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licensing strategies by a foreign eco-competitor
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Abstract

This study considers eco-technology licensing strategy by a foreign innovator that competes
with a polluting domestic firm in the home country. We examine and compare the two-part
licensing contracts with and without non-negative constraints on the royalty or a fixed fee. We
find that the licensor may choose either negative royalty or negative fixed fee, depending on
the levels of emissions tax and tariff. We then examine the government’s optimal tariff policies
under the emissions tax and demonstrate that allowing a non-restrictive two-part licensing
contract is better for domestic welfare than a restrictive licensing contract. We also reveal that
the tariffs under the two-part licensing have a negative relationship with emissions taxes, but

the tariff with non-restrictive licensing is higher than that with restrictive licensing.

JEL Classification: L13; D45; H23

Keywords: Eco-technology; tariff policies; emissions tax; non-restrictive two-part licensing;

foreign innovated firm

1. Introduction

During the last generation, technology innovation and free trade stance have drastically
expanded the volume of international trade and globalisation worldwide. However, owing to
liberalisation and the deregulation of economic activities, the scope and nature of trade and
environmental problems have also been diversified without being limited to a specific region
or country.

For example, the global concern about climate change requires greenhouse gas (GHG)

reduction plans and other environmental policies that have been implemented in polluting
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industries across the world.! The GHG reduction plans are primarily focused on industrial
green R&D activities aimed at reducing emissions levels. Many countries and companies are
eager to develop eco-friendly technologies and products to reach near-zero emissions by 2050.
In addition, international organisations and research institutions are also emphasising the
importance of the eco-technology industry to reduce global pollution emissions.

Conversely, as part of their trade protection policies, many countries are strengthening the
introduction of technology barriers to trade (TBT). The industrial regulations and policies on
environmental technology have become an international issue. In the rapidly changing global
economy, the combined policy of trade and environmental issues caused by such globalisation
is therefore one of the most important economic growth policies.

The interaction between trade policy and environmental regulation has been recently studied
in the economics literature. Early studies focused on the interest of government revenue in
adjusting tariffs and emissions taxes to improve welfare (see Copeland, 1994; Hatzipanayotou
et al., 1994; Gulati and Roy, 2008). Recent works have examined the optimal policies and
revealed that trade liberalisation results in less-stringent environmental regulations, which
suggests that policies regulating trade and the environment are positively correlated. > However,
Tsai and Chang (2015) demonstrated that a positive relationship between tariffs and
environmental taxes may not be applicable under the eco-technology, which can fully abate
pollution through environmental research and development (R&D). When both environmental
taxes and tariffs are employed, Chao et al. (2012) found that welfare is maximised with the
first-best optimal policy combination, which is free trade and a Pigouvian tax on consumption-
based pollution.

One of the most important global phenomena is the significant increase in the volume and

value of patent licensing in recent years (see Zuniga and Guellec, 2009). Patent licensing is an

T As part of the Paris COP21 agreement, several countries submitted independent nationally determined

contributions along with environmental policies, including market-oriented mechanisms and stricter emissions
standards. For example, many progressive countries have already adopted market-based environmental regulation
by using emissions taxes, cap-and-trades, and pollution abatement (green R&D) subsidies. Recently, Burtraw and
McCormack (2017), Garcia et al. (2018), and Lee and Park (2021) have provided some useful real-world
discussions on climate change policy instruments in the United Nations and the United States.

2 When the environmental damage is serious, the government should impose higher emissions tax on the
polluting domestic firms while raising the tariff as domestic firms have a cost disadvantage from the emissions
tax, which might increase the rent-extraction effect from the foreign competitors. However, when the
environmental damage is not serious, the government may impose lower emissions tax and reduce the tariff to
increase market competition. See Chao et al. (2012) for example.
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important policy issue for improving social welfare as well as protecting the interests of
innovators because patents can provide incentives for effective R&D to develop new products
or technological innovations. Kabiraj and Marjit (2003) and Mukherjee and Tsai (2013)
examined the effect of tariff or subsidy/tax policies on technology licensing decision and
revealed that innovators license to domestic licensees in the presence of optimal policies.
Kabiraj and Kabiraj (2017) also determined that the government can impose a positive tariff
on importing goods under the two-part licensing contracts, which can induce fixed fee licensing
of the foreign licensor and maximise domestic welfare.

The current study extends the analysis into the eco-technology licensing under trade policy

with environmental problems >

and examines the optimal tariffs with emissions taxes under
the foreign firm’s licensing strategies. In particular, we investigate strategic two-part licensing
contracts by a foreign innovator, which competes with a polluting domestic firm in the home
country, and examine policy relationships between tariffs and emissions taxes. Intuitively, a
licensing contract of an eco-technology increases the production cost of domestic firms while
a tariff policy raises the cost of foreign firms. Furthermore, as the emissions tax increases,
domestic firms decrease output, but foreign firms produce more outputs and receive more
licensing fee. Thus, social welfare depends not only on the effects of reducing pollution damage
and increasing market outputs but also on the effect of extracting profit of the foreign firm.
We investigate and compare the restrictive contract with non-negative constraint on the
royalty or fixed fee and the non-restrictive contract without non-negative constraint. * We find
that the foreign eco-innovator may strategically choose either a negative royalty or a negative
fixed fee, depending on the levels of emissions tax and tariff. We also examine the
government’s optimal tariff policies under the emissions tax and demonstrate that, in terms of
domestic welfare, a non-restrictive two-part licensing contract is better than a restrictive

licensing contract. This implies that the restriction on subsidy by a foreign innovator leads to a

reduction in welfare. Hence, a tariff policy that allows non-restrictive licensing contract is

3 Anand and Khanna (2000) empirically demonstrate that licensing of patents is quite high in the polluting
industries such as chemicals, electronics, and pharmaceuticals.

