern country depends on several exogenous parameters
affecting the optimal combination of the patent length and the tariff. In the following
proposition we analyze the effect on welfare of technology improvements that reduce
production costs. For simplicity, we assume that for each level of production, costs in the
North and in the South are reduced by the same amount. The cost reduction is however
allowed to vary with the level of production. Interestingly, the mechanism of patent
length can prove to be a source of welfare loss for the Southern country.
Proposition 4: A change in technology that reduces production costs can reduce
welfare in the South.

Proof: See Appendix D.
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A decrease in costs will unambiguously improve Southern welfare during the post-patent
period. However, the change in production costs also affects the decision of the Northern
firm to do FDI as well as the timing of FDI. The Northern firm’s profits from exports
and FDI both increase with a technology improvement. If the former increase outweighs
the later, the Northern firm may not choose FDI. The Southern government must offer
longer patent length to induce FDI at G, which decreases the benefits of FDI. To sum-up,
the effects of a technological improvement in the production process and a reduction in
production costs are twofold. First, a lower production cost results in more production
and therefore in an increase in welfare. Second, a lower production cost can force the
South to offer a longer patent length to induce FDI, which results in a loss in welfare.
There exist cost reductions for which the effect of longer patent length on Southern
welfare outweighs the effect of a cost reduction.
This is most easily seen in the case of a reduction in fixed costs. The cost
reduction increases Northern profits from both FDI and exports equally. Since

Π

FDI

πτ
> Π , the ratio of FDI increases because of the reduction in fixed costs. This
π
τ

changes the participation constraint of the North so that the South must offer a longer
patent length to induce the Northern firm to invest as can be seen from the expression for
L*. Since the output level is unchanged with a decrease in fixed costs, the South’s gains
from the cost reduction are limited to the profit increases of imitating Southern firms. In
Appendix D we show that these gains are smaller than the welfare losses because of the
increased patent length.
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IV.

Conclusion.
Patent protection has been treated as a trade related issue without directly

exploring the relationship between tariffs and patent length. This paper attempts to
explore the link between patent length and tariff rates through the mechanism of foreign
direct investment. High tariffs have often been used as incentives for multinationals to
locate in developing countries. While this is successful in attracting FDI it imposes a
cost during the time the country imports the good. These losses can be minimized with a
combination of tariffs and positive patent length. When a planner can choose both patent
length and tariffs simultaneously, we show that the tariff will be lower than if patents
were not protected and patent length will be positive but finite. While Southern countries
may not pick the same patent length as Northern countries, there is an incentive to protect
patents even for countries that conduct no R&D. Our results provide support for WTO
initiatives that seek to reduce tariffs while increasing patent length.
The incentives to protect patents are linked with a country’s ability to imitate or
alternatively to the amount of hi-tech goods it imports. Countries that are able to imitate
foreign technologies quickly will have little incentive to protect patents for a long time.
This suggests that within the group of Southern countries, more developed countries
would protect patents for a shorter duration. We can also envision an alternative scenario
where more developed countries are likely to import more hi – tech or hard to imitate
goods, which are optimally protected with lower tariffs and longer patent length.
We also find that when a foreign firm makes technological improvements,
increased patent length may be required to induce FDI, possibly reducing welfare in the

17

South. Thus patent length is a mixed blessing in our paper. While longer patent lengths
allow host countries to reduce the losses from sub-optimal tariffs, they are still a way for
foreign firms to earn monopoly rents. This result suggests that given a choice between
newer or older technologies Southern countries may be better off importing goods made
with older technology since they can acquire these with shorter patent length.
Some extensions of our model include allowing the breadth of patent protection to
vary in addition to length, and examining the issue of cost reducing process innovations
which would allow us to explore issues of whether it might be optimal for Southern
countries to in fact choose older technologies and offer a shorter duration of patent
protection.
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Appendix A
Proof of Proposition 1
The objective of the Northern firm is to choose whether and when (date T) to do FDI in
the South, given a pair of tariff rate and patent length announced by the Southern
government.
The overall profits of not doing FDI are given by:
∞

