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Abstract

Governments often subsidize poorer groups in society to ensure
their access to new drugs. We analyze here the optimal income-based
price subsidies in a strategic environment. We show that asymmetric
health systems can arise even though countries are ex-ante symmetric
when international price discrimination is possible. Universal access is
less likely to arise without price discrimination but also health policy
coordination becomes more important. This is due to the multiple
equilibria which make the attainment of universal coverage within a
given income range ambiguous. We also show that an increase in
intra-country inequality does not always lead to less likely universal
coverage when international price discrimination is possible.
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1 Introduction

In June, 2006, the Council of the European Union stated as the overarching
values in EU Health Systems universality, access to good quality care, equity
and solidarity. The European Commission has committed to developing "a
Community framework for safe, high quality and efficient health services, by
reinforcing cooperation between Member States" (see http://europa.eu).

As European Union (EU) countries aim to cooperate in the design of
their health systems a question immediately arises, is such cooperation
more valuable in the context of more integrated markets? The aspect of
health systems we choose to focus on in this paper refers to the provision
of universal access to health care. Motivation for this analysis comes from
two observations. First, exemptions are applied to medicines for children
and pensioners in countries such as the UK, whereas Medicaid covers poorer
sections of society in the US. Second, pressure is being put on the US
authorities by the poorer members of society to allow for parallel imports
from other countries to lower the internal price of medicines.

The objective of this paper is to analyze the interaction between
governments choosing their provision of universal health coverage and its
impact on drug innovation and prices. We also examine the impact that
price arbitrage across countries may have over the incentives to implement
such policies and the incentives that firms have to innovate.

Ganslandt and Maskus (2007) give a detailed description of the literature
on price arbitrage and price discrimination in the context of pharmaceutical
markets. As they point out, an under-researched branch of such literature
is the design of price regulation and its effects on firm’s decisions.! A
price regulation tool used in the literature is price caps set on the firm’s
pharmaceutical sales domestically. A good example of this literature can be
found in Jelovac and Bordoy (2005). They construct a model of optimal
pricing of pharmaceuticals and parallel imports with exogenous quality. The
price regulation consists of patients being reimbursed a proportion of the
price they pay for medicines, which can be seen as a standard price subsidy.
Alternatively, the reimbursement can be interpreted as the co-payment of
patients to an insurance company. Still, in their paper, the reimbursement
is identical for all consumers although allowed to differ across countries. A
more developed insurance system policy can be found in Garber et al. (2006),
where in the context of a closed economy the impact of insurance policies on
the firm’s incentives to innovate has been analyzed. But both in Garber et

!Ganslandt and Maskus (2007) use a dynamic general equilibrium model to analyze
the impact of price controls on the firm’s incentives to innovate.



al. (2006) and Jelovac and Bordoy (2005) there is no income heterogeneity
across patients. The heterogeneity comes entirely from the valuation for the
pharmaceutical innovation in terms of its efficacy being different for each
patient.?

The purpose of this paper is to construct a simple model of (intra-
country) income heterogeneity and study the implications of price subsidies
on the market coverage and innovation level of a pharmaceutical MNC. Our
analytical framework draws from Acharyya and Garcia-Alonso (2006, 2008).
Acharyya and Garcia-Alonso (2006), with no intra-country but only inter-
country income heterogeneity, show that with restrictions on how the global
income was initially distributed across countries, a transfer of income from
rich countries (the countries having per capita income level above the world
average) to the poor countries would raise the innovation level and thus
make such a transfer essentially self-interested rather than altruistic. The
subsequent analysis studies the implications of parallel imports on innovation
and price of the drug, and the national welfare levels, when intra-country
income heterogeneity exists. However, we do touch upon the issue of choice
of parallel imports as a trade strategy when countries can also subsidize their
poor buyers to ensure market access for them. Our primary motivation is to
examine optimal subsidy choices when there are no significant cross-country
income heterogeneity differences.

The interesting but nontrivial result we derive here in a two-country
framework are the following. First, we find that the MNC’s ability
to implement international price discrimination only affects the level of
quality provision when the firm prefers to provide universal coverage in
only one country. In such case, quality is higher when international price
discrimination is feasible. In addition, this quality is proven to be higher
than the quality provided when the firm prefers to provide universal coverage
in both countries. Second, we find that whether governments decide to
induce universal coverage will depend on the level of intra-country income
inequality. We conclude that, when international price discrimination is not
possible, more inequality leads to less likely provision of universal coverage.
However, and interestingly, when price discrimination is allowed, an increase
in inequality may actually lead to a higher chance of universal coverage
by a country alone, in other words the provision of universal coverage
may be different across the two countries. Indeed, we show that when

2A problem with this structure, as discussed in Garcfa-Alonso and Garcia-Marifioso
(2008), is that the efficacy of medicines varies with each medicine so it is difficult to think
of the design of general price regulation policies that would depend on the efficacy of
different medicines across patient groups. Hence, income heterogeneity makes more sense
when it comes to the design of general pricing policies.



international price discrimination is possible, asymmetric health systems (in
their provision of universal coverage) may be supported by the Subgame
Perfect Nash Equilibrium (SPNE) price subsidies even when countries are ex-
ante completely symmetric. Finally, our results show that universal coverage
arises under a wider range of income inequality levels and price subsidy pairs
when international price discrimination is possible. When this is not the
case, under some income ranges, universal coverage in both countries can be
supported by SPNE subsidies together with partial provision everywhere, in
such cases coordination on the Pareto optimum equilibrium becomes an issue
for policy makers.

