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Pharmaceutical Regulation under Market Integration through
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Laura Birg*
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Abstract

I study the effect of parallel trade (cross border resale of goods without the authorization
of the manufacturer) on pharmaceutical regulation in a North-South framework. Govern-
ments in both countries may restrict prices directly via price caps or limit third-party payer
reimbursement for the drug via reimbursement limits.

Parallel trade may relax regulation in the source country of parallel imports (South)
and intensify regulation in the destination country (North): In the source country, parallel
trade may relax regulation both under a price cap and a reimbursement limit under certain
conditions. In the destination country, parallel trade has no effect on the level of regulation
under a price cap, and it intensifies regulation under a reimbursement limit.

Parallel trade may change regulatory preferences: Under no parallel trade, both the
source and destination country set price caps. Under parallel trade, the source country sets
a price cap, but the destination country sets a reimbursement limit, thereby enforcing a
higher price cap in the South. This implies higher drug prices under parallel trade in both

source and destination country.

JEL classification: F12, 111, I18

Keywords: pharmaceutical regulation, price cap, reimbursement limit, parallel trade

1 Introduction

Parallel trade refers to the cross border resale of goods without the authorization of the manu-

facturer (Maskus, 2000). This type of arbitrage is a response to international price differences
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(Kyle, 2010). In the European Union, parallel trade is a common phenomenon, especially for
pharmaceuticals, for which price differences may reach up to 300% (Kanavos & Costa-Font,
2005).

One major source of drug price differences are regulatory differences, both in the level of
regulation and the type of regulatory instruments applied.! Commonly applied regulatory in-
struments are price caps and (internal) reference prices. Price caps aim at restricting monopoly
pricing and limit the prices (of covered drugs) directly by establishing price ceilings.? (Internal)
reference prices are intended to increase price sensitivity by limiting reimbursement by third-
party payers.®> Under (internal) reference pricing, price setting is free, but the limitation of
reimbursement implies that patients have to pay the difference between drug price and reim-
bursement limit. In the European Union, almost all member states use or have used price caps
and/or reference prices (see Espin & Rovira (2007) or Carone, Schwierz & Xavier (2012) for an
overview of regulatory interventions in the European Union).

By creating differences in drug prices, regulatory differences drive the direction and volume
of parallel trade.* At the same time, parallel trade limits firms’ ability to set different prices
in different countries. In destination countries of parallel imports, parallel trade may reduce
drug prices by providing lower-priced substitutes and enhancing competition in pharmaceutical
markets.’

Price interdependencies under parallel trade may create the incentive for firms to delay or
avoid launches in low-price countries, i.e., potential source countries of parallel imports. This
allows firms to (temporarily) retain high prices in other countries (see Danzon, Wang & Wang,

2005; Kyle, 2007).% For instance, there is an average launch delay of 10 months in the EU 15,

! According to 168 TFEU, health policy is in the national competence of member states. The Price Trans-
parency Directive (Directive 89/195/EC), which provides rules for the control of pharmaceutical prices, is the
only existing harmonization measure in the field of pharmaceutical price regulation and reimbursement.

2Price caps may be based on prices of the same drug in other countries or prices of therapeutic alternatives.

3Typoically, reimbursement limits are set for a group of substitutable drugs. Substitutability may be defined
with respect to the active ingredient, therapeutic category or the therapeutic function (Lopez-Casanovas &
Puig-Junoy, 2000).

4 Typical source countries of parallel imports are low price-countries with strict price regulation, e.g., Greece,
Italy, Portugal, and Spain, while destination countries are high price-countries with relatively free price setting,
e.g., Denmark, Germany, the Netherlands, and Sweden (Kanavos & Costa-Font, 2005). In 2016, pharmaceutical
parallel trade had a volume of € 5.2 bn (EFPIA, 2018). In the destination countries, the share of parallel imports
in pharmacy market sales ranged between 8.2% in the Netherlands, 8.5% in Germany, 12.9% in Sweden, and 25.5
% in Denmark in 2018 (EFPIA, 2020).

>Empirical evidence on the price decreasing effect of parallel trade in destination countries is ambiguous. While
some studies (Kanavos et al., 2004, Kyle, Allsbrook & Schulman, 2008) find no evidence for price competition
generated by parallel trade or stronger price competition than in countries without parallel trade, others (West
& Mahon, 2003, Ganslandt & Maskus, 2004, Granlund & Koksal, 2011, Duso, Herr & Suppliet, 2014) find that
parallel trade may generate competitive pressure on drug prices.

SDanzon, Wang & Wang (2005), Danzon & Epstein (2012), Kyle (2011) suggest that stricter regulation and/or



ranging from 3.5 months in Germany to 18.9 months in Belgium (Heuer, Mejer & Neuhaus,
2007). This suggests that pharmaceutical firms’ export decisions are shaped by parallel trade
and regulatory decisions (Bennato & Valletti, 2014).

As firms may delay (or even limit supply) to low-price countries, governments in source
countries of parallel imports may refrain from strict regulation if they take into account the
impact on the firm’s decision to export to their country (Pecorino, 2002; Konigbauer, 2004;
Grossman & Lai, 2008; Bennato & Valletti, 2014). Pecorino (2002) shows that under parallel
trade, a pharmaceutical manufacturer will make fewer concessions in drug price bargaining in
a potential source country of parallel imports. Konigbauer (2004) argues that parallel imports
may discipline national regulators in the FEuropean Union, as the manufacturer’s threat of
not supplying countries with low drug prices prevents free-riding on the pharmaceutical firms’
R&D investment by setting low prices. Similarly, Grossman & Lai (2008) show that the pace
of innovation may be faster under parallel trade because of the change in regulatory choices.
Bennato & Valletti (2014) find that a withdrawal from price regulation in a source country of
parallel imports may increase R&D investment.

While the literature on the effect of parallel trade on pharmaceutical regulation has focused
on the impact of price caps in source countries of parallel imports, this paper extends the
analysis of the effect of parallel trade on pharmaceutical regulation to regulation in both the
destination and the source country and to two potential regulatory instruments, price caps
and reimbursement limits. This set-up allows differentiating between the effect of parallel
trade on regulation in export-oriented destination countries and the effect of parallel trade on
regulation in import-oriented source countries. Moreover, the analysis of two common regulatory
instruments allows studying the choice of instruments under parallel trade.

By changing regulatory decisions in destination and/or source country of parallel imports,
parallel trade may result in regulatory convergence or regulatory divergence. In the former case,
parallel trade may also erode price differences between countries, in particular, if price differences
are driven by regulatory differences. In this sense, market integration through parallel trade
may replace policy harmonization. Given that virtually no harmonization instrument is in place
in the European Union, parallel trade may be of particular importance.

The effect of parallel trade on regulation is linked to the policy issue of access to pharmaceu-

parallel trade may result in greater launch delays. Also, approval procedures for new drugs and approval times
may contribute to non-launches (Houy & Jelovac, 2019).



ticals. Parallel trade may affect access in the source country of parallel imports if manufacturers
decide to limit or avoid selling in low-price countries. Moreover, also through its impact on reg-
ulatory decisions parallel trade may affect access — if governments change regulatory decisions
in response to parallel trade, this also changes drug prices and with it access to the drug.

In the source country (hereafter South), parallel trade may relax regulation under both
regulatory instruments. The manufacturer’s threat of not exporting to the South may increase
the price cap or the reimbursement limit under certain conditions.” In the destination country
(North), parallel trade may intensify regulation under a reimbursement limit and has no effect
on the strictness of regulation under a price cap. Under a price cap, the government in the
North prefers a price cap of zero, maximizing consumer surplus and minimizing third-party
payer expenditure. Under a reimbursement limit, the government in the North prefers a high
level of reimbursement, as a potential decrease in the reimbursement limit would decrease both
consumer surplus and third-party payer expenditure.

Parallel trade may change the choice of regulatory instruments: Under no parallel trade,
both the North and the South prefer price caps over reimbursement limits. Welfare in both
countries decreases in the drug price. Price caps allow governments to set a drug price of zero,
while reimbursement limits result in higher drug prices. Under parallel trade, the North applies
a reimbursement limit, but the South sets a price cap. Choosing a reimbursement limit allows
the North to enforce a lower level of regulation and thus a higher price in the South. The
reimbursement limit in the North allows enforcing a higher drug price in the South than under
price caps. The South, as under no parallel trade, prefers a price caps to the reimbursement
limit, as it allows attaining a lower drug price. This is, under endogenous health policy choice,
parallel trade results in a lower level of regulation and higher drug prices. Compared to the
equilibrium without parallel trade, in which both countries set price caps of zero, drug prices
under parallel trade are higher. This also worsens access in both the source and destination
country.

The paper is organized as follows. The next section introduces the model. Section 3 studies
the effect of regulation on the export decision. Section 4 analyzes the effect of parallel trade
on the level of regulation for a given instrument. Section 5 studies the effect of parallel trade

on the choice of regulatory instruments. Section 6 presents discussions of the model. Section 7

"Under a price cap, parallel trade relaxes regulation unless the North also sets a price cap. Under a reim-
bursement limit, parallel trade relaxes regulation, if countries are sufficiently different in demand.



concludes.

2 Model

Consider two countries j = N, S, North and South, which differ in demand.® An innovative
firm, which sells an on-patent drug is located in the North. The firm may decide not to sell to
the South. In both countries, welfare-maximizing governments may restrict prices directly via

price caps or limit third-party payer reimbursement for the drug via reimbursement limits.

2.1 Firm

In the North, an innovative firm F' is located, which sells an on-patent drug. The firm always
sells in the North (if the price is non-negative), but the firm may decide whether or not to sell
the South based on the price in the South and the potential impact on the price in the North
under parallel trade. Patent protection provides the firm with a monopoly in both countries.
The firm produces at constant marginal cost, which is normalized to zero.

Two pricing regimes are possible depending on the (non) occurence of parallel trade: If
parallel trade does not take place, the firm may price-discriminate between the North and the
South and set country-specific drug prices p;. If parallel trade takes place, the firm sets a
uniform price pyg. Therefore, parallel trade (as costless arbitrage) enforces a uniform drug
price in both countries (as in Pecorino, 2002; Valletti, 2006; Roy & Saggi, 2012; Bennato &
Valletti, 2014).