4 Our study differs from Kabiraj and Kabiraj (2017) and Yang et al. (2020) in that we allow the possibility of a
negative royalty or a negative fixed fee under the licensing of eco-technology. Our approach is close to Lia and
Sen (2005) and Hattori and Tanaka (2018), who considered a negative royalty and revealed that a subsidised
royalty can be an equilibrium strategy of the inside innovator. However, they neither considered public policy nor
environmental issues. For more discussion, see the literature review in Section 2.
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always welfare-improving under the emissions taxes.”> We also find that the optimal tariff
policy under the two-part licensing has a negative relationship with emissions taxes, but the
tariff under non-restrictive licensing is higher than that under restrictive licensing.

The remainder of this paper is organised as follows. In Section 2, we briefly introduce a
literature review. We provide the basic model with environmental regulation and trade policy
in Section 3. We examine the no licensing case in Section 4 and construct the two-part licensing
contracts under the restrictive and non-restrictive cases in Sections 5 and 6, respectively. In
Section 7, we compare the equilibrium outcomes under both restrictive and non-restrictive two-
part licensing contracts. In Section 8, we discuss welfare consequences of the optimal tariffs
policy under the two-part licensing contracts and explain the interaction between two policy

instruments. The final section provides a conclusion.
2. Literature Review

In the theoretical literature on patent licensing, the innovators can give a license to licensees
by means of different licensing contracts such as royalty, fixed-fee licensing, auctioning, two-
part tariff licensing, among others. However, empirical evidence on licensing contracts reveals
that most of the contracts include a positive royalty or combinations of up-front fees and
royalties. For example, Rostoker (1984) determined that, among 37 corporations in the
manufacturing industry, 46% used two-part tariff licensing (including royalty plus fixed fee),
39% used royalty alone, and 13% used fixed fee alone. Using French data covering a sample
of 278 contracts, Bousquet et al. (1998) indicate that 225 (82%) include royalties, of which 216
(96%) are ad valorem. Vishwasrao (2007) also shows that patent licensors are empirically more
likely to ask for royalties when sales are relatively high and involatile, but profits are low.

Early studies reveal that with outside innovation, fixed fee policy is superior to royalty (or
auction) policy in perfect competition (Kamien and Tauman, 1984; Katz and Shapiro, 1985),
homogenous oligopoly model (Kamien and Tauman, 1986; Katz and Shapiro, 1986; Kamien
et al., 1992), asymmetric Cournot industry (Stamatopoulos and Tauman, 2009), and eco-
industry (Kim and Lee, 2014). However, there is still debate on these results since royalty is

preferred to fixed-fee in the Bertrand model (Muto, 1993), product differentiation model

> The credibility of commitment in the tariff-induced technology transfer is a contemporary issue in the recent
literature. For example, see Kabiraj and Marjit (2003), Mukherjee and Tsai (2013), and Kabiraj and Kabiraj (2017).
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(Poddar and Sinha, 2004, Bagchi and Mukherjee, 2010), open economy (Mukherjee, 2007),
and dynamic frameworks (Saracho, 2011).

Others have also focused on patent licensing regarding internal innovation. They demonstrate
that royalty licensing is preferred to fixed-fee licensing in a Cournot duopoly with a
homogeneous good (Wang, 1998), a differentiated Bertrand duopoly (Wang and Yang, 1999),
incumbent innovators in a homogeneous Cournot oligopoly (Kamien and Tauman, 2002), and
a leadership structure (Kabiraj, 2005). However, Wang (2002) reveals that fixed-fee licensing
is preferred to royalty licensing for an internal patentee with a heterogeneous duopoly if the
product differentiation is sufficiently large.

While previous literature mainly deals with royalty and fixed-fee licensing, recent research
has also focused on two-part licensing, basically consisting of a fixed fee plus a per-unit royalty.
Erutku and Richelle (2007) demonstrate that an outside innovator always prefers a fixed-fee
plus a royalty contract, which gives profit a monopoly endowed with the innovation but can
reduce social welfare. With inside innovation, Sen and Tauman (2007) examined homogenous
oligopoly, Li and Yanagawa (2011) considered a leadership duopoly model with product
differentiation, and Mukherjee and Balasubramanian (2001) and Fauli-Oller and Sandonis
(2002) analysed differentiated Cournot-Bertrand duopolies. Fauli-Oller et al. (2012) highlight
that the innovation is licensed to all firms under two-part tariff, regardless of the number of
firms, the degree of product differentiation, and the type of patentee. Moreover, two-part tariff
licensing can be developed by ad valorem royalties with a fee (Hernandez-Murillo and Liobet,
2006; Martin and Saracho, 2015).

Recent theoretical literature has also analysed the relationship between market structure and
public policy. Mukererjee and Tsai (2013) examined a homogeneous oligopoly market in the
presence of tax and subsidy policy. Regarding eco-technology licensing, Kim and Lee (2014,
2016a, 2016b) analysed an environmental policy with royalty or fixed fee and two-part
licensing contracts, while Kim et al. (2018) investigated the privatisation policy in a mixed
oligopoly with a foreign eco-innovator. Some studies examine trade policy with licensing.
Kabiraj and Marjit (2003) and Mukherjee and Pennings (2006) emphasised the role of
government in technology licensing under an open economy in which tariff policy induces fee
licensing rather than royalty licensing. Wang et. al (2012) examined the relationship of strategic

trade policy and welfare with consumer-friendly initiative of the foreign exporting firm. Further,
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it is revealed that a tariff can be chosen to induce fee licensing and maximise both consumers’
surplus and domestic welfare in an international duopolistic model (Kabiraj and Kabiraj, 2017),
foreign Stackelberg leadership model (Yang et al., 2020). Our model is close to these studies
wherein the government imposes a positive tariff on importing goods under two-part licensing.
We analyse the welfare effect of two policy instruments that are tariff and emissions tax with
eco-technology. We also extend the assumption of a restrictive two-part licensing into a non-
restrictive case in which either a negative royalty or a negative fixed fee is possible. Our study
differs from previous studies in that we allow the possibility of a subsidy under the eco-

technology licensing when the government can commit to tariffs and environmental taxes.

3. Model

Consider a Cournot duopoly where a domestic firm and a foreign firm compete in a domestic
market with homogenous products that may emit pollutants. The inverse demand function in

the domestic market is givenby P=A-Q,where Q =g, +¢, denotes market outputs and

q, and ¢, are the outputs of the domestic and foreign firms, respectively. For simplicity, we

assume that both firms have the same constant marginal cost, c¢.

While the domestic firm emits pollutants, the foreign firm is an eco-firm and has a patent of
environmentally clean technology, that is, zero-pollution eco-technology that produces no
emissions, for analytic convenience. The foreign firm can consider a technology licensing
strategy where it can license its eco-technology to its rival firm by offering a licensing contract
with a two-part scheme consisting of per-unit royalty and fixed-fee. If the domestic firm adopts
the licensing contract, the licensed domestic firm can also reduce pollution (and expenditure
on emissions tax if the government imposes emissions tax) while the non-licensed domestic
firm will continue to emit pollution where its emissions function is defined as E=g,.

We denote environmental damage as D(E) =dE , which is constant to the total emissions level.
The social welfare function will be defined as the sum of consumer surplus, domestic firm’s
profit, and government total revenue minus environmental damage. We assume that the
government maximises domestic welfare and imposes an emissions tax at the rate of # (> 0)

on the domestic firm. Further, the government can impose an import tariff at the rate of =



(> 0) on foreign products. We assume that 0<t<(a—c+r)/2 to assure the interior solutions

in the analysis.

We examine two-part licensing contracts by the foreign licensor but compare the two cases:
(1) a restrictive scheme with non-negative constraints on per-unit royalty and fixed-fee, and (ii)
a non-restrictive scheme without non-negative constraints. We then examine the optimal
government policies between emissions tax and tariff.

The timing of the game is as follows. In the first stage, for given emissions tax and tariff, the
foreign firm announces the provision of eco-technology and decides a per-unit royalty and a
fixed-fee. In the second stage, given the two-part licensing contract, the domestic firm decides

whether to purchase a license. Finally, each domestic and foreign firm chooses output levels
d; and ¢; in a Cournot-fashion in the last stage. The sub-game perfect Nash equilibrium

will be divided by backward induction.
4. No licensing case

Under no licensing, a foreign firm faces an import tariff while a domestic firm faces an
emissions tax in the output competition. The profit functions of a domestic firm and a foreign

firm are as follows, respectively:
N_p N __ N _ . N d 2¥=p N__N__N 1
7, =P(Q)q, —cq, —1g, an T, = (Q)‘If cqy —7q; ( )
Then, the equilibrium quantities of the firms are as follows:

Ny _a—c—=2t+7

g Ny _a—c+t—2t7 (2)

and =
3 s 3

where the superscript N denotes the equilibrium under no licensing. It indicates that the relative

size between ¢ and . determines the production and profitability. That is, g iqff\’ it 727,
< <

In the following, to guarantee non-negative quantities of both firms at equilibrium, we assume

the positive tariffs as follows:

a-ctt (3)

max[0,2t+c—a]S1< >



Let us define 7, = a_§+t and 7, =2t+c—a . Then, the domestic firm will act as a

monopolist if the tariff is prohibitive, that is, 727,, while the foreign firm will act as a

a+7—c

monopolist if the emissions tax is very high, that is, 7> (or 7<max[0,7,]).

The corresponding profits of the firms and the welfare are as follows:

a—c—2+1Y a—c+t-2rY
z :(f) and 7} :(fj 4)

wh =IOQ P(w)du—cq, +7q, —dE

5)
:é[2(a—c)2 _2d(a+2'—2t—C)+22'(a+t—c)—t(2a_26+t)_3z_2]

5. Restrictive two-part licensing case

We consider a two-part licensing contract 7'(r, f) where r is a per-unit royalty and £ is

a fixed-fee. We impose a non-negativity constraint of the royalty and fee and construct an
optimal two-part licensing contract.