The rest of the paper is organized as follows, Section 2 presents the
basic structure of the model, Section 3 finds the equilibrium producer prices,
quality and subsidy levels. Finally, Section 4 concludes the paper. Long
proofs are relegated to a technical Appendix.

2 The model

We consider a symmetric two-country world. In each country ¢, ¢+ = 1,2,
there are two types of individuals, rich and poor with incomes yr and yr
respectively. Let ng and ny be the number of rich and poor consumers in
each country.

There is a single pharmaceutical multinational company (MNC) that
plans to develop a new drug of quality s by investing the amount C' in
research and development (R&D). This R&D investment is increasing at an
increasing rate in the target level of quality of the innovated drug:

C= %32. (1)

There is no other cost except for this innovation cost. Once the drug is
developed, the MNC gets a patent that confers it with a monopoly right over
its exclusive sales in different markets. Such monopoly right creates scope
for market-based (price) discrimination (MBD) for the MNC. However, its
ability to discriminate may be limited by parallel trading allowed by the
countries. In principle we do not assign location of the multinational to any
of the two countries, that is we assume that they are both importing the
pharmaceutical innovation.?

The government in each country 7 can set an income based price subsidy
(or tax) for the consumption of the pharmaceutical innovation. We consider

3 As will be later explained, assigning location of the MNC to any of the two countries
would not change our results.



it to be a specific subsidy v;;, j = R, T.

Consumers belonging to a particular income group in each country have
identical valuations for a particular quality of the drug that is being developed
by a pharmaceutical MNC. Without any loss of generality, this valuation is
assumed to be linearly related to the income level. Each consumer buys,
if at all, only one unit of the drug. Let the reservation utility of a buyer
of income y;; be zero. Thus, by the individually rational (IR) constraint,
a representative consumer of type j in country ¢ buys the drug if its gross
utility is higher than the subsidized price:

yjs > P — Vi (2)

The general timing for the model we consider is as follows. In the first
stage, the governments in both countries simultaneously choose income based
subsidy levels. Given such a subsidy choice, the firm chooses the quality and
the price of the innovation. Finally, consumers in both countries choose
whether to purchase the innovation or not. We solve themodel for the
Subgame Perfect Nash Equilibrium. The government foresees the decisions of
firms and consumers and decides on the optimal income based price subsidy.

Now if subsidies given by governments are different, price discrimination
might still be a possibility. This ex ante possibility by itself makes subsidy
choices significantly different.

The government in each country maximizes national welfare which
consists of aggregate consumer surplus minus the cost of the subsidy. No
location assignment of MNC is made, and thus the MNC’s profit is not
included in the national welfare levels. Thus, under universal coverage, it
can be readily verified that the welfare of country 7 equals:

Wi =ng (yrs — Bi) +nr (yrs — F;). (3)

Note that the national welfare level is not directly dependent on the
rate of subsidy. This follows from the fact that in this model with discrete
consumer types, subsidies just redistribute incomes across the consumers and
the government. The subsidies affect national welfare levels only through
their effects on the innovation level and price of the drug. Also note that,
given the profit-maximizing price choices of the MNC for any given quality of
the drug, welfare is higher under universal coverage as long as it is positive.
The reason is that when only rich consumers are catered for, the MNC will
extract all their consumer surplus, hence leaving welfare at zero level. The
only possible source of welfare increase is the impact that the subsidy may
have on prices and quality. The MNC may be induced to lower prices to cater
for poor consumers when these are given a price subsidy. The poor consumers



will still be pushed to their reservation utility but the richer consumers benefit
from a lower price under universal coverage compared to the higher price of
the drug when the poor are not served. Thus, market access for the poor
may means higher gross welfare. Net welfare though may be smaller than
when subsidies are not offered depending on the level of subsidy that ensures
full market coverage, as we will see later. In what follows we will use v, to
refer to the subsidy given to the lower income group in country 1.

It is important to note that the discussion above implicitly presumes that
subsidies to the poor are required to induce the firm to cater for all income
groups. For this to be the case within our model we require

nr + nr %
Yr > ————Y1r = Yp, (4)
ngr

As will later be seen, this condition ensures that subsidies to induce
universal coverage are positive.

3 Innovation and Subsidies

By the backward induction method, given the buyers’ choice specified in
equation (2), we begin with the quality decision of the MNC and then analyze
the simultaneous subsidy choice of governments. As discussed in Acharyya
and Garcia-Alonso (2008), the MNC’s choice of innovation level will depend
on the extent of market coverage in each country. In the present context, this
depends on whether countries price subsidize their poor or not. There are
three market coverage, which yield different quality choices, and thus need
to be analyzed separately.

As has been noted earlier, even with no cross-country income
heterogeneity there may be ex ante possibility of price discrimination when
the countries do not allow and parallel imports. We consider each of these
possibilities — price discrimination is allowed, and is not allowed — in turn
to examine how these policy choices themselves affect the optimal subsidies
and hence governments’ decision to provide universal coverage.

We assume, however, that the MNC will develop only one quality
since given zero production costs, quality discrimination across buyers (and
countries) is not profitable, and thus there will only be price discrimination,
if that is possible at all.*

4See, for example, Acharyya (2005).



