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NON-TECHNICAL SUMMARY

International coordination of national regulations is of particular importance to
the European Common Market. Currently, three alternative product standard
arrangements are prevalent within the EU. Full Harmonization, where uniform
standards are set for all member countries, is the goal of the directives on
harmonization of standards contained in the Commission’s white paper (1985).
In all other cases, as a rule, the Country-of-Origin principle (or principle of
Mutual Recognition) applies. This means that governments set standards for
their national industries only, while recognizing the adequacy of foreign
standards on imported products. National (destination-oriented) treatment of
product standards is permitted under certain circumstances as an exception to
this rule.

Support for the harmonization of standards, such as minimum standards
concerning product quality., safety, or environmental protection, varies
considerably within the EU, however. In part, this is based on the common
belief that these standards, when binding for less advanced national industries
but not for more advanced national industries, lead to increased market shares
for the latter. Therefore, some of the economically weaker members of the EU
fear economic disadvantage from harmonized standards. A similar reasoning
applies to destination-oriented standards, despite the fact that they allow for
national differences in the degree of regulation. Here, national standards might
be used to prevent market entry by less advanced foreign industries. In
contrast to these standard arrangements, the Country-of-Origin principle
allows national regulation only for domestically manufactured products. But in
this case, the more advanced national industries might be afraid that higher
standards imposed on them by their own governments will put them at a
disadvantage. On the other hand, all consumers may benefit from increased
product gualities caused by standards.

This paper presents a comparison of the effects of the three alternative
standard-setting arrangements on national welfare, industry profits and
consumers’ welfare using a two-country mode! of imperfect competition. The
model includes restricting assumptions to capture stylized facts about the EU.
The analysis captures some of the most important aspects of European
markets. National industries bear quality-dependent product development
costs, choose different quality levels, and compete by setting prices in two
segmented national markets, Trade takes place, since both industries are
present in both markets. Since increased differentiation in terms of quality
decreases competition between rival products, higher guality products will



coexist with lower gquality products, even if all firms were identical. In the
presence of technological differences, however, high-quality products will
normally be provided by national industries with low product development
costs, Without regulation, equilibrium qualities and prices will not be optimal
due to imperfect competition. In response to quality standards, qualities rise,
quality differentiation is reduced, and prices are adjusted for reductions in
quality. This tends to increase welfare while reducing industry profits.

Under either standard-setting alternative, standards can always be found that
increase welfare in both regions. The analysis above is therefore extended to
integrate the governments’ choice of a particular standard setting alternative
and the subsequent setting of standards into the model. Mutual Recognition
emerges as one regulatory alternative that always improves welfare in both
regions when compared to the case without regulation. Since the economically
disadvantaged region always prefers Mutual Recognition cver all available
alternatives and this is the default in the first stage of the game, this is also the
only possible equilibrium outcome of the game. Reported results with respect
to the other standard arrangements change with changes in relative costs, i.e.
technological country differences.

These resulis suggest that the Country-of-Origin Principle is the most
preferable alternative. There are two main reasons for this: first, it is the only
standard arrangement that unambiguously increases welfare in both regions
irrespective of technological country differences; and second, it never leads to
the exit of industries from national markets.



VERTICAL PRODUCT DIFFERENTIATION. QUALITY STANDARDS, AND INTERNATIONAL
TRADE POLICY!

1. Xntroduction

Questions about economic integration in the presence of market imperfections have gained new
importance with the advent of the European Common Market. This is exemplified by the ongoing cfforts to
implement the dircetives on harmonization of standards put forth in the EC Comrnission's (1985) White
paper.  However, support for the harmonization of standards, especially minimum standards concerning
product quality, safety, or ¢avironmental protection, varies considerably within the EC. On one hand, the
Association of German Chambers of Industry and Commerce [DIHT (1988)] stresses the importance of
harmonized standards for several arcas of industrial policy and recommends transitionary adjustment
measures. Not surprisingly, the German industry has traditionally favored uniform standards, whereas
other EC countries have opposed them. This is based on the common belief that these standards, when
binding for less advanced national industries but not for more advanced national industries, lead to
increased market share for the latter. On the other hand, some of the economically weaker members in the
EC would only agree to the Common Market program in exchange for massive subsidy promises.3 In fact,
the EC currently utilizes three alternative ways of handling standards. These arrangements are: Full
Harmonization, where uniform standards are set for all member countries: Mutual Recognition, where
governments set standards for their own industries and recognize the adequacy of each others” standards;
and National Treatment, where governments apply national standards to any product sold within their
country.* This gives rise to questions about the relative effects of different standard setting procedures and
in particular about the possibility to regulate standards in such a way that the economicaily weaker regions
do not take welfare losses. This paper will address some of these questions,

The medel to be developed below will represent some stylized facts about economic asymmetries
within the EC. More precisely, the EC will be divided into two regions, labeled core and periphery,
respectively. The core will be characterized by a larger market, higher per-capita income, lower cost of
producing or developing products of a certain level of quality, and the ability to generally produce products
of higher quality than the periphery. Industry structure will be duopolistic. Regional governments, as
members of an interregional council. cither unanimously choose one of three alternative standard setting
procedures or a default procedure takes effect,

Following, for example, Smith and Venables {1988) or Venables (1990), we can identify France,
Germany, Italv and Great Britain as the core, and the rest of the EC as periphery. Using this categorization,
the following can be said about core and periphery, respectively. Within the EC, the core accounts for
about 60% of total area, 70% of total population, and §0% of total Gross Domestic Product. Per-capita
income is on average approximately 60% higher in the core than in peripheral countries.® Core countries

! This paper is based on Chapter One of Lutz (1993).

2Some of these are food and drug laws, harmonization of technical standards, environmental protection standards,
consumer protection, product liability, reciprocal recognition of university degrees, general vocational trajning
policies, and harmonization of regulation of services such as insurance or telecommunication. DIHT identifies all these
areas as contributing to the potentially costly segmentation of the European regional market.

38ee, for example, Franzmeyer (1989), p. 313.

“Full Harmonization. the main goal until the late 1970s, will be constrained to essential safety and health requirements.
[n all other eases, Mutual Recognition of national standards applies. This approach was substantially furthered by
recent decisions of the European Court. [t has also been embraced in the Commission's White Paper. However, the
Single European Act provided a caveat to Mutual Recognition in Article 100A{4), which allows single governments t¢
apply National Treatment “... on grounds of major needs referred to in Article 36 ..." These major needs include,
among others. public morality and the proiection of commercial property.

¥These and the following stvlized facts can be verified using readily available data sources such as Basic Statistics of
the Community (EC-Commission), International Financial Statistics {IMF) and Statistics of Foreign Trade (OECD).
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account for over 75% of the EC’s total R&D expenditure, patents, and high-technology exports.6
Manufacturing accounts for approximately 70% of intra-EC trade and intra-EC trade accounts for about
60% of total EC trade. [ndustries providing products with medium to high technology content and
requiring high R&D efforts or investments within the EC are, for example, medical devices and specialties,
telecommunications, automated machines for data processing, office equipment, computers, and
automobiles. These industries largely exhibit oligopolistic structures, often, as in the case of automobiles,
operate in segmented national markets and, in some cases such as automobiles and computers, engage in
intensive price compctition.7 Furthermore, they are also tarpeted by the legislative directives on
harmonization of standards introduced in the EC Commission’s (1985) White Pa[:n:r.8

According to Nevin {1990, p. 32), the Council of Ministers of the European Communities is the *...
sole effective centre of power in the [EC’s administrative] system.™? The Council of Ministers consists of
representatives of the governments of the member states. Each government normally sends one of its
ministers. according to the subject to be discussed. The Coumcil ensures the coordination of the
Community's general economic policics and makes decisions necessary for carrying out the treaties. It
also makes the final decisions on all important issues. [ts main instruments used are regulations and
directives. Regulations become immediately effective in all affected member states whercas directives bind
affected member governments to adopt national legislation, Qualified majority voting is permitted in
certain policy areas, while unanimity is required in others. The voting allocations in the Coancil are such
that the core has 40 votes and the periphery has 36 votes. A qualified majority consists of 54 votes. In
addition, at least 8 countries must vote in favor of proposals not emanating from the Commission of the
European Communities. 10 The legislative directives on harmonization of standards introduced in the EC
Commission’s (1985) White Paper will eventually all be submitted to the Council for final decision. If we
assume that core countries and peripheral countries respectively represent homogenous interests, unanimous
decision making in the Council can be taken as a stylized fact deseribing decisions about standard setting on
the Community level. Based on Articles 100A and 30 of the EEC-Treaty and current rulings of the
European Court, Mutual Recognition of standards can be seen as the default ruling in the EC. The facts
presented above build the basis for the stylistic features of the model developed below.