Π = ∫ π τ e −rt dt = π τ / r
τ

(A1)

t =0

T

The objective of the Northern firm is MaxΠ FDI = ∫ π τ e −rt dt +
t =0

T +L

∫π

FDI

e − rt dt with

t =T

T ∈ (G, ∞) .
dΠ FDI
= π τ e −rT + π FDI (e −r (T + L ) − e −rT ) or
dT
dΠ FDI
= e −rT (π τ + π FDI (e −rL − 1))
dT

(A2)
(A3)

Therefore
(i) if the tariff rate and the patent length are such π τ + π FDI (e −rL − 1) < 0 the firm chooses
to do FDI at G.
(ii) if π τ + π FDI (e −rL − 1) > 0 then Π τ = π τ / r > Π FDI for any T ∈ (G, ∞) .
The condition π τ + π FDI (e −rL − 1) > 0 is equivalent to e − rL > 1− π τ / π FDI or
τ

π
1
L < − ln[1 − FDI ] .
r
π
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Appendix B:
Proof of Proposition 2
We can show that for G > Max{0, G } , τ o < τ * < τ s and for G ≤ Max{0, G } ,

τ * = τ s . The first term on the RHS of (11) describes the traditional optimum tariff
∂π τ
< 0 , the second term is negative, which implies
without FDI (same as in (4)). Since
∂τ
that the optimum tariff here is greater than the traditional optimum tariff without FDI.
∂W
Alternatively r
> 0 for all G ∈ [0, ∞ ] .
∂τ τ =τ
o

∂W
At G = G ,
∂τ

= 0 . Since
τ =τ o

⎛ ∂wτ
⎡ wc − w FDI ⎤ ∂π τ
∂ 2W
= e −rG ⎜⎜
+⎢
⎥
∂τ∂G τ =τ
⎜ ∂τ τ =τ ⎢⎣ π FDI ⎥⎦ ∂τ
o
s
⎝
∂W
then r
< 0 for G > G .
∂τ τ =τ s
To summarize, for G > G we have

τ =τ s

∂W
∂τ

⎞
⎟
⎟<0
⎟
⎠

(B1)

(B2)
> 0 and
τ =τ o

∂W
∂τ

< 0 . Since
τ =τ s

∂ 2W
< 0,
∂τ 2

∂W
= 0 such that τ o < τ * < τ s .
∂τ
∂W
∂W
For G < G and G > 0 ,
> 0 and
> 0 , thus there is a corner
∂τ τ =τ s
∂τ τ =τ o

there exists a unique τ * where

solution with τ * = τ s . For any given tariff rate the Southern government clearly has no
incentive to announce a longer patent length than the minimum required by Proposition 1.
Therefore for any tariff rate there is a unique corresponding patent length given by
πτ
1
~
(B3)
L* = L = − log[1 − FDI ] .
r
π
For G ≤ G , τ* = τs ⇒ π ne = 0 and thus L* = 0 .
Note that if G < 0 we have G > G and thus we always obtain the interior solution.
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Appendix C
Proof of Proposition 3
∂L *
∂τ *
≤ 0 and
≥0.
∂G
∂G
τ* is given by the solution to equation (11). Totally differentiating (11) with respect to G
we have
2 τ
*
∂wτ w c − w FDI − rG ∂π τ
w c − w FDI − rG ∂ 2π τ dτ *
− rG ∂ w dτ
+
+
−
re − rG
re
e
(
1
)
−
(
)e
=0
∂τ
∂τ
∂τ 2 dG
π FDI
∂τ 2 dG
π FDI
which yields
τ
w c − w FDI − rG ∂π τ
− rG ∂w
re
re
+
FDI
dτ *
τ
∂
∂τ
π
(C1)
=−
2 τ
2 τ
c
FDI
dG
w
w
w
−
− rG ∂
− rG ∂ π
(1 − e )
)e
−(
∂τ 2
π FDI
∂τ 2
where all the derivatives are evaluated at τ = τ * .