Under parallel trade, the firm may avoid selling at a uniform price in both countries by not
exporting to the South. Then the firm foregoes sales in the South but may set a country-specific
price in the North. This is, under parallel trade the firm faces the trade-off between selling at a
uniform price in both countries or selling at a country-specific price in the North and foregoing

sales in the South.

2.2 Consumers

In both countries, there is a unit mass of consumers differing in willingness to pay for the drug.
Each consumer demands either one or zero units of the drug. This implies that the market is

not covered and changes in the drug price result in quantity changes. The utility derived from

8 Countries differ in both the maximum willingness to pay and price elasticity.



no drug consumption is zero. A consumer ¢ in country j who buys one unit of drug obtains a
net utility of
U(0s5,¢;) = 055 — cjy (1)

where 6;;is the gross valuation and ¢; the country-specific drug copayment. The (preference)
parameter # can be interpreted as willingness to pay. Assume that 6 is uniformly distributed over
the interval [0, ,uj] in country j = N, S, with 5y = pt > pg = 1. Heterogeneity among consumers
in @ may stem from, for instance, differences in the severity of the condition, prescription
practices or insurance coverage (see e.g., Brekke, Holmas & Straume, 2011). The parameter y;
can be interpreted as the maximum willingness to pay. In the following, p will be referred to
as demand parameter.

The marginal consumer in country j who is indifferent between buying the drug or not has a
gross valuation 0;; = c;. Hence, demand in country N is given as qn = L4 — cp), and demand

m

in country S is given as gg = 1 — cg.

2.3 Governments

In both countries, third-party payers (health insurance, health insurance programs or social
insurance, etc.) cover drug costs partially. The copayment is price dependent: Consider that
consumers pay a fraction v;, v; € (0, 1), out-of-pocket (coinsurance)?. Under coinsurance, the
drug copayment (and thus, the relevant price for consumers) is ¢; = 7;pj, the reimbursement
by third-party payers is (1 — fyj) Dj-

In both countries, governments may restrict prices directly via price caps or limit third-party
payer reimbursement for the drug via reimbursement limits. Under price caps, governments
restrict drug prices to maximum prices P;. Under reimbursement limits, governments restrict
reimbursement by third-party payers to reimbursement limits r;. Firms are free to set prices,
but third-party payers reimburse the drug according to the reimbursement limit, which changes
consumer copayments to cﬁ =T +Dj— T and reimbursement to (1 - ’yj) T

Governments maximize domestic welfare, which is defined as the (unweighted) sum of con-

sumer surplus and the firm’s profit net of third-party payer reimbursement in the North and

9Typically, coinsurance rates are not subject to frequent changes. Coinsurance rates are set to balance the
protection from risks of financially losses due to sickness and (prevention of) moral hazard in utilizing health care
products and services. In Germany, e.g., the coinsurance rate has not been changed since 2004.



consumer surplus net of third-party payer reimbursement in the South:

Wy = CSy+7— Epn,

Wg = CSg— Eg. (2)

Consumer surplus in country j is given as C'S; = i (;j*j (0;5 — ¢j) df, the firm’s profit is
given as m = gNpN + qsps, third-party payer reimbursement in country j is defined as E; =
(1 —v,)p;jq; under no regulation and price capst’ and E; = (1 — 7v;)7jq; under reimbursement

limits. 1

2.4 Structure of the Model

In this set-up, there are two differences between countries: First, countries IV and .S differ in de-
mand and demand elasticity (due to differences in maximum willingness to pay and coinsurance
rates). Differences in Hj and /or 7, generate differences in drug prices and trigger parallel trade.
Second, as the North is export-oriented, while the South is import-oriented, and accordingly
welfare, government objectives, and regulatory decisions differ between countries.

Consider the following timing: In stage 0, governments in the North and the South choose
the regulatory instrument, i.e., price caps or reimbursement limits. In stage 1, the firm decides
whether or not to sell to the South. In stage 3, governments set price caps or reimbursement

limits. In the latter case, the firm sets prices in stage 4.

3 The Effect of Parallel Trade on the Export Decision

In this section, the effect of parallel trade on the firm’s export decision is analyzed in a scenario
without regulation to illustrate how the export decision is the basis for the firm’s threat of
non-supply.

Equilibrium prices, quantities, and the firm’s profit can be found in Appendix A.1. The

superscript « denotes variables under no parallel trade.

10Under no regulation and price caps, the third-party payer reimburses the drug based on the drug price.
"'Under reimbursement limits, the third-party payer reimburses the drug based on the reimbursement limit.



3.1 No Parallel Trade

When parallel trade is not allowed, the firm can price discriminate. The firm maximizes

N5 = an (PN) Py + as (p5) P (3)
The firm price sets country-specific prices p}, = ﬁ and p§ = i

Equilibrium drug prices decrease in coinsurance rates ;. Also, the drug price in the North
increases in the maximum willingness to pay pu.

Differences in drug prices stem from differences in coinsurance rates and/or differences in
demand. In particular, the price in the North is higher than the price in the South, if demand in
the North is sufficiently high, u > p® = %, and/or if the coinsurance rate (and accordingly price
elasticity) in the North is sufficiently low relative to that in the South, vy < %EV = uyg.'? This
implies that both differences in demand and differences in coinsurance rates may be drivers of

parallel trade.!® Parallel trade is profitable if Py > p§. In what follows, assume 5 < ,?]:EV = g,

i.e., parallel trade takes place.

3.2 Parallel Trade

If parallel trade is allowed, the possibility to price-discriminate is undermined, and the firm sells

at a uniform price pyg in both countries. The firm’s profit is

7N,s = (qv (pns) + s (Pns)) PN s, (4)

I

which is maximized for the pri = £
ch is ma ed for the price pyg STy

Parallel trade decreases the price in the North and increases the price in the South (p%, >

DNs > pg).14 Higher demand p aggravates the price changes generated by parallel trade
2] — 0 —
( (PN;M PN) 0, (pN;/J« ps) < 0).

Under parallel trade, the firm may decide not to sell to the South to avoid selling at a

uniform price. The firm sells to both countries if A = 7y g — 7% > 0, i.e., the profit from

21f demand in both countries is identical (1 = 1), p% > p% if 7y < vg. If coinsurance rates in both countries
are identical (yy =vg =), p{ > pé if p > 1.

13 Jelovac & Bordoy (2005) study the welfare consequences of parallel trade if parallel trade is driven by
differences in coinsurance rates ("health systems") or differences in willingness to pay ("health needs"). They
show that when countries differ in health systems, parallel trade decreases welfare; when countries differ in health
needs, parallel trade increases welfare. Note that Jelovac & Bordoy (2005) consider these differences between
countries separately.

'4This also implies that the quantity in the North increases, while the quantity in the South decreases.



selling at a uniform price pyg to both countries is at least as high as the profit from selling at
a country-specific price p%; only to the North. The firm trades off accepting a lower price in
the North and selling in both countries and setting a country-specific price for the North and
foregoing sales in the South.

Parallel trade only occurs within a limited range of parameters. Two conditions have to
be met: The first condition is that a sufficiently high price difference between N and S makes
parallel trade profitable. The second condition is that the drug has to be sold to the South in

the first place. This is, by not supplying the South, the firm can deter parallel trade.

3.3 Welfare

Welfare in the North is given as W5 = CSy + m — EY;, welfare in the South is given as
Wg = CS§ — ES.

In the North, parallel trade decreases the drug price. The lower drug price increases con-
sumer surplus and decreases third-party payer expenditure. The firm’s profit decreases, as
parallel trade generates distortions from the profit-maximizing prices in both countries, i.e.,
both the profit from sales to the North and the profit from sales to the South are lower under
parallel trade. If demand in the North is sufficiently low, and prices in both countries under
no parallel trade are rather similar, the latter effect is less strong. Therefore, parallel trade
increases welfare in the North if demand is sufficiently low, i.e. Wy > W§; if p < /71;;

In the South, parallel trade increases the drug price. The higher drug price decreases
consumer surplus but decreases third-party payer expenditure (the quantity effect is stronger
than the price effect). Higher demand in the North increases the uniform price under parallel
trade, and the latter effect is stronger. Thus, parallel trade increases welfare in the South if
demand in the North is sufficiently high, i.e., Wg > W§, if 1 > pyy. Note that parallel trade
increases welfare in both countries if copayments in the South are sufficiently low relative to

copayments in the North.

4 Choice of Regulation Level - Second-stage Outcome

In this section, I study the effect of parallel trade on the level of regulation for a given regulatory
instrument. The regulatory instrument is treated as exogenous in this section but will be

endogenized in section 5. I denote no regulation by the superscript &, a price cap by the



superscript P, a reimbursement limit by the superscript R, and policy choice by ¥ = {&, P, R}.
Superscripts ¥y Vg denote equilibrium policy choices in the North and South. There are two
symmetric equilibria (PP, RR) and two asymmetric equilibria (PR, RP). In addition, there
are two equilibria, in which only the South limit prices or reimbursement (R, @P). In what
follows, I will discuss the symmetric equilibria as well as the equilibria in which only the South
regulates first, followed by the asymmetric equilibria.

Under no parallel trade, policy choices in both countries are independent, under parallel

trade, policy choices are linked via the uniform drug price.

4.1 Price Caps in Both Countries (PP) or the South only (2 P)

Consider first a scenario, in which both governments or only the government in the South set
price caps.

Price caps define maximum prices that can be charged. In what follows, consider binding
price caps in both countries, i.e. P]:f[’(') < Py Pg(') < p§ under no parallel trade and pY
Pé') < pns under parallel trade.

Under price caps, the firm first decides whether to sell to the South; then governments set
price caps.'® Price caps and welfare can be found in Appendix A.2.

Parallel trade may create spillovers in the regulatory decision: Under price caps, the price
cap in the South becomes the global price cap if it is lower than the price or even the price
cap in the North. While under no parallel trade, the domestic government in the North is in
charge of the setting the price cap, under parallel trade, the pricing decision may be shifted to
the government in the South. This depends on which government sets the lower price cap.

Moreover, parallel trade may distort regulatory decisions. In the North, the government may
not be able to set a high price cap, if the price or price cap in the South is lower. In the South,
the government cannot set a very low price cap if the firm’s decision to export is endogenous.