3.1 International price discrimination allowed

We first consider the case when ex ante price discrimination is allowed. We
start with the quality choice of the firm. The first relevant case is the one
where both governments subsidize their poor buyers such that it is profit
maximizing for the MNC to cover all consumers across the world. We refer
to this case as bilateral universal coverage. The optimal quality of the drug
in this case will be the one that maximizes following profit:®

1
Tre = (nr+nr) (yrs + 1) + (e +nr) (yrs +72) = 55% - (3)

resulting in a quality level equal to,

src = 2 (ng + nr) yr, (6)

where, the subscript F'C' denotes full coverage of both the markets. Note that
the optimal innovation level does not depend on the subsidies given because
of their specific (instead of proportional) nature.

Second, if only country ¢ subsidizes its poor, it is profit maximizing for
the MNC to provide universal coverage in country i only, we will also refer
to this case as unilateral universal coverage. The optimal quality will be the
one that maximizes:

1 .
W?C’i = (ng +nr) (Yyrs + Vr;) + NRYRS — 552, 1=1,2.

Thus,

spei = (ng +n7) yr + nrYR, (7)

where subscript F'C'i denotes full coverage of country i market only. Note
that by the assumed symmetry of countries, s, = s2q.

Third, if none of the countries provide subsidy that ensures full coverage,
it is profit maximizing to only cover richer consumers in both countries. We
refer to this case as bilateral partial coverage. The optimal quality then will
be the one that maximizes:

1
8o = 2nRryrs — 552.

Thus,

®Note that the to find ourselves in this case it must be the case subsidies are such that
it is optimal for the firm to provide this level of coverage and hence set optimal quality
accordingly. This will become more apparent when we analyze the optimal subsidies.



spc = 2nRYR, (8)

where the subscript PC' denotes partial coverage of both country markets.

Lemma 1 The MNC chooses the largest innovation level under bilateral
partial coverage and least innovation under bilateral universal coverage.

Proof. From equations (6)-(8) it can be readily verified that,
SPC — Spe; = Spei — SF0 = Nryr — (Ng + 1) Yr.

Hence, given the assumption stated in equation (4), it follows that spc >
SZQCZ' > SpC. |

The Lemma above evaluates the impact of quality of actually inducing
the MINC to cover consumers it would not find profitable to cover without
a subsidy (see equation (4)), these are consumers with a lower valuation of
quality as this is linked to income. Hence, inducing full coverage in any
one country actually reduces quality (although it reduces prices as well, of
course) relative to partial coverage (spc is the highest quality possible). Tt
is interesting to note that from the point of view of quality, it is better
for a country providing universal coverage that the other country only
provides partial coverage, sP., > spc. In this way, given that we have
price discrimination is possible the firm price some of the consumers with
the highest valuation for quality accordingly and this increases the firm’s
incentive to invest in quality.

Now, we consider the choice of subsidy levels by the governments in each
of the two countries. The timing of our models implies that governments
understand that for any given choice of quality, the subsidy influences the
MNC'’s decision to include or exclude the poor. As the Lemma above states,
once the governments condition the extent of market coverage, the MNC
chooses the level of innovation and the quality of the drug accordingly.

To begin with, let us note that the common minimum subsidy that ensures
that the firm achieves higher profit by fully covering both countries than just
providing partial coverage everywhere is such that

1 1
2(ng+nr) (yrsre +7) = 5 (sro)” > 2nryrspe — 3 (spc)’,  (9)
using equations (6) and (8), we get the common minimum subsidy offered by
each country which ensures bilateral universal coverage

+C = (nRyR)2 ;]g(ZRn;L nr) yT)2' (10)

8



Note that this subsidy is positive as long as long as ygp > yg. It can
be readily verified that if the higher income is not too high compared to the
lower income, in the sense defined in (4), setting a higher price and excluding
the poor does not pay relative to setting a lower price and including the poor.
Thus, for yr < yj, the MNC serves all even without any price subsidy. But
for yr > yj, the MNC serves only the rich and price subsidies are required
to ensure market access for the poor. In rest of the analysis, we shall confine
ourselves with income distribution patterns defined in (4).

In addition, we can define two other critical subsidy levels similarly. First,
~P is the subsidy level that ensures that the firm prefers full coverage in
country ¢ alone to partial coverage everywhere
(ng +nr) (yTng + 7T1) + NRYRS Py — % (5}201)2 > 2nRYrSpc — % (spc)?,

(11)

and it is hence given by

VD = (2nryr)” = ((ng + nr) yr + nryr)® (12)
2 (ng +nr) '
Second, ¥™® is the minimum subsidy that ensures that the firms prefers
full coverage everywhere to full coverage in one country alone

1
(ng +nr)(yrsie + vr) + (ng + 1) (Yrspe + Yr2) — 5(5?0)2

1
> (ng +nr)(Yrsie: + V1) + MRYRS o — 5(5?01)2, (13)

and it is hence given by

min _ (R +17) yr + ngyr)? — (2 (ng + nr) yr)° (14)
7T 2(ng +nr) '
Note that Y™ = 2v¢ — 4P,
Given these subsidy levels, the following lemma specifies the set of subsidy
pairs for which the MNC’s optimal pricing of the innovated drug would be
such as to provide market access to poorer groups everywhere:

Lemma 2 The set of subsidy pairs that ensure bilateral universal coverage
s such that
722 =,
and
% 2™ =2 =P,

fori=1,2 and j # 1.