We need to show that

From (11) we have
∂wτ ⎡ w c − w FDI
− rG
re
+⎢
∂τ ⎢⎣ π FDI
and thus

⎤ − rG ∂π τ
∂wτ
re
r
=
⎥
∂τ
∂τ
⎥⎦

r

dτ *
=−
dG

(C2)

∂wτ

∂τ
(C3)
2 τ
c
∂
− w FDI − rG ∂ 2π τ
w
w
− rG
−(
(1 − e )
)e
∂τ 2
π FDI
∂τ 2
From the concavity of wτ and the convexity of π τ we can conclude that the denominator
of the expression above is negative. Moreover, since τ ≥ τ we have
*

∂wτ
∂τ

≤ 0 at τ * = τ .

dτ
≤ 0 with strict inequality for τ * > τ . From (13) we have
dG
*

Therefore

dL* ∂L* dτ *
1
1 ∂π τ
=
⋅
= − (− FDI ⋅
)⋅
∂τ
dG ∂τ dG
r π

1

πτ
1 − FDI
π

dτ *
⋅
dG

dL* 1 ∂π τ
dτ *
1
Or
= ⋅
⋅
⋅
dG r ∂τ π FDI − π τ dG
Since π τ is a decreasing function of tariff and since

(C4)

(C5)
dτ *
dL*
≤ 0 we have
≥ 0 with strict
dG
dG

inequality for τ * > τ .
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Appendix D
Proof of Proposition 4
Let γA(Q ) denote the cost reduction resulting from technological improvements. The
production costs decrease by the amount γA(Q ) where Q is the quantity produced. The
parameter γ captures the scale of technology improvements whereas the function
A(Q ) describes a change in the cost reduction with respect to output. We show through
an example that such a technology improvement and decrease in production costs can
dW
< 0 . The derivative of (10) with respect to γ is given by
lower Southern welfare, i.e.
dγ

r

dW
dγ

=

dwτ

(1 − e )
− rG

dγ

π τ ⎤ −rG −rG dwc
d ⎡ c
FDI
−
⎢( w − w ) FDI ⎥ e + e
dγ ⎣⎢
dγ
π ⎦⎥

(D1)

where w c , w FDI , and wτ are given by
Qτ

w = ∫ P(Q)dQ − P(Qτ )Qτ + τQτ
τ

0

w

FDI

= wτ =0

and
Qc

w = ∫ P (Q )dQ − c(Q c ) + γA(Q )
c

0

P(Q) and C(Q) denote respectively the negatively sloped convex inverse demand
function and the cost function (assumed concave). Differentiating w c , w FDI , and wτ wrt
γ, and simplifying yields:
dwτ
dQ τ
= (− P' (Qτ )Qτ + τ )
dγ
dγ
dw FDI
dγ

= (− P' (Q FDI )Q FDI )

(D2)

dQ FDI
dγ

(D3)

and
dw c
dγ

= A(Q c )

(D4)
dW

< 0 . We show below that
dγ
this condition is unambiguously satisfied in the case of a decrease in fixed costs
( A(Q ) ≡ 1) . In this case, the output level is unchanged and thus

A cost reduction lowers Southern welfare if and only if

dwτ
dγ

=

dw FDI
dγ

=0

(D5)

and
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dw c

=

dπ τ

=

dπ FDI

(D6)
=1
dγ
dγ
dγ
Substituting the expressions in (D2) and (D3) into (D1) yields
π τ ⎤ −rG −rG
dW
d ⎡ c
FDI
r
=−
(D7)
⎢( w − w ) FDI ⎥ e + e
dγ
dγ ⎢⎣
π ⎥⎦
or,
π τ π FDI − w c − w FDI ⎞ −rG
dW ⎛
⎟e
r
= ⎜ (1 − FDI )
(D8)
FDI
⎜
⎟
dγ
π
π
⎝
⎠
We thus have
dW
< 0 if π FDI − ( w c − w FDI ) < 0 .
dγ
Since π FDI + w FDI is equivalent to Southern surplus under monopoly and since surplus

(

[

(

)

]

)

with perfect competition ( w c ) is unambiguously larger than the surplus with monopoly,
dW
< 0 : any technology improvement that lowers fixed costs will
dγ
lower Southern welfare.

we can conclude that
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