In both the fields of industrial organization and of international trade, there are fairly farge bodies
of literature focusing on product quality. Some of this literature investigates the effects of minimum quality
standards {e.g.. Leland (1979). Shapiro (1983), Besanko/Donnenfeld/White (1988). Das/Donnenfeld (1989),
Ronnen (1991), Copeland (1992)]. But to my knowledge, the existing literature does not yet cover the
analytical treatment of simultanecus standard-setting by governments when two-way trade occurs.
However, this is a prerequisite to discussing the problems raised above. The basic features of models of
quality differentiation with monopolistic competition have been well known for some time. Gabszewicz
and Thisse (1979) developed a framework for quality preferences where consumers with identical tastes but
different income levels demand different quality levels. They analyzed the Coumot-duopoly equilibrium
and showed its dependence on the income distribution and quality parameters. Shaked and Sutton (1982)
showed that in the case of duopolists that first choose quality and then compete in price. the equilibrium
will include both firms entering with distinct quality levels enjoying positive profits, iLe.. they demonstrated
how quatity differences relax price competition. Ronnen (19%1) uses Shaked and Sutton’s framework to
demoenstrate cases where quality standards improve welfare. He concludes that there exists a binding
minimum quality standard such that all consumers arc weakly better off, both firms have positive profits,

5This is reported in Papagni (1992).

7Sce. for example. Clement (1989) and Ceechini (1988).

3COM (85), 310 final. If the White Paper describes the planned changes in Community regulation, then the resulting
gains, from the view of the Commission, are most comprehensively described in the Ceeckini (1988) Report.

Nevin takes this citation from the Vedel Report of 1972 and elaborates that *.., this remains an accurate summary of
the realities of the situation.”

105¢e, for example, Sbragia {1992, p. 293) and Nevin {1990, p. 34).
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and total welfare is increased. However, since there is only one market, there is no scope for strategic
government interaction in this model. Similarly, other literature Jacks either the element of strategic
government interaction or the ¢lement of two-way trade, For example, Das and Donnenfeld (1989) study
the influence of minimum quality standards and quotas in a model in which a foreign firm and a domestic
firm compete in qualities and quantities in the domestic market. The home government unilaterally chooses
a trade policy. A quota will lead to positive protection, whereas a minimum guality standard will result in
regative protection and a decrease of national welfare, Existing comparisons between different standard
setting procedures. such as in Copeland (1992), are subject to similar restrictions. Copeland studies the
influence of minimum quality standards under three different standard setting arrangements in a model in
which a foreign and a demestic firm compete in quality and quantity in the home market while the foreign
firm is the sole supplier in the foreign market. Hence, the home country is only importing and the foreign
country is only exporting. Each country imposes a quality standard to control an externality generated by
the products. Both countries have an incentive to use standerds as g protective measure. The intervention
results obtained depend on the particular standard-setting arrangement chosen.

The model employed extends the framework of Shaked/Sutton and Ronnen for the two-country
ease, ie. it is a partial-equiiibrium model of vertical product differentiation and trade in which duopolistic
firms face quality-dependent fixed costs and compete in quality and price in two segmented markets. First,
[ model a two-stage industry game in pure strategies. In the first stage, firms simultaneously determine
quality to be produced. In the second stage. firms cempete in prices, given their quality choice. There exist
at most two unregulated equilibrial I, In either equilibrium, one firm sells high quality whereas the other
sells low quality. The resulting market cquilibrium will generally not be optimal from the point of view of
either regional government, since governments will prefer higher quality levels than those chosen in
equilibrium, However, the nature of govemnments’ choices will depend on the standard setting procedure
agreed upon. Under Full Harmonization of standards. there always exists some minimum quality standard
that will increase welfare in both regions, if such a standard is set, all consurmers will be (weakly) better off
and producers” profits will generally decrease. I a minimum quality standard is set close to low quality,
however, the low-quality producer's profits will increase. Two other alternatives to Full Harmonization are
National Treatment and Mutual Recognition. Under either alternative, standards can always be found that
increase welfare in both regions. The analysis above is therefore extended to integrate the unanimous
choice of a particular standard setting alternative by governments and the subsequent setting of standards
into the model. This allows a comparison of the effects of alternative standard setting procedures.

textend the basic model to be a four-stage game in pure strategies. In the first stage. both
goveraments, as members of an interregional council, announce one choice out of three alternative standard
setting procedures. These alternatives are: (1) National Treatment, (2) Full Harmonization, and (3) Mutuai
Recognition {the default procedure). If the two announcements coincide the particular procedure will be
applied. otherwise the default procedure takes effect. The governments' role in the second stage depends on
the first-stage outwcome: under alternative {1) governments maximize regional social welfare by
noncooperatively setting regional standards: under ahernative (2) the council maximizes the sum of
regional welfares by setting one uniform standard!2; and under alternative (3) governments maximize
regiona} social welfare by noncooperatively setting producer standards, The industry game described
earticr builds the third and fourth stages of this game.

L also employ a number of restricting assumptions designed to captere stylized facts about the EC
as well as to simplify further analysis. In the two-region model. one (the "domestic™ region is assumed
have a larger demand (market size) than the other ("foreign") region. The producer in this region is

1These equilibria are in pure strategics. If there are two pure-strategy equilibria, there also exists at least one mixed-
strategry equilibrium. However, the analysis of mixed-strategy equilibria is beyond the scope of this work.
'ZMaximizing the sum of regional welfares can be seen as the outcome of Nash-~Bargaining betwsen both governments
in the Council.
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assumed to have 2 cost advantage guaranteeing a single pure-strategy industry-equilibrium in the last two
stages of the game in which it provides a higher guality than its competitor. The effects of relaxing these
assumptions are discussed later on. Under National Treatment, it is possible that one region sets a regional
standard that deters entry by the foreign producer leaving this producer to seli only in its home market.
This case is included in the analysis, but a similar scenario under Full Harmonization is excluded by
:Jssim'tption.13 1 obtain results under Full Harmonization assuming that fimrms do not exit even if profits are
negative. If a firm were to eam negative profits in equilibrium, its government is assumed to provide a
lump-sum subsidy making profits at the Full-Harmonization solution exactly equal to zero. While the true
Full-Harmonization solution would incorperate a nonnegativizy constraint for profits, the obtained solution
provides bounds on domestic and foreign welfare and thus permits welfare comparisons.l“

Even with these assumptions, the results obiained do not permit a full characterization of all
possible outcomes, Nevertheless, Mutual Recognition emerges as one regulatory alternative that always
improves welfare in both regions when compared to the case without regulation, Since the foreign region
always prefers Mutual Recogaition over all other available alternatives and this is the default in the first
stage of the game, this is also the only possible equilibrium outcome of the game.15 If the domestic firm
has a sufficiently large cost advanzage, then the domestic region will alse prefer Mutial Recognition over
all available alternatives.

The structure of this paper is as follows. Section 2 presents the two-stage industry game. Section 3
discusses the potential effects of standards. The complete model is presented in Section 4. Full
Harmonization and Mutual Recognition are compared in Section 5. Section 6 introduces the case of
National Treatment. Section 7 presents and illustrates the choice of a standard setting procedure. A
summary and main conclusions are presented in Section 8.

2. The Model in the Abscnce of Standards
2 1. Basi

In this section we develop a two-country (or, two-région), partial-equitibrium model of vertical
product differentiation. The model describes a two-stage game with firms interacting simultangously in
both stages.lf’ To derive solutions. 1 will use the concept of subgame-perfeet equilibrium, computing the
solusions for each stage in reverse order. There are two separate regions, the "domestic region™ (D} and the
“foreign region” (F).17 There arc two firms, the "domestic firm" (d) is located in the domestic region and
the "foreign firm" (f) is located in the forcign region. Each firm produces 2 single variety of a quality-
differentiated product. Products are differentiated on the basis of a single atribute, "qual ity" (5). When the
qualities provided differ, we refer to them as "high™ (h) quality and "low" (0) quality, respectively.  Both
firms have constant marginal cost (equal to zero) in quantity produced. However, they have to incur a
"cost of providing quality” (k) before entering into production. Costs are increasing, convex {quadratic)
functions of quality provided. The exact level of cost depends on quality chosen and a "quality cost
parameter” (v). The domestic firm has a technological advantage in developing quality, fe., it has a lower
quality cost parameter than the foreign firm. Total costs of firm i are then given by:

1315 the context of the EC, deterred cntey would mean that the particular industry would not even sell in its own
country. Since the standard set by the Council is viewed as the outcome of Nash-Bargaining between both
governments, exeluding this case seems plausible.