The firm’s threat not to supply the South under parallel trade may force the government to set

a higher price cap.

4.1.1 No Parallel Trade (z,2P, z, PP)

Consider first that parallel trade is not allowed. As drug prices and policy choices are inde-

pendent, the equilibria in which i) only the government in the South (x, @P) sets a price cap

5There is no stage in which the firm sets prices as price caps delegate price setting to governments.

10



P;’QP and in which ii) both governments in the North and in the South set price caps PK,’P,

Pg’P (z, PP), are discussed jointly.
The firm’s profit is given as
qn (p”}v\}gp) pf\}gp +qs <P§’gp) P;’QP for @P

™S T ©,PP\ p,PP ©,PP\ pz,PP (5)
qN<PN’ )P]\/ —l—qs(PS’ )P57 for PP,

For equilibrium @ P, the firm may set the drug price freely in the North, while in the South

2P " The firm sets the drug price pf\}gp = 52— in the

. T,
the government sets a price cap Pg L.

North. In the South, welfare decreases in the price cap, because a lower drug price increases
consumer surplus and decreases third-party payer expenditure. The government in the South
sets ng’gp* = 0.

For equilibrium PP, governments in the North and the South set price caps P]f,’PP, PE’PP.
In both countries, welfare decreases in the price cap. In the North, a lower price cap increases
demand, increasing consumer surplus and decreasing third-party payer expenditure. At the
same time, lower price caps in both countries decrease the firm’s profit. The former effect
dominates the latter and welfare decreases in the drug price. In the South, welfare decreases in
the price cap.

The government in the North sets P]g\c,’PP* = 0, the government in the South sets Pg PP _ .
Price caps of zero imply that neither consumers nor health insurance have to pay for the drug

and the market is covered.

Lemma 1 summarizes regulatory preferences in North and South for price caps.

Lemma 1 Under price caps, both North and South prefer a high level of requlation, i.e., price

caps of zero.

4.1.2 Parallel Trade and Price Cap in the South (@P)

Consider that parallel trade is allowed and only the South sets a price cap Péj . The firm’s profit
is given as

WJQV{?S‘:(QN (P§P)+QS (P§P)>P§P- (6)

In this case, the price in the North is neither determined by the firm nor the government in the
North but is given by the price cap in the South: The government in the South sets the global

price.

11



Under parallel trade, the firm may avoid selling at the price cap set by the government in
the South by not selling to the South. The firm sells to the South under parallel trade if the
profit from selling at the price cap PSE in both markets is at least as high than selling at the
(free) price p%; in the North only, i.e., A% = 7['%"’; — 7} > 0. A (strict) price cap aggravates
the trade-off associated with the export decision: The lower the price cap, the higher is the
difference in profits for the firm’s two strategies and the less likely it is that the firm sells to
the South. Note that for a price cap of zero (as it is under no parallel trade), the firm abstains
from exporting to the South. Only if PS‘Z’P > F/’S-QTP, i.e., the price cap is sufficiently high, the
firm sells to the South.

Welfare in the South decreases in the price cap Psg P as a lower price cap increases consumer
surplus and decreases third-party payer expenditure. The government in the South maximizes
WSI? subject to A?F = ﬂ'%{; — W’}c\}(') >0, i.e., the firm selling to the South. The government in
the South would prefer a price cap of zero. But given that the firm would not export to the
South at a very low price cap, the government in South sets Pg P> 0, which is the lowest
price cap compatible with the firm selling in the South. Thus, parallel trade relaxes regulation
by preventing the government in the South from setting a very low price cap.

These results suggest, in line with empirical evidence, that strict regulation increases the
threat of the firm not supplying the South under parallel trade (Danzon & Epstein, 2008;
Verniers, Stremerscha & Croux, 2011; Costa-Font, McGuire & Varol, 2014). Source countries
face a trade-off under parallel trade: accept high prices and benefit from (safe) drug supply
or regulate prices and face the risk of not being supplied. The endogenous export decision of
the firm stemming from the trade-off described above results in a credible threat generated
by price spillovers under parallel trade. As a result, source countries of parallel imports may
abstain from very strict regulation under parallel trade (Bennato & Valletti, 2014; Grossman &
Lai, 2008). This may also explain the observation of Kanavos & Costa-Font (2005) that source
countries of parallel import such as France, Italy, and Portugal have changed to a lower level of

regulation.

4.1.3 Parallel Trade and Price Caps in the North and South (PP)

Consider that parallel trade is allowed and both countries set price caps. In this case, the lower
price cap becomes the global price cap. This is, de facto only one government decides on the

price cap in both countries. Parallel trade constrains regulatory decisions in the sense that the

12



price cap has to be not only lower than the firm’s price but also lower than the price cap in the
other country to be binding.

The firm’s profit is given as

op av" (PY7) PRE 408" (PET) ST i PR < PJT -

| (an” (P§7) + 5" (PST)) T it PP > PGT.

If P]{?P < PSPP, the price cap in the North is P]{?P, the price cap in the South is PSEP. In this case,
the higher price cap does not spill over to the North. If P]{?P > Péj P the price cap in the South
is the global price cap. In the former case, if P]I\;P < Péjp, APP‘PPP:P}VDP = wﬁ?;lp — Wﬁ(') > 0,
i.e., the firm sells to the South at any price cap Pg P as selling in the South does not imply
accepting a lower price also for sales in the North. Also, in this case, the government in the
North sets a lower price than the government in the South, and parallel trade does not take
place so that a potentially lower price from the South cannot spill over to the South. In the
latter case, if P]{?P > Pg P the price cap in the South is the global price cap. The firm sells in
the South, if the profit from selling at the price cap Pg in both markets is at least as high than
selling at the (free) price p%; in the North only, i.e., APP‘PPP:PéDP = ﬂﬁfg — ﬂfVPP > 0, that is,
if PéDP > Pjpﬁtp, i.e., the price cap is sufficiently high.

As before, welfare in both countries decreases in the price cap. Lower price caps increase
consumer surplus, decrease third-party payer expenditure and decrease the firm’s profit, in-
creasing welfare in both countries. Governments set price caps PJ{?P * =0, Péj P+ — 0. Under
these equilibrium price caps, the firm sells to the South as sales to the South do not come at
the cost of accepting a lower price for sales in the North as well. The price cap in the North if
the firm decided not to export to the South would be P]’\C,PP* = 0, this is, it would be thus the
same.

This is, the preference of the North for a low price cap deprives the firm of its threat of
non-supply to the South, and thus the firm cannot use this threat to press for a higher price
cap in the South. If both countries set price caps, parallel trade does not induce a lower level
of regulation in either country. The North’s preference for a low price cap allows the South to
also choose a low price cap without being constrained by the firm’s threat of not exporting to
the South.

Proposition 1 summarizes the effect of parallel trade on the level of regulation for a price

cap only in the South and price caps in both countries.
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Proposition 1 i) If only the government in the South sets a price cap, parallel trade relaxes
regulation. i) If both governments in the North and South set price caps, parallel trade has no

effect on the level of regulation in both countries.

The effect of parallel trade on regulation depends on whether only the South sets price caps
or both countries do. If only the South sets a price cap, parallel trade relaxes regulation. If
both countries apply price caps, parallel trade does not affect regulatory decisions. Then the
preference of the North for a low price cap deprives the firm of its threat of non-supply and
enables the South to also set a low price cap. The firm can only make use of the threat of
non-supply if it has the option of selling at a higher price in the North. The possibility of
parallel trade to prevent a high level of regulation in source countries is thus contingent on the

regulatory decision in the North.

4.2 Reimbursement Limits in Both Countries (RR) or the South only (IR)

Consider now a scenario, in which both governments set or only the government in the South
sets reimbursement limits. This implies that governments do not regulate prices directly but
third-party payer reimbursement. The regulation of reimbursement separates the copayment
paid by the consumer from the amount financed by the third-party payer, and from the price
received by the firm. Governments restrict reimbursement to r; < pf in country j. The firm
is free in setting prices. Reimbursement limits change the consumer copayment in country j to

cf =15+ pf —r; and reimbursement to (1 — 'yj) rj. Consider binding reimbursement limits,

() (R

ie. rNgﬁvsothatpR —ry >0 and rg < Tg so that pg’" —rg > 0.

Consider that governments set reimbursement limits to maximize welfare and can commit
to reimbursement limits. In the first stage, governments set reimbursement limits; in the second
stage, the firm decides whether to export and in the third stage the firm sets prices. Reim-

bursement limits and welfare can be found in Appendix A.3.

4.2.1 No Parallel Trade (z, 2R, z, RR)

Consider first that parallel trade is not allowed. As drug prices and policy choices are indepen-
dent, the equilibria in which i) only the government in the South (z, @R) sets reimbursement

limit rg’R and in which ii) both governments in the North and the South set reimbursement
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limit rf\;R, T‘?R (z, RR) are discussed jointly. The firm’s profit is given as

YR\ xR YR\ a,0R
z,()R qN <pr )va +qs (pfg )pg for @R .
T™N,s =
an (p?\}RR> p;]r:\}RR tqs (pagRR) pg,RR for RR.
In equilibrium @R, the firm sets d ices pUP — 1 and pu@R — 157 0209) 16
1 equiibrium y € I1rm sets rug prices pN = m all pS =5 e

drug price in the South increases in the reimbursement limit. Welfare in the South decreases

in the reimbursement limit. A (potential) decrease in the reimbursement limit increases the

consumer copayment for a given drug price and decreases the quantity demanded, decreasing

consumer surplus and decreasing third-party payer expenditure. The overall effect of a (poten-

tial) decrease in the reimbursement limit on welfare is positive. The government in the South
z,0 R*

sets 7 = (. Patients pay the full price of the drug out-of-pocket. The government in the

South removes insurance coverage by limiting reimbursement.

_ ptry(—yn) I+rs(1—vs) 17 In
= 2 2 .

In equilibrium RR, the firm sets drug prices pj”VR and pgR =
the North, welfare increases in the reimbursement limit. A (potential) decrease in the reim-
bursement limit increases the consumer copayment for a given drug price!® and decreases the

quantity demanded. This decreases consumer surplus, the firm’s profit, and decrease third-party

payer expenditure, with an overall negative effect on welfare. Therefore, the government sets the

. . T . . z,RRx _ x,0RR . RR r,JRR\ _ x,JRR
highest possible binding reimbursement limit, 7 =Ty . As DN <r N ) =Ty ,

there is no additional copayment for patients. This implies that the government in N chooses
not to limit the reimbursement, but reimburses the full drug price.

In the South, welfare decreases in the reimbursement limit. The government in the South
sets rg’RR* = 0. The government in the South removes insurance coverage.

This shows that without parallel trade, regulatory preferences differ among the two countries,
with the North preferring a very low level of regulation, while the South prefers a very high

level of regulation.

Lemma 2 summarizes regulatory preferences in North and South for reimbursement limits.

Lemma 2 Under reimbursement limits, the North prefers a low level of regulation, i.e., reim-

bursement of the drug price, and the South prefer a high level of requlation, i.e., a reimbursement

—~

16 A binding reimbursement limit implies rg < r;’gR = Wsl+1’
"Binding reimbursement limits imply ry < r5f% = “/NHH and rg < rifF = ’Ylerl'

18The drug price increases in the reimbursement limit. A decrease in the reimbursement limit decreases the
drug price, but the decrease in the drug price does not fully compensate the decrease in the reimbursement limit
and the consumer copayment increases.
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limit of zero.

4.2.2 Parallel Trade and Reimbursement Limit in the South (@R)

Consider now that parallel trade is allowed and only the South sets a reimbursement limit 7“? R

The firm sells at a uniform price pﬁ g in both countries. The firm’s profit is

w3 = (an (2) + a5 (b5E) ) PRE: (9)

. . 2+ (1~
The firm sets the uniform price p%}; = W'lg

reimbursement limit in the South. The firm exports to the South under parallel trade if the

The drug price increases in the

profit from selling to both countries at a uniform price is at least as high as the profit from

selling to only the North at the country-specific price (and not selling to the South), i.e. AZ% =

IR z,OR
NS — TN > 0.

The government in the South maximizes VVS‘Zj R subject to A?R > 0, i.e., the firm exporting
to the South. Depending on demand in the North, two cases are possible: For pu < p2E, the

— = 0; for > p?1, the government sets a
p<p

government sets a reimbursement limit of 7’? R

reimbursement limit of rg Bel >0,
p>p B

Parallel trade does not affect the level of regulation in the South if demand in the North
is sufficiently low. In this case, the difference in the uniform price under parallel trade (and
regulation in the South) and the price that the firm would charge in the North if it decided not
to sell to the South is rather small, so that the benefit of additional sales to the South set off
the cost of accepting a lower uniform price under parallel trade. A high level of regulation and
the corresponding decrease in the uniform price then have a rather small effect on the firm’s
export decision.

Parallel trade relaxes regulation, i.e., it increases the reimbursement amount, if demand in
the North is sufficiently high. In this case, the price the firm would charge in the North if it
did not export to the South and the uniform price under parallel trade are rather different.
If a high level of regulation lowers the price in the South and hence the uniform price under
parallel trade even more, the firm does not export to the South. In this case, similar to the

case of price caps, parallel trade prevents the government in the South from setting a very low

reimbursement limit.

19A binding reimbursement limit implies rg < rgR = 2

)
2yn+u(l+yg)”
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Also under reimbursement limits, parallel trade has the potential to relax regulation but
only if sufficiently high differences in demand and/or coinsurance rates between countries put
exports to the South at risk. If countries are sufficiently similar, parallel trade does not relax
regulation under reimbursement limits. The firm’s threat of not selling to the South may not
help to achieve a higher reimbursement level if small differences in demand do not provide the
firm with a profitable outside option when not selling in the South.

Compared to price caps, the potential of parallel trade to prevent a high level of regulation
under reimbursement limits is lower. Price caps enforce maximum prices set by the government.
Free pricing under reimbursement limits implies that the firm may avoid a very low drug price

even for a high level of regulation, but the firm loses the threat of non-supply at the same time.

4.2.3 Parallel Trade and Reimbursement Limits in the North and South (RR)

Consider now that parallel trade is allowed and both governments set reimbursement limits rﬁ,R
and T?R. The firm’s profit is
RR RR RR (., RR RR
g = (av (pns) + 45" (pN.5)) Pre- (10)

_ 2ptpr BRIy ) +rRE(

1=vn) 20 o .
D) .2Y The drug price increases in

The firm sets the uniform price pﬁg
both reimbursement limits. The firm exports to the South under parallel trade if the profit from
selling to both countries at a uniform price is at least as high as the profit from selling to only
the North at a country-specific price (and not selling to the South)., i.e., AfR = Wﬁ% —W:}:\;R > 0.
If demand in the North is sufficiently low (1 < Jiarr), the firm sells to the South.

The government in the North maximizes WJI\?R, the government in the South maximizes
WSBR subject to AR >0, i.e., the firm exporting to the South. There is strategic interaction
of reimbursement limits via the uniform price under parallel trade. Optimal (unconstrained)
reimbursement limits are strategic complements. An increase in the reimbursement limit in
the South increases the drug price, which in turn c.p. increases the copayment and reduces
the quantity demanded in the North. The increase of the copayment and decrease in quantity
reduces consumer surplus and third-party payer expenditure. The firm’s profit decreases as
well. An increase of the reimbursement limit in the North then reduces the copayment and

increases the quantity demanded, countervailing the effect on consumer surplus, third-party

p(24r§R(-7vg))
YN +2p+1

2p+r R (1—vn)

RR _ "RR _
and rg” < rg"t = ST

20Reimbursement limits are binding for ry < rRE =

17



payer expenditure, and the firm’s profit. Similarly, an increase in the reimbursement limit in
the North increases the copayment and reduces the quantity demanded in the South, decreasing
consumer surplus and third-party payer expenditure. If the government in the North then raises
the reimbursement limit, the reduction of the copayment and increase in the quantity demanded
increase consumer surplus and third-party payer expenditure.

Depending on demand in the North, two cases are possible. First, if countries are sufficiently

similar (u < pfR), countries set (unconstrained) reimbursement limits to maximize welfare. The

government in the South sets a reimbursement limit of zero (rgR*‘/K AR = 0) (as under no
parallel trade). The government in the North sets a reimbursement limit (rﬁR*}u< b 0)

that is lower than under no parallel trade. The lower drug price under parallel trade decreases
the copayment and increases demand for the drug c.p., which increases consumer surplus and

21

increases third-party payer expenditure. Then the government in the North reduces the

reimbursement limit to countervail this effect, reducing third-party payer expenditure. Second, if

countries differ in market size sufficiently (1 > pff), the government in the South sets a positive

RRx ‘

reimbursement limit (g — > 0), which is compatible with the firm exporting to the

p>pftl
South. The North sets a lower reimbursement limit than under no parallel trade ({7 |u> R
0) for the same reason as described above.

Proposition 2 summarizes the effect of parallel trade on the level of regulation for a reim-

bursement limit only in the South and reimbursement limits in both countries.

Proposition 2 i) If only the government in the South sets a reimbursement limit, parallel
trade does not affect the level of requlation if p < ;ﬁ and decreases the level of regulation if
w> //;é. i1) If both governments in the North and the South set reimbursement limits, parallel
trade increases the level of regulation in the North and a) does not affect the level of regulation

in the South if p < /ﬁé and b) decreases the level of regulation in the South if p > /ﬁé.

If governments set reimbursement limits, parallel trade results in regulatory convergence. If
demand in the North is sufficiently small, parallel trade decreases the reimbursement limit in
the North and has no effect on the reimbursement limit in the South. If demand in the North
is sufficiently large (1 > urr), parallel trade decreases the reimbursement limit in the North
and increases the reimbursement limit in the South. In both cases, parallel trade generates

regulatory convergence.

2 Note that there is no price effect for third-party payer expenditure as the reimbursement limit rx is the basis
for reimbursement per unit purchased.
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This is, there may be no need for explicit harmonization of regulatory decisions but market
integration through parallel trade may align regulatory decisions under reimbursement limits.

While under both price caps and reimbursement limits, parallel trade may relax regulation,
market outcomes under the two instruments differ: Under reimbursement limits, more relaxed
regulation implies higher reimbursement limits and lower copayments (i.e., a shift of the financ-
ing burden from the patient to the insurer); whereas under price caps, relaxed regulation results
in higher price caps, that is, higher copayments and higher reimbursement (i.e., an increase in

the transfer from patient and insurer to the firm).

4.3 "Asymmetric" Equilibria

4.3.1 No Parallel Trade, Price Cap in the North, Reimbursement Limit in the

South (z, PR)

Consider first that parallel trade is not allowed and the government in the North sets a price

PK,’PR and the government in the South sets a reimbursement limit rg’PR. The firm’s profit is
given as
PR PR PR ,PR\ x,PR
= an (PYT) PR 4 as (") 00 (11)

Under no parallel trade, pricing and regulatory decisions are independent. Therefore, the
price for the North is the same as in the equilibrium @P or PP, the price for the South is the
same as in the equilibrium @R or RR. In the North, the government sets PK,’PR* = 0. In the

R _ 14rs(1—7v5)22
= 2

South, the firm sets the drug price pg’P and the government in the South sets

rgft = 0.

4.3.2 Parallel Trade and Price Cap in the North, Reimbursement Limit in the
South (PR)

Consider now that parallel trade is allowed and the government in the North sets a price cap
P]{;R and the government in the South sets a reimbursement limit rgR. The firm’s profit is

given as

e = an (PT) PYE + g5 (p§7) p§ ™ (12)

The price cap in the North is PH%, the (freely set) drug price in the South is pLt. In this

case, a binding price cap in the North is lower than the drug price in the South and parallel

22Binding reimbursement limits imply rs < g = ﬁ
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trade does not occur. If P]{?R > pISDR, the price cap in the North would not be binding and the
drug price in the South is the global price.

. 1+rER(1—
In the South, the firm sets the drug price pISDR = M

. The firm always sells to the
South, ie., APE = Fﬁ}s — W?VP > 0. Selling in the South does not imply accepting a lower
price for sales also in the North, as parallel trade does not take place. In the North, welfare
decreases in the price cap and therefore the government sets a price cap of P]f;R* = 0. In the
South, welfare decreases in the reimbursement limit and thus the government sets TISDR’P* = 0.

Parallel trade does not affect regulatory decisions in both countries.

4.3.3 No Parallel Trade, Reimbursement Limit in the North, Price Cap in the
South (RP)

Consider that parallel trade is not allowed and the government in the North sets a reimbursement
limit rf\,’RP and the government in the South sets a price cap Pg’RP. The firm’s profit is given

as

W?\}ZR — an (p;n\}RP> P]a\ﬂ[,RP ¥ gs <P§,3P> Pg,RP‘ (13)

Under no parallel trade, pricing and regulatory decisions are independent. Therefore, the
price for the North is the same as in the equilibrium @R or RR; the price for the South

is the same as in the equilibrium 9P or PP. In the North, the firm sets the drug price

z,RP 1 .
p?\}RP = M% and the government sets rf\;RP* = rn. In the South, the government
sets the price cap P;”RP* =0.

4.3.4 Parallel Trade and Reimbursement Limit in the North, Price Cap in the
South (RP)

Consider that parallel trade is allowed and the government in the North sets a reimbursement

limit r]}\%,P and the government in the South sets a price cap ng . The firm’s profit is given as

s = av (P7) P& + qs (PST) PST. (19)

)

The price cap in the South is the global price cap. This implies that the drug price in the

North is PSBP 24 The firm sells to the South if the profit from selling to both countries at a

23Binding reimbursement limits imply ry < 7y = ﬁ

4 A binding reimbursement limit implies ry < r&F = PEP.
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uniform price is at least as high as the profit from selling to only the North at the drug price
pﬁp (and not selling to the South), i.e., ARF = W]}\%,fg — WfVP > 0. In the North, welfare increases

in the reimbursement limit. Therefore, the government sets the highest possible binding reim-

bursement limit, T:]C\}RP* = rf\,’gRP. The government in the South maximizes W&F subject to

ARP — Wﬁ% — WfVP > 0, i.e., the firm selling to the South. Given that the government in the
South would prefer a price cap of zero, but the firm would not export to the South at a very
low price cap, the government in South sets ng * > 0, which is the lowest price cap compatible
with the firm selling in the South. Parallel trade prevents the government in the South from
setting a very low price cap. As in the equilibrium @ P, parallel trade prevents the government
in the South from setting a very low price cap.

Proposition 3 summarizes the effect of parallel trade on the level of regulation for asymmetric

equilibria with a price cap in one country and a reimbursement limit in the other country.

Proposition 3 i) If the government in the North sets a price cap and the government in the
South sets a reimbursement limit, parallel trade does not affect the level of regulation in either
country. i) If the government in the North sets a reimbursement limit and the government
in the South sets a price cap, parallel trade increases the level of regulation in the North and

decreases the level of requlation in the South.

Table 1 summarizes all regulatory choices under no parallel trade and parallel trade.

North, South | @ | P R
T, DR
g =0
©,0 Px —
i PP — r@f = 0if p<p?R
@ Px p<pl i
PS >0 & Re —
g > 0if p>p?k
- p>p?
P P]:ff,PP*: 07 PSm,PP*: 0 Pjﬂ\ﬁf, *_ 0, TE'R*: 0
PPx_ PPx__ PRx*_ PR,Px_
Py —O,PS =0 Py =0, rg =0
z,RR* z,JRR x,RRx 0
z,RPx —~ z,RPx* N N 8 N e
r =T P ’ = RRx P RRx U 3 RR
R N N, Pg 0 r \K 7n >0, rf ‘H<“RR—01f/J <
z,RP*x__z,@RP pRPx RR RR . Ny
v =Ty, PgTT>0 PR o mm > 0.8 > 0 > phR

Table 1: Equilibrium regulatory choices

I can now characterize the complete effect of parallel trade on regulation for price caps and
reimbursement limits: Under price caps, parallel trade has no effect on the level of regulation
in the North and decreases the level of regulation in the South if either the North does not

regulate or if the North sets a reimbursement limit. If the North also sets a price cap, parallel
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trade does not affect the level of regulation in the South, as the North’s preference for a low
price cap allows the South to also set a low price cap without risking to the firm not selling to
the South. Under reimbursement limits, parallel trade increases the level of regulation in the
North to counteract the effect of a lower drug price on expenditure and to further decrease the
drug price to increase welfare. Parallel trade decreases the level of regulation in the South if
countries are sufficiently different in terms of demand and if the North does not set a price cap.
Parallel trade does not affect the level of regulation in the South if countries are sufficiently
similar in terms of demand or if the North sets a price cap. The firm’s threat of not selling to the
South may not achieve a lower level of regulation if small differences in demand or the North’s
preference for a low price cap do not provide the firm with a profitable outside alternative when

selling only in the North.

5 Choice of Regulatory Instrument - First-stage Outcome

Consider now the choice of regulatory instruments in both countries.

5.1 No Parallel Trade

Under no parallel trade, the choice of the regulatory instrument in both countries is independent.
The choice of the regulatory instrument in the South affects welfare in the North via the firm’s
profit, but there is no strategic effect of the North’s choice of policy instrument on the policy
choice in the South or vice versa. In the South, welfare is the same, irrespective of the instrument
chosen by the North.

Both countries prefer price caps over reimbursement limits. In both countries, welfare de-
creases in the drug price. Price caps allow governments to set a drug price of zero, whereas
reimbursement limits with the free pricing always generate a higher drug price. In addition,
under price caps, governments may increase consumer surplus and decrease third-party payer
expenditure at the same time. Under reimbursement limits, however, there is a trade-off be-
tween increasing consumer surplus and decreasing expenditure: A decrease in the reimburse-
ment limit increases the copayment, thus decreasing third-party payer expenditure, but also

decreasing consumer surplus.
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5.2 Parallel Trade

Under parallel trade, the choices of the regulatory instrument are linked via the price. If the
South sets a price cap, the (lower) price cap translates directly to the drug price in the North.
If the South sets a reimbursement limit, the uniform price under parallel trade increases in the
reimbursement limit in the South.

The North chooses a price cap if the South set a reimbursement limit and the North chooses
a reimbursement limit if the South set a price cap. If the South sets a reimbursement limit, the
North chooses a price cap, as it generates a lower drug price and thus higher welfare in the North.
Compared to the equilibrium in which both countries choose reimbursement limits, welfare in
the North is higher as the drug price is lower, consumer surplus is higher, and third-party payer
expenditure is lower. If the South sets a price cap, the North sets a reimbursement limit to
enforce a higher price cap in the South. The North accepts a higher drug price and thus lower
consumer surplus and higher third-party payer reimbursement at the benefit of boosting the
firm’s profit. Compared to the equilibrium in which both countries choose price caps, welfare
in the North is higher as the firm’s profit is higher as the drug price in the South is higher,
although consumer surplus is lower and third-party payer expenditure is higher.

The South always prefers price caps over reimbursement limits, irrespective of the policy
choice in the North. Welfare decreases in the drug price and price caps allow the government
in the South to achieve a lower drug price as compared to a reimbursement limit.

In the resulting equilibrium, the North sets a reimbursement limit, while the South sets a
price cap. In this equilibrium, the South sets a price cap higher than zero that is compatible
with the firm exporting to the South. This price cap also applies in the North, where the
government sets a reimbursement limit equal to the price cap.

Parallel trade diversifies regulation in the sense that it results in different instruments being
applied in the two countries. Compared to the equilibrium under no parallel trade, where both
countries set price caps of zero, parallel trade relaxes regulation. This suggests that the potential
of parallel trade to relax regulation also holds under endogenous health policy choice.

Proposition 2 summarizes the choice of regulatory instruments.

Proposition 4 Under no parallel trade, both the North and the South choose price caps in
equilibrium. Under parallel trade, the North chooses a reimbursement limit, and the South

chooses a price cap in equilibrium.
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6 Discussion

6.1 Country Differences

The countries North and South differ in two respects. Demand in the North is higher than
in the South and the firm’s profits are considered only in the social welfare function of the
North. The demand assumption drives the magnitude of the effects. The profit assumption is
crucial for the effect of parallel trade on the level of regulation under price caps compared to
reimbursement limits.

If the firm were a multinational enterprise located in a third country or if the government
did not take the firm’s profit into account, regulatory preferences in the North would change. In
this case, the North would only care about consumer surplus and third-party payer expenditure,
just like the South. Then the case of reimbursement limits in both countries would be similar to
the case of price caps: The North would prefer a high level of regulation, i.e., a reimbursement
limit of zero. For reimbursement limits in both countries, parallel trade had no effect on the level
of regulation. Under endogenous regulatory instrument choice, the North would then choose a
price cap (of zero), and parallel trade would not affect the choice of regulatory instruments in
both countries.

If the government in the North considered only a part of the profits in the social welfare
function, e.g., local profits of a multinational firm, results would be qualitatively the same as
in the main part of the paper.

The profit assumption in the paper could also reflect the fact that the government in the
North takes into account that the firm must be able to fund and should have the ability to
develop new drugs while the government in the South behaves mypoic (or free rides).

Differences in demand drive the magnitude of the effect of parallel trade. The price dif-
ference, and, therefore, the threat of non-supply, increase in p. A higher demand difference

aggravates the effect of a threat of non-supply on regulatory decisions.

6.2 Governments Objectives

Governments might give more weight to minimizing third-party payer expenditure than max-
imizing welfare. In this case, the South would have a similar preference for strict regulation
under both instruents, as a low price cap and a low reimbursement limit decrease third-party

payer expenditure. The North, however, would prefer a low price cap but would also choose a
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low reimbursement limit if minimizing third-party payer expenditure was more important. In
this case, the effect of parallel trade on regulation under reimbursement limits would be similar
than the effect under price caps, a preference for a high level of regulation in the North would
eliminate the firm’s threat of non-supply to the South. This allows the South to pursue strict
regulation without risking the non-supply.

Without parallel trade, both governments would prefer strict price caps. This could raise
the question of why governments are then interested in parallel trade at all. The model suggests
that under certain conditions, parallel trade results in welfare gains. In the European Union,
however, parallel trade is based on Articles 34 and 35 of the Treaty on the Functioning of the
European Union (TFEU) and the related decisions of the European Court of Justice. From the
perspective of an individual member state, it is not open for disposition.

The model is static. Both governments take drug development as a given. In particular, they
do not consider the impact of regulation on drug development. Since new drug development
is a long-term process, this could be explained by the myopia of governments. Of course, it is
conceivable that governments also consider the long-term dynamic effects (see, e.g., Grossman
& Lai, 2006). This factor weakens the preference for low prices in both countries. However, the

tradeoff between short- and long-term effects is beyond the model and is left for future research.

6.3 Cooperative Governments

Governments might also cooperate in choosing the level of regulation or setting regulatory
instruments. Under price caps, both countries choose a price cap of zero, but a higher price cap
in the South would increase welfare in the North (via the firm’s profit). Under cooperation (and
a potential side payment) the South could potentially be motivated to increase its price cap,
thereby reducing consumer surplus and increasing third-party payer expenditure, while welfare
in the North would increase due to an increase in the firm’s profit. Under reimbursement limits,
cooperation would relax regulation in both countries. This would increase the drug price and
reduce the quantity demanded, thereby reducing consumer surplus, reducing third-party payer

expenditure, and increasing the firm’s profit.

6.4 Direction and Volume of Parallel Imports

The model assumes that pricing interdependence under parallel trade induces the manufacturer

to set a uniform price under parallel trade. This assumption can also be found in Pecorino
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(2002), Valletti (2006), Roy & Saggi (2012), and Bennato & Valletti (2014). Empirical evidence
on whether parallel trade erodes price differences, however, is ambiguous. Competition from
parallel trade may affect only a part of the market in the North, e.g., because some consumers
associate a lower quality with the parallel import due to differences in appearance and packaging
(Maskus, 2000) or because manufacturers try to restrict parallel trade by differentiating products
across countries (Kyle, 2011). In this case, only a part of the market in the North would be
affected by parallel trade and the firm could set a different (and higher) price for the part of
the market that is isolated from parallel trade. Results from the model would qualitatively be
similar but weaker. For example, for a significant difference in demand between the North and
the South, it would be optimal for the firm to sell to the North only and not export to the
South in order to retain a high price in the North and to avoid the spillover of the lower price
in the South to part of the market in the North.

The model only considers parallel trade from the South to the North. If the drug price in
the North is lower than the drug price in the South, parallel trade transmits the lower price
in the North to the South. Two cases can be distinguished: If both countries set price caps,
both prices are zero, so parallel trade has no effect. If the North sets a price cap and the South
applies a reimbursement limit, parallel trade has no effect on the price in the North but results
in a lower price in the South. The main results of this paper holds in this case.

If the firm does not export to the South, parallel trade from the North to the South could
make the drug available in the South. However, this undermines the firm’s decision not to
export to the South if the price in the South is too low. This mechanism weakens the threat of
the drug being unavailable in the South and allows the government in the South to set higher
prices. However, parallel imports typically take place if a locally sourced version of a drug is

available.

7 Conclusion

In this paper, I have studied the effect of parallel trade on pharmaceutical regulation in a North-
South framework. An innovative firm located in the North can sell its drug only in the North
or in both countries. Governments may set price caps or may limit reimbursement for the drug.

Parallel trade may relax regulation in the source country under both regulatory instru-

ments: Under price caps, it only decreases the level of regulation if the destination country
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does not set a price cap. Under reimbursement limits, it only does so if both countries are
sufficiently different with respect to demand and if the destination country does not set a price
cap. The manufacturer’s threat of not supplying the source country of parallel imports requires
a profitable alternative, i.e., the loss in profit from not selling in the source country has to be
compensated by selling at a higher price in the destination country.

Parallel trade may intensify regulation in the destination country but only under reimburse-
ment limits. Under price caps, the destination country prefers a high level of regulation, i.e.,
a price cap of zero, as it increases consumer surplus and decreases third-party payer expendi-
ture. Under reimbursement limits, the destination country prefers a low level of regulation, i.e.,
reimbursement of the full drug price, as a decrease in the reimbursement limit would decrease
third-party payer expenditure, but also consumer surplus. 2> In response to the increase in
third-party payer expenditure due to the lower drug price under parallel trade, the government
in the destination country decreases the reimbursement limit. By relaxing regulation in the
source country and/or intensifying regulation in the destination country, parallel trade results
in regulatory convergence. This implies, that for given regulatory instruments, parallel trade
may be a substitute for policy harmonization in some cases, e.g., if both countries set reimburse-
ment limits, but not in others, e.g., if both countries set price caps. Whether parallel trade may
replace policy harmonization depends on whether the firm has a profitable outside option when
not selling in the South, i.e., the regulatory choice in the destination country or on differences
in demand between countries.

Parallel trade may change regulatory preferences: Under no parallel trade, both the North
and the South prefer price caps over reimbursement limits. Welfare in both countries decreases
in the drug price. Price caps allow governments to set a drug price of zero, while free pricing
under reimbursement limits yields a higher drug price. Under parallel trade, the South sets a
price cap, as it allows attaining a lower drug price. The North applies a reimbursement limit,
as it allows the North to enforce a higher price cap in the South. The North accepts a higher
drug price and thus lower consumer surplus and higher third-party payer reimbursement at the
benefit of boosting the firm’s profit. The reimbursement limit in the North allows enforcing a
higher drug price in the South than under price caps. This result complements the result in
the previous literature on the effect of parallel trade on regulation, namely that governments

in source countries may refrain form strict regulation if they take into account the impact of

Z5Under both instruments, a high level or regulation decreases the firm’s profit.
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regulatory decisions on the firm’s decision to supply the respective country. For endogenous
health policy choice, both source and destination countries of parallel imports choose less strict
regulation with higher drug prices. This result also implies that the ability of parallel trade to
replace policy harmonization is no longer dependent on differences in demand between countries.
Moreover, this effect seems not to be brought about by the firm’s profit maximization but is
also in the interest of the welfare-maximizing government in the destination country.

Under endogenous health policy choice, parallel trade results in a lower level of regulation
and higher drug prices. Compared to the equilibrium without parallel trade, in which both
countries set price caps of zero, drug prices under parallel trade are higher. This also worsens
access in both the source and destination country.

The firm’s decision not to sell to the South and thus both the effect of parallel trade on
the level regulation in the South and the effect of parallel trade on the choice of regulatory
instrument in the North are driven by the decrease of the firm’s profit. The lower profit of
the firm may also induce a dynamic consequence if lower profits translate to less investment in

innovation. This is left for further research.
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Appendix

A.1 The Effect of Parallel Trade on the Export Decision

No Parallel Trade

Under no parallel trade, the firm’s profit is 7% 5 = i (b —vn0¥) PN + (1 — v5P%) PE.
The equilibrium price in N is p% = ﬁ; the equilibrium price in S is p§ = ﬁ The price in N is higher than
the price in S if p is sufficiently high or v is sufficiently low

T T 7 — . ~ _ Tz ™ . . T _ —+
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Parallel Trade
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s Compared to the prices under no parallel trade, the uniform

The equilibrium uniform price is pys =

price under parallel is lower than the price in N if u is sufficiently high (pnvs — pv = —% < 0,if

w> ﬂ;) and the uniform price under parallel is higher than the price in S if p is sufficiently high

(pNs —ps = % > 0if > fi,). The equilibrium profit is nﬁ?:g = m
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A.2 Choice of Regulation Level - Second-stage Outcome

Price Caps in Both Countries (PP) or the South only (P)

No Parallel Trade (@P, PP)

Under no parallel trade and a price cap the South only (& P), the firm’s profit is

z, @ P __ x, P x,d P x,2 P x,2 P
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Welfare in N is W27 = & 4+ 4 ppo” (1-7sPE°") - “;M =% P2P (1-73P5°F).
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xz,0 P
CSN 7z, 9 P ET.2 P
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Under no parallel trade and price caps in both countries (PP), the firm’s profit is
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Compared to parallel trade and no regulation, i) welfare in NV is lower for p < /;‘57% =3v7N (W]%R (rg R

u<uR) a

Wn = 2N oy n) () (i 2y i) 0) and ii) welfare in N is lower for pu > /ﬁ and if p is a sufficiently

2(vn+1v8)? (ntvn)?
low (W]%,R (r§*|#>;§) — Wn

n(4/ %+ n (v +i79)2 —20P 7 E — Py Ny s (s — vy s) F2urk (“2y v — 4y s YNy s +3) Frk (=37 )
8y N (YN +179) 2 (bt N)

where ,u/v;]%/za is the solution to fW]%R(/J//‘/;]%/R) =43 Fuyn (Vn + 1vs)? — 20373 — 12y nvs (A4 475 — YaYs)

< 0if p < fyo r,
N

12073 (—27n — 475 + YaYs +3) + 7% (4 — 3yy) = 0). Welfare in S is higher
SR (.0 Rx ) _ _ N9 @ut3yN —vNTs) oR (o Rx )
(W (TS ’u<uQ’R) Ws = 2(yn+rv5) 2 (Bt N)? >0, Wy (TS ‘u>u‘2’R) Ws
B 4\/7?\,+AWN(3u+4WN)(“/N+uvs)2—3M4W25—2M3wwws(10~/s+3)+u2w?\z(5—48“75—lﬁwg)—8uw?\r(5~/s+2)—20ﬁ\,
o 8yn (YN +rYs) (kT N)

> 0).

Parallel Trade and Reimbursement Limits in N and S (RR)

Under parallel trade and reimbursement limits in both countries, the firm’s profit is

Rl = 3 (= G+ (G — ) R + (1= (ror ™ + (88 - ™) phE.

2ptpurERA—vg)+r P A—vn) .y RR
50 D) , with py - —7rn >0,

The equilibrium uniform price is pRE =

. —h 24rBR(1- . 5 RE(1_ N .
if rv < rRE = w248 1-s)) and p§® —rg >0, if rs < rBER = 2utrN (A=7N) - The equilibrium profit is

yn+2p+1 N Htpys+2
RR __ (2H+T§R(1*’YN)+#T?R(1*"/5))
TN,5 = Tu(utD) :
The firm exports to S if u is sufficiently low or r§% is sufficiently high
2prBR (1 4urBR(1— 2_ +1 + @, RR () _ 2 . /\ ) -
(ARE = nRE _ 70RE = (@R Ay )+ §T 4;’5321) A (utry T A-N) 0, if 4 < finrr, With Iarr as

. _— 2 2
the solution to f—, (ianr) = 2u+rREQ —yp) +wrE (1 —7g) = (u+ 1) (+ 7R (1 —vn3)
(VEFI( R MR =y ) +0) —r RE (=) —20) @, RR% _

N =75 N ). For r = 1+li/N’ the

,RR . o —
ARR = gBR — p% B > 0, if r§R > Tg ARR =

critical size of y is ftarr (rﬁ;RR*) as the solution to

2
Ficin (Bann, ) = 2+ 78R (1= yy) + R (1= 75)" = (n+1) (u+ M) = 0, and the critical

I+vn
L RR
) [ arRe) . VAR R (- n)—20)
reimbursement limit rg Arr iS Tg ARR (TN = =~ ).
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2
(2 + R (L= yn) Cu+ 1) — pr§™ (1= vg))

Welfare in N is WEE = +
N 8u(n+1)°
CSRE
2
(204 7R (L= ) + B (1= 99) 7B (L= ) (202 4 788 (1= ) u+ 1) — ar B (1= 5)
4p(p+1) 2u (p+1)
nRR ERR
_ 4n?(2u?42) 4 BR Ly ) (042) = (rRR) ? (1—y )2 (Bu4n? 4+1) #4102 r E R (1= g) (ut2)+42 (rE7)? (1=79) (2u43) + 20y r P (1—75) 1=y ) (2u+3)
o 8u(u+1)2 )
2
eprr . 2N n) HrER (L= yg) (04 2))” rET (=) (2R (L= ) + 78T (L) (01 2))
Welfare in §'is W5 = 5 —
8(u+1) 2(u+1)
CSER EER
_ 4 )+ (rR)? ) 4 R (1 y6) — (rB ) (1 76) (u 4 2) Bt 2)+2ur B ER (1 y6) L7y )
- 8(ut1)? )
. RR (,.RR\ _  A+2p+rER(1—~5)(2u+3) _RR ( RRY _ 2—rRE(1—yn)
Best response functions are ry (rs ) =pu (gu+4lsu2+1)(ffvw) , TS (rN ) = fum.

Consider two cases: i) For p < puE  the welfare-maximizing reimbursement limit in N is

RRx 2p(p+2) RRx

T — = ——=BTE - and the welfare-maximizing reimbursement limit in S is r — = 0.

N |M<MRR (1—’YN)(6M+4M2+1) g S |H<HRR

ii) For p > pfE  the welfare-maximizing reimbursement limit in N is rf,R*| —n = U ”+1(2”+3)27<7N+12)<“+1)
w>p 2(1=9% ) (u+1)

_ VEFT(6p4ap® 1) — (u41) (4p+3) (YN +1)
- 2(p+1)2(1—v5)(vn+1)

RRx*

and the welfare-maximizing reimbursement limit in S is rg > 0.

u>uRR

pBR s the solution to
fn (HFR) = =161 = 164° (2 = 7y (v +2)) = 40 (1 = 107y (7 +2))
+31 (7 + 227y + 119%) + By +4) (3yy +2) =0.

Compared to no parallel trade and reimbursement limits in both countries, the reimbursement limit in NV is

; RRx| o, RRx __ m(4” (=7 n)+4u(1-27n)—3-57x)
higher (7 |H<MRR TN = (1-~2 ) (a2 6n+1) <0,
3=y N —VEFI(2u+3)+2p% (1—y §)+u(5-3 . T .
rﬁR*|u>H§R — rpRR = B AT ) 122 () a5 3 ) < 0). The reimbursement limit in S is the

2(p+1)2(1-7%)

RRx

same for p < ;ﬁﬁ and higher for p > /ﬁ (rs oRRx _ .

p<pir —Ts
sRe _ VEFL(6p+4p®+1) = (u4+1) (4p+3) (v N +1)

RR*
r — = > 0).
o ’;L>;LRR o 2(pt 1) (1-75) (y N +1) )

. “RR : . RR [, .RRx o RRx* Y\ _ 3u+2u?43 " “RR :
For i) pu < uBE welfare in N is Wy (’I‘N |M<#RR , TS |M<#RR) = Wit For ii) pu > puff welfare in N
: RR [, RRx RRx
is Wy TN } FR TS | —

w>p p>piR
_su(2yn vk +2)+u? (227 pH 117 +31) 41208 (27 v R +3) +4p (29 v+ R +3) — 2V F Ty v+ 1) (4u? +6p+1)
- 8(u+1)3(vn+1)2 :

For pu < /;ﬁ,

. . RR ( .RRx RRx _ _ (3p+1)? "RR : ;
welfare in S is W, (r — T — ) = —=F= _— For u> welfare in S is
S N |M<MRR’ S |u<“RR 2(6u+4u2+1)2 Ho=>
RR (, .RRx __ ,.RRx .
Ws (TN |u>uRR s |H>HRR>
_ 2V FT(yn+1) (12454284 1184+ 3) — (107 Ny +59% +6) =3 (147 v +T7R +11) —dp® (147 N +77R +17) —4ps® (67 +377 +13) 124
- 8(p+1)3(vn+1)? ’

Compared to parallel trade and no regulation, welfare in N is lower for

: "RR RR ( .RR RR

1) p < pfft (Wy (TN e T8 *|M<‘;ﬁ) - Wy

_ u(2uyn (6=5v5=3vn)+27n (1=3vn) =1 (=8yn+4rR +57F))
27N +175)2 (412 +6p+1)

. RR RRx . RRx _ _ =
sufficiently low (Wy (TN |u>uRR , TS |‘L>#RR) Wn =

< 0). Welfare is lower for ii) u > ;;ER and if p is

QAW}@R
8(Yn+rvs)2 (n+1)3 (v

Qawpr = =2uv/n+ 1 (4p® + 60 +1) (v +1) (v + wys)” +81°7% + 81’y (27n +375)

+ut (=8vy — 49X + AN + 199% — VAVE + 48y Y5 — 27N E)

—z <0, if u < ,;Vj@; with

+ 1% (=24yy — 1298 + 1298 + 29% — Y% + 3877 — 29878 — 1 Rrs — 278 s)
+ Py (P17 + dys — 298 + 1R — dynrs — 2987 — 24) + s (<107 — 293 + 37} — 8), where fiypan
is the solution to fy, rr (/L/V—V\sza/a) = Qawpr = 0). Welfare in S is higher for

—_ Q
< (w5

’ - TRR*’ . ) — Ws = AWEE 1
p<pBRR TS pu<pBR 2(7N+Wys)2(4u2+6,u+1)

2>07
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with Quywrr ;= 32077y (1= 7s)+u" (967y — 1693 + 978 — 967y7ys) =20 (—4dyy + 247} — 375 + 357y 7s)
+1% (24yy — 359 + 7% — 12757s) — 2py7y (Byn — 1)), welfare in S is higher for ii) p > ;:ﬁ and if p is suffi-
, ) W =

QAW§R,2
u>upRR

|u>ﬁh ’ T8O Nt s) (D3 (N D)

with Quzr o = 2+ 1 (v +1) (7 + i7s)” (1264 +282° + 181+ 3)

—12M6’Y25 - 4M5’Ys 67y + 1375 +3vn7s (Vv +2))

—4p* (1778 — v (Y + 2% +2) +7n7s (167y + 1475 + 893 + Tynrs +28))

—1® (337% + 8vn (Yw + 78 + 293 — 3) + Ynrs (1607 + 4275 + 80v% + 21yy 75 + 160))

—1® (Byn (4vw + 7% +57% — 3) + 6% + Ynvs (1327 + 1075 4 667X + 5yyys +90))

—pyn (Y (B8vy + 3373 +29) + 2075 + 18yy7s (Y +2) — 8) — v (18yy + 973 + 10), where ;Tv;g/n is the

ciently high (WE&E (TﬁR* T?R*| 7 >0,

solution to fy, rr (/,L/‘/—V\;?,/R) =Qawnr, = 0).

"Asymmetric" Equilibria

No Parallel Trade, Price Cap in the North, Reimbursement Limit in the South
(z, PR)
Under no parallel trade, a price cap in the North and a reimbursement limit in the South, the firm’s profit is

z,PR _ _x,PR __ z,PR x,PR z,PR z,PR
™,s = TN,S _qN(PN )PN +qS(Ps )Ps .

Tm,PR —~—
S

The equilibrium price in S is pg’PR = H—f(l—ws% with pg’PR - T;’PR >0, if Tg’PR < T?’PR = 7514_1.
Welfare in N is Wy"*#
2 2
z,PR z,PR _
_ (,u ~ Py ) + 1 (N —y Pz,PR) pePR | (1 tTs (1 75)) —(1—~ )1 (H N Pz,PR) poPR
2% 0 NN N 1 N NN N
os%PR <z, PR B2 PR
1 € i N €S e R CEe D)
= 24 + 1 .

The welfare maximizing price cap in N is Py B — .

2
(1+r§"PR (1 —’ys)) rs (1 —r~g) (1+T§’PR (1 —'ys)) Jo PR _g@ PRy
Welfare in S is W;’PR = : — 5 _ (+rgmta ‘VS))gl 3rg” (1 Ws))_

z,PR z,PR
cse B%

The welfare maximizing rembursement limit in S is 7§’ R = .

For the welfare-maximizing price cap in N and the welfare-maximizing reimbursement limit in S, welfare in N

. z,PR x,PR*x _x,PR+\ __ 1 1 . . z,PR z, PR+ _x,PRx\ __ 1
is Wy (PN T ) = s+ g, welfare in S is Wy (PN T ) =3

Parallel Trade and Price Cap in the North, Reimbursement Limit in the South
(PR)

Under parallel trade, a price cap in the North and a reimbursement limit in the South, the firm’s profit is

T8 = 3 (= PEPT) PR 4 (1= (qsr 7+ (05" - rER))) 7.

s Lo . 14rER(1— . .
The equilibrium price in S is p5® = M, with p5 T —rEB >0, if rLF < rLB = 751+1.

The firm’s profit is Wﬁ% = % (,u — WNP,I\?R) PJI\?R + (1 — (VsrgR +P§R - TISDR)) pgR-
The firm exports to S (AT = ﬂ'ﬁ%*ﬂ'?\z}% = % (u - 'YNPJI\:;R) PiR+1L (r§R (I—vg)+ 1)2*5 (H - ’VNP]?PR) PJQ\C/PR)-

1
(v —yw PE™)” (L4757 (1 —ns)”
2p

4
PR PR PR
csk r EN

_ 2=k (PER)? | (14rER(1—9s))?
= 20 + 1 .

Welfare in N is WEE = +% (u—prﬁR) PER —(1—y) % (unyPﬁR) PER
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The welfare maximizing price cap in N is P§** = 0.

PR 2 PR PR
Welfare in S is WéDR _ (1 +rs (1— 'VS)) _Ts (1—15s) (1 +rs” (11— 'VS)) _ (1+T§R(1*’Ys))(1*3T§R(1*’Ys)).

8 2 8
PR PR
csE EE
The welfare maximizing reimbursement limit in S is 75 * = 0.

For the welfare-maximizing price cap in N and the welfare-maximizing reimbursement limit in S, welfare in N

is WER(PYR, rg™) = 255 welfare in S is WEH(PLR,rER) = L.

No Parallel Trade, Reimbursement Limit in the North, Price Cap in the South
(RP)

Under no parallel trade, a reimbursement limit in the North and a price cap in the South, the firm’s profit is

z,PR __ z,RP z,RP z,RP x,RP
TN,s *qN<pN )PN +qs(PS )Ps :
o RP —
N .. ..z, RP _ ptry (I-vpn) . z,RP z,RP .c x,RP z,RP _  pu
The equilibrium price in N is py~ = —2——"=, with py™" —ry™" >0,if ry™ <ry™ = TaFT

Welfare in N is WIG\E,’RP

2 2
(b5 =) (n+r"™ (=) R (=) (T (=)

= ™ + m + (1= s PE"0) PR o
csu P =% BP B RP
_ 3u2+2ur§;RP(1fw\ér(r%RP)2(1771\;)2 n (1 —75P§’RP> piP,
The welfare-maximizing reimbursement limit in NV is Tf\,‘RP* = r/f\;\é; = 1+/’:/N.
(1 - ’YSP?RP)2 1o pERPY(1_p®RP o
Welfare in S is Wg’RP:f—(l_fys) (1—’YSP§’RP) pg»RP: (1=rsPg )(2 s ( ’Ys)).
CS?RP Eg,RP

The welfare-maximizing price cap in S is Pg™ " = 0.
For the welfare-maximizing reimbursement limit in N and the welfare-maximizing price cap in S, welfare in N
. z,RP z,RPx* z,RP*x\ _ p(2yny+1) . . z,RP z,RPx* z,RPx\ __ 1
is Wy (’f’N , Pg ) = N welfare in S is Wy TN , Pg = 3.

2(yn+1)27 2

Parallel Trade and Reimbursement Limit in the North, Price Cap in the South
(RP)
Under parallel trade, a reimbursement limit in the North and a price cap in the South, the firm’s profit is

s = 5 (0= (yrN” + (PS7 = 187))) P74 (1= (75P5")) P&

The equilibrium profit is Wﬁﬁg = i (,u - (’YNT]]\%/'P + (ng — rffp))) PEP 4 (1 — (’yngp)) PEP,

The firm exports to S if P& is sufficiently high

x, 2
(ARP = pBF 73R = L (4 — (yyrBF 4 (PRP — pBP))) PEF 1 (1 — (ygPEF)) piF - Ltk 0zm) o o

© 4p
e DRP — DRP _ TR 42u—rRE vy —/(rBP) 1=y )2 4rBP u(y n — D) =12 (s —3)+r 5 T (v — 1) (20t BT =y n i ) (ur s +1)
if PP > PRP = TP )-
— TRP+2H*7'RP'YN*\/(7'RP)2(I*WN)274TRPM('YN71)+4ﬁM2 (v} +2vN—nrvs)

z,RP% __ " s s . rRP N N N N (vN+1) N s

For ry = 1+in , the critical price cap is Pg*" = ) T N
PRP _, _ JRP (1 _
Welfare in N is WP = ( 5 K 2N ( ’YN)) +
1
CSRP
1 RP RP __RP PP RP RP 1 RP RP __RP RP
;(M—(’YNTN +(Ps - TN )))PS + Ps (1—’YSPS )—(1—”YN);<M—<’YN7“N +(Ps - TN )))TN
<RP BRP

12— (rBP)? 1=y n)242PEP (utrBP (1—yn)) — (PET)? (2pvs+1)
2n :
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(1- 'YSPé{P)Z RrP\ pRP _ (1-vsPEY)(1-PFF (2—vs))
WelfareinSiswgpzi—(l_fys)(l_,ysps )Ps — sPs S s))

2

2

RP
CSg

RP
Eg

The best response function is ry’ (P&") = P&”.

RPx

The welfare-maximizing reimbursement limit in N is ry * =

p(A+vN)—py/INA+yN)—pys+l

mizing price cap in S is PET* =

Welfare in N is WHF (rﬁp*, 5’”*)

wYs+trYNYs+YN (A+TN)

p(t+yn)—my/AnA+yN)—pys+l

. The welfare maxi-

wYs+trYNYs+Y N (A+TN)

_2p/1H N A+ n) —prs On D (rs = N A=Y D+ v By N +75 =R +2) +02vs (VR @Y N +3)+3uvs Hur N vs (Fv +2)—2)

Welfare in S is W (r§7*, P&")

2(vN+D2( N +urs)?

_ Pyvs(aw R 1) @—ys) —2uvn (v D2 (1—vg) Hrk (rn+ D2 =6 E 2—vs)+20/T-py sty v (N FD (v + D) (Vv — ey s )

2(yN+D)Z( N Frvs)?

A.3. Choice of Regulatory Instruments

No Parallel Trade

For a price cap in S, welfare in N is higher under a price cap

(W]a\v]P (P]a\c]P*’PgP*) _ W]a\cfP (T:CNR*7P§P*) _

in N is higher under a price cap (W% (

pyn (v +2)+2(1-7%)

2(yy+1)?

> 0). For a reimbursement limit in S, welfare

2
PK[P*7T;TS;R*) _ WK]R (T?VR*,TEVR*) — HYN - > O)

2(yn+1)

Independent of the instrument in N, welfare in .S is higher under a price cap

(WEP (,Ps =0) = W§ (.15 =0) = 22720 > 0),

Parallel Trade

N,S Price cap

Reimbursement Limit

Price cap wEP wEr

PR 1i7PR
Wy, Wg

Reimbursement Limit | WET, WEP

RR 1i7RR
Wy, Wg

1) For price cap in S, welfare in N is higher under a reimbursement limit

QPP RP
_ WN —WN
2(vN+uvs)2 (N +1)2?

(W W =

with Qupr_yre =20y +7% — 175 + 107y + 1) (=7n +9% + 1) + 7wk (278 — 78 — 27 +2)
=2p%ys (1= wys) — moynvs (v +2), WP = WY <0).

2. 1) For u < ;ﬁ: For reimbursement limit in S, welfare in N is higher under a price cap

QPR RR
whE-whE 1

WPER _ WRR _
(Wi N 4y N +uvs)? (4n2+6u+1

>0,
)

with QWEwaﬁR,l = 8N572s + 16!‘475 (Yn +7s) + 2u° (871\7 - ’Yg + 16’YN"/S)

+1? (247N + 4% + 7% — 4rnvs) — 2u7n (27N —vs — 2) + T

WEE - wiH > 0).

ii) For pu > ;TR-}%: For reimbursement limit in S, welfare in NV is higher under a price cap

QPR RR
whR_whR o

(W™ - Wi =

8(vn+uvs)Z(u+1)3(vn+1)2 >0

Qupr_wano = 2u/E+ 1 (20 +3) (4u+3) (vy +1) (v + p75)?
—8u (VT L) (yw + 1) (1 +2) (vn + mys)” + 4% (27 +7% — 1)
+21°ys (47w (2 +9% — 1) =575 + TYnrs 2 +7n))
1t (8vn (v +9% + 1) =%+ vnrs (567w + 3875 + 287% + 197575 — 20))

+1° 27y (13yy + 1493 + 7% +12) +87% + vyvs (T67y + 2275 + 3878 + 11yyvs — 2))
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+1° (v (357w + 3875 + 7% +24) + 272 4+ 2vn7vs (227N + 275 + 1173 +Yn7s +8))
+uvn (207 + 475 + 2297 + 7R+ 8vn s + Mr%ys +8) + 20k (v + 1),

WEE - WER > 0).

3. For a price cap in N, welfare in S is higher under a price cap (W&F — W& = % > 0).

4. 1) For p < ;ﬁ: For a reimbursement limit in N, welfare in S is higher under a price cap

(WEP - Wi =

Swpr-wpr
20y +irs)2 (v +1)2 (4p2+6p+1)°
: _ 2 2 2 2 2 2 2
with Qure_yrr ) = (42 +6u+ 1) 12y (vy + 7% +1) (2 —vs) — 207y (7 +1)2 (1 —vg) (4 +6p+ 1)

2 2
3 (v + )2 (42 + 6+ 1) — 1Py% (2 — ) (Ap° + 61+ 1)-Bu+1)* (vy + 1) (7 + p75)°
2
+2¢/1—pys+ 78 (On + D vy + 1) (v — wvs + uvd) (4 +6p+1)°,
W& — Wi > 0).

ii) For p > ;TR-R: For a reimbursement limit in IV, welfare in S is higher under a price cap
QP _w R 2

16(vN+rvs)2 (YN +1)Z (p+1)37

with Qupr_wrr s = 8(n+1)° p?ys (vy +9% +1) (2= 75) =16 (u +1)° pyy (v +1)* (1 = 7s)

+8(p+ 1)’ (v + 1) =8+ 1)° 1% (2= v5) + 2 (7w + 175)” (107 + 573 + 6)

+16 (u+1)° /1= pys + vy (I + D (yw + 1) (v — 1vs + 172)

—A(yn + mve) Vi F (220 + 3207 +120° + 3) (v + 1) + 160 (Vi T+ 1)° (7n + p75)” (vw +1)

+61 (v + 1vs)? (yy + 773 +11) 4+ 240 (7 + 175)*

+81% (Y + 175)” (47w + Tv% +17) +84% (v + 175)? (67n + 373 +13).-

W& —wit > 0).

(W5 — W =
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