Proof. To ensure universal coverage a country must ensure the above-
mentioned two conditions (9) and (13) must be met. A little manipulation
of condition (9), allowing for v,; and 7, to differ, we get

(nRyR)2 — ((ng +nr) ZJT)2

— vy =29 — Y.
g+ g Yo Y Y12

Y1 =2

For country 2, as long as v > v, > 29 — 7, and 7y, > 4™, the above
will hold. However, for any v, > v, v,, must remain at a minimum of
29 =97 =" m

The above Lemma illustrates the fact that in when the MNC can price
discriminate across countries, the subsidy provided by one country can be
compensated with a higher subsidy provided by the other country to still
persuade the firm to provide universal coverage in both countries as long as
each individual subsidy is above a minimum level v™®, It is the firms ability
to price discriminate together with the fact that the same quality is provided
across both countries that generates this effect.

Note that since v? > ~©, if both countries set the common minimum
subsidy v¢, this will ensure full coverage in both countries as they meet the
conditions stated in the lemma above. However, the set of subsidy pairs
that satisfy the two conditions stated in Lemma 2, need not necessarily be
the set of SPNE subsidies. We also have to ensure that such subsidy levels
improve the net welfare of both the countries. Otherwise countries would
prefer not to induce universal coverage in their own country. The following
two lemmas will help obtain the SPNE subsidies. The first lemma provides
the condition for bilateral universal coverage to be welfare improving in each
country. Note that since welfare is zero with partial coverage, it is enough to
obtain the condition under which welfare is positive in each country under
bilateral universal coverage.

Lemma 3 a) A subsidy pair that ensures bilateral universal coverage will
result in positive welfare in each country as long as

Vi <G = 2nr (Yr = Y1) Yr (15)
fori=12.
b) The minimum common subsidy v© is welfare improving ¥ yr € (v,
Ur), where

T = (ng + nr) yT+yT\/(nR+nT) 2nr
R = .

i (16)

10



Proof. See Appendix. m

Intuitively, the above lemma implies that inducing bilateral universal
coverage will not be welfare improving if the subsidy required is too high.
This will be so when the level of income inequality (in our case this is the
difference between yg and yr) is too high.

We are now in a position to specify the income range that will induce
countries to independently support a system where universal coverage is
ensured in both countries.

Proposition 1 As long as yr € (Y, Yr), the Subgame Perfect Nash
Equilibrium subsidy pairs (y,,7y) is described by

Y1+ Ve = 270 and v; < min {fyD,fy?%X} for =12,
This set of SPNE subsidies will induce bilateral universal coverage.

Proof. To check for the SPNE, we construct the Best Response Function in
subsidies for country 1. Country 2’s Best Response Function will be similar.
For country 1 for instance:
1. If vy < 299 — 4P, the best response is to set v, at v as long as this
results in positive welfare.

2. If v2 > vy > 29¢ — 4P it is best to set v, = 29° — 7, to ensure full
coverage as long as this results in positive welfare v, < ypa<.

3. If v, > 4L, the best response it to set v; = 27¢ — 42, otherwise

country 1 would not be fully covered as long as this results in positive welfare,
max
|

Vi <VFC -

The implication of this proposition is immediate: bilateral universal
coverage can be implemented in a non cooperative environment. Note that
full coverage in one country alone is not a SPNE. However, the interesting
point to note is that the set of SPNE subsidy pairs involve both the
same subsidy levels 7“, the symmetric equilibrium, and different subsidy
levels v; # 74, the asymmetric equilibrium, even though the countries are
symmetric in market sizes and income levels. Because full coverage in any one
country makes the other country necessarily worse off compared to universal
full coverage, each country attempts to ensure that it gives just enough
subsidy, for any given subsidy of the other country, such that ~, +~, = 2+v°,
and the MNC is induced to provide universal full coverage, provided of course
7v; < min {77, 2} . For example, if country i chooses v; > ", country j
being aware that only v; > 27¢ — vP would ensure universal full coverage
and otherwise only country ¢ market will be fully served making country j

11
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worse-off, country j sets the minimum subsidy v, = 27¢ — 4P provided of

course, y; = 29 — 4P < 4p&. And since v° > Y YV yr > yh, v; < -

The best response functions when y? < 412 are illustrated in Figure 1,
there, we can see the subsidy set that would implement bilateral universal
coverage as all being the SPNE set of subsidies. As inequality increases we
have that v > 752 and the range of SPNE subsidies becomes a subset of
the subsidies implementing bilateral universal coverage. Of course, it could
be the case that none of the subsidy pairs that implement universal full
coverage fulfill the positive welfare condition for both countries. This will
depend on the income distribution. The following lemma defines the income
range for which such subsidies result in positive welfare for both countries

and are hence part of the SPNE subsidies.

Lemma 4 The minimum common subsidy enforcing universal coverage v¢
is a SPNE subsidy pair as long as yr € (Y, Ur) -

Proof. For this it is sufficient to note that v© < 4P < 299 V yp > y%, and
by lemma 3, ¢ < y8& Y yr € (y%, yr). Hence the claim. (] m

Interestingly the same income range supports different subsidy levels
chosen by the two countries as SPNE. To see this note that as we had pointed
out in lemma 3, v™* (sp¢) is larger than v¢ by a greater margin when actual
yr is closer to the lower limit of this income range, y3. Similar is the case
for the difference (v — 7). Hence, regardless of the condition whether v%&x
is smaller or larger than v, we can conclude that v < min {fyD YRS
for y% < yr < Yr. There are other higher subsidies than v¢ which are less
than min {VD , 7‘13%"} . The countries being symmetric, this means there exists
(71, 72) such that v¢ < v; < min {77,752} and 27 — v, < v, <7°. The
line segment AB in Figure 2 is the focus of such SPNE subsidy pairs including
the symmetric subsidy pair (v“,7%). Of course, higher is the value of yz
(within the above specified range), a smaller set of (v;,7,) will be SPNE.
The line segment AB describing the set of SPNE subsidy pairs will converge
to the mid-point E (such that v, = v, = %) in such a case.

For yr > ygr, we there is an income range that would support unilateral
coverage as a SPNE. Anywhere else in the income distribution, partial
coverage every where will be the only SPNE outcome. The following

Proposition makes a more precise statement.

Proposition 2 There is an income range yr € (Yr, y=), where Yr > Yr,
in which there would be two possible SPNE each corresponding to unilateral
coverage by each of the two countries.

Proof. See Appendix. m

13
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Figure 3: Coverage scenarios when international price discrimination is
allowed.

Note that for incomes yr € (yr, Yr) and yr > y=, the only SPNE outcome
will be for none of the countries to provide subsidies resulting in partial
coverage.

From the above results we can conclude that depending on the level of
within country inequality we can have different coverage scenarios as the
SPNE. These are summarized in Figure 3. First, for relatively low within
country inequality, yr € (y5, Ur), there is a range of SPNE subsidies all
implementing bilateral universal coverage. As inequality grows, bilateral
partial coverage becomes the unique SPNE coverage result, as both countries
find it welfare decreasing to provide even the minimum subsidy that would
implement bilateral full coverage. However, for an even higher level of
inequality yz € (Ur, y5), we find that asymmetric health systems (in terms
of their universal coverage provision) arise as a result of the SPNE subsidies
(even though countries are ex-ante symmetric in all respects). The intuitive
reason behind this result is that even though bilateral universal coverage
is welfare decreasing at this point even for the lowest possible unilateral
subsidy that implements it, unilateral universal coverage is still welfare
improving since quality is higher and that can overcompensate for a very
large subsidy required to implement unilateral universal coverage. However,
as the inequality becomes even higher not even unilateral universal coverage
can arise and we are left with bilateral partial coverage.

3.2 International price discrimination not allowed

We now consider the situation where price discrimination across countries
is not possible possibly due to the allowance of parallel imports. As in the

6 As already stated, for richer group income lower that y%, bilateral universal coverage
would happen without the need of subsidies.

15



previous sections, we have three possible quality levels depending on the
extent of market coverage in the two countries. However, it is easy to check
that the profit-maximizing innovation level and quality choices remain the
same as before the bilateral universal coverage and bilateral partial coverage
cases. However, things change for the case of unilateral universal coverage.
International price arbitrage will force the MNC to charge the same price
in country 2 (say) as in country 1 even when it fully covers only say only
country 1’s market. Had price discrimination been allowed, as in the previous
subsection, the MNC would charge yrs+p; in country 1 and yzs in country
2 for any given quality. But, if price discrimination is not allowed, the MNC
is forced to charge yrs + vy, everywhere. Hence, in the case when it is
not profit-maximizing for the MNC to fully cover say country 2 market, the
optimal quality will be the one that maximizes:

1
TFC1 = (2nR + nT) (yTS + 71) - 5327 (17)
that is,

SpeL = Spen = (2ng + nr) yr. (18)

Note that the full coverage everywhere and partial coverage qualities
remain the same as in the previous section spc and spc (see equation
(8)). Comparing equation (18) with equation (6) and (7), it follows that
shE = s¥E, < spc, and s¥E < sP.;. We can now state the following

lemma,

Lemma 5 When price discrimination is not allowed and only country i’s
market is fully served, the MNC chooses a lower innovation level than when
price discrimination is allowed. Moreover, unlike in the price discrimination
case, this quality level is least compared to the quality levels under bilateral
unwwersal and bilateral partial coverage.

Proof. This follows from the above discussion. m

Note that since both countries share the same income distribution, the
subsidy the ensures that the firm prefers bilateral universal coverage to
bilateral partial coverage remains the same as in the previous section, v¢.
On the other hand, the subsidy that ensures universal coverage in country
1 when the subsidy in country 2 is not enough to cover all must satisfy the
following constraint:

1 2 1
(2ng + nr) (wsﬁéﬂ +7) — 5 ( ggl) > 2nRYRSPC — 3 (spc)?.
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The strict equality yields a minimum subsidy:

AND _ (QHR?JR)2 (;éiQZRnJTr)nT) yr) . (19)

Note that vV > 4%, Hence, since s¥%, < spc, the condition that ensures
positive welfare when both countries set subsidy 7¢ is not sufficient to ensure
positive welfare for country 1 when they alone implement full coverage at
NP Recall that WY > 0 for V yp € (yh,Ur), this contrasts with the
results in the previous section. Note that

WlFCI > (0 <= W1FCI =MNgr (yRSgCDl — (ynggl + ’YND)) —TLT’)/ND >0 (20)

FC1
Note that % < 0V yr > yg, hence the highest root to the above
equation will indicate the relevant condition for income range resulting in
positive welfare. This is equivalent to

2 (TLR)2 ( )2 _ (QTLR + nT) Yrnpr
2713 + nr R ngr + nr

ng — nr ]

yr+ (2ng + nr) (yT>2 [m

and the relevant root is then

(2ng + nr) yr [(ZnR +nr) ++/(4ng + 5nr) nT}

dng (ng + nr)

ND __
Yr =

It is straightforward to check that gz > yNP. We can now state the
following proposition.

Proposition 3 When price discrimination is not allowed, the unique SPNE
is for both countries to set v© as long as yr € (y}‘%,ygD). However, if
YR € (yg = ﬂR), we have an additional SPNFE in which none of the countries

implement full coverage. Finally, when yr > yg, bilateral partial coverage
will be the unique SPNE.

Proof. See Appendix. m

The intuition behind the second SPNE now inducing bilateral partial
coverage is that unlike the case in the previous section, the income range
that supports positive welfare for unilateral coverage is smaller than the
income range that supports bilateral universal coverage leading to positive
welfare. The quality comparison stated in lemma 5 explains this.
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Figure 4: Impact of not allowing international price discrimination on
universal coverage.

To conclude this section we can first reflect on the impact of inequality
on universal coverage when international price discrimination is not allowed.
For relatively low levels of inequality, yr € (y},yg b ), there is a unique
SPNE unique subsidy which results in bilateral universal coverage. A income
inequality raises though yr € (yg b gR), the bilateral partial coverage arises
as an alternative SPNE outcome, and indeed this becomes the unique SPNE
for sufficiently high inequality yr > yg.

We are now in a position to compare the results of the two sections
and hence assess the impact of ability of the MNC to price discriminate
across countries on the coverage scenarios. Figure 4 will assist us in such
comparison.

First of all, we can observe that unilateral universal coverage is never an
equilibrium outcome when price discrimination is not allowed, but it becomes
a possible SPNE when international price discrimination is possible even
though countries are ex ante symmetric. Second, bilateral universal coverage
can be ensured only by the common minimum subsidy v offered by the two
governments when price discrimination is not allowed. However, when price
discrimination is allowed, there is a set of SPNE subsidy pairs which ensures
bilateral universal coverage. That is, only under parallel imports, we have
unique SPNE subsidy pair that ensures universal full market coverage. And
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looking at the whole income range we can also say that achieving bilateral
universal coverage or even unilateral universal coverage becomes less likely
when international price discrimination is not possible.

4 Conclusions

One of the defining characteristics of a health system is its level of provision
of universal access to health care. In this paper, we have investigated how
the interaction between health systems may influence both their provision
of universal access to health innovations and the level of quality that any
MNC is willing to provide. Using a simple model of vertical differentiation
where countries are ex ante identical in all ways, there is within country
income inequality among consumers but, income distributions are the same
across countries. We aim to capture the strategic interactions between similar
governments choosing their provision of universal coverage and the health
innovator. We obtain a number of interesting results. First, we find that the
MNC’s ability to implement international price discrimination only affects
the level of quality provision when unilateral universal coverage is preferred
by the firm, as in that case, quality is higher when international price
discrimination is feasible and indeed higher than the quality provided when
bilateral universal coverage is preferred by the firm. Second, we find that
whether countries provide universal coverage or not will depend crucially on
the level of intra-country inequality. When international price discrimination
is not possible, more inequality leads to less likely provision of universal
coverage. However, and interestingly, when price discrimination is allowed
increase in inequality may actually lead to a higher chance of universal
coverage by a country alone. Indeed, we show that when international price
discrimination is possible, asymmetric health systems (in their provision of
universal coverage) may be supported by the SPNE price subsidies even
when countries are ex-ante completely symmetric. Finally, our results show
that universal coverage arises under a wider range inequality levels and price
subsidy pairs when international price discrimination is possible. When this
is not the case, under some income ranges bilateral universal coverage can
be supported by SPNE subsidies together with bilateral partial provision,
country coordination of the Pareto optimum equilibrium becomes an issue
for policy makers.

Relaxing the assumption of same income distribution by allowing different
income across countries for the rich group would not change our results
significantly as long as income distributions are not allowed to differ too
much. Also, even if we assign the profits of the MNC to anyone country the
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results will remain the same, this may change if we allow for the existence of
two firms competing for the international market each placed in a different
country, as this would open the door to using the subsidy policy as a strategic
trade policy, this is an issue we intend to explore in future research.
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5 Appendix

5.1 Proof of Lemma 3

Note that
(a) A pair of subsidy (74, ,) which ensures bilateral universal coverage
results in positive welfare for country ¢ if,

Wi (71,72) = nr (Yrsre — B;) + nr (yrspe — P;) >0

< nr (Yrsrc — (Yrsrc + ;) + nr (yrsre — (yrsrc +7;)) > 0
Note that a requirement for the above to be positive is that the MNC fixes
a price below that of the reservation price of the individuals in the wealthy
group.

max

S Ype =2ng (Yr — Y1) Yr > ;-

(b) Condition v¢ < 4™& corresponds to an income range yr € (Y%, Jr)
where y}, is as defined in equation (4) and yg is the critical income defined
in (16) above that would make y“ exactly equal to v5&¢. Note that

v = VR = 2ng (yr — yr) yr <=

(nRyR)2 —2ng (ng +nr) yryr + (nr — nr) (g + nr) (yT)2 =0.

The above is a convex function with roots

v yr (nr + nr) £ yr\/2n7 (ng + nr)
R= .
Npr

Of the two roots found, it can be easily proved that the higher root is
higher than y7, whereas the lower root is smaller, i.e.,

(ng + nr) yr — yr\/(ng + nr) 2ny o~ (ng +nr) + v/ (ng + nr) 207
” <Yr <YrR=Yr n .
R R

o C< max
il 8yR7FC] > 0, so we have 7© < 418V ¢p €

(¥%, Ur), with 482¢ being larger and larger (smaller and smaller) than v¢ as
yg is closer to the lower (higher) limit. Hence the claim.

Moreover, since
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5.2 Proof of Proposition 2

Note that the condition for positive welfare under unilateral coverage is
weaker than such condition for full coverage even at minimum possible
subsidy (270—71) ) , so we may find an income range for which the welfare
of the country providing unilateral coverage is positive Wl > 0, but the
welfare of the other country if it ensured full coverage when the other country
sets subsidy 77 is negative W{'“ (v, = 29¢ — ") < 0 . This would then
enable the possibility of unilateral coverage being a SPNE. To see this, we
first prove note that

W (v, =299 =7P) < W
Substituting
WEC (vp = 29% = 4P) = ng (yr — yr) s8c — (ng + nr) (29°—7)

and

W = ng (yr — yr) sPey — (ng +np) 7”

We obtain that W['C (v, = 29 —4P) < W <=
nr (Yr — yr) spc—2 (g +n7) 7" < ng (Yr — yr) sper =2 (ng +n1) 77 ==

2 (ng +nr) (v° =) <nr(yr —yr) (sPer — spo) <=

2
5 <4n?{y}22—[(n3+;lT)yT+nRyR] — (nkyh — (ng + np)? y%)) <

nr (yR — Z/T) ((TLR + nT) Yyr + NRYR — 2 (TLR + nT) yT) <
2n%y% + 2 (ng + nT)2 y% — [(ng +nr) yr + nRyR]2 <
nr (Yr — yr) (nrYyr — (ng +nr) yr) <=

ngyk + ((ng + nr) yT)2 —2(ng+nr) yrnryr <

nr (yr — yr) (NrRYR — (nR2+ nr)yr) =
(nrRyr — (g +nr) yr) < ngr(yr —yr) (nryr — (Rr +nr)yr) <=

(nryr — (nr +n71)yr) < ng (Yr — yr) .

Hence, W['¢ < W[Cl. Now, to identify the income range for which
WEC (v, =299 —=+P) < 0 but W' > 0, we need to find the roots to
Wt =0 and Wi (v, = 2¢¢ —7P) =0.
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We already know the root of the first, which we denote y¥ is going to be
above yr and also above the root of the second, which we denote yg (itself
above §r). If yr € (Ur, y5), we will have two possible SPNE consisting of
the two possible unilateral coverage situations.

We first obtain y¥ :

I/VIFC1 =ngr(yr — yr) sgm - (nR—l—nT)’y? >0&

ng (Yr —yr) (nr + T;T) Yr + NRYR) — ,
(2nryr)” — ((ngr +n1) Y1 + NRYR)

2(nR +nT) >0 & - (nR)2 (yR)2 +

— (nR + nT)

[(TLR + 2nT) 2yTnR] Yr + (nT — TLR) (TLR —+ TLT) (yT)2 > 0.

We take the highest root:

_ —((nr+2n7)2yrng)—/ (ng+2n7)2yrng) 2 +4(ng)[nr—nglyr (nr+nr)yr
Yr = 7271% -

Yr (TLR + 2nr + \/(SnT + 4ng) nT)

ngr

Y

Note that the smallest root is bellow y%, hence we can say that for ygr < y¥,
WFECL > 0. Next we obtain 7z

wike (’yl :QVC—VD) =ng (yr — yr) s2c — (ng + nr) (270—7D) <0

nr (Yyr — yr) 2 (ng + nr) yr — (ng + nr) <((nR+nT)yT+ZgLy:ﬁL_T()2(nR+nT)yT)2) <

0,
dng (yr — yr) (ng +nr) yr—((ng + nr) yT+nRyR)2+(2 (ng + nr) yT)2 <0,

[— (nr)?] (yr)* + 20k (nr + 17) yr) yr + [(3n7 — ng) (ng + n7) (yr)*] < 0.

We take the highest root:

_ 2ng(nrtar)yr+2nryry/ (nptnr)* +Bnr—ng) (nptnr)]
Yr = 2(ng)* o

R Yyr ((HR—FTLT) +2\/(7”LR+7”LT) nT>
Yr = :
nR
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Note that the smallest root is bellow y7,, hence we can say that for yg > g,
W (v =299 =1P) <0.
Finally note that y£ > yr since

yr (”R+2nT+V (5nT+4”R)nT> > (nr+nr)yr+2yr+/ (RRANT)NT

nRrR nRrR

YR > Ur &
Also, yr > yg since

/y\R > gR N (nR+nT)yT+2Z2 (nr+nr)nr > (nR‘f'nT)yT"FyZR (ng+nr)2nT .

We can then conclude that there is an income range yr € (g, ¥%), where

Yr > Yr, in which there would be two possible SPNE each corresponding to
unilateral coverage by each of the two countries.

5.3 Proof of Proposition 3

Once again, we construct the Best Response Function in subsidies for country
1 (country 2’s will be symmetric). There are three main cases:

(a) If v, < 4%, the optimal response is to set v, = NP this is the
minimum subsidy at which universal coverage in country 1 is ensured, which
increases welfare as long as yr € (y}"%, yn P ), a higher subsidy would not be an
optimal response as it would just increase the price without affecting quality.
Note however that it may be the case that welfare at vV is negative, in such
case, the best response would be to set no or low subsidy and stay at partial
coverage. If yr > yN P, the best response will be to provide no subsidy.

(b) If v, = ~“, the optimal response is to set v, = ¢ as long as
yr € (Yr,Ur). A lower subsidy would not ensure universal coverage, at
higher one would just have a positive impact on prices (strictly positive if
v, > vNP). Note that responding to v, = ¢, with a subsidy YV > v, > /¢
will have no impact on producer prices or quality. However, responding with
a subsidy v, = 7VP, will actually affect quality and prices. Since v¢ < vV,
this will have a direct positive impact on prices. However, quality will be
lower since spc1 = (2ng + nr) yr < spc = 2 (ng + nr) yr. Further increases
in the subsidy will not affect quality and will just directly increase prices
(although this is due to the fact that we have a specific subsidy in our model).

(c) If ¢ < vypy < ¥NVP, the optimal response is to set 7¢, as lower
subsidy would not ensure universal coverage and a higher one would just
increase prices in both countries (note that in this case it is still ¥¢ that
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determines prices). Just remember that welfare for universal coverage under
no discrimination is (y here will be the lowest of the two countries’ subsidies)

WS =ng (yrs — (yrs +7))+nr (yrs — (yrs + v7)) = nr (Yrs — yrs — 7)—nry.

in case 3, the firm will take vy, as price determinant as long as v; < 7s,
matching v, will not affect quality, it will just increase prices and setting

NP as already discussed, is not better response than 7.

(d) If 7, = NP, the are two candidates for best response, either
v, = ~°, which would implement universal coverage and result in welfare
WEC or any v, < +“, which would result in only country 2 being fully
covered, welfare for country 1 would then be:

WY =ng ((yr —yr) speo —7"7) > W< =0,

We must then compare W2 and WFC to obtain the best response to
vy = YNP. Tt is possible to prove that the income range for which W}¢? >
WEC falls outside the income range for which W2 > W hence, this will
not be part of the SPNE subsidy pairs. We proof this below

WlFC—T/VfC2 =NRr ((yR —Yr) SFc — 70)—nT70—”R ((?JR —yr) Sggz - VND)

= [src — sp&s) nr (yr — yr) — (g + 1) ¥¢ — npyf? =

@nryr)®—(2nr+nr)yr)? —
2(2np+nr)

(nryr)’—((nr+nr)yr)’
nR+NnT

= npyrng (Yyr — yr)—(ng + nr) +nr

2nrnr(2nr+nr) (Yryr —y2) =202 Cnr+nr)y% +2@2ng+nr) (nptnr) *yi +4ndy% —nr(Cnrtnr)®y2

2(2ng+nr) o

—2nZnry%+2nrng(2ng+nr)yryr+nr (2netng)(2ng+nr)ys
2(2ng+n7) ’

Let Jr be the critical value for which W[I'¢ = WFC  Note that
o [Wie — wie?]

IYr
t (2nR+nT)yT+yT\éiQQR"‘nT)(ZlnR"'E’”T) falls

(%RHLT)yTerT\éf:RMT)(MR%nT) > yk. Hence, WI'C > WFEC2Y yp € [y%, Ugl.

It is also possible to check that 7, > y~NP Hence, for the income range
yr € [yg, y¥P], W > W2 Hence,this case will not be part of the SPNE.

< 0V yr > yp Up has two roots and the higher

roo in the relevant range, i.e., ?R =
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(e) If ¥NP < 7, v will not be enough to ensure universal coverage in
country 1 as prices will now be determined by «,, this can be seen in the
inequality below that holds for /N < ~, and v, = 7¢

1 1 2
2(nr +nr)(yrsrc +71) — §(SFC)2 < (2ng +n7) (yrspos +72) — 3 (spn)

Hence, to ensure universal coverage in country 1, v, must be such that

1 1 2
2(ng +nr) (Yrsrc + 71)—5 (src)” > 2ng +nr) (yrshos +72) ~3 (spcn)” &

[2 (nr +nr)yr — %Spc] spc +2(ng+ng) vy, >
> ((QnR +nr) yr — %s%&) sy + 2nr +nr) v, &

(2ng +n7)yr)® — 2 (ng+n7)yr)? | (2ng +nr)

&y, >4
LR 2 (ng +nr) 2 (ng + 7”LT)72
1 4ng + 3nr 2 2ng +nr
> - RTTT S LR
T 22(nR+nT)nT (ur) 2(nR+nT)ﬂY2

The subsidy that ensures universal coverage ex ante in this case is to set
v, as above. However, it might be better to just set a lower or no subsidy
resulting in country 2 alone providing full coverage along the lines of the
statement in point 4. However this part of the best response function will
not be part of a SPNE as it will never be the best response to this for country
2 to set a YN < ,.
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