T4Given the current state of the EC debate, explicitly allowing this kind of subsidy in the mode! could aiso be defended
23 a realistic feature.

15Note that there at least three and at most seven Nash equilibria depending on relative costs.

1615 what follows. terms within quotation marks will denote names to be used in the analysis. The corresponding
symbols 1o be used for short-hand notation will be added in parentheses. As a convention, { will use subscripts to
denote regions, firms and high/low (in quality). E. g.. pFd is the price of the domestic firm in the forcign market and
sh is high quality offered.

17The regions D and F can be interpreted as core and periphery, respectively.
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The domestic market is larger than the foreign market and shows a preference for higher quality,
The two  product markets are regionally segmented. The product qualities are known to all consumers.
Each consumer may purchase at most one unit of g product of either high or low quality. We assume
consuers have identical crdinal preferences across regions and differ only in their incomes. The
popuiation is equal to one in the foreign region and greater than one {equal to two) in the domestic region.
Populations can be ordered according to an “income parameter” (1), where tis uniformly distributed over
the intervals [0, 2] and [0. 1] in the domestic and foreign regions. respectively. 18 Under our assumption,
the income parameter ¢ represents the inverse of consumers' marginal rate of substitution between income
and quality - wealthier consumers have a lower marginal utility of income (which means a higher 1), they
prefer higher quality products. Hence, we can use t when referring 1o single consumers or segments of
consumers. Expenditure on the product, ie.. price (p}. is small relative to income. Hence. consumer i's
preference can be represented by: 1%

@

U 1,5 -p,  if one unit of quality s; at price p, is purchased
B Y otherwise

in the first stage. firms determine quality to be produced. In the second stage, firms compete in
prices, taking their quality choice as given.

2.2, Price Competition

Let h and o stand for high and low quality, respectively. Let tyy be the income parameter of
consumer K in region I; I = D, F. Recal! that income parameters are uniformly distributed over the intervals
[0.u: [ =D, F. Define h = (P1h ~ P1o)(sp - $o) and t[q = Plo/5o- Consumers with Uk = Plo/$e will be
indifferent between buying the fow-quality product and not buying at all. Consumers with i = (P -
Plo)(sh - $g) will be indifferent between buying either the low-quality or the high-quality product.
Consumers with up =ty > 1y, will buy the high-quality product, consumers with ty}, > Yk >ty will buy the
low-quality product, and consumers with Ik < Pio/So will not buy at all. The demand functions for region
Tare then given by qpg =1y, - to 2nd Gjg = up - th. Assuming up=2 and up=1, demands are:

(3a) 4, = Poy, —Poe _293": (3b) Qo =1 Pon TPn,
Sh =5, Sn Sy _So

G gy =22Pe_Pw, 3d) qp =1-Bm Pro
Sy ~So Su Sh ‘Su

Regional consumer surplus, C8J. is obwained by building the integrals of individual consumer surplus
functions over the segments [t1h - tro) and [uy - t7,] and adding up:
] o i Trn
(42) CSp= fts, ~pgdt+ [ts,—pydt (ab) CS, = [ts,—padt+ [ts, - p,de
T

Ton - tra

The profit of a particular firm is given by its revenues in both markets minus cost of providing the
chosen quality level. Note that we assume be> by ie., the domestic firm can provide quatity at lower cost.
However, we de not yet know which firm will provide the higher quality. Therefore, [ refer generically toa
high~quality and a low-quality firm until the firms' quality choices are determined. Let i=h, 0. Then the
profit function of the firm producing high quality is given by PIy,, whereas the profit function of the firm
producing low quality is given by Pl,-

*This also implies that the domestic region has higher per capita income than the foreign region,
9For the derivation of utility and demand see, for example, Tirole (1988, pp. 96, 97},
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(5a) PI, = PpyGon (PonPoe+Sn 80 ) T Pl (PrnPro-54-5.) ~ Ky (8)
(Sb) PIo = pnuqng(pDh‘PDu*Sh‘So)+pFuan (th -‘PFo'Sh‘Sc)—ku (Su)

Each firm will have two first order conditions for price choice, obtained by setting the partial
derivatives of profit with respect to own prices in cither market equal to zero, since markets are segmented.
Solving these two ¢quations simuitaneously for the firm's own prices vields the price reaction function for
each firm. Again, h and o denote high-qualiry and low-quality firm, respectively.

+2s, —25 +55 8
(6a) Pon = @.0_’}‘1,”_0; (6h) Prn = Bi%__o
S, 3o
(60) Po, = 225 (64) By, = 22
23, 2s,

Because the markets are segmented, each firm's reaction function in either market is increasing in the other
firm's price in that market. but is independent of the price in the other market. The high-quality firm sets
positive prices when the other firm's quality is zero, i.c. when there is a monopely, An increzse (decrease)
in quality offered by one firm Jets both firms’ reaction functions shift up (down). However, in the case of
the high-quality firm these will be parallel shifts, whereas the low-quality firm's reaction function rotates
around the origin. Deriving equilibrium prices as functions of both firms' qualities will allow for immediate
checking of the nonnegativity conditions on quantities. These conditions are derived in equations (9b) and
(9d) below. Prices have to lie in the area spanned by these two functions for demands to be positive. For
zero-cost, this condition coincides with the positive-profit condition. An explicit derivation of nonnegative-
profiz conditions will be introduced when discussing the firms' quality best responses, It will be shown that
when firms choose profit-maximizing qualities their profits are always nonnegative in the neighborhood of
the price equilibrium.  Note that nonnegative-profit conditions generally depend on conduct in both
markets if prices are not set at their equilibrium values.
Solving all four reaction functions simultaneously yields the following equilibrium

prices:

Po, = 4s, (—s, +5,) _ 2(s), ~5,)5,
Dh Do~
@ —4s, +8, 45, -3,
Pr = 259‘ (_51|+So) = (Sh — 8, )Su
T 45, +s, Pom ag -5,

The second order conditions for price choice for the high-quality and the low-quality firm are given in
equations (8a) and (8b). respectively. They are (locatly) satisfied.

82y {H,,.H}= 2 _ 4 sty {1, H)= 2s, 48"
(et { )

Sy~ 30 (82— %,) —(5y5,)+8," (~(8,3,)+3,7)

Consumers' positive-demand conditions are then given by:

A(sp” 5y
G2 2(sp, 3= (Poh —Ppo) = (4hs ;bn)>0
h T 2o
2,2 -5
(9%) {5y, =551 = (Pen —PFO)I——-—(;’S b;S") >0
h e
'7 - -_—
(9¢} (RDL)_(EB& ~2n=%) g (9d) (Pﬂ)_(ﬁ)z Sh=% . g
5h Sg 45y, =5, Sh 5, 15, —5q

With both firms providiag positive finite qualities and s > so. conditions (9a) through (9d) arc always
satisfied at the price equilibrium,
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Increases in high quality lead to increases in quality differentiation. This gives the low-quality
provider the opportunity to increase price. even at unchanged quality offered. The high-quality provider
increases price because quality offered was increased. Increases in low quality lead to decreases in quality
differentiation. Therefore, the high-quality provider has to decrease price. For the low-quality provider the
positive demand effect from increasing qual ity dominates the negative differentiation effect initially which
allows price increases in the beginning, But as quality differentiation becomes smailer price will eventually
have to be reduced again.

23, Quality Best Responses

To derive the firms’ quality best responses. we need to investigate each firm's profit function, given
the other firm's quality choice. and taking into account that both firms choose equilibrium prices. This
profit function will be a composite function. consisting of a segment where the firm is the low-quality
producer and another segment where the firm is the high-quality producer. Firm i's profit as 2 function of
own quality. s;. is then given by:

55,5, (-5, +s))

PI, =~(bs )+ —— foralls, 55 :
' o {5, =45y !
(10) —(bsz)+zos'z(s' ) foralls =5 ;
o (s, +3 ¥ P
P=d.fjei.