The profit functions of a foreign firm and a licensed domestic firm are as follows, respectively:
T
7y =P(Q)q,—cq, —rq,— f and 7, =P(Q)q,—cq;—1q,+rq,+f (6)

The equilibrium quantities of the firms are as follows:

a—c—2r+rt a—c+r—2t

gy =——-— and g; =——— —— (7)
3 : 3

where the superscript 7" denotes the equilibrium under the restrictive two-part licensing. Then,

it indicates that the relative cost relationship between » and . determines the efficiency of the

firm and profitability. That is, g7 iq; if 72, Itis noteworthy that the foreign firm can
< <

strategically manipulate the royalty to increase (decrease) the output of licensee, which yields
asymmetric cost between the firms, and then impose a fixed fee to retrieve the increased profit

of the domestic firm into its profit.



The corresponding profits of the firms become as follows:

- a—c—2r+tY T a—c+r-27Y
T, = B — ~f and 7z, = — +rq,+ f (®)

where >0 and f>0.To make a contract agreeable to the domestic firm, the fixed fee

should be equal to the profit difference between accepting and rejecting the licensing offer, that

is, 77 —x% =0 at equilibrium. It implies that the contract should ensure the incentive

compatibility of the licensed domestic firm between the licensed and non-licensed case. Then,

we have the following relations between the fixed fee and royalty:
4
f(r)=§(r—t)(r+c+t—a—2') 9)

Note that the relationship between the fixed-fee and royalty is non-monotonic and U-shaped,

that is, as the royalty increases, the fixed-fee decreases first and then increases later, given the

— 2
policy parameters, that is, if zatrr-c , then Mfo and S > 0. Then, given this
< 2 or > or’?

constraint in (9), the foreign firm will determine the royalty to maximise the equilibrium profit

function in (8):

max (#j +rq" + f(r) st £(r) in(9) (10)

From the first-order condition, we have the following optimal royalty:

. a—c—57
e = T 11
r=r 5 (11)

where the superscript * denotes the optimal decision of the foreign innovator under the

restrictive two-part licensing. Note that »~ is decreasing in 7 and positive if 7 < @ .
Then, we can construct the optimal fixed fee [ as follows:
f*:f(r)z(57—a+2t+c)(a—2t—c+72') (12)
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Note that ¢* increases in t while it has U-shape relationship with ., that is, ag ' >0 and
t
ot < <

2
a—c—72t and o' f

>0.
35 or?

Let us define 7% as a royalty level with zero fixed fee, which satisfies f =0,and 7" asa

fixed fee level with zero royalty, which satisfies " =0.

Il P O (13)
5 5
Note that z* can be positive (if 7 < (a ; <) ) or negative (if 7 > (a ; c) ), while " isalways
positive.
Taa
T,
H—E e e e e S S S S S S S EE BN S Em S Sm Em O Em Em Em o Em
Domestic
Monopolist

a—c |
2
- T /  Foreign
3 R i .
r : Monopolist
R
(" >0.f
0 a—c 3 a-c) a—r
2 5

4

Fig. 1. Optimal licensing strategies with restrictions
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Fig. 1 provides the relationships of the findings, where 7* and r” are the boundaries of
duopolistic competition. That is, if the tariff is very high (7 27)), only domestic firm exists in
the market, and if emissions tax is very high (7 <7, ), only foreign firms exist in the market.
With non-negative constraints on royalty and fee, the following proposition then defines the

optimal licensing contracts.

Proposition 1. With non-negative constraints on royalty and fixed fee, the optimal two-part

licensing contract is as follows:

@ r=r, f =0if Tg—“‘cs‘zt,

BGrt—a+2t+c)a—-2t—c+77) if a—c—2t <Z_Sa—c,

9 5 5

(b) rg&z—ﬁ, Fry =

4t(a+7t—t—c) if T>a—c

© r=0, f(O)= 5

This proposition implies that optimal royalty depends on the levels of tariff and emissions tax
and it affects the size of fixed fee. Fig. 1 also provides the optimal contracts, which are
described by R (royalty) or T (two-part), or F (fixed fee). It states that the foreign eco-innovator
can choose either (i) royalty only (Case a) or (ii) fixed fee only (Case c¢). Otherwise, two-part
licensing contracts have positive royalty and fixed fee (Case b). In particular, if tariff and
emissions tax are low, only royalty is the optimal contract, " >0. If these are moderate, a two-

part licensing contract is optimal, r >0 and f(r')>0. However, if the tariff level is
sufficiently high, only fixed-fee licensing is optimal.
Putting »* and f" into the profits of both firms in (8), we have the following profits under

the optimal licensing contracts.

Under royalty licensing, the profits of the domestic firm and the foreign firm are as follows:

2
7[5 :(#j and ”f _ (a—c)(a—c+51‘—942')+4z'2—tz’—St2 (14)

Under pure fixed-fee licensing, the profit of a licensed domestic firm and a foreign firm are

as follows:

11



2
ﬂdp =(a—c—32t+2'j and ”f _ (a—c)(a—c+4t—;lr)+4(2'2—t2+rt) (15)

Under two-part licensing, the profit of a licensed domestic firm and a foreign firm are as

follows:
2
7 :(Lﬁﬂj and 77 = (a—c)(5a—50—26r);glz-2+16t(a—c—t+r) 16)

We can show that a foreign innovator has incentive to sell a license to a domestic firm through
. . .6 _R N F N T N
all types of licensing:® 7z, >z, , n; >7n; and 7z, >z, forany 7z and f.

Finally, to provide policy implications with regards to tariff policy and emissions taxation, we
compare welfare functions under the two-part licensing strategies. Under two-part licensing,

the social welfare function can be defined by
L 0
W' =" P)du-cq,~pq,+74,~rq,~ f

The resulting welfare from a licensing strategy with » and f is as follows:

WE =W, f =0} =é[2(a—c)(a—c—2t+7)+3(t2 -7%) | (17)
wWr=wr{r :O,f(O)}:%[6(a—c)(a—c+r)—8t(a+z'—c—t)—9z'2] (18)
W =W, FG) =%[17(a—c)2 +707(a—c)-32(a+7—c—1)—-917” | (19)

We now focus on the welfare effect of the tariff by assuming that # =d where emissions tax

is based on the Pigouvian level in the following analysis. ’

© Note that the profit of domestic firm is the same under no licensing, that is, 7[{2V = ﬁf = ﬂ; = 7[; . Itimplies that

the domestic firm will accept the offered license by a foreign firm because the latter can construct two-part
licensing contracts by taking the incentive compatibility constraint of the domestic firm, and thus, it can offer a
favourable (discounted) contract to the domestic firm.

7 To focus on the tariff effect, we consider a Pigouvian tax on pollution damage level, which is the same as Chao
et al. (2012). Lee (1999) also examined the optimal emissions tax under imperfect competition and determined
that the tax level depends on the number of firms and the curvature of demand functions. In particular, if the
demand function is linear with the endogenous market structure, the emissions tax is exactly same with marginal
damage level.
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Proposition 2. Suppose that t=d . Then, i) W' =W" i) W' >W" and Gii) w* >w»
<

. < . « Ma—-c)—t . F _ywV
if =7 where TW=¥ satisfies W™ =W".
>

This proposition indicates that two-part licensing with a restrictive constraint always
improves welfare while royalty licensing cannot improve welfare, compared with non-
* *
licensing. However, fixed-fee licensing can increase (decrease) welfare when 7<7,(7>7, ).
Thus, fixed-fee licensing may yield welfare losses under the optimal choices of the domestic
firm. Fig. 2 illustrates that the optimal choices may not be socially desirable with response to
tariff and emissions tax under the fixed-fee licensing. That is, welfare losses exist, comparing
: . : . F N.
the welfares between fixed-fee licensing and non-licensing, indicated by W~ <W" in shaded

areas in Fig. 2 in which non-licensing can induce higher welfare.

Tag
I,
H—f‘ . e o e S S S S S RS RS R S S S S S
1
|
i
I
|
T |
1
1
1
e Welfare Loss :

2 ] :
a—c - :
— |

3 1
a—c !

- 1
5 I
1
______ |
a2 I
o, 1
0 3(.:;'.—5} .:;'—Ir: E{cz—ln;} I_r

10 2 3

a
1(d)
Fig. 2. Welfare losses and optimal tariff with restrictions
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Finally, we examine the optimal tariff schedules and provide policy implications on the
licensing strategies of eco-technology. We first find the optimal tariff schedules given the

licensing contracts, and then compare the welfare consequences.

Lemma 1. Given the licensing contracts, the optimal tariff schedules are as follows: 8

a—2t—c a—c

where 0<t< >

(1) Royalty licensing: 7% =

3(a—c)

47C¢ where 03;<T,

(i1) Two-part licensing: 77 ~

(ii1) Fixed-fee licensing: 7/ = W where 0<r< 3(?—;@ >
= 97 C wWwhere MSI<M, and
7, =7) =2t+c—a where @sr<(a—c).

In Fig. 2, optimal tariff schedules are also shown by the bold line z* where S=R, F,T (R:

Royalty licensing, F: Fixed-fee Licensing, and T: Two-part licensing). First, under royalty
licensing, when emissions tax increases, the royalty increases and the outflow of profits to
foreign firm increases; thus, the domestic welfare decreases. The optimal tariffs must be levied
as much as possible to offset. Therefore, the optimal tariff under royalty licensing has a negative
relationship with the environmental tax. Second, under two-part licensing, the increase in
emissions tax reduces royalty and increases the fee in proportion to the decrease in royalty.
Thus, for increasing domestic welfare, the optimal tariffs should be closely imposed to z”.
Finally, under fixed-fee licensing, as the increase in emissions tax, the optimal tariff first falls,
then is constant, and finally increases. In the areas where tariffs are relatively low, raising the
environmental tax will increase the cost burden on a domestic firm and raising the tariff will
also increase the amount of adjustments to be paid. Thus, it is necessary to gradually reduce

the tariff.

Lemma 2. W >w"™ >w*".

8 Some necessary proofs of lemmas and propositions are provided in the Appendix.
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Lemma 2 states that welfare is maximised with optimal tariff under fixed-fee licensing which
is higher than either that of royalty or two-part licensing. This confirms a general finding that
firm’s profit is higher under two-part licensing, while social welfare is greater under fixed-fee
licensing. For example, Kabiraj and Kabiraj (2017) demonstrated that the government can
impose a tariff under the two-part licensing contracts and induce fixed fee licensing of the

foreign licensor to maximise domestic welfare.

Proposition 3. Under the restrictive two-part licensing, the optimal tariff schedules ¢~ are as

follows:
. 3(a—c)
tfif 0<r<—=—=
L 10
S L if 3(a—c)£t<3(a—c)
10 5
T, if MSz‘<(a—c)

Proposition 3 implies that the optimal tariffs should induce fixed fee licensing to obtain
maximised overall welfare. In Fig 2., the overall optimal tariff is indicated with the thick line.
With increase in emissions tax, the optimal tariff first reduces, then is constant, and finally
increases. There is a trade-off between reducing damaging effect and rent-leaking effect. Thus,
if the government plans to make a tighter emissions tax policy, then it should lower the tariff
to obtain maximizing welfare. Thus, when both environmental taxes and tariffs are employed,
these two policies may be strategic substitutes. This implies that the strategic policy
relationship between trade policy and environmental policy could be negative. This is contrary
to the positive traditional policy relationship between the environmental tax and tariff under
imperfect competition because there exists a trade-off between environmental damage and
allocative inefficiency. ' © However, if the eco-technology innovation is involved, the policy
relationship may be reversed. This is contrary to the traditional relationship where increasing
tariff increases a domestic firm’s profits and decreases a foreign firm’s profits. However, with

the licensing strategy by a foreign innovator, the domestic firm pays more fees to the foreign

9 Mukherjee and Tsai (2013) also indicated that both firms and society may prefer two-part tariff licensing
contract under costly technology transfer when the quality of licensed technology is endogenously chosen.
10 For example, see Chao et al. (2012) and Tsai and Chang (2015).
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firm with increasing fee, which can be induced by either increasing emissions tax or tariff.

(Note that i>o and aLio if riu). Therefore, if the government wants to
ot or < < 35

protect domestic industry by increasing tariffs, it can be achieved by inducing lower output and

higher price, rather than decreasing welfare.

6. Non-restrictive two-part licensing case

Until now, we have analysed two-part licensing strategies with non-negative royalty and fixed
fee. However, it is possible for the patentee to consider a negative royalty or a negative fixed

1

fee under the two-part licensing. ' ' In this section, we consider a two-part licensing contract

without a non-negative constrainton » and £ .
Then, from same profit maximisation problems for the foreign eco-innovated firm, we have

the same optimal royalty as (11):

- « a—c—5t
r =y =—-
2

(11)

where the superscript ** denotes the optimal decision of the foreign innovator under the non-
restrictive two-part licensing. Note that »* =~ is decreasing in -, but it can be positive or

(a—c)

negative, that is, riO if ri
< <

. Then, we also have the same optimal fixed-fee f =f

in (12), which can even be negative. Thus, we have the same with z* and " in (13).
Then, without non-negative constraints on royalty and fee, the following proposition then

defines the optimal licensing contracts.

Proposition 4. Without non-negative constraints on royalty and fixed fee, the optimal two-part

licensing contract is as follows:

@ r"=r, f =0 if r=1¢",

4t{6(a —c) — 5t} if rooF

b) r =0, _ _
(b) r 1) 15 r

T7 Liao and Sen (2005) and Hattori and Tanaka (2018) introduced subsidy in licensing with combinations of
upfront fee and negative royalty and determined that a subsidised royalty can be an equilibrium strategy of the
inside innovator.
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_(5r—a+2t+c)a-2t—c+77)

© 7 =950, o 5 <0 i rert
(d) ;" =97CTT g, gy BFmatAFNazA—CHTD) o f oot
) 9
© r**za—c—51>0, f(r**):(52'—a+2t+c)(a—2t—c+72’)>0 if R ererl.

9

The relationships of the findings, where ¢* and ¢" are the boundaries of duopolistic
competition, are illustrated in Fig. 3. It provides the optimal contracts that are described by R
(royalty) or T (two-part), or F (fixed-fee). We can have either (i) royalty only (case A) or (ii)
fixed fee only (case B). Further, we also have either (i) two-part licensing with negative royalty
(case D) or (ii) two-part licensing with negative fixed fee (case C). Otherwise, two-part

licensing contracts have positive royalty and fixed fee (case E).

T,

Domestic
Monopolist

a-c F_* Foreign
3 Tli o : sn
T T Monopolist
7" =0,/ <0y
0 E EEa—cj a—c
2 5 t

Fig. 3. Optimal licensing strategies of foreign firms without restrictions

17



This proposition implies that optimal licensing strategies depend on levels of tariff and
emissions tax. In particular, if the tariff is moderate between 7% <z <<z” , the two-part
licensing contract with positive royalty and fixed fee is optimal. Otherwise, non-negative
constraints are essential to construct two-part licensing contracts.

On the one hand, if tariff and emissions tax are low, that is, r<z*, the optimal royalty is
always positive while the optimal fixed fee will be negative. Note that if we impose a non-

negative constraint of fixed fee, only royalty is an optimal contract, thatis, »">0 and f" =o0.

In such a case that the government policy is soft to both firms, their competition becomes a
typical licensing model of internal innovation between the firms with asymmetric cost. ' 2

However, if the non-negative fixed fee is available, a lower tariff raises the royalty and reduces

the fixed fee to a negative value. This is because the foreign firm can induce the domestic firm
to take a contract by providing a negative fixed fee (subscription subsidy) and then impose
royalty to have relative cost advantage, which will return its loss from the subsidy to its ex-

post profit.

On the other hand, if the tariff is high, that is, r>7", the optimal fixed fee is always positive
while the optimal royalty will be negative. ' ® Thus, if the tariff makes it hard for the foreign
firm to enter the domestic market, a higher tariff raises fixed fee and reduces royalty to a
negative value. This is because the foreign firm can induce the domestic firm to take a contract
by providing a negative royalty (usage subsidy), which causes its rival to have cost advantage
and increase outputs but impose a higher fixed fee to retrieve the increased profit of the
domestic firm into its profit. This result is in contrast to the results of Kabiraj and Kabiraj (2017)
and Yang et al. (2020), who imposed a non-negative royalty and demonstrated that fixed-fee

licensing could dominate two-part licensing when import tariff rate is high.

12 Tn a standard patent licensing with internal innovation, it is shown that royalty licensing is preferred to fixed-
fee licensing in a Cournot duopoly with a homogeneous good (Wang, 1998), a differentiated Bertrand duopoly
(Wang and Yang, 1999), incumbent innovators in a homogeneous Cournot oligopoly (Kamien and Tauman, 2002),
and a leadership structure (Kabiraj, 2005).

13 Note that if we impose a non-negative constraint of royalty, only fixed fee is an optimal contract, that is,

r'=0 and fF>o0.
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Note that a foreign innovator has incentive to sell a license to a domestic firm through non-

N (a—c—57)" +4t[2(a—c) -5t +87]

- >0
! 36

restrictive two-part licensing, that is, we have ﬂ'; -

forany 7 and f.'*
Finally, we examine and compare the welfares between non-licensing and two-part licensing

strategies from Egs. (5) and (19).

F

'u_ul-:.l..-linr--ii.z- EEEEINEEEEED

Welfare % T |
Loss . ~ |

1(d)
Fig. 4. Welfare losses and optimal tariff with non-restriction

Proposition 5. Suppose that ¢t =d . Then, (i) W' <W" if cither 7 >Tv*; or T <TR, (i1)

T N R ¢ —2f— ‘ —c)— )
W >Ww if 7 STSTW where T’*:% and Z';ZW satisfies

WT sz

14 Note also that the profit of domestic firm is the same under no licensing, that is, 72'[7 = ﬂ; , but the domestic

firm will accept the offered license by a foreign firm.
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This proposition states that two-part licensing may improve the welfare if the tariff is
sufficiently high, but yield welfare loss otherwise. That is, if the tariff is either very high or low,
the welfare-improving effect (from the elimination of emissions) under the licensing will be
outweighed by the welfare-distorting effect (from rent-leakage effect to the foreign firm). Fig.
4 shows that the optimal choices may not be socially desirable with response to tariff and
emissions tax under the two-part licensing. That is, welfare losses exist in the shaded areas in
Fig. 4, in which non-licensing can induce higher welfare.

Finally, we consider that the government determines the optimal tariff. Then, from the first-

ow’ _35(a—c)—16t-91r
or 36

order condition of (19), we have =0. Then, we can obtain the

optimal tariff schedule 7 " as follows:

T = W (22)

Proposition 6. Under the non-restrictive two-part licensing, the optimal tariff schedules by 7™
are as follows:

o if OSI<M

T(a—c)

T, if t2=
A 0

Fig. 4 also shows the comparisons between 7 and 7y . First, it shows that 7 <7 <7

for any 7. This implies that when the government imposes the optimal tariff, the foreign firm
implements the two-part licensing contract with a negative royalty and a positive fixed fee,
which always improves the domestic welfare, compared to no licensing. Second, it is shown

or,

5 < 0. This also implies that the
t

that T decreases as the emissions tax increases, that is,

strategic policy relationship between trade policy and environmental policy could be negative.
This is because the eco-technology innovation can induce the government to replace emissions
tax with tarift policy. For example, if the environmental damage is serious and thus the
emissions tax rate is high, it is desirable to eliminate the welfare loss from the pollutants. In

that case, the optimal tariff should be low to induce the eco-foreign firm to enter the domestic
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market with cost advantage when eco-technology licensing contract is forthcoming. However,
if the environmental damage is not serious and thus the emissions tax rate is low, it is desirable
to make domestic firm at a cost advantage. In that case, the rent leakage effect is more serious
than the pollution effect, and thus, the optimal tariff should be higher when eco-technology

licensing contract is forthcoming.
7. Comparisons

In this section, we compare the results of between restrictive and non-restrictive two-part
licensing contracts. First, we examine whether the foreign innovated competitor has a strategic
incentive to choose either a negative royalty or a negative fixed fee under two-part licensing.
Then, we compare the profit functions of two cases from Egs. (14) to (16), then, we obtain

(a—c—57)°
36

2
(a—c—-2t-57) S
36

A AR A T >0 and  zi(T, f)-2f0, )= 0

for any 7 and . This implies that a foreign competitor prefers non-restrictive two-part

licensing to the restrictive licensing contract.

a—c
2
e w
."t.t
a—c Te,
S— --u---.--.----.r- EEEEEEEES
5 *
r
0 a—c T(a—c) a—c
2 11
1(d)

Fig. 5. Optimal tariffs between restrictive and non-restrictive two-part licensing
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—TW _ 3la—c)+7t

w

Second, from Propositions 2 and 5, we have that ¢ >0 forall 7. This

implies that the government can raise tariffs under the non-restrictive two-part licensing
compared to the restrictive licensing contract. Fig. 5 compares the overall optimal tariffs
between restrictive and non-restrictive two-part licensing contracts.

Finally, comparing the welfare between the two cases yields the following:

Proposition 7. The foreign competitor prefers non-restrictive licensing to restrictive licensing,
which increases not only the optimal tariff level but the resulting social welfare, compared to

the restrictive licensing.

This proposition implies that when the optimal tariff is imposed, welfare is higher under non-
restrictive than under restrictive licensing. That is, if the government expects that the foreign
licensor can impose a negative royalty (subsidy), it should impose higher tariffs to improve
social welfare. This is because under the non-restrictive two-part licensing, the foreign eco-
innovator sets a negative royalty to subsidise the domestic firm, which pays neither emissions
tax nor tariff; thus, it can escape the protection by a tariff but return back the losses by imposing
a higher positive fixed fee. Hence, it is possible to obtain more profits by first subsidising and
then taking them back as fixed rather than taking them all with only the fixed fee. Consequently,
the increases in a negative royalty (subsidy) induce an increase in the fixed fee, which also
increases the rent-extraction effect to the foreign competitor. Therefore, the optimal tariff rate
should be increased under non-restrictive two-part licensing. However, by giving subsidies via
a negative royalty in the domestic market, it is possible to produce more and decrease market
price. Thus, the government can increase welfare by imposing a higher tariff under the subsidy.
Therefore, a Pareto-improving outcome exists under the non-restrictive two-part licensing

contract. ' °

1> Without considering the optimal tariff schedules, we can also see that the non-restrictive two-part licensing
* kK
contract can lessen the welfare loss when 7,, <7, , while it can increase welfare loss when 7 < 7* . This

implies that without considering the optimal tariff, the range of welfare losses can be reduced in the absence of
restriction of two-part licensing. However, if tariffs and environmental taxes are very low, it may cause welfare
losses under the non-restrictive case. This means that royalty licensing of restrictive two-part licensing is better
for the society than two-part licensing with non-restrictive licensing contract.
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8. Conclusion

We examined the two-part licensing contracts of eco-technology by a foreign innovator that
competes with a polluting domestic firm in a home country and investigated the government’s
optimal tariffs facing with an emissions tax. We compared the two-part licensing contracts with
and without restrictive constraints and showed that the foreign eco-innovator will choose the
non-restrictive two-part licensing contracts with a negative royalty or a fixed fee, depending
on the levels of emissions tax and tariff. We also revealed that for domestic welfare, the non-
restrictive two-part licensing contract is better than the restrictive two-part licensing contract.
Therefore, when tariffs are committed before the firms have made their licensing agreements,
allowing non-restrictive licensing contracts is welfare-improving under the emissions taxes.
Finally, we showed that the optimal tariff policy under the non-restrictive licensing contract is
higher than that under the restrictive one and that both contracts have negative relationships
with emissions taxes.

In future research, the possible extensions will be to analyse trade policy and emission
regulation with the leader—follower model and the asymmetric cost model in the international

oligopolistic competition.
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Appendix
Proof of Lemma 1.

The optimal tariff schedules are derived as follows:

R — — J—
(1) Given ¢, ow _4-¢ 3 and then we have 7 =% > 7, . Thus, the optimal tariff
T
schedule of royalty licensing is 7, = # for 0<r<2 ; <.

oW’  35(a-c)-16t-91r 35(a—c)—16t>2_ a—c

(i1) Given f, and then we have 7=

36 91 TS
for all 7. Thus, the optimal tariff of two-part tariff licensing is close to 7, = a;c for
_3(a-o)

0<t< @ where 7 which satisfies 7’ =7, .

ow’ _3(a-c)-4t-97
or 9
decreasing in ¢ . Thus, the optimal tariff schedules of fixed-fee licensing are

3(a—c)—4t

(ii1) Given t, and then we have 7= >0 which is

(a) TIF=W for 0<t<

3(a—c) wher 3(a—c)

e t= which satisfies 7" =17/,

3(a—c)

a—c 3(a—c)<t<3(a—c)

(b) o = < for where = which satisfies 7" =7,,,

(¢) 1, =1/ =2+c-a for <t<a-c.m

3(a—c)
5

Proof of Lemma 2.

From the optimal tariff schedules of proposition 6, we can derive the following welfares:

wr EWR(TR)=—19(G_C) +t(2t—mj (AD)
50 50 25

w” EWT(TT)=—19(a_C) +[ﬁt—8(a_c)j (A2)
50 9 15

W =W (gF) = 1@=©) +,(ﬁt_wj (A3)
18 81 27
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We  have WT*—WR*zﬁ(84(a—c)+11t)>0 from (Al) and (A2), and

Wt = 2G4 —3c—100)° >0 from (A3)and (A2). Thus, W >w" >w* .m
2025

Proof of Proposition 3.

From lemma 1 and 2, we have the overall optimal tariffs which are (i) 7, IF if 0<r< da—-c)

) since W' =W >W* , and (iii)

since W' sW™ >w*, (i) 7, if 3(61(_)@- <t< —3(a5_c

since W' > WFM where W) = %(a —c—17)* represents the welfare of
foreign monopoly.m

Proof of Proposition 7.

We get that

4(a—c)2_8t[21(a—c)+55t]>0 for OSt<3(a—c)’

1 WY -WF (" =F)=
@ @) (@ =7) 117 7371 10

2[21(a —c) —20¢)?
20475

<t< and

3(a—rc)

> for 3a—c)
10

i) w(&")-wr(" =)=

12(a—c)’ 2[1344(a—c)+11991] _ o g0 0<r<aq—c. B
13 819

(i) W -wr (' =)=
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