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Abstract
How will climate change affect intellectual property rights (IPR)
enforcement and what does this imply for unilaterally optimal climate
policy? I develop a North-South model with carbon taxation and
endogenous innovation in a clean and a dirty sector, in which both
countries enforce IPR endogenously. I find that (1) in the presence
of climate damages, domestic IPR enforcement can be both a strategic substitute and a complement to foreign enforcement, (2) climate
change may have a significant influence on the evolution of IPR protection, lowering the regions’ willingness to enforce patents except if
innovation in the clean sector is much more productive than in the
dirty sector, (3) endogenous IPR protection may imply substantially
higher optimal carbon taxation than under a fixed regime, especially
when tax policy is unilateral and (4) environmental tax policy may
increase the gains from international cooperation on IPR enforcement.
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Introduction

How will climate change affect the evolution of intellectual property rights
enforcement in the coming decades and what does this imply for unilaterally
optimal climate policy? It has been established that climate change as a
production externality is going to lead to increasing economic damages in
the future, where increases above the 2◦ C threshold can be expected to
have disastrous effects on human living conditions and economic activity
(Masson-Delmotte et al. 2018). Without an implementation of stringent
policies to curb greenhouse gas emissions, global temperatures are expected
to increase to 4◦ C above pre-industrial levels, which lies far above the 1.5◦ C
target of the Paris agreement (Nordhaus 2018).
Optimal policy is subject to different estimates due to the array of considerations that play a role, such as uncertainty about the climate system
and damages, but also about growth and innovation as well as ambiguity
regarding unlikely events and also ethics. However, reducing greenhouse gas
emissions for climate change mitigation presents a collective action problem for policy makers around the world, for which it seems unlikely that
a consistent approach will be found as agreements such as in the KyotoProtocol or the Paris agreement come with little enforcement. This is due
to free-riding behavior and the economic costs generally associated with reducing aggregate carbon footprints. It is known from the game-theoretical
literature, such as in Barrett (1994), that self-enforcing international environmental agreements (IEA) are not able to improve substantially upon
non-cooperative outcomes in environmental policy. As a result, the idea of
unilateral measures to combat climate change has recently gained momentum with citizens and policy makers across the world. A number of mostly
advanced economies in the Global North have started to implement more
stringent climate policies unilaterally, such as the proposed European Green
Deal (European Commission n.d.) in the case of the European Union.
It has been argued that reducing carbon emissions can be consistent with
continued growth in the presence of directed technical change (DTC). The
transformation of the economy away from greenhouse gas intensive production toward cleaner technologies is crucially determined by innovation
in the “green” sectors of the economy, that is, production and energy use
which does not emit greenhouse gases such as carbon-dioxide into the atmosphere. The main policy instruments in consideration such a corrective tax
on carbon, are aimed at influencing the sectors’ relative pricing. It has been
postulated that path dependency in directed technical change toward clean
production may only require an early policy intervention (Acemoglu et al.
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2012), demonstrating the importance of clean innovation in climate change
mitigation. In addition, the ambition of directing innovation toward clean
technologies through carbon taxation must take into account intellectual
property rights (IPR) and their enforcement as a crucial determinant for
innovation. Endowing inventors of new technologies with monopoly rights
provides the necessary incentives for investments in the accumulation of new
knowledge, but simultaneously creates inefficiencies by creating monopolistic competition. IPR therefore form the basis of private sector R&D, which
has been established theoretically (see e.g. Denicoliò & Franzoni (2012)) and
there has been some early empirical evidence that the actual enforcement of
IPR influences innovative activity (Goel 2020).
In this paper I study global IPR enforcement regimes and (unilateral)
climate policy in the presence of pollution damages in a two-country endogenous growth framework1 with endogenous IPR enforcement. In particular,
I analyze the outcomes of a one-shot enforcement game in regard to the
optimal levels, economic damages from pollution, as well as the welfare considerations of potential global coordination efforts. The model in this paper
makes use of a North-South regional framework in which the North innovates
patented technologies, which then spread to the South. Both regions, North
and South, endogenously decide to what extent to protect IPR in order to
spur future innovation. In making that decision, they face the trade-off between inefficiencies arising from monopolies being granted to patent holders
and the growth prospect from new technologies. The distinguishing feature
of the present framework is that, here, both countries additionally suffer
from damages as a result of pollution, adding an additional trade-off between static and dynamic climate damages. This is incorporated into the
model by identifying an emissions-intensive and a clean sector in the economy. Additionally, the governments may be undertaking climate action by
implementing an environmental tax, either on a global level or unilaterally
in the North. Pigovian and welfare maximizing policy is then influenced by
the IPR response and vice versa.
This takes into account that most of the relevant “green” technologies
are developed in just a few advanced economies (Dutta et al. 2019), while
this innovation is vital in aiding the rest of the world in decoupling growth
from emissions. As a result, countries in the global North tend to disproportionately profit from existing global standards for patent protection, as for
instance in the Agreement on Trade-Related Aspects of Intellectual Property
1

This framework is not an endogenous growth model in the traditional sense. Rather,
the stock of knowledge grows endogenously over a limited time horizon.
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Rights (TRIPS) in the World Trade Organization (McCalman 2001). Even
within such an agreement, the implementation of IPR remains at countries’
discretion in practice and depends on local institutions and administrative
practices2 , which suggests it is a long run process, but ultimately endogenous
to the countries’ best interests (Schaefer & Schneider 2015). A consensus
has thus emerged in the literature that the incentives for much of the developing world to engage in the implementation of IPR protection are rather
limited. This is particularly relevant in a context where the Global North
moves toward unilateral policies targeting the global externality of climate
change. The North and the South are thus linked through both the climate
as well as innovation flows while conducting policy independently of each
other, bearing major implications for the evolution of institutional IPR protection and optimal environmental policy, both globally and unilaterally. As
a result, international coordination between the industrialized and developing world on IPR protection may gain increasing relevance, especially since
climate change is a global problem.
Despite the stylized nature of the model, I calibrate it with empirically
justified parameters and solve it numerically. Several key findings emerge:
(1) Domestic IPR enforcement can be both a strategic substitute (for low
levels) and a strategic complement (for high levels) of foreign IPR enforcement in both regions, the latter stemming from considerations regarding
climate damages. This is especially the case for the North, which has a generally higher preference for IPR protection than the South in the baseline
specification due to its position of holding all the patents. These results
can however change with environmental taxation and variation in structural
differences between the regions. (2) Climate change may have a significant
influence on the evolution of IPR protection, lowering the regions’ willingness to enforce patents. This is due to the fact that the innovation effect of
IPR enforcement increases emissions, which are damaging. However, when
the productivity of innovation in the clean sector exceeds that of the dirty
sector considerably, innovation will be sufficiently directed toward the clean
sector so that higher damages imply higher IPR enforcement. (3) IPR dynamics may imply substantially higher optimal carbon taxation than under
a fixed regime, especially when tax policy is unilateral. This is the case
for both Pigovian and welfare-optimal taxes. (4) Environmental tax policy
may increase the gains from international cooperation on IPR enforcement.
2

Cohen et al. (2002) show for the case of the US and Japan that in practice, differences
in IPR such as patents are also characterized by their use within the given institutional
context.
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Moving from the non-cooperative equilibrium to a globally efficient level of
IPR protection can imply a welfare gain for both countries in the presence
of carbon taxation.
This paper brings together two different strands of literature. The first
concerns a range of models examining DTC in a climate context. In a
major contribution to the literature on DTC, Acemoglu et al. (2012) build
a macroeconomic model for a two-sector closed economy composed of a
polluting and a non-polluting good as substitute inputs for a final good,
in which they show that a disastrous outcome of global warming can be
avoided if innovation is directed toward clean inputs through a temporary
policy of carbon taxes and innovation subsidies. Crucial for this result is that
clean and dirty inputs in production are substitutes of each other. Closer
to the North-South approach in this paper, a number of contributions have
extended this framework to a two-country case with international trade and
varying degrees of technology spillovers.
Acemoglu et al. (2014) examine a North-South model in which innovation occurs in the North, while the South imitates Northern technology.
Here, entrepreneurs retain monopoly rights on their invention for one period,
while IPR are not enforced in the South. In their paper, global coordination
is generally necessary to avoid a climate disaster, but unilateral Northern
policy may be effective, too, in the absence of international trade and if
the South imitates Northern technologies. In reality, international enforcement of IPR is neither non-existent, nor will it be perfect as is assumed in
similar frameworks, such as Di Maria & Van der Werf (2008), but rather
it is endogenous to government policy and therefore plays a crucial role in
determining the effectiveness of DTC.
Hémous (2016) and Van den Bijgaart (2017) also build on the framework by Acemoglu et al. (2012) in a North-South context, with the former
focusing on the nature of innovations in the dirty input sector and additional policy instruments, while the latter focuses on the role of country
size and innovative capacity with perfect international IPR enforcement. In
both models both countries innovate. Hémous (2016) finds that unilateral
policies are generally insufficient for achieving a sustainable growth path,
but can be more effective in reducing environmental damages under DTC
and knowledge spillovers. Van den Bijgaart (2017) analyzes whether certain
coalitions of countries are able to redirect growth via DTC with unilateral
policies and finds that this is possible for the relatively large coalition of
Annex I countries of the Kyoto Protocol but requires a considerable degree
of policy intervention.
Further, Di Maria & Smulders (2004) and Di Maria & Van der Werf
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(2008) also model North-South models with DTC, in which they analyze
carbon leakage rates in the presence of international trade. In the former
model, there is innovation in the North and imitation in the South with
perfect IPR enforcement in the North. The difference in IPR enforcement
regimes results in more stringent environmental regulation in the North
and differential comparative advantages between the regions. This leads to
a pollution haven effect, which is exacerbated by international trade and
mitigated by DTC. In the framework of Di Maria & Van der Werf (2008)
innovation occurs in both countries and there is perfect international IPR
enforcement. The authors show that directed technical change plays a large
role in mitigating carbon leakage effects, whose role has been overemphasized
in the literature, according to them. Here, too, extreme cases of IPR are
considered, which partly drives their results.
Witajewski-Baltvilks & Fischer (2018) build a North-South DTC model
where researchers in the South can create business-stealing innovations. In
contrast to the present paper however, their approach takes on the Southern
perspective and thus takes Northern policy as given while IPR are enforced.
They arrive at the conclusion that if the North is sufficiently large in size, a
switch from clean to dirty technologies in the North will induce the South
to follow suit, which stands in contrast to the pollution haven hypothesis.
However, in their model, there is no international trade in intermediate
goods.
Like in this paper’s framework, a recent paper by Ravetti et al. (2020)
analyzes unilateral energy policies with North-South trade and endogenous
innovation, but full enforcement of IPR. They analyze different potential
unilateral policies and show that they can have differential effects in terms
of welfare, but also costs.
A second body of literature relates to the international dynamics of IPR
enforcement in the absence of damages from global warming or climate policies, building on the seminal contribution by Grossman & Lai (2004). They
show in their North-South model of endogenous innovation that if the North
has a greater capacity for R&D and a larger market for innovative products,
its IPR enforcement will be higher in the decentralized equilibrium.
While in that framework, IPR enforcement at a certain point in time pertains specifically to newly invented patents, Schaefer & Schneider (2015) develop an infinite-period model in which enforcement affects all active patents
equally regardless of vintage, and innovation takes place in the North only.
Additionally, they consider the potential outcomes of the countries’ desired
levels of IPR enforcement. Their model shows that countries in the innovating global North tend to lobby for better protection of IPR and that IPR
5

enforcement levels in both countries are strategic substitutes of one another.
In contrast to this paper, they do not distinguish between sectors and do
not allow for taxes as a policy instrument for the governments. Since their
model does not feature climate damages, thus neither the governments nor
the innovators in Schaefer & Schneider (2015) take into account future damages that might arise from emissions in production. As a result, there is no
consideration for directed innovation and its implications in terms of policy
and damages.
Finally, Schaefer (2017) brings together the aspects of endogenous IPR
enforcement by the government and the prospect of climate damages from
pollution in a closed-economy framework. Making use of an overlappinggenerations utility specification with subsistence consumption, he finds that
the level of abatement measures is increasing with development and knowledge stock. Schaefer (2017) however assumes a single closed economy, and
therefore does not allow for international IPR dynamics and unilateral climate policy.
The remainder of the paper is structured as follows: In the next section,
the model is laid out in detail, followed by the calibration of the baseline
parameters in Section 3 and an analysis of the resulting non-cooperative, decentralized global IPR enforcement equilibrium in Section 4. The benchmark
case for negotiations regarding international IPR enforcement cooperation
is examined in Section 5 and compared to the non-cooperative case. I then
explore the robustness of the results regarding alternative parametrizations
as well as the model assumptions in Section 6. Finally, the paper concludes
in Section 7.

2

Model

Consider a deterministic model with two discrete time periods t = 1, 2.
The time frame considered in this framework is intended to span multiple
decades. Lontzek et al. (2015) argue that there will be a significant positive
probability of our planet’s climate system reaching an irreversible tipping
point by the year 2050, after which climate damages are irreversible. The
relevant threshold is of course variable and depends on the current trajectory
of emissions and is thus in practice endogenous to present-day climate action.
By considering the time thereafter with t = 2, I take a long shot view
on the permanent damages from pollution beyond this threshold, which I
assume to be determined by the fundamental structural make-up of human
economic activity at that point, that is, how much in additional greenhouse
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gases is emitted. The stock of emissions in the “run-up period” t = 1
thus determines the actuation of the threshold, the exact timing of which is
abstracted from in the model. Two-period models are also common in the
literature on international dynamics in climate policy, such as in Eichner &
Pethig (2011).
There exist two countries k = n, s, North and South, which are largely
identical in production and market structure, but differ in their ability to
innovate: innovation takes place only in the North. Additionally, they are
asymmetric with regard to size, their levels of carbon taxation and they
might suffer from environmental damages to a different degree. Research
and development is conducted in the North endogenously within a varietyexpanding framework. This implies that new knowledge enters the current
stock through process innovation, so that additional inventions augment
existing production processes (Romer 1990). New technologies invented in
the North are immediately transferred to the South, where they are imitated
without cost. Underlying this assumption is that given the length of the time
periods in the model, technologies eventually spread globally and cannot be
withheld by the innovating country for a time frame of several decades. The
idea that new technologies diffuse in such a complete way thus makes use of
a long-run argument in relation to geographic innovation spillovers.
At t = 1, the governments of both regions decide to what degree patents
are enforced in the following period. In contrast to Schaefer & Schneider (2015), who interpret the delay in action as the time period necessary
to make the appropriate adjustments in administration, I take the view
that governments need to invest in efforts to make institutional changes to
the way intellectual property is protected in their countries, and that such
change is gradual to the degree that new enforcement targets can only be
realized in the subsequent period. This is in line with the institution-based
view on IPR enforcement, which combines IPR enforcement in a country
as being a rational decision by policy makers with the fact that even intentional changes to IPR protection require institutional transitions (Peng
et al. 2017). In this view, the issue of commitment of governments with
limited time in office is not severe as successive administrations will share
the same long-run view on optimal IPR enforcement.
IPR cannot be protected selectively, implying that it is not possible for a
government to distinguish patent protection between different sectors in the
economy. This is due to legal barriers to doing so and the fact that sectorbased discrimination is virtually infeasible in practice. Further, patents are
awarded indefinitely, thus until the end of the second period. Like in Schaefer
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& Schneider (2015) and Schaefer (2017), I abstract from patent breadth3 .
The governments, but not the firms, in both countries take into account
the pollution damages in production of the current period. Additionally,
both countries may implement a tax on the emission-intensive input in production in order to affect the relative pricing of the sectors’ inputs and
redistribute the tax revenue back to the households.

2.1

Production and Environment

In each country k = n, s and period t = 1, 2, a final composite good is
produced using a CES production function, which takes as inputs a “clean”
intermediate input Ykct and a “dirty” intermediate input Ykdt .
 ε−1
 ε
ε−1
ε−1
1
ε
ε
Ykt =
Ykct + Ykdt
(1)
1 + Dkt
This type of specification is common in the literature on directed technical
change, such as in the seminal contribution by Acemoglu et al. (2012). ε ∈
(0, ∞) represents the elasticity of substitution between the clean and dirty
inputs. The final good is produced competitively, and its price serves as
1
numéraire for the economy. Final output is further scaled by a factor 1+D
∈
kt
(0, 1), representing the reduction in potential output from current damages
of environmental pollution Dkt > 0 in country k. This specification for the
damage factor is taken from the original DICE model (Nordhaus 1992). As
the model focuses on the general notion of a climate feedback from emissions
rather than climate dynamics, the simplicity of the damage factor ensures
tractability.
Production in the dirty intermediate good leads to greenhouse gas emissions Et , such that
Et = Yndt + Ysdt
The emissions in period t determine country k’s pollution damages Dkt ,
which are scaled by γk > 0 and κk > 0:
Dkt = κk Etγk
This flow specification of the environmental damages reflects the feedback process of greenhouse gases and the economic damages from global
3

Patent breadth pertains to the extent to which patents cover new technologies. For
simplicity, I assume that technologies are covered entirely by patents, which may or may
not be enforced.
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warming after the critical threshold of 2◦ C is reached in the second period. Damages are frequently modeled as flows in the literature, such as in
Di Maria & Van der Werf (2008). For simplicity, I assume the same relationship between emissions and damages in the first period, which however do
not influence the governments’ decisions in the endogenous IPR enforcement
game.
Note that this is qualitatively equivalent to modeling a decrease in utility
from pollution since households exclusively consume the final good. The
output foregone due to climate damages in country k can subsequently be
1
defined as FOkt ≡ (1 − 1+D
) × OPkt , where OPkt = (1 + Dkt )Ykt is the
kt
output potential in the absence of the damage effect. This is equivalent to

 ε
  ε−1
ε−1
ε−1
1
ε
ε
FOkt ≡ 1 −
Ykct + Ykdt
γk
1 + κk Et
1
in the
and represents the amount of output foregone through the term 1+D
kt
production function of the final output, which depends on global emissions
from dirty intermediate production in both countries and lowers output
with emissions when climate damages are present, i.e. κ > 0. The value of
production in the dirty sector Ykdt is equivalent to the amount of emissions
kt
that country k contributes to total global emissions. Since ∂FO
∂γk > 0 and
∂FOkt
∂κk

> 0, the amount of foregone output increases for higher values of the
damage parameters.
As in Schaefer & Schneider (2015), the intermediate goods Ykjt of both
sectors j = c, d are produced with labor Lkjt and machine equipment xkt (i)
as inputs:
Z Njt
1−α
[xkt (i)]α di
(2)
Ykjt = Ak Lkjt
0

α ∈ (0, 1) represents the elasticity of substitution between the different
machines in intermediate good production, while Njt is a measure of all the
machines invented in the North and used in sector j at time t. Alternatively,
Njt represents the stock of knowledge present in the production of sector j
intermediates. The different machines are produced under constant marginal
costs equal to one unit of output of the final good. Hence, their costs
of production are unity. Ak is a general productivity measure unique to
country k and can alternatively be interpreted as the size of the country’s
market.
ωkt represents the level of enforcement of intellectual property rights by
country k. That is, the government enforces the patent of the blueprint of
9

an innovator’s machine with probability ωkt , implying that ωkt also indicates
the share of monopoly profits in country k accruing to the innovators in the
North. As a result, the production function of the intermediate goods (2)
can be expressed as
!
Z
Z
Ykjt = Ak L1−α
kjt

ωkt Njt

(1−ωkt )Njt

[xm,kjt (i)]α di +

[xq,kjt (i)]α di

(3)

0

0

where xm,kjt (i) are the machines used in production in country k that are
protected by IPR enforcement and thus subject to monopolistic competition.
xq,kjt (i) on the contrary represent the unprotected machine inputs subject
to perfect competition.
With innovation restricted to the North, the production of the machines also takes place in the North and is traded across regions without barriers. Profit maximization yields the symmetric equilibrium prices
pm,kj (i) = pm,kj = α1 for all protected machines xm,kjt (i) = xm,kjt , and
pq,kj (i) = pq,kj = 1 for all unprotected machines xq,kjt (i) = xq,kjt , of which
the prices are equal to marginal costs without the monopoly markup4 . This
results in the following demands for machines:
2

1

1

1

1

1−α
xm,kjt = α 1−α Ak1−α Lkjt pkjt
1

1−α
xq,kjt = α 1−α Ak1−α Lkjt pkjt

where pkjt is the price of intermediate good Ykjt in sector j in country k.
This implies that the production function of the intermediate goods in
(3) can finally be expressed as follows:

 α

1
α
α
1−α
1−α
Ykjt = α 1−α Ak Lkjt Njt pkjt 1 + ωkt α 1−α − 1
(4)

 α
Here, ωkt α 1−α − 1 represents the deadweight-loss factor from monopolistic competition. As it increases with enforcement ωkt , it stands for the
static losses as a result of patent protection.
The per period operating profits of Northern holders of protected patents
are given by
πt = πnct + πndt + πsct + πsdt
4

The prices for protected and unprotected machines are thus the same across regions
and independent of the regions’ differing machine demands.
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and
1

1

1−α
πkjt = ϕAk1−α Lkjt pkjt

(5)

1+α

where ϕ = (1 − α) α 1−α > 0. Operating profits without IPR enforcement,
in contrast, are zero due to imitation.

2.2

Labor market

The labor forces in both countries are normalized to unity, i.e.
Lkct + Lkdt = 1

(6)

For simplicity, I abstract from population growth. Further, labor is perfectly
mobile between sectors within a country so that the domestic wages wkct =
wkdt = wkt are equalized in equilibrium.

2.3

Household

The representative household of country k maximizes its utility over its
consumption streams Ckt :
Ukt =

2
X

β T −1 CkT

T =1

Following the approach by Schaefer & Schneider (2015), I make use of a
simple linear specification for the utility function in order to focus on the
trade-offs in government policy on the production side. This approach can
also be seen in e.g. Hémous (2016).

2.4

Research and Development

Innovation in both sectors occurs in the first period in the North and according to the lab equipment approach, similar to Schaefer & Schneider (2015). A
small fraction Len  Ln out of the Northern workforce can operate research
labs, each under the cost function
ζ (ηj ) =

ηj2
Le
δj Nj1 n

where ηj is the number of new inventions and δj represents the exogenous
research productivity in sector j, or it can alternatively interpreted as the
11

entrepreneurs’ level of human capital in that sector. Additionally, the parameter can incorporate the presence of exogenously determined research
subsidies by the Northern government to that sector as an instrument supplementary to the environmental tax in climate policy. A higher value of δj
subsequently corresponds to higher research productivity or less subsidy in
sector j. The entrepreneurs in the North with an average knowledge level
N
of Lj1
e choose the number of new inventions ηj in the first period.
n
Next, the technologies by the Northern innovators spill over to the South
entirely in the same period. An innovator i with an invention in sector
j = c, d can therefore expect the following value for it:
E[Vj (i)] =

1
1
ωn2 πnj2 +
ωs2 πsj2
1 + rn
1 + rs

where rk is the interest rate in country k and represents the rate of return
the entrepreneur can expect in that country. As Et [Vj (i)] is the same for
all i, E[Vj (i)] = Vj . Further, utility maximization in the household problem
1
implies that for both countries in equilibrium β = 1+r
, so
k
Vj = β (ωn2 πnj2 + ωs2 πsj2 )
It can be seen that a higher degree of IPR enforcement in either region raises
the value of new inventions, making it more profitable for entrepreneurs to
invest in R&D.
dζ(η )
Optimality requires that marginal costs equal marginal benefits, or dηjj =
Vj . Hence, the number of inventions per research lab is given by
ηj =

δj Nj1
Vj
2Len

This implies that the evolution of the aggregate stock of knowledge in each
sector j = c, d is
1
Nj2 − Nj1 = ηj Len = δj Nj1 Vj
2 

1
⇔ Nj2 =
δj Vj + 1 Nj1
2

(7)

In the analysis of the policy issues surrounding climate change it is of
particular interest whether innovation is occurring mostly in the polluting
or the non-polluting sectors. In the simple case where differential corrective
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taxes between the regions are absent, the relative growth in the sectors’
knowledge stocks is given by
 1

Nc2 − Nc1
δc
Lc2
pc2 1−α
Nc1
=
×
×
×
(8)
Nd2 − Nd1
δd Ld2
pd2
Nd1
where Lj2 = Lnj2 = Lsj2 and pj2 = pnj2 = psj2 5 . The direction of aggregate innovation toward the sectors is thus governed by (i) the innovative productivity differential between sectors δc /δd , (ii) relative market sizes
Lc2 /Ld2 , (iii) relative prices pc2 /pd2 and (iv) the initial difference in technology Nc1 /Nd1 . These effects are also described in Acemoglu et al. (2012),
for example. When the countries levy different environmental taxes, this
influences the effective sector-country market sizes, which in turn depend
on labor allocation of labor, the regions’ exogenous relative sizes and the
degree of IPR enforcement in each region.

2.5

Equilibrium

The economy’s equilibrium in period t is derived by expressing the relevant
variables in terms of the given parameters, the countries’ chosen levels of
IPR enforcement ωnt and ωst , and the knowledge stocks in the two sectors,
Nct and Ndt . This is because the technology levels as well as the enforcement
levels in period 1 are exogenously given by past developments, while the new
technology levels in period 2 are then determined on the basis of their initial
levels, the parameters and the countries’ realized IPR enforcement levels for
the second period (which are chosen endogenously by the governments),
since these determine the expected return on conducting R&D for Northern
entrepreneurs. Note that pollution damages Dkt are implicitly defined by
Nct and Ndt , too.
Labor
Taking into account the equalization of domestic wages, profit maximization
in intermediate goods production with respect to labor implies
pkct

Ykct
Ykdt
= pkdt
Lkct
Lkdt

(9)

Inserting the expression for intermediate good production (4) and the labor resource constraint (6) into (9), it can be seen that the ratio of the
5

When τnt = τst , prices and the allocation of labor across sectors are the same in both
countries. This is because technology levels are equal across regions and there is no trade.
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sectoral prices in the economy can be expressed as the ratio of the sectors’
technological levels:


pkct
Nct α−1
(10)
=
pkdt
Ndt
Next, profit maximization in final good production yields
 1

pkct
Ykct − ε
= (1 + τkt )
pkdt
Ykdt
where τkt functions as a levy on the dirty input in the manufacture of the
final good. τkt thus approximates the use of environmental taxes such as a
carbon tax but is in itself an ad valorem tax. Using (4), this determines the
labor input ratio

σ
Lkct
ε Nct
= (1 + τkt )
Lkdt
Ndt
where σ = (1 − α)(ε − 1). In combination with the labor resource constraint
(6), the allocation of labor in each sector in terms of technology levels is
then given by
(1 + τkt )ε (Nct )σ
Lkct =
(1 + τkt )ε (Nct )σ + (Ndt )σ
(11)
(Ndt )σ
Lkdt =
(1 + τkt )ε (Nct )σ + (Ndt )σ
It can be seen that a tax on the dirty input leads to relatively more labor
being allocated to the production of the clean good.
Prices
The price index of the final good is normalized to unity:

 1
1−ε 1−ε
1−ε
pkY t = (1 + Dkt ) pkct + [(1 + τkt ) pkdt ]
≡1
which implies
pkct

pkdt

"

 # 1
1
pkdt 1−ε ε−1
=
1 + (1 + τkt )
1 + Dkt
pkct
"

 # 1
1
pkct 1−ε ε−1
1−ε
=
(1 + τkt )
+
1 + Dkt
pkdt
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Making use of (10), the equilibrium sectoral prices are given by
 1

(1 + τkt )ε−1 (Nct )σ + (Ndt )σ ε−1
=
(1 + τkt )(Nct )1−α

 1


(1 + τkt )ε−1 (Nct )σ + (Ndt )σ ε−1
1
=
1 + Dkt
(1 + τkt )(Ndt )1−α


pkct
pkdt

1
1 + Dkt

(12)

Production
Using (11) and (12) in (4), intermediate production in equilibrium can be
expressed as

 1
1−α
Ykct = αα Ak (1 + Dkt )α (1 + τkt )ε(1−α)−α

α
 α

ε−1 (N )σ + (N )σ σ 
ct
dt
ε(1−α) (1 + τkt )
1 + ωkt α 1−α − 1
× (Nct )
(1 + τkt )ε (Nct )σ + (Ndt )σ
 α
 1
α Ak (1 + Dkt )α 1−α
Ykdt =
(1 + τkt )α

α
 α

ε−1 (N )σ + (N )σ σ 
ct
dt
ε(1−α) (1 + τkt )
× (Ndt )
1 + ωkt α 1−α − 1
(1 + τkt )ε (Nct )σ + (Ndt )σ
Inserting these expressions for intermediate good production above into (1),
production in final goods results in

Ykt =

 1
1−α
α α Ak
(1 + Dkt )(1 + τkt )α
h
i σ+1
σ
σ 
 α

(1 + τkt ) 1−α (Nct )σ + (Ndt )σ
×
1 + ωkt α 1−α − 1
(1 + τkt )ε (Nct )σ + (Ndt )σ
|
{z
}
DWL factor

 α

Note that the deadweight loss factor ωkt α 1−α − 1 < 0 is decreasing in
ωkt . This shows that a higher level of enforcement in period t immediately
translates into higher static losses from monopolistic competition.
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Profits
Making use of (11) and (12) in (5) finally yields the country-sector-specific
profits under protection:
1
ε−1 (N )σ + (N )σ σ
(1
+
τ
)
ct
kt
dt
=ϕ
(Nct )σ−1
(1 + τkt )ε (Nct )σ + (Ndt )σ

1
 1

ε−1 (N )σ + (N )σ σ
1−α
Ak
ct
dt
σ−1 (1 + τkt )
=ϕ
(Ndt )
(1 + Dkt )(1 + τkt )
(1 + τkt )ε (Nct )σ + (Ndt )σ


πkct
πkdt

Ak (1 + τkt )σ−α
1 + Dkt



1
1−α



Evidently, profits in both sectors are negatively affected by pollution.

2.6

Government

As in Schaefer & Schneider (2015), at t = 1 the governments of both regions
choose their preferred level of IPR enforcement for the next period. The
current enforcement level ωk1 is inherited from decisions in the past and
therefore taken as given. The optimization problem of the government in
country k thus reads as
)
(
2
X
β T −1 CkT
max Wk =
ωk2

T =1

s.t.

(7)

where Ckt is the aggregate consumption in the country at time t.
Through its tax τkt on dirty inputs, the government collects revenues
Rkt = τkt pkdt Ykdt , which it returns to the household via a lump-sum transfer.
As all patent holders are located in the North, any profits originating from
protected machines in the South constitute in fact a transfer of consumption
from the South to the North. Southern consumption at time t is therefore
given by


Cst = Yst + Rst − ωst Nct πsct + Ndt πsdt




− ωst xm,sct Nct + xm,sdt Ndt − (1 − ωst ) xq,sct Nct + xq,sdt Ndt
Final output or gross income is given as Yst in the first term and the tax
transfer as Rst in the second. The third term represents the profit outflows
to the North. In addition, the costs for both protected and unprotected
machines are subtracted as expenditures from the national income in the
fourth and fifth terms.
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In the North, the profit flows from the South add to the national income.
Additionally, in period 1 the region faces the costs associated
with conduct
ing R&D, Len (ζ(ηc ) + ζ(ηd )) = 14 δc Nc1 Vc2 + δd Nd1 Vd2 . These costs are not
present in the last period as no further investments are required. Aggregate
consumption in the North in period t is thus given by



1
Cnt = Ynt + Rnt + ωst Nct πsct + Ndt πsdt − 1t=1 δc Nc1 Vc2 + δd Nd1 Vd2
4



− ωnt xm,nct Nct + xm,ndt Ndt − (1 − ωnt ) xq,nct Nct + xq,ndt Ndt
It is apparent that when deciding on the degree of IPR enforcement
in the second period, the governments face static and dynamic considerations. The well-known trade-off of intellectual property between static
losses from granting monopoly rights to inventors and the dynamic gains
from such rights of providing the necessary incentives for innovation are
crucial for the governments’ policy. In addition to balancing market power
inefficiencies and the positive innovation externality, the governments in the
present model must also take into account the negative externality of climate damages as a result of production in the dirty goods sector. This
“dual externality” has been described by Jaffe et al. (2005), for example.
The pollution externality itself has a static and a dynamic dimension, too,
as the static inefficiencies from IPR protection alleviate “static damages”
while the dynamic gains from innovation can increase “dynamic damages”
through increased emissions. Despite the interaction of the market failures,
introducing a policy instrument targeted at the climate externality, such as
a tax on the use of the dirty input, may thus come with welfare gains and
influence the character of the global IPR enforcement game.

3

Baseline Calibration

The model of this paper is generally abstract in nature and designed to
shed light on the international dynamics at play in IPR enforcement in the
presence of damages from pollution and climate policies by the North. Consequently, its parameters and outcomes, too, are abstract and by no means
meant to give precise outcomes. Nevertheless, I calibrate a baseline set of
parameters that can be “reasonable” in a real world context. The calibration
of the baseline parametrization is meant to represent the “business-as-usual”
(BAU) scenario in the absence of climate change mitigation policies and is
summarized in Table 1.
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Parameter

β

γ

κ

τg1

τg2

δc

δc

Nc1

Nd1

ωs1

ωn1

ε

α

As

An

Value

0.4

2

0.05

0

0

120

120

1

1.5

0.5

0.7

2

0.5

1

5
6

Table 1: Baseline set of parameters.
The choice of appropriate discount factors in models with global warming tends to be a contentious one. While Nordhaus advocates the use of
rates of time preference that match observed interest rates on capital markets of about 4% per year, the Stern Review supports a more normative
approach and advises a much lower rate of 0.1% to take into account the
possible extinction of humanity in the future (Etienne et al. 2012). Since
β in the present model is intended to reflect the actions governments take
in practice, I follow the descriptive approach in choosing the discount factor. The uncertainty in the exact timing of the threshold implies a range of
plausible values. Over 25 years, a discount rate of 4% approximately implies
β = 0.4. Even though the limited temporal scope of the model implies that
the general results are not very sensitive to this parameter, the outcomes of
alternative values for this parameter are discussed later.
The damage parameters γk and κk occupy an important role in translating global emissions into economic damages and thus also in determining the
potential gains from IPR enforcement in pollution abatement. Accordingly,
I pay special attention to the effects of different parametrization choices with
regard to damages in the analysis of the results. In the baseline, I assume
that emissions affect output in both regions to the same degree in order to
focus on the effect of the presence of pollution damages and climate policy
on IPR enforcement. The values of the parameters are γ = γs = γn = 2
and κ = κs = κn = 0.05 in the baseline. Under this assumption, the share
of foregone output in the first period equals 3.63%, which is in line with
a range of estimates by Nordhaus (2018) or Stern et al. (2006) for BAU
scenarios. Second period damages as a share of output at equilibrium are
considerably higher at 16.3%. While this exceeds most current estimates
of damages from global warming in the literature, it illustrates the idea of
the global climate system having passed a tipping point starting at t = 2,
beyond which additional emissions lead to high-impact damages. Sensitivity
checks for different values of γk and κk are performed.
The exogenous research productivity parameters δc and δd contribute
to determining the R&D costs of new inventions in the clean and in the
dirty sector. Therefore, they play a crucial role in determining both the
amount of innovation that can occur between the periods 1 and 2 as well
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as the knowledge transformation potential of the economy. In the baseline
set of parameters, I assume for simplicity equal efficacy of innovative activity between the sectors by setting δc = δd = 120. The relative sizes of
the parameters are an assumption of the model, but alternative equilibria
with deviations in the relative sector productivities are considered. The
scale, on the other hand, is chosen such that the magnitude of the share
of R&D expenditure in output of the Northern region are compatible with
observed data. Data by the UNESCO Institute for Statistics (2020) suggests
that R&D spending as a share of GDP in most industrialized nations is to
be found in the lower single-digit percentage range, ranging between 2-5%
among the top innovators.
The initial technology stocks in the clean and dirty intermediate sectors
of the economy Nc1 and Nd1 reflect the current structural make-up of the
economy, which future innovation builds on. The relative sizes of these
knowledge stocks therefore symbolize the emissions intensity of the current
economy. It can be assumed that the current stock of knowledge is such
that emissions-intensive (thus “dirty”) technologies are dominant but there
already exists a budding sector based on clean technologies. Even though
abstract in nature, I choose to reflect this by setting Nc1 = 1 and Nd1 =
1.5. This is roughly in line with attempts at empirically estimating such
technology differentials. Acemoglu et al. (2016) calibrate their model with a
clean and a dirty sector using patent data from U.S. industries and find that
in the majority (87%) of industries, the stock of “dirty” patents exceeds that
of clean patents by 76% while, conversely, in 13% of industries, clean patents
are even in the lead by 39%. Setting Nc1 = 1, weighing the average of patent
stocks would then yield roughly a value of 1.6 for the dirty knowledge stock,
which is similar to the present baseline parameter choice.
The choice of values for the initial enforcement levels ωs1 and ωn1 reflects
the current state of affairs in regard to the extent to which countries in
the global North and the global South are currently realizing their vowed
protection of patents. Since this metric is of fairly abstract nature as well,
there exist no empirical estimates for the countries’ enforcement levels at
t = 1 to the best of my knowledge. A choice ωs1 = 0.5 and ωn1 = 0.7 in
the baseline set of parameters is intended to reflect the notion that both
regions enforce IPR to some non-zero degree which is not full enforcement,
and that IPR protection is higher in the North than in the South, as is
explored in Schaefer & Schneider (2015). The model outcomes, which focus
on the dynamics for the second period, are generally not sensitive to this
parameter choice as the choices of enforcement for t = 2 are independent of
ωs1 and ωn1 . Initial enforcement however influences current climate damages
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and output levels and thus plays a role solely in comparative statics in these
variables across periods.
The elasticity of substitution between clean and dirty inputs in final
goods production ε plays a crucial role in the DTC literature, such as in
the present model but also the seminal model by Acemoglu et al. (2012),
as it determines the effectiveness of policy in restructuring the economy
toward greenhouse gas neutral production. Due to the degree of abstraction of the model however, empirical estimation of this parameter proves
challenging and remains largely inconclusive with regard to its exact value.
Papageorgiou et al. (2017) attempt to empirically estimate the elasticity of
substitution and conclude that its value lies significantly above unity, which
is essential for the qualitative nature of the model’s outcomes. In the baseline specification, I choose ε = 2, which is in line with the range suggested
by Papageorgiou et al. (2017).
α represents the elasticity of substitution between different machine
types in the manufacture of the intermediate goods, which complement each
other in production. At the same time, α is also representative of the capital
share in production. In recent years, the global share of labor, 1 − α, has decreased to levels close to 0.5 (Karabarbounis & Neiman 2014). Considering
this downward trend, I therefore choose α = 0.5 for the baseline calibration.
Finally, the answer to the question of how to scale the relative sizes of the
economies of the global North and the global South ultimately depends on
identifying the group of real world countries that share characteristics in two
aspects: Countries of the global “North” are responsible for the majority of
global R&D spending and they share common environmental policy targets.
The report on the Global Innovation Index 2019 identifies a few key nations
in global innovation spending, which are by and large to be found among
high income countries (Dutta et al. 2019). High income countries also tend
to prefer more ambitious environmental policies. A major exception for
this is China, which is in the high-middle income range and contributes
significantly to global R&D spending, but does not have climate policies in
place as ambitious as found among many of the European Union or OECD
member states. Data by the World Bank (2020) suggests that countries
classified as “high income” currently have a share of about 47% of world
GDP at purchasing power parity. This would imply a size of the South
about 10% larger than the North. Alternatively, the five countries with the
largest R&D expenditures, the United States, China, Japan, Germany and
South Korea, together contribute to around 42% of global income, which
would correspond to a South which is 30% larger, and the OECD and the
EU to 47% and 15% respectively, corresponding to 10% and 460% larger sizes
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Figure 1: Reaction functions and the pair of decentralized equilibrium enforcement levels (ωs∗ , ωn∗ ).
for the South. In my baseline specification I therefore use the parameters
An = 56 and As = 1, which corresponds to a size for the South that is 20%
larger than that of the North, to strike a balance between the competing
objectives of innovation and climate policy in identifying the global North.
However, the parameter As , representing “market size” in the model, is
not tantamount to measures of gross domestic product and thus should
only be loosely interpreted as such. This is because it does not represent
gross income but rather its potential, through which it scales the size of the
economy. Robustness checks for the results are performed for smaller and
larger values of An .

4
4.1

Decentralized Global Equilibrium
Laissez-faire case: no climate policy

Without any further international coordination, both the South and the
North maximize their respective welfare functions while taking the enforcement level of the other as given. This results in a one-shot game with a
set of best responses for t = 2 on both sides, where the decentralized global
IPR enforcement equilibrium follows from the game’s Nash solution. Fig. 1
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depicts the reaction functions of the Southern and Northern governments.
Both regions’ optimal enforcement levels behave convexly in the other’s enforcement. This means that foreign enforcement does not only serve as a
substitute for domestic enforcement but the two can also be reinforcing in
the light of common gains from implicit pollution abatement through R&D,
which is encouraged through policies of IPR protection. However, this convexity is considerably more pronounced for the Northern reaction function
compared to the Southern one.
The unique intersection point of both best-response functions is given by
the point (ωs∗ , ωn∗ ) and represents the Nash equilibrium enforcement levels
ωs2 and ωn2 of the game played in the first period. In the baseline specification, the equilibrium yields ωs2 = 0.26 and ωn2 = 0.59. The North
therefore protects IPR to a larger degree than the South in equilibrium.
This implies that the notion that the North has a stronger preference for
IPR protection than the South is maintained in the presence of climate
damages. The outcome thus does not overturn the findings by Schaefer &
Schneider (2015), however the strategies by the governments differ in their
underlying reasoning since both of them take into account the effect of the
domestic enforcement level on climate damages in the second period. In
addition, as a result of the two-period setting in this model, the governments are not myopically constrained. In this equilibrium, the technology
level in the clean sector has progressed to Nc2 = 2.54 while the period-2
technology level in the dirty sector is Nd2 = 3.48 due to the initial technological head-start of the latter, leading to a growth in output of 97.12%
in the North and 111.13% in the South. R&D spending amounts to 4% of
Northern first-period output (3.51% of total income). Note that even in the
absence of a productivity differential does the clean sector catch up slowly
Nc2
Nc1
with the dirty sector ( N
> N
) due to the price effect counterbalancing
d2
d1
the technology differential: by being the more backwards sector, there are
more profits to be made from investing into clean technologies at the margin
(even though the absolute amount of innovation is still higher in the dirty
sector due to market size and initial productivity effects). As a result, there
is no path dependency in long-run innovation in the present model unlike in
other models of directed technical change in the literature such as Acemoglu
et al. (2012)6 .
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(a)

(b)

Figure 2: Reaction functions and equilibria for different values of γ and κ,
with scenarios for low, middle and high values.
4.1.1

The role of climate damages

The degree to which emissions are damaging to final output has a considerable impact on both countries’ best responses. Since emissions from dirty
intermediate production are expected to be damaging to production, the
governments take this into account when evaluating how much innovation
is to be encouraged by IPR enforcement. The change in reaction functions
for different values of the damage parameters γ = γs = γn and κ = κs = κn
is displayed in Fig. 2.
Evidently, when emissions are more damaging to the economy (implied
by higher values of γ and κ), the reaction functions and thereby the equilibrium IPR implied by the intersection point move inward toward the origin.
The increase in “dynamic damages” thus dominates the increase in “static
damages” so that the dynamic gains from IPR enforcement decrease and
the governments value innovation relatively less. This may coincide with
societal calls for less growth as it is seen as resource intensive, pertaining
to a circular economy argument7 . The decrease in innovation as a result of
higher damages however thus also entails that the knowledge stock in the
6

Due to the 2-period setup this is not crucial for the IPR enforcement game.
Zhou & Smulders (2020) show that making the dirty sector more efficient by e.g.
increased refurbishing can make green innovation less attractive.
7
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(a)

(b)

Figure 3: Effect of pollution damage parameters γ and κ on equilibrium
enforcement levels (ωs∗ , ωn∗ ), assuming pollution damages are symmetric between countries.
clean sector catches up less to the dirty sector.
Further, the consideration of climate damages is responsible for the curvature of the reaction functions. This is the case more so for the North
than the South. In the absence of damages from pollution, both reaction
functions are linearly decreasing in the other’s enforcement (as is the case
for κ = 0 in Fig. 2). This is a crucial result in that the strategic substitutability between IPR enforcement in the two regions (a result described
in Schaefer & Schneider (2015)) is complemented by a factor of strategic
complementarity in the presence of climate damages. With regard to R&D
incentives without damages, IPR enforcement acts as public good8 . However, pollution is a global problem, and so it may be strategic for one region
to increase its enforcement level as a reaction to the other enforcing more.
In the case of the North, high degrees of Southern enforcement incentivize
the North to enforce more as well in the presence of damages since the static
damage reductions from enforcement dominate.
Fig. 3 shows the result regarding the equilibrium enforcement levels in
response to changes in the common pollution damage parameters γ and κ
hold generally for a wide range of values. Higher values for γ and κ, respec8

This effect dominates despite the North gaining from enforcement in the South
through profit flows from patents.
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(a)

(b)

Figure 4: (a) Foregone second-period output as a share of output potential
for varying values of the damage parameter κ in both regions. Fixed regime
considers the enforcement equilibrium in the absence of damages (i.e. κ = 0).
(b) depicts the corresponding output levels.
tively, imply lower equilibrium IPR enforcement levels in both the South
and the North. It can therefore be seen that the presence of climate change
can be expected to impact the evolution of IPR protection significantly in
the coming decades. The reverse if also true: The enforcement response
impacts the path of innovation and growth.
FOk2
1
Fig. 4 compares the foregone output share OP
= (1 − 1+D
) and
k2
kt
output levels under a regime where ωs2 and ωn2 do not take damages into
account with the actual equilibria for degrees of damage. It can be seen that
the IPR response to the damages leads to a lower damages share. While
final output in the North is slightly lower compared to the fixed regime, it is
considerably higher in the South. Note however that the Nash equilibrium
need not be optimal for welfare. This is explored in section 5.
4.1.2

Relative innovative productivity between sectors

Consider the case in which the research and development (R&D) conducted
in developed countries yields relatively more innovation in environmentally
friendly technologies. This may be the case due to those technologies being
at an early stage of development so that coming across major discover-
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Figure 5: Effects of the relative research capacities of the sectors
scale) on equilibrium enforcement levels.

δc
δd

(log-

ies in research is more probable9 . Furthermore, innovation policy in many
advanced economies tends to subsidize and otherwise facilitate research in
green sectors, increasing the capacity to research new technologies in those
sectors. In this case, enforcement of IPR additionally leads to a disproportionate growth in the clean sectors of the economy compared to the polluting
ones. By lowering future environmental damages, IPR enforcement thus creates additional dynamic gains for all countries. Since most economies still
predominantly rely on fossil fuels as an energy source, the dirty sector can be
considered to have a sizable head-start in technological knowledge. Implicitly assuming diminishing productivity in researching new technologies (not
explicitly modeled here), it is arguably reasonable to assume that research
productivity is higher in the sector which is more backwards. Alternatively,
potential exogenous R&D subsidies by the government can be incorporated
in the interpretation of the parameter δc . It is known from the DTC literature that such research subsidies can effectively complement environmental
taxation in devising climate policy (Acemoglu et al. 2012). With such sup9
Barrett (2006) posits that R&D in climate mitigation can bring about the development of “breakthrough” technologies with increasing returns. Additionally, Lang (2009)
shows that historically, returns to R&D in the well-established German manufacturing
sector have been decreasing over time.
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port, research in the clean sector could be expected to be of higher capacity
than in the dirty sector, thus implying a lower value for δc than for δd .
Fig. 5 depicts the role of scientific productivity in the clean sector relative
to the initially dominant dirty sector in relation to innovative productivity
of the baseline scenario. It is apparent that a higher relative productivity
in the clean sector (i.e., a higher value for δδdc 10 ) implies higher incentives to
enforce IPR. This is owing to the fact that a more productive clean sector
increases the dynamic gains from IPR enforcement in pollution abatement,
as the resulting higher investments in R&D then largely benefit the clean
sector, as follows from equation (8). This elucidates the crucial role that the
relative proportions of research productivity in the sectors play in the presence of damages from pollution. Only if investments in innovation benefit
clean technologies more than they help to expand production in polluting
industries can IPR protection aimed at stimulating innovation help direct
technical change towards clean production and lower emissions. Accordingly, if the dirty sector becomes more productive (e.g. through misguided
subsidies), IPR enforcement decreases in both regions.
In fact, if innovation in clean technologies is sufficiently productive compared to innovation in the dirty sector, protecting IPR becomes increasingly
attractive when damages are high since more innovation will then primarily
enhance productivity in the clean sector. This in turn in makes it easier to
use less of the dirty input in production and thus reduced the amount of
damages. This is visualized in Fig. 6 for the case where innovation occurs
exclusively in the clean sector, while δd = 0. As can be seen, more damages
now increase rather than decrease IPR enforcement. This demonstrates the
importance of the relative innovative capacity of the two sectors, as large
clean research capacity may more than compensate for the initial backwardness of the clean sector and thus reverse the incentives for IPR protection
and innovation. This, however, may require a innovative productivity advantage for the clean sector of at least four times of that in the dirty sector
at baseline innovative productivity. While the argument of breakthrough
technologies could warrant the assumption of a higher innovative productivity in the clean sector, it is questionable whether this could be sufficient
to reverse the effect of damages on IPR in practice. In fact it is more the
10
Under the different scenarios, the levels of δc and δd are computed so that aggregate
innovation Nc2 − Nc1 + Nd2 − Nd1 is constant under the ex ante assumption that the
values of inventions Vc and Vd would be the same as in the base case (and thus not taking
δ∗
pollution damages into account). Therefore, if the desired ratio is given by ρδ = δc∗ , then
d

δc∗ =

δc Nc1 Vc +δd Nd1 Vd
Nc1 Vc + ρ1 Nd1 Vd
δ

and δd∗ =

δc Nc1 Vc +δd Nd1 Vd
.
ρδ Nc1 Vc +Nd1 Vd
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Figure 6: Effects of the climate damage parameter κ on equilibrium enforcement levels if innovation only occurs in the clean sector (δd = 0).
absolute level of innovative productivity in the dirty sector that drives this
result. This can be seen in Fig. 7. As a result, if innovation ensuing from
IPR enforcement efforts leads to sufficient growth in the dirty sector (no
matter how large the effect of innovation is on the clean sector), more damaging emissions will make innovation more harmful, and enforcement will
decrease in both the North and the South, showing how crucial the direction
of the innovation response to enforcement is.

4.2
4.2.1

IPR enforcement under environmental taxation
The role of dirty input taxation

There is a consensus among economists that by affecting the prices of greenhouse gas intensive inputs in production, environmental taxation can both
encourage the substitution of such dirty inputs in production with cleaner
inputs as well as help direct technical change toward cleaner technologies.
This result holds in the present model, where both countries may levy a
surcharge τkt on the price of the dirty intermediate in final good production.
Since the tax constitutes a markup on the price of the dirty intermediate
in final good production, it increases the relative dynamic gains from clean
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(a) North

(b) South

Figure 7: Heatmaps where ∆ωk∗ = ωk∗ |κ=0.5 − ωk∗ |κ=0 . For large δd , an
increase in the damage parameter κ leads to a decrease in enforcement in
both regions. Point A refers to the baseline scenario, while B represents a
scenario in which δd = 0.
innovation since it depresses the expected profits in the dirty sector while
at the same time also distorting (correcting) static production processes.
Policy makers may opt to target tax rates that are either Pigovian with
respect to the climate externality or that maximize welfare. The Pigovian
tax aims to equate the benefit of the dirty good production with its social
cost and thus equals the external social cost associated with the climate
damages from pollution. In equilibrium, the Pigovian tax will therefore
satisfy
τkt pkdt = SSCkt
where SSCkt is the social cost of carbon at time t and represents the cost
to final output for a marginal increase in emissions. Even though the tax
corrects for the climate externality, its Pigovian rate does not necessarily
maximize welfare. The reason for this is the dual externality problem: the
tax influences the innovators’ decision to invest in R&D, which in turn influences the evolution of IPR enforcement in equilibrium. It can be seen
in Fig. 8 that when a (global) Pigovian tax is in place, the curvature in
the reaction functions is largely removed, showing the diminished impact of
damages on them.
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Figure 8: Reaction functions and enforcement equilibrium under a global
Pigovian tax on dirty inputs.
4.2.2

Global environmental taxes

Consider the case in which international cooperation brings about a global
tax on the dirty intermediate τgt = τst = τnt . An optimal rate for this tax
at t = 2 must take into account the IPR enforcement response implied by
such a policy. This is visualized in Fig. 9. It can be seen that an increase
in the tax for low levels narrows the gap in IPR enforcement preference between the regions with a strong increase in enforcement in the South11 . For
above-optimal levels, enforcement decreases in both regions with the South
having a stronger preference for IPR enforcement. It is evident that under
global coordination of environmental policy, the Pigovian tax (45%) nearly
maximizes global welfare (44%). Note that this is slightly higher than under
an IPR regime fixed to levels without taxation (but with damages), where
the Pigovian tax is 43% and the welfare-optimal one is 41%. The implications are thus that endogenous IPR enforcement requires higher taxation to
deal with the climate externality but also that implementing environmental
taxation at optimal levels can bring together IPR in both regions.
11

Fig. A.2 in the appendix shows that this is also the case for different degrees of
environmental damage. The negative impact of higher damages on enforcement levels in
both regions is thus also preserved for different taxation regimes.
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Figure 9: Effect of a global period-2 tax τg2 on dirty intermediates on equilibrium enforcement levels. The vertical lines represent the Pigovian (green)
and welfare-optimal (gray) tax levels, respectively.
4.2.3

Unilateral Northern environmental taxes

Due to political circumstances, it is likely that only countries in the global
North implement environmental taxes. Even though countries in the global
South might partly follow suit, societal pressures to combat climate change
in such a way tend to be lower than in the developed North. Consider thus
a case where the North implements a tax τn2 in the second period that
takes into account domestic damages or domestic welfare. The political
situation in the South, in contrast, is assumed to not permit such taxation
for the purpose of environmental preservation due to a lack of public support.
Therefore, τs2 = 0. Indeed, few developing countries have made efforts to
implement a carbon tax (Ramstein et al. 2019).
The results are visualized in Fig. 10. Here, IPR enforcement shows a
considerably stronger response than under a globally coordinated tax so that
for moderately high unilateral taxation, the South protects IPR more than
the North. A large discrepancy emerges between the Pigovian (29%) and
the welfare maximizing (93%) tax rates. In addition, these optimal taxes
are significantly higher than under the fixed regime (Pigovian 22%, welfareoptimal 40%) due to the strong IPR response in the North, which chooses
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Figure 10: Effect of a unilateral Northern period-2 tax τn2 on dirty intermediates on equilibrium enforcement levels. The vertical lines represent the
Pigovian (green) and welfare-optimal (gray) tax levels, respectively.
to not enforce IPR at all for high tax levels.
This implies that in the more realistic case of unilateral climate policy,
carbon taxes would need to be set markedly higher than what one might
predict if the endogeneity of IPR enforcement is not taken into account.
4.2.4

Environmental taxation under non-commitment

The analysis thus far has assumed that the governments can credibly commit
to the chosen policy variable even after innovation has occurred. While
this assumption is reasonable for the choice of IPR protection as it is an
institutional, long-run process, this may not be the case for taxes, which can
easily be changed by the government. In that case, innovators anticipate the
policy change and adjust their R&D investments accordingly, which in turn
is taken into account in the governments’ choice of IPR enforcement. This
means that only the expected ex-post tax and not the announcement are
heeded by the entrepreneurs.
A lack of credible commitment by the government to a carbon tax leaves
the Pigovian rates unaffected. This is because the Pigovian rate already
takes the equilibrium into consideration in which the external costs of carbon
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emissions are balanced with the marginal tax, even after innovation has
occurred and the degree of IPR protection is known. It follows that the
Pigovian tax rate is time consistent by definition.
This is not the case, however, for a tax policy that seeks to maximize
aggregate welfare. This is because of the important role the tax plays for
providing incentives for (clean) innovation and its effects on welfare. By
lowering expected profits, it depresses innovation, while on the other hand
it directs innovative efforts toward the clean sector, which leads to lower expected damages. These considerations are not of interest to the government
anymore once the R&D investments have been made and so it is incentivized to re-optimize the tax rate according to static considerations. In the
present context, a time-consistent optimal global environmental tax would
be 54.1%, which is a considerable increase vis-à-vis the optimal rate under
commitment. For the case of a unilateral Northern tax, the time-consistent
optimal rate is 54.4%, which is significantly lower than the corresponding
rate under commitment. When the government cannot credibly commit
to its ex-ante chosen tax, resorting to time-consistent tax rates will achieve
much lower welfare. In the realistic case that climate tax policy is conducted
in the North only, the discrepancy is particularly severe and suggests that
damages from climate change are insufficiently taken into account in timeconsistent policy.

5

IPR Coordination Regimes

Due to the implicit, institutional nature of IPR protection, exact measurement of ωkt is not possible in practice. It may therefore be argued that the
prospect of binding agreements suffers from free-riding incentives, which will
lead to the non-cooperative outcomes discussed so far and that international
agreements on IPR enforcement such as TRIPS suffer from a lack of practicable enforcement. In the present context however, another consideration
may be that such international cooperation on IPR is not in the best interest
for the global South. In the previous discussion I have shown that there is
significant interaction between the threat of damages from climate change,
environmental policy and the endogenous evolution of IPR protection in
decentralized equilibrium. It turns out that the use of carbon taxes has a
significant influence on the potential gains from global IPR coordination.
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Figure 11: Desired global enforcement levels ωg2(s) and ωg2(n) for different
values of damage parameter κ.

5.1

Desired Global Enforcement

Consider the notion of worldwide enforcement levels desired by each country,
that is, if each country was able to set a globally enforced degree of patent
protection ωgt(k) that it deems most beneficial for itself. Hence, each region
maximizes its objective under the constraint
ωg2(k) = ωs2 = ωn2
where ωg2(k) represents the global IPR enforcement level in period t = 2
desired by country k.
The outcome is presented in Fig. 11 for different degrees of pollution
damages. It is apparent that the North prefers perfect global enforcement,
while governments in the South have a lower preference for this global
regime. In the absence of climate damages, this matches the outcome of
the decentralized case and is in line with the observation that governments
in the global North advocate agreements on stronger protection of IPR while
this is being criticized in the global South. Interestingly, this relation is not
affected much by higher climate damages, which stands in marked contrast
to the decline in decentralized IPR protection observed for an increase in
damages. This is due to the fact that the presence of damages from pro34

(a)

(b)

Figure 12: Relative difference between welfare under globally efficient IPR
protection levels compared to the decentralized case, for different values of
a global (a) or unilateral Northern (b) tax. The green (gray) vertical lines
represent the respective Pigovian (welfare maximizing) tax rates.
duction limits the gains from aggregate growth and thus exacerbates the
free-rider incentives embedded in IPR protection. Since these are absent in
this scenario, the dynamics are not affected much by damages. It can thus
be seen that there exists a stable discrepancy in expectations between the
regions for optimal international cooperation on IPR.

5.2

Efficient enforcement

A more realistic case of coordination of IPR enforcement has both parties
agree to each enforce at level that jointly maximizes global welfare. In this
“TRIPS scenario”, a fictitious global government sets the policy levels in
order to maximize the joint welfare of the countries concerned. The resulting
optimal IPR enforcement levels implemented by a global social planner are
thus efficient from a global perspective. The corresponding optimization
problem is thus characterized by
max {Ws + Wn }

ωs2 ,ωn2

s.t.
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(7)

The optimal efficient enforcement levels (ωs,e , ωn,e ) are given by (1, 1)
for the baseline set of parameters, hence maximal IPR protection in both
countries. This result is robust across a wide range of variations in the
underlying structural parameters. Also in the absence of damages from pollution the efficient outcome stipulates full enforcement in both regions. The
fact that global welfare is maximized under full enforcement worldwide highlights the fact that the potential dynamic gains from innovation outweigh
the efficiency and damage losses from the patents.
Moreover, this corner solution implies that the efficient solution prescribes a uniform level of IPR protection across regions. It is thus apparent
that while the efficient levels of IPR coincide with the global regime desired
by the North, they are suboptimal for the South. In fact, Southern welfare
in the efficient case is even below the one in the non-cooperative equilibrium,
even for different degrees of climate damage12 . This would imply that such
an agreement not only suffers from free-rider incentives, but would not be
beneficial for the South in its entirety in spite of the global welfare gains that
would come with it. The picture changes in the presence of environmental
policy: both a global as well as a unilateral Northern tax on dirty inputs
would bring the South a welfare gain from cooperation (while decreasing it
modestly for the North). This is graphically represented in Fig. 12. This is
because the efficient use of the policy variable that is IPR enforcement enables in turn a more efficient use of the tax as the additional policy variable.
With the dynamic gains and static losses of innovation balanced optimally,
the tax becomes more impactful for welfare. It is thus a pleasant side effect
that the North is able to make coordination on IPR more palatable to the
South through its environmental policy, making the welfare benefits of the
tax twofold.

6

Discussion

6.1

Parameter Sensitivity

In the following, I explore the sensitivity of the decentralized equilibrium
to variations in the model parameters. By and large, the dynamic effects
from climate damages and dirty input taxation are robust to different parameter specifications. However, the realized degrees of IPR enforcement in
equilibrium vary across different specifications.

12

See Fig. A.3 in the appendix.
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Figure 13: Effects of the relative initial technology levels of the sector
(log-scale) on equilibrium enforcement levels.
6.1.1

Nc1
Nd1

Initial knowledge stocks

The relationship between the “backwardness” of the clean sector and IPR
enforcement in equilibrium is explored in Fig. 13, which shows the relative
initial knowledge stock of the clean sector vis-à-vis the dirty sector’s initial
Nc1 13
technology level N
. It can be seen that an initially more advanced clean
d1
sector is associated with higher enforcement values in both countries. In relative terms, the economy already makes less use of dirty inputs in production
in the first period. With a relatively larger base of clean technologies, new
research in the sector can build on relatively more advanced knowledge and
will thus be more productive as is evident from equation (8). As in the
Nc1
since
previous case, IPR protection becomes more attractive for higher N
d1
the innovation it brings about is relatively less emissions intensive.

37

(a)

(b)

Figure 14: Effect of Southern damage parameters γs and κs on equilibrium
enforcement levels (ωs∗ , ωn∗ ).
6.1.2

Global structural differences

Up until this point I have assumed that the output in both countries suffers
from climate change to an equal degree. This simplification is especially
useful for understanding the dynamics of the IPR enforcement game in the
context of climate damages. However, an increasing amount of literature
points toward the fact that pollution and the consequent warming of global
temperatures have a spatially heterogeneous impact on regions across the
world (see e.g. Tol (2019) for an overview). In particular, many developing
countries in the global South are expected to be most vulnerable for global
warming due to their initially warm climates and low ability to adapt. Fig.
14 thus shows the effect of differential climate damages in the South on
the enforcement equilibrium. As with symmetric pollution damages, high
damages in the South are accompanied by less enforcement in the South in
equilibrium since the Southern government tries to avoid dirty innovation
more when it is more susceptible to its downsides. This, on the other hand,
is not the case for the North, which does not occur higher damages for
13

As with

δc
,
δd

the ratio keeps the ex-ante total amount of innovation constant without

taking damages into account. Thus, for a desired ratio ρN1 =
∗
and Nd1
=

δc Nc1 Vc +δd Nd1 Vd
ρN1 δc Vc +δd Vd
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∗
Nc1
∗ ,
Nd1

∗
Nc1
=

δc Nc1 Vc +δd Nd1 Vd
δc Vc + ρ 1 δd Vd
N1

Figure 15: Effect of the South’s market size on IPR enforcement in equilibrium.
higher γs or κs , but reacts to lower enforcement in the South by seeing more
scope for innovation not filled by IPR in the South. It is thus especially
the Southern reaction function that shifts while the Northern one reacts
only slightly due to the stake Northern entrepreneurs have in the South.
The upshot of this is that if climate change is indeed more damaging in
developed countries, this will increase the discrepancy between the views on
IPR by the Global North and the Global South.
On another note, the question of “who” and how big the global North
and South are depends on which coalition of real world countries can be
considered the North and how we would like to measure the relative sizes
of their market economies compared to the rest of the world. The patterns
which describe the equilibria for different values of As can be seen in Fig.
15. Ak essentially scales the sizes of both countries’ economies. For equally
sized regions, the North protects IPR considerably more in equilibrium than
the South. This is due to its intrinsically higher preference to protect IPR
stemming from its monopoly on patents. If, however, the South is very large
in comparison to the North, its impact on innovation and abatement in the
second period grows as well14 . As a result, the South carries the burden of
14

Note that for very large As , the effect of damages on IPR protection dominates for

39

Figure 16: Effect of the elasticity of substitution between clean and dirty
inputs in production on IPR enforcement in equilibrium.
maximizing the dynamic gains from innovation while the North profits from
Southern enforcement both through the structural transition as well as from
the profits flowing in from the South in the second period, outstripping its
initially higher preference for IPR enforcement. Hence, a larger country’s
free-riding incentives are relatively smaller. This finding coincides with an
equivalent result in Schaefer & Schneider (2015).
6.1.3

The elasticity of substitution

ε indicates the degree of substitutability between the clean and dirty intermediate inputs in final good production. In much of the DTC literature,
such as Di Maria & Smulders (2004) or Acemoglu et al. (2012), this parameter plays a prominent role in the structural transition toward a greener
economy and determines to a large degree the effectiveness of policy aimed
at directing innovation toward the clean sector. In the present model, ε has
two competing effects on IPR enforcement: for low substitutability, even the
clean sector good (which is more “backwards”) is advanced enough to be of
sufficiently good use in production so that innovation through IPR is beneincreases in As , decreasing it in both regions.
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ficial for both countries. This is because more use of the clean sector good
implies lower damages and because innovation helps the clean sector catch
up to the dirty one. Higher substitutability then implies that relatively more
of the clean input will be used in production in the second period. For very
high substitutability, however, the damages are not high enough anymore to
warrant the use of the sector which is more backwards, and relatively more
of the dirty good will be used in the production of period 2. This in turn
makes innovation less attractive and governments face a lower incentive to
encourage it.
Parameter α, on the other hand, measures the degree of substitutability between the different machines used in intermediate goods production.
Since additional machines in measure Njt of total machinery in a sector are
a result of technological progress that improves upon existing production
processes, the machines used in the production of the intermediate good are
assumed to be complements of each other. Variation in the parameter α
has two competing effects on the enforcement preferences: a high degree of
complementarity between existing machines and new innovations also makes
research more effective in expanding production of the intermediate good.
On the contrary, α additionally affects optimal enforcement by determining
the potential dead-weight loss from monopolistic competition for protected
machines in the machine market. Higher IPR enforcement then increases the
monopolistic market and therefore the static losses from protection. In the
cases of both ε and α, the North preserves its higher realized enforcement
throughout the ranges of values considered.
6.1.4

Discounting

The discount factor β affects IPR enforcement in two ways: On the one
hand, it determines the government’s valuation of future gains and losses.
At the same time, it affects the discounted profits and thus innovation by
means of the interest rate. Given a certain pair of enforcement levels, higher
values of β therefore implies higher returns to innovation. Fig. 17 shows
the relationship between β and the equilibrium enforcement levels. It can
be seen that in contrast to climate models in infinite time, the current setup
is not very sensitive to the choice of discount parameter. This is due to
the fact that apart from scaling the profitability of R&D investments, most
considerations the government faces are not directly affected by beta so long
as it is positive (the governments attach value to the second period).
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Figure 17: Effect of the discount factor on IPR enforcement in equilibrium.

6.2

Model assumptions

Several simplifications of real-world processes have been made in this model
in order to elucidate the mechanisms behind global IPR enforcement in the
presence of climate damages. One of the features unavailable to the model
is a scope for trade in intermediate goods. In contrast to many NorthSouth models in the DTC literature, the two regions therefore cannot develop diverging comparative advantages in clean or dirty sector intermediate
production. This implies that carbon leakage, a well-known theoretical result, cannot occur in the present framework. Note that since both regions’
economies operate at the world technological frontier, a difference in comparative advantages in the trade case would be a result of differential taxation
between the countries. The presence of carbon leakage as a result of unilateral environmental taxation could undermine the effectiveness of such a
tax in this model. Nevertheless, recent research suggests little evidence for
carbon leakage from developed to developing countries (Franzen & Mader
2018). The assumption in the present model is also in line with the argument
put forward by Witajewski-Baltvilks & Fischer (2018) that by considering,
for instance, the electricity sector, it is apparent that technologies may be
tradable across regions (which is abstracted from in the long-run view of
this paper’s model) but the good itself is not.
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In the model, technology creation is confined to the North and knowledge spillovers are immediate and complete. As mentioned earlier, however,
the aspect of frictionless spillovers may be reconciled with the long run perspective taken in this model, which would make it unlikely that substantial
frictions in spillovers persist over a time frame of several decades. It is further the case that, as noted earlier, global R&D spending is concentrated in
mostly developed countries and therefore rivaling innovation by the global
South in emissions-intensive industries does not seem to be a crucial factor
in global innovation.
Next, the limitation of the time horizon to a finite two-period model does
not allow for more short-term as well as steady-state dynamics. While the
model in this paper analyzes the potential gains from international coordination in global patent protection vis-à-vis a decentralized outcome, such
coordination is not stable in a one-shot setting in the absence of additional
enforcement mechanisms for such cooperation. Another implication of this
modeling decision is that no R&D expenditures have to be made in the
second period, which leaves out potential dynamics for the investment considerations the North faces. In an alternative multi-period specification,
the IPR enforcement game would thus also be subject to repetition, which
could allow for more sophisticated strategies by both players. In particular
if punishment is possible, a self-enforcing international agreement on IPR
enforcement may be feasible. This would also allow for an analysis of government behavior if short-term retraction of earlier commitments is possible,
which would be more in line with Schaefer & Schneider’s (2015) understanding of IPR enforcement and could address the potential commitment issues
arising from such a short-term view on changes in IPR enforcement. This
view is however contrasted by the focus on institutional change in the present
framework.
The stylized representation of the climate feedback resulting from emissions in the model does not fully account for the dynamics of pollution. In
reality, pollution and thus the concentration of greenhouse gases in the atmosphere would be more accurately described as a stock rather than a flow
variable. I account for this, however, by analyzing the climate feedbacks in
period t = 2 after a certain tipping point in the climate system has been
reached (cf. Section 2). It may be argued that, having reached this point,
the damages that will be incurred then are determined by the amount of
emissions to come, given that the world has entered into period 2.
Another assumption I make in this model is that the governments in
both regions account for the economic damages that will be incurred from
emissions and thereby partly internalize the pollution externality (even more
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so if IPR protection efforts are centralized). Yet in reality, most countries
either choose to ignore the environmental effects of pollution or take them
into consideration in policy to a degree less than optimal. Additionally, environmental tax policy may reasonably be assumed to fall short of Pigovian
levels in practice. Oftentimes this is not fully explained by the global coordination problem that climate action is, but is rooted in political economy
constraints and myopic policy. It may be argued that in this framework this
can be partially accounted for in the choice of the discount factor. As mentioned in Section 3, the choice of β in the baseline specification reflects this
in part. The parameter is calibrated after observed capital market interest
rates (which tend to not price in vaguely defined future damages from global
warming), while scholars like Stern et al. (2006) and Gollier & Weitzman
(2010) suggest that in the face of potentially catastrophic future damages
a much higher discount factor should be applied either on ethical grounds
or to account for the inherent uncertainty of such events, respectively. In
light of this, the value of β would likely be too low. Moreover, the analysis
of the parameter in Section 6.1.4 suggests that the qualitative relationships
described in this simple model remain unchanged for different choices of β.
Accordingly, the qualitative dynamics developed in this model are likely to
be robust to differing political economy constraints regarding future gains
and damages. Alternatively, if one were to consider the case in which one of
the regions does take into account future gains but (partly) ignores future
damages from pollution, the resulting dynamics could be allowed for in this
model by varying one of the country-specific damages parameters γk or κk
and by analyzing the resulting best-response functions (cf. Section 6.1.2).
Finally, some extensions to the present framework could make for an interesting analysis. Considering more countries heterogeneous in size, climate
sensitivity and climate action, but also research capacity could add further
dynamics. Furthermore, it could prove interesting to allow for the possibility of distinguishing the protection of clean and dirty patents15 . While this
feature is not realistic in most cases and likely at odds with existing legal
frameworks, it opens up the possibility for the North to strategically give
away certain technologies in the clean sector for free (so that no profits can
be collected) if it deems the resulting benefits of increased clean production
abroad as sufficiently high.

15

The possibility of this is e.g. explored in Maskus (2010). Further, Denicoliò &
Franzoni (2012) suggest that the optimal degree of stringency of IPR varies between the
different sectors of the economy.

44

7

Conclusion

In this paper I develop a formal North-South framework with endogenous
IPR protection in the presence of climate damages and climate policy in the
form of environmental taxation. New technologies in the clean and dirty
sectors of the economy are researched in the North and spread to the South.
In choosing to what extent to enforce IPR, the countries face the tradeoff between inefficiencies from patent monopolies and the dynamic gains
in growth as a result of increased innovation. With climate change, there
are additional static and dynamic damages for the governments to consider.
This paper is the first to analyze the effects of global warming and climate
policies on international IPR enforcement and brings together two strands
of literature on innovation in an international context: inventions of new
technologies are driven by the protection of intellectual property rights such
as patents, and directed technical change towards cleaner technologies assists
in decoupling economic growth from emissions.
The numerical findings suggest that in the IPR enforcement game, enforcement in the foreign region can be both a strategic substitute (for low
levels) and a strategic complement (for high levels) of domestic enforcement
in both regions. In the non-cooperative, decentralized equilibrium of the
IPR enforcement game the North protects IPR to a higher degree than the
South, but both regions’ equilibrium enforcement levels are decreasing in expected environmental damages from emissions. However, this pattern may
reverse if innovation in the clean sector is sufficiently productive compared
to innovation in the dirty sector. Further, the North may lower its enforcement levels if either the economic damages are felt less in the South or if the
South is very big compared to the North. The Pigovian and welfare-optimal
levels of an environmental tax are substantially higher with endogenous IPR
enforcement than under a fixed regime. This is particularly the case when
the North conducts its climate policy unilaterally. Moreover, the presence
of such policy, be it global or unilateral, can lead to positive gains for the
South from jointly harmonizing its IPR protection with the North to globally
efficient degrees.
One implication of this is that with the issue of climate change gaining
increasing relevance in the years to come, policy makers must acknowledge
the role of endogenous IPR. While DTC toward green technologies open up
an effective path toward climate change mitigation, unilateral policy aimed
at achieving it may need to be much more stringent that than under a fixed
IPR regime. Renewed efforts regarding the international harmonization of
IPR may however be facilitated by such a policy and benefit welfare across
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regions.
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A
A.1

Appendix
Reaction functions in the absence of climate damages

Figure A.1: Reaction functions and decentralized equilibrium enforcement
levels in the absence of climate damages (κ = 0).
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A.2

Effect of damages on equilibrium for different global tax
regimes

(a)

(b)

Figure A.2: Non-cooperative IPR equilibrium for a global tax (a) τg2 = 0.3
and (b) τg2 = 0.6.

51

A.3

Welfare gain of cooperation for different damages

Figure A.3: Relative difference between welfare under globally efficient
IPRprotection levels compared to the decentralized case, for different values
of the damage parameter κ.
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