From either branch of equation (10}, we can derive that profit will be equal to minus the cost of
providing quality when both qualitics are equal. But it is not entirely obvious that either branch of equation
(10} ts concave in quality and has a local maximum. To get this result, we need only to demonstrate that
revenues arc concave, Concavity of the profit function follows. since cost of providing quality is convex.
Let Repy be firm i's revenue in market T offering quality t, where T=D, F and t=h, I. These revenues are:

165, (s, -5}

N *45‘:5](—5, +sJ)_
(—4so+sJ):

ARoi (b)) Ry =——t L0 yp

(Ha) Ry = (-5, +4s )
1 3

Note thar {11a) reduces 1o the monoply revenues at § = 0, i.c., when the low-quality firm does not enter the
market,

Since Rpj=4 R]:j (i = k. o). we can look at the properties of combined revenues in both markets
without much loss of gencrality. Margina) revenues of firm i in both markets combined are shown in
cquations (12}, They are denoted by Mgy = 6R; / 8s;. where the subscripts indicate again whether firm i is
the high or the low quality provider:

20s,(4s,” ~3s;5 + 251"

5(75;—4sj)sj2
(4s,-s)°
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Equations (13) show the second derivatives of revenues with respect 1o own quality. They are denoted by
MR2y. where MR2, = 82R; / 85;%:

—40s:2(5s; +5; ~10s:2(7s, +8s.
w_J(—lTJ_)Sg (13 MRQOZ__LW__-Llsg
(—4si-z~sj)

13 MR2, =
(132) n {Si‘-‘4Sj}4

Equations (12) and (13) establish that the two segments of the profit function are indeed concave in quality,
The following are some additional propertics of fim 1's revenue function, which I will use extensively later
on:
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Equations (14a) through (14d) deseribe properties of the total revenue function for both markets. These
properties hold also if revenues in both markets are examined separately. Figure | shows firm i's profitasa
function of its own quality offered, given its cost of providing quality, b; (here equal to 0.5), and firm j's
quality. The profit functions P’ii1 and PI;2 are evaluated at §; = 0.2 and 5; = 0.8, respectively. Note that the
profit functions have two local maxima - one in the low-quality and one in the high-quality branch - and
that they are kinked at s = sj. As firm j's quality increases, firm i's Jow-quality maximum profit increases
whereas its high-quality maximum profit decreases. From equations (14a) and (14b} it immediately follows
that an increase in firm j's quality will lcad to an increase in firm s low-branch profit and a decrease in firm
's high-branch profit at any level of firm i's quality. Hence, the maximal profit attainable in each branch
will inerease for the low branch and decrease for the high branch. Furthermore, it is casy to show that as
firm j's quality approaches zero, low-branch profits will approach zero whereas high-branch profits will
approach the monopoly profits.

It follows that fim i will choose high quality for 5 between 0 and some s7* (the “switchpoint™), will
choose low quality for sj greater than sj*. and will switch from high quality to low quality at 5} = sj*. The
switchpoint Sj‘“ solves equation (15).

(15 maxg Py =max, PI,

We are now able to determine the general shape of firm i's quality best response. First, it is obvious that the
high-quality branch starts with the monopoly choice of quality at sj =0, This choice is shown in equation
(16):

5

16 g =
(& " gy,

Firm i's monopoly quality was caiculated by solving its first-order conditions for guality choice for the
high-guality branch after setting §j = 0. (Doing the same for the low- quality branch leads to a hypothetical
value of s; = 0.} These fi rst—ordcr conditions are given by equations (17a) and (17b) for the high-quality
and the low-quality branch, respectively:

25,(40s* —64b s —30s;5, +48b,s’s +20s P-12bss, +bs})

17 =0
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Applying the implicit function theorem to the first-order conditions for quality choice for both branches, we

can derive the slopes of both branches of the reaction function. This slope is given by dsi/ds_i\t = -(HePL/

sg}fasj')/(a(ai’itfas;}fasi), where 3PIy/ds; (t=h, 1) are the left-hand sides of equations {17a) and (17b)
respectively:

i ds:

(18a) 0<§§L|h<1; (18b) o<

35

i ds,

lo<1
Inegualities (182) and (18b) arc shown in the appendix.

Arother application of the implicit function theorem to the first-order conditions in equations (17}
lets us derive the effects of a change in cost of quality, represented by a change in by, on the locations of
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both branches of the quality best response. These effects are given by dsj/dbjle = -(O(BPLy/3s;)/ b Y B(EPLyD
s{y/sih
{19a) Eii\hd); (19%) ﬁiﬁo

db; db;
Inequalities (192} and (19b} are shown in the appendix. They describe the reaction of the two branches of
the quality best response as b; (quality cost parameter) changes.

Hence. the quality best response shifts downward as b; (or, the cost of providing quality) increases.
Furthermore, it is easy to show that the switchpoint §j*. ie. that level of s that solves equation (13), is
decreasing in by Recall that 9PI¢8bi = - 2 b; 53, where s; < sj for t=l and s; 2 $ for t=h. However, we can
ignore the case of §; = §j since it clearly cannot be 3 maximizing choice for either branch as long as positive
profits are attainable. Hence, |GP1/éty| > 18P1,/8bj holds for all relevant values of si, especially for those
values that locally maximize the two respective branches, Now suppose that Sjl was a switchpoint at bil,
solving equation (13). Let the quality cost parameter increase to a level b2 > bil. This will decrease the
high-quality branch of profits more than the low-quality branch, Consequently, firm i will now prefer 1o be
the low-quality provider at Sj]‘ Le. it must have a new switch point sJ'2 < Sj].

Finally. we have to determine that firm i's profits are nonnegative at each poinz on its quality best
response. I will show that this is generally the case, ie. along the quality best response firm i's profit is
positive for all positive finite values of b; and sj. The following are some properties necessary to derive this
result:

a) Firm {'s profits decrease monotonicaily along the high-quality branch of the quality best response as § is
increased. This follows directly from equations (14a). (14¢), inequality (18a) and the discussion above.

b) Firm i's profits a1 the low-quality branch, given any positive sj. are always positive at some 3; close to
zero. This follows from a comparison of marginal revenue given in equation {12b) with marginal cost of
providing quality. The fimit of marginal revenue minus marginal cost as s; — 0 is a positive constant for
all positive sj.

¢) Firm i's profits increase monotonically along the low-quality branch of the reaction function as 5 is
increased. This follows from equations (14b), (144}, inequality (18b) and the discussion above,

dj If firm i's monopoly profits are positive, its profits at the switchpoint will be positive alse. This follows
directly from property b}, equations (14a) and (145). and the discussion above.

Propertics a) and c) establish that profits as a function of optimal response quaiity attain 2 zlobal
minimum at the switchpoint. Properties b) and d) establish that this global minimum will be positive if
monopoly profits are positive. Hence, a sufficient condition for generally positive profits along firm i's
reaction function is that its monopoly profits are positive, which is generally true for finite bj. Figure 2
shows firm i's best quality response together with its isoprofit curves at cost of providing quality b; = 0.4,
Firm I's profit decreases when moving from the origin along the 45-degree line. From any point on the 45-
degree line. profits increase when moving to the left or right.

2.4 Market Equilibria in Ouali
The market equilibria in pure strategies without government intervention are simply given by the
intersections of the quality best responses. Generally, there will be two pure-strategy equilibria as long as
firms are not too different with respect to cost of providing quality.?® This is illustrated in Figure 3 below.
Figure 3 shows the quality best responses of two different firms i and J- RQj1 and RQ;2, evaluated at
{b;. bj} = 10.4, 0.6}. The intersections ¢ and e3 are two pure-strategy equilibria.
For the purpose of this study, I want 1o concentrate on asymmetric pure-strategy equilibria where
the low-cost firm provides high quality, ie. cases described by e in Figure 3. With respect to the basic

20Note that in this case, there gencrally exists at least one son degenerate mixed-strategy equilibrium also, However,
the following analysis covers only pure-strategy equilibria,
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model, this means that the domestic firm provides high quality, whereas the foreign firm provides fow
quality. This case arises naturally if firms' costs of providing quality are sufficiently different. Starting
from the situation depicted in Figure 3, firm j's quality best response RQ; will shift to the left as its cost
parameter bj was increased, 1f bj is high relative to b;. the the high-quality branch of firm js quality best
response is too low 1o intersect with the low-quality branch of ﬁrm_ i's quality best response. Since 8 is
everywhere lower than firm i's switchpoint, the only remaining pure-strategy equilibrium would be given by
¢1. However, it may not be very realistic to assume large cost differences among firms. Another way to
ensure a unique equilibrium is to make the somewhat plausible assumption that firm f faces a technological
constraint of the form sp 5 s¢P3% (in other words, k(3¢ is infinite for all sf > s/MIX), where 3fMax jg
smaller than firm d's switchpeint. This condition is given by equation (20).

20) s <5

Again, the only remaining {pure-strategy) equilibrium would be given by e1. In addition, the high-quality
branch of firm j's quality best response would be horizontal at Sjm‘“ and firm j's switchpoint would be
smaller than without this constraint. Recall that, without a constraint. firms increase their own guality to
partly offset decreases in profits as they move along their reaction function's high-quality branch. Since
firm j faces a technological constraint, it can not increase its quality as firm 1's quality increases. Hence its
profit will decrease faster and it will reach the switchpoint earlier. However, it is not necessary for ¢ to
exist that firm ; makes positive profits at Sjm:"x at all. I the condition in equation (21) below is not
satisfied, firm j's quality best response will consist of a low-quality branch only.

N
21 5w T
@1 ! 4by

3. Minimum Quality Standards
The previous section has shown that there are generally two equilibria in quality. Profit and
consumer surplus for each equilibrium can be expressed in the following way:

20s, (s, -
T R R LRC) H
(45, +5,) (4sh—s)

25,7 (4s, +5s,)

@22 CS,, = 4CS; = e sy
h a

Regional welfare is just the sum of regional consumer surplus and the profit of the firm located in
- that region. Total welfare is then the sum of the welfare in both regions. Although welfare can only be
caleulated after determining which firm provides high quality and which provides low quality. some welfare
results can be obtained that hold in either quality equilibrium.

The qualities chosen in an unregulated equilibrium will generally not be optimal from the point of
view of either government. Moreover, it can be shown that both governments prefer higher quality levels
than those chosen in a market equilibrium. The following propertics of consumer surplus in either region
will be used to show this.

230 3CS, _,8CS: _,5 (£8s,7 + 65,5, +55,")
s, s, (—45,, + So)'1

(23b) 8CSy _,8CSe _ 2s,” (285, +f;so)>0
3s, bs, (45h MSO)
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The expressions in equations (24a) are strictly positive for any pair of qualities chosen in a market
equilibrium. This is so, since a market eqailibrium requires the low-quality firm's marginal revenue to be
positive. which is only the case if sy < 4sp/7. In both regions, an increase of either quality will lead to
increases of consumer surplus at increasing rates. This leads to the result in Lemma 1

Lemma 1. a) Given an unregulated guality equilibrium, regional welfare of both regions can be
increased by increasing either or both qualities.

b} There exists a single standard that, if imposed in both regions, would increase welfare of both
regions.

Proof. a) For any pair of qualitics chosen in 2 market equilibrium, marginal profits of both firms are
zero. whereas marginal consumer surplus in both regions with respect 1o both qualiitics is positive. See
cquations (23a) through (24b) and note that by equation (12b), 55 < 4sp/7 is a necessary condition for
marginal profits of the low-quality firm to be equal to zero.

b) If a standard were set slightly above low quatity in the unreguiated equilibrivm, it would be
binding for the low-quality provider, but not for the high-quality provider. Since by inequality (182}, the
high-quality provider's quality best response is increasing in low quality, both qualities will increase. The
welfare result follows then from part a). QED

4. The Complete Model
3 he Four-Stage Gamg

[n this section we extend the model introduced above to include standard-setting governments. The
extended model describes a four-stage game with regional governments {or their representatives in a
multinational council) interacting in the first two stages and firms interacting in the third and fourth stages.
To derive solutions. [ wiil again use the concept of subgame-perfect equilibrium. Each of the two separate
regions, the "domestic region” (I2) and the “foreign region” (F), has an independent central government.
Both governments are members in the joint "Council.” Decisions by the Council are either made
unznimously. i.e. both governments have to agree on the choice made, or a previously chosen default rule
applies. Firms and consumers are as previously introduced,

In the first stage, both governments, announce one chaice out of three alternative standard setting
procedures. These alternatives are: (1) National Treatment (NT). which lets governments simultancously
set minimum quality standards for their respective consumers: (2} Full Harmonization (FH), which has the
Council equalize standards across countries; and (3) Mutual Recognition (MR}, which lets governments
simultancously set minimum quality standards for their respective producers (the defauit procedure). If the
two announcements coincide the particular procedure will be applied, otherwise the default procedure takes
effect. The governments' role in the second stage depends on the first-stage outcome: under aiternative (1)
governments maximize regional social welfare by nencooperatively setting regional (consumer) standards:
under alternative (2) the Council maximizes the sum of regional welfares by setting one uniform standard:
and under alternative (3) governments maximize regional social welfare by noncooperatively setting
producer (firm) standards. Under National Treatment, it is possibie that one region sets a regional standard
that deters entry by the foreign producer leaving this producer to sell only in its home market. This case is
included in the analysis, but a similar scenario under Full Harmonization is ex¢luded by assumption. 1
obtain resuits under Full Harmonization assuming that the Council ealculates its standard best response
conditional on both firms remaining in the market. If a firm were to cam negative profits at the so
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calculated Full-Harmonization solution, its government will pay a lump-sum subsidy equal to minus profits
if that firm stays in the market.?] The effects of removing this assumption are discussed below together
with the analysis of the Fuli-Harmonization case. In the third stage, firms simultaneously determine quality
to be produced subject to minimum quality constraints on either their productions or market access. The
domestic producer is assumed to have a cost advantage guarantecing a single pure-strategy industry-
cquilibrium such that it provides a higher quality than its competitor. In the last stage, firms compete in
prices, given their quality choice and possible market access constraints.

Figure 4 shows the complete game tree and Figure 5 shows the first-stage game in table format,
Several implications about the game can be deduced direcily from Figure 5. The default rule introduces the
possibility of at least three (cells 3, 6, 9 or cells 7, §, 9} and at most seven (cells 2, 3, 4, 6, 7, 8. 9) outcome-
equivalent equilibria where Mutual Recognition takes effect. Both governments announcing Mutual
Recognition (cell 9) is always a Nash equilibrium, A sufficient condition for Mutual Recognition to be the
only cquilibrium outcore is that at least one region strictly prefers it to the other two alternatives.
Necessary condition for National Treatment te be an equilibrium (cell 1) is that both regions weakly prefer
National Treatment to Mutuzl Recognition. An analogous condition applies for Full Harmonization {cell
5.

5. Full Harmeonization vs. Mutual Recognition
S 1 FullH .

Under the standard setting procedure of Full Harmonization, governments agree to set a single
minimum quality standard for both regions, In this case, the council maximizes the sum of regional
weifares with respect to a minimum quality standard, Since firm d is the high-quality producer, this
standard will be binding for the foreign firm but not for the domestic firm, since the foreign firm stays in
the market (by assumption). This means that the council's problem can be reduced to maximizing total
welfare with respect o firm f's quality subject te the constraints that firm f's profits must be nonnegative
and that firm d operates on its quality reaction function. Since firm d moves along its quality best response
as firm fis forced to increase its quality, firm d's profit will be positive, but decreased. Firm f's profit,
however, may increase if the minimum quality standard is sufficiently close 1o the unregulated market
solution and decrease below zero if the standard is high. For tractability, the results below will be obtained
assuming that the council calculates its standard best response conditional on both firms remaining in the
market. If a firm were to carn negative profits at the so caleulated Full-Harmonization solution, its
government will pay a lump-sum subsidy equal to minus profits if that firm stays in the market. (Regional
welfare is measured as the sum of consumer surplus and profits net of the subsidy.) Results obtained in this
way overstate both qualities, total welfare and domestic welfare while understating foreign welfare. The
analysis of National Treatment (with accomodated entry) will provide an upper bound on foreign welfare
and the fower bounds on qualitics, total welfare and domestic welfare. Using the true Full-Harmonization
solution, iz removing the subsidy assumption will relax the conditions under which the domestic region
will prefer Mutual Recognition over Full Harmonization. All other welfare comparisons presented below
will be essentially unchanged.

Let dsg/dsy denote the slope of firm d's quality reaction function according 10 inequality (184). Notwe
that firm d provides high quality whereas firm f provides low quality. Equation (25) describes then the
change in firm f's profits as sy is forced upward by 2 minimum quality standard.

BR; dsy

d 2
25 AR —bs2)= (MR, ~ MC
(23 dsf( r=bpsy) = (MR, f)‘*‘asd s

2IRegional welfare is measured as the sum of consumer surplus and profits net of the subsidy.
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At equilibrium qualities, this change is positive since marginal revenue minus marginal cost of quality is
zero and the remaining terms on the RHS of equation (25) are both positive. However, as firm f's quality is
forced up higher this change diminishes and eventaally becomes negative. In other words, foreign profits
zlong the domestic firm's quality best respoase are concave. Differentiating the RHS of equation (25) with
respect 1o sy yields the following negative expression.

-

d- 2 d MR dsy MRy 3Ry & ds
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The sign in equation (26) is verified in the appendix. There exists a uniform standard that will make all
censumers in both regions weakly better off and some consumers strictly better off. Leti=D, F, up=2, and
ap=l. Recall that in region ;. consumers with incomes in the segment [y, tiq] will purchase high quatity,
consumers with incomes in the segment [tig, tf] will purchase low quality, all other consumers will not
purchase. and t;p = pif/sp.

(272} _Etﬂ>?t_m>o; _%.;.%ﬁ_;,o
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Together with inequality (18a). inequalities {27a) through (27¢) can be used to show that market
participation in both regions will increase, the segment of consumers buying high quality wiil increase in
both markets, and utility per unit bought wit increase in both regions for both qualitics. This is done in the
appendix,

Under our assumptions, the Council's maximization problem has a unique solution even though the
objective function may not be stricly concave in sf. Let firm d's marginal quality best response be denoted
by dsg/dsg . Differentiating the objective function with respect to s¢ vields equation (28},

4 we MR, -MC,y+ 255 +di{—_—a R, 265, CSF}+

ds Js ds, | ds s

(28) it { T d d
ds, (MRd—MCd)+aCS° LOR, 3Cs,
ds, ds, ds,  ds

At unconstrained equilibrium qualities, this change is positive since marginal revenue minus marginal cost
of quality is zero for both firms, CSp/dsy + &Rg/@s¢> 0. and the remaining terms on the RHS of equation
(28) are all positive. However, as s¢ is increased this change diminishes and eventually becomes negative.
Differentiating equation (28) another time yields the following expression,

J.ik_ﬂ‘u\,';(a]VIRr —Zbr)+ﬂ§;,Rd+di(§«—M~ﬁ)+a—;CSD
ds,” as, ds,.” ds. ~ 83, Osy
8 a? 8 ds
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+(6R,+8CSF+8CSD) é (di)<0

ds, @s, dsy " Bs, ds,

At the choice of sf that scts the RHS of equation (28) equal 1o zero the RHS of equation (29) is negative.
Under cur assumptions, the Council's objective function has a single extremum at which it is locally strictly
concave. This is verified in the appendix.
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A harmonized standard will unambiguously increase domestic welfare and total welfare. However,
maximizing total welfare may include decreasing foreign welfare. This is stated in Proposition 1.

Proposition 1. Moving from no regulation (the unconstrained equilibrium) to Full Harmonization
will strictly increase both qualities. total welfare, and domestic welfare. Foreign welfare may be decreased.
Foreign (unsubsidized) profit will be negative.

Proof. Increases of both qualities and total weifare follow directly from equation (28) in connection
with inequality (182) and the accompanying discussion. Marginal domestic welfare {with respect w a
uniform standard), given by linc two of equation (28). is strictly positive for all pairs {s4, s¢} on firm d's
quality best response that lie between the unregulated equilibrium and the equilibrium under Full
Harmonization. Hence, domestic welfare increases. Marginal foreign welfare, given by line one of
equation (28) is first positive and then negative along firm d's quality best response between the unregulated
equilibrium and the Fuli-Harmonization solution. Sce the appendix for examples where foreign welfare
decreases. The proof of the profit result is also given in the appendix. QED

[n deriving the results above, we have postulated that the foreign firm stays in the market with a
positive quality. Clearly, there are cases where this would not be optimal. Consider the case where the
foreign cost parameter by approaches infinity. Foreign quality sf under no regulation will approach zero.
Under Full Harmonization, a standard binding for the foreign firm will also approach zero leaving the
domestic firm to provide monopoly quality. Welfare could then be improved by setting a standard above
the domestic firm's monopoly quatity. This case is likely to arise whenever foreign costs are very large.

5.2 i it

Under the standard setting procedure of Mutual Recogpition. governments noncooperatively set
producer standards for their respective firms and recognize the adequacy of each other's standard. In this
case, each povernment maximizes regional welfare with respect to 2 minimum quality standard, taking the
other government's standard as given. Both firms will face binding standards, This means that each
government maximizes regional welfare with respect w its own firm’s quality to derive the regional
standard best response. The forcign government's maximization problem has a unique solution since the
objective function is strictly concave in sg. Differentiating the foreign government's objective function with
respect to s¢ yields equation (30a).

d & CSg

(302) LWy = (MR -MC)+
de 8 Sr

The domestic government's objective function has a single extremum at which it is locally strictly concave
in sg. Hence, the domestic government's maximization problem has a unique solution. Differentiating the
domestic government's objective function with respect to s4 vields equation (305).
d §C8
{30b) — Wp = (MR - MCy)+——2
de é 34

Concavity properties of the governments' objective functions are verified in the appendix.
prop g ] PP

Proposition 2. Moving from no regulation to Mutual Recognition will strictly increase both qualities
and both regions' welfares.

Proof. In the absence of regulation, both firms equate marginal revenue with
marginal cost. This implics that the RHS of equations (30a) and (30b) are both greater than zero. Hence.
wquations (30a) and (30b) in connection with Lemma | establish that the domestic (foreign) standard best
response lies everywhere above (1o the right of) the domestic (forcign) firm's unrestricted quality best
response. It also follows that the move to Mutua! Recognition can be replicated by: (A) a move to the right
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along firm d's best quality response until the RHS of equation (30a) is equal to zero: followed by (B) an
upward move along the domestic regions standard best response until the RHS of equation (30b) is equal to
zero, Along (A). the RHS of equation (302} decreases from GCSE/@st to zero, whercas the RHS of equation
(30b) equals 3CSp/dsy > 0. Hence, by equation (28). both regions' welfares increase. Along (B). the RHS
of equaticn (30b) decreases from 8CSp/8sy to zero, whereas the RHS of equation (30a) cquals zero. Here,
any increase in domestic quality will increasc foreign welfare and marginal welfare. The responding
increase in foreign quality will increase domestic welfare in spite of decreasing domestic revenue. QED

Given price competition in the fast stage of the game, & benchmark quaiity solution can be derived by
maximizing the sum of regional welfares, i.e. total weifare, with respect to both qualities. Maximizing total
welfare with respect to a single quality results in a benchmark quatity best response. Comparing these
benchmark best responses 1o the standard best responses under differcnt regulatory regimes further
illustrates quality distortions inherent in equilibria under these regimes. Lemma 1 already implied that this
benchmark is © the Northeast of the unregulated equilibrium. In addition, Lemma 2 shows that this
benchmark is to the Northwest of the cquilibrium under Full Harmonization and to the Northeast of the
equilibrium under Mutual Recogaition.

Lemma 2. Define a benchmark as the result of maximizing the sum of regional welfares, W, with

respect to both qualities subject to subsequent price competition.

a) At Full Harmonization, §Wpy/dsg = 6CSp/8s4 > 0. Any horizontal move to the left (any reduction
in s¢ without reducing sq) will always leave SWp/8sg > 0.

b) Compared to the benchmark, Full Harmonization will result in domestic quality being too low and
foreign quality being too high.

c) Compared 10 the benchmark, Mutual Recognition will result in both domestic and foreign quality
being too low,

Proof. Let world welfare be denoted by W and firm d's marginal quality best response be denoted
by dsg/dsf. Sec the appendix for the proof of part a).

b) Under Full Harmonization, 8W/8sy = 8CSp/dsq + dRedsq + BCSp/dsg > 0 and OWiBsp = -
dsg/dsg(0CSTy/Osq + BRe/Bsg + BCSp/dsg) < 0 hold since the RHS of equation (28) is equal to zero, Hold sg
constant at the Full-Harmenization jevel and decrease spuntil 9W/8sg= 0. At this point. 8W/3sq = SWD/d
sd + ERyfdsy + OCSE/Bsy > 0 by part a). It follows that sy is too low. Hold s¢ constant at the Full-
Harmonization level, Then forany sg, 8W/3sp < 0 holds (see the appendix). It follows that sgis too high.

¢) Under Mutual Recognition, 8W/dsg = 8Rp8sg + 8CSp/dsg > 0 and §W/dsp = 8CSp/dse + AR ¢/dss
> 0 hold since the RHS of equations (30a) and {30b) are equal to zero. QED
Figure 6 depicts comparisons of the Mutual-Recognition quality cquilibrivm with the Full-Harmonization
¢quilibrium, the benchmark solution. and the unregulated equilibrium. respectively. Note that parts b) and
¢) of Lemma 2 establish that s¢ at the Full Harmonization equilibrium is higher than sf at the Mutual
Recogrition equilibrium. Based on that result, part a) implies that 54 at the Mutual Recognition equilibrium
must be higher than s4 at the Full Harmonization equilibrium. A move from Full Harmonization to Mutual
Recognition involves a decrease in sp and an increase in sg. The latter move increases both regions’
welfare, but the former increases only foreign welfare while decreasing domestic welfare. This suggests
that the foreign region will prefer Mutual Recognrition to Full Harmonization, but the domestic region may
not. In fact, the domestic region's preference depends on relative cost. For any finite bg. as by approaches
infinity the difference between domestic welfare under Mutual Recognition and under Full Harmonization
approaches a positive finite limit. In other words. if the domestic firm's cost advantage is large, i.c. by is
small relative to by Mutual Recogaition will lead to higher domestic welfare. Let MR(bg. bf} and FH(by.
bf) be the quality equilibria as functions of cost parameters under Mutual Recognition and Full
Harmonization, respectively. Define g(bg) = {bg | WDMR(bg. bp) = WD{FH(bg, bs)}. The domestic region
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will prefer Mutua! Recogrition if bd < g(bg). This is illustrated in the appendix. Proposition 3 below
summarizes the results of comparing Mutuai Recognition and Full Harmonization.

-

Proposition 3. Moving from Full Harmonization to Mutual Recognition will strictly increase
domestic quality, decrease foreign quality, and increase foreign welfare. Domestic welfare will be
increased if firm d's cost advantage is large. Ze. if by < g(bp).

Proof. The results with respect 1 qualities follow from Lemma 2. Suppose that a uniform standard
was set at the optimal Full Harmonization level. In this case, the RHS of equation {28) is equal to zero and
the domestic firm chocses its quality best response by equating its marginal revenue and marginal cost.
This implies that the RHS of equation (30a) is less than zero, whereas the RHS of equation (30b) is greater
than zero. It follows that a gradual reduction of 5; down to the point where the RHS of equation (3Ca)
equals zero, ie. a horizontal move to the left, will increase foreign welfare and decrease domestic welfare
fby equations (144) and (23b)]. At this point, the fereign region is on its standard best response, but the
domestic region is below its standard best response. The RHS of equation (30b) will still be equal to
dC8p/8sg > 0. Consequently, domestic welfare ¢an be increased by raising domestic quality which, in trn,
will further increase foreign welfare. Foreign welfare is unambiguously increased, whereas domestic
welfare is decreased by the reduction in foreign quality and increased by the increase in domestic quality,
The lower the foreign cost disadvantage the less will foreign quality be decreased relative to the increase in
domestic quality, which results in condition g(bg). QED

6. National Treatment
»ig rgs

Under the standard setting procedure of National Treatment, governments noncocperatively set
consumer standards for their respective regions and apply these standards to ail imports. In this case, each
govermment maximizes regional welfare with respect 1o 2 minimum quality standard, taking the other
government's standard as given, With both firms entering in both markets. each regional standard can only
be binding, if at all. for the foreign firm. Alternatively, if the domestic standard is set high enough, it will
deter entry by the foreign firm, since the domestic firm can always tolerate a higher standard than the
foreign firm. In this case. the domestic standard will be set to be binding for the domestic firm. The
domestic government prefers to set its regional standard such that entry by the foreign firm is deterred if the
domestic cost advantage is large. This result is based on the same wadeoff that underlics the domestic
regions preference with regard to Mutual Recognition and Full Harmonization, Moving from National
Treatment with accomodated entry to National Treatment with deterred entry involves an increase of
domestic quality and a decrease to zero of foreign quality in the domestic market,

Let NTn(bg. by) andNTe(by. b) be the quality equilibria as functions of cost parameters under
National Treatment with deterred entry and National Treatment with accomodated cniry. respectively.
Define h(bg) = {bg | WDINTn(bg. bf) = WDNTelbg, bg)}. The domestic region witi prefer National
Treatment with deterred entry if bg < h(bg). This leads to Lemma 3.

Lemma 3. Under National Treatment, domestic welfare will be higher when cntry of the foreign
firm is deterzed than when ¢ntry is accomodated if firm d's cost advantage is large, Le. if by < h(bg).

Proof. See the appendix.

6.2, National Treatment where the Foreign Firm Enters Both Markets

When both firms enter both markets. each regional standard can only be binding for the product with
the lower quality, Le. the foreign product. The domestic government has the greater incentive to set a high
standard because of domestic consumers' greater willingness to pay for high quality and the domestic firm's
cost advantage. Hence. the domestic standard will be binding, whereas the foreign standard will not be
binding. It follows that the quality solution will lic on firm d's quality best response. which allows for
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utilizing some results from the analysis of Fulf Harmonization. The domestic government has always the
incentive to increase foreign quality, but this will ultimately decrease foreign profits. If the domestic
standard was set at the Fuil-Harmonization level, foreign profits would be negative. The foreign firm will
only enter the domestic market if its profit from providing the higher quatity in both markets is greater than
or equal to its profit from providing the lower quality in the foreign market only. Consequently, the
domestic government will sct a standard such that foreign profits when entry is accomodated just equal
foreign profits when entry is deterred. The foreign government would also like to increase foreign quality
along firm d's quality best response, but not as much as the domestic government. Foreign welfare reaches
4 unique maximum along d's quality best response somewhere between the unregulated quality equilibrium
and the Full-Harmonization solution. The foreign government can affect the binding (domestic) quality
standard only through measures affecting the forcign firm's profits when entey is deterred, ie. the foreign
firm's minimum-profit requirement for entry. This means that the foreign standard will be set such that
foreign profits with deterred entry are as close as possible to foreign profits with accomodated entry at the
point where foreign welfare is maximized along firm d's quality best response. If foreign profits with
deterred entry are lower than foreign profits with accomodated entry at the foreign-welfare-maximizing
point of firm d's quality best response, the foreign government sets its standard to maximize foreign profits
with deterred entry. Let an added subscript n denote non-entry variables. The foreign government's
objective function is then given by equation (31a-1).

(31a-1) s¢= sp| Pl = Min[Max[Plg, | MRyn = MCq],
Ply| W =Max[ Wg | MRg = MCgl}
Let fimn d's marginal quality best response when entry is deterred be denoted by dsg/dsgn. The foreign

government needs to calculate firm f's maximum profit when entry is deterred. Differentiating the
appropriate objective function with respect to sy yields equation (312-2).
d ds,, @R

(31a-2) —PI, = (MR, -MC;)+—%|n——2&

ds, ds;, ' s,
The foreign government also needs to find the point on firm d's quality best response when entry is
accomodated where foreign welfare is maximized, say MF. Differentiating the appropriate objective
function with respect to 3¢ yiclds equation (31a-3).

(Bla3) LW, = (MR, -Mc,)+ 25 85 [OR 5CS,
ds, s, ds, |Fs, &5y

Differentiating the domestic firm's objective function with respect to st yields equation (31b).

G1b) Low, =B ovr, —mc,)+ 2580 LR L 9CS,
ds, ds, ds, ds. s,

Since firm d is on its quality best response, the RHS of equation (31b) will always be positive. Denote the
minimum foreign profit required for entry as PIFUN. The following inequality is a binding constraint on
the domestic government's objective function, sinee forcign profits decrease as the domestic standard is
increased.

(31c) PI, 2 PI7"
Consequently, the equilibrium under National Treatment with accomodated entry can be calculated by
maximizing domestic welfare along firm d's quality best response subject to mequality {3le). It will

correspond 1o a point on firm &s quality best response to the right of the unregulated equilibrium (NR) and
to the left of the Full-Harmonization solution (FH).
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Lemma 4, Under National Treatment (with accomodated entry), the foreign government will
caleulate foreign profits at the foreign welfare maximum along the domestic firm's quality best response.
say PI{MF. It will then set a standard such that PIgFH < Plg, < PI{MF.

Proof. By equations (31a-3) and (31b)., domestic welfare along firm d's quality best rESponse is
steadily increasing in foreign quality, whereas foreign welfare along firm d's quality best response is
maximized at a point, say MF. to the right of NR and to the left of FH. At ME, foreign profits are
nonnegative and decreasing in foreign quality. Furthermore, by Proposition 1. foreign profits are negative
at FH. The foreign government sets a standard such that foreign profits with deterred entry are as close as
possible to foreign profits with accomodated entry at MF. Tt can choose a standard such that foreign profits
with deterred entry are positive. QED

Proposition 4. a) Moving from no regulation to Naticnal Treatment (with accomodated entry) will
strictly increase both qualities and domestic welfare. Foreign welfare may be increased. Moving from
National Treatment (with accomodated entry) to Full Harmonization will strictly increase both qualities and
domestic welfare. Foreign welfare may be decreased.

b) Moving from National Treatment (with accomodated entry) to Mutual Recognition wiil strictly
increase domestic quality and stricly increase foreign welfare, Foreign quality may increase or decrease. A
sufficient condition for domestic welfarc to increase is that bg < g(bp).

Proof. a) Increases of both qualities follow directly from Lemma 4, its proof and the discussion
above. The welfare results follow then from Proposition 1 and its proof and examples in the appendix.

b) At National Treatment, the RHS of equation (31a-3) is less than or ¢qual to zero. Hence, the RHS
of equation (30a) is less than or cqual to zero. Decreasing sy until the RHS of equation (30a) equals zero
while holding sq constant will increase foreign welfare while decreasing domestic welfare. At this point,
the foreign region is on its standard best response. but the domestic region is below its standard best
response. The rest of the proof is analogous to the proof of Proposition 3. QED

3 i H i try | stic, Market is 2

If the domestic cost advantage is farge ¢nough, then the domestic government prefers to set its
regional standard under National Treatment so high that foreign entry is deterred. The increase in regional
welfare due 10 increased domestic quality more than offscts the welfare loss due to the unavailability of the
foreigr product. The problem faced by regional governments is similar to the case of Mutual Recognition.
However, domestic welfare does not include consumer surplus derived from the consumption of the foreign
product and foreign welfare does not include profits derived from selling to the domestic market. The
foreign government's objective function has a single extremum at which it is locally strictly concave in 5§
Hence, the foreign government's maximization problem has a unique solution.  Let an added subscript n
denote non-entry variables. Differentiating the foreign govemment's objective function with respect to sf
yields equation (32a),
(32a) % W, = (MR, —MC,)+ 85,

T Sy

The domestic government's maximization problem has a unique solution since its objective function is

strictly concave. Differentiating the domestic firm's objective function with respect to sg yiclds equation
(32b).

8CSs,,
s,

(32b) Lo, = (MR, -MC,)+
- ds,

Concavity properties of the governments’ objective functions are verified in the appendix.
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Proposition 3. Moving from no regulation to National Treatment [with deterred entry, i.e. when by
< h{bg)] will strictly increase domestic welfare and domestic quality. Moving from National Treatment
(with deterred entry) to Mutual Recognition will strictly increase both qualities and both regions’ welfare.

Proof. The first results follow directly from Lemma 3 and Proposition 4. For domestic welfare to
increase. domestic quality must be increased to compensate for the loss of domestic consumer surplus due
to the unavailability of the foreign product.

For the comparison with Mutual Recognition, note that MRpr < MRy and 8CSpg/dsg < dCSp/dsg.
Comparing equations (30a) and (30b) with equations (32a) and (32b) shows then that the domestic (foreign)
standard best response under National Treatment {with deterred entry) must lie everywhere below (to the
left of) the standard best response under Mutual Recognition. The quality result follows. A move from
National Treatment {with deterred entry) to Mutual Recognition without adjusting qualitics and standards
would strictly increase both regions' welfare by allowing the foreign product o be sold in the domestic
market. Given that qualities are too low, the RS of both equations (30a) and (30b) are positive. It follows
that a gradual inerease of s up to the point where the RHS of equation (30a) equals zero. e. a horizontal
move to the right, will increase both regions’ welfare [domestic weifare increase follows from equations
(14a) and (23b)]. At this point, the foreign region is on its standard best response. but the domestic region
is below its standard best response. The rest of the proof is analogous to the proof of Proposition 3.

QED

7. Comparing Regulatory Regimes

RY W A T

The function g{bp) introduced in Proposition 3 determines whether the domestic government will
prefer Mutual Recognition over Full Harmonization. The function h(bg) introduced in Lemma 3 determines
whether the domestic govermnment will prefer 1o deter entry under National Treatment. Taken together,
these twe functions can be used to distinguish four cases. If the domestic cost advantage is "large”, the
domestic government deters entry under National Treatment and prefers Mutual Recognition over all
alternative regulatory regimes. If the domestic cost advantage is "small”, the domestic government
accomodates entry under National Treatment and prefers Full Harmonization over all alternative regulatory
regimes. 1f domestic cost advantage is "intermediate”, the remaining two cases result.

The effects of alternative regulatory regimes relative to the case without regulation are summarized
in Table I. A decrease (an increase) of a particular variable is denoted by ™" ("+"), whereas the question
mark indicates that the direction of the effect could not be determined. It is noteworthy that Mutual
Recognition unambiguously increases welifare and consumer surplus in both regions as well as both
qualities. Furthermore. domestic welfare will increase for all regulatory regimes including National
Treatment, since the domestic government c¢an choose berween accomodating and deterring entry.
Domestic quality and foreign consumer surplus increase for all regulatory altematives.

Table 1. Effects of Standards Under Different Regulatory Regimes

FH NTe” NTa" MR
W + + ? +
WD + + 2 +
WwWg ? 7 ? +
CSp + + ? +
CSyr -+ -+ + +
Plg - - ? -
Ply - - - -
Sd + + + +




20

sT + + I ? |
* NT: ¢ = accomodated entry, n = deterred eatry

+
bmrad

Table 2. Regulatory Preferences Under Different Cost Situations

by Region FH NT” MR
< g(bp) & < h{bp Wpn =2 <2 1
* NT wio entry Wg <2 =2 1
<z(bp &> hibg wp 2 3 1
*NT w/ entry WE 3 2 1
> g(bf) & < hibp WD 1 3 2
* NT wio entry Wy =2 <2 1
> g(bf) & > hbyg) Wp 1 2 2
* NT w/ entry WF 3 2 1

The domestic and foreign welfare rankings of alternative regimes under different cost situations are
shown in Table 2. The numbers denote the rankings, where "1” is the choice leading to the highest welfare,
efc. A "£2" indicates that the precise rank ("2" or "3) could not be determined. Note that the foreign
government prefers Mutual Recognition over all alternative regulatory regimes regardless of relative cost.
Under National Treatment, the foreign government will never deter entry by the domestic firm and has no
direct influence on the domestic government's decision concerning entry deterrence of the foreign firm.
Henee, the domestic government's preference will determine, how the number of equilibria in the first-stage
game changes when relative cost changes.

3 il's ik

In Figure 5, the first stage of the game where governments (or their representatives) choose one
regulatory regime in the Councii was illustrated. This regime is either chosen by unanimous vote or a
default rule, namely applying Mutual recognition, takes effect. Table 3 Hsts the Nash equilibria in the first-
stage game for ¢ach of the four cost cases. In the fourth case. only a conditional statement can be made,
since the ranking of domestic welfare under National Treatment with accomodated entry and Mutual
Recognition couid not be determined. Since the foreign government always prefers the default rule Mutual
Recognition, this is the only possible outcome of this game. Note that even with a different default rule,
Mutual Recognition (celi 9) would remain a Nash equilibrium as long as by < g(bg).
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Table 3. Equilibria in the First-Stage Game Under Different Cost Situazions

bd Condition Equilibria
< g(bf) & < hibp) {2,3,4.6.7.8.9}
<a(bg) & > hibp) 2,3.4.6.7.8.9}
> g(bf) & < h(bp) {3.4.6,7.9}
> g(bf) & > h(bp WDINT™ > WpIMR {3,4,6,7,9)
* NT w/ entry WDINT” < Wp/MR {3,6.9}
7 X W] 1 i

This example shows a case where both regions prefer Mutual Recognition over all their available
alternatives and the domestic region would not deter entry under National Treatment. The numerical results
are summarized in Table A.l in the appendix. Figure 7 shows firms' quality best responses and
governments' standard best responses against the background of isowelfare curves for both regions together.
The domestic firm has a cost advantage. ie. by = 0.4 < 0.6 = bp. Since hibs) < by < g(bg). entry occurs
under National Treatment, but both regions prefer Mutual Recognition over all other alternatives,
Comparisons with domestic and foreign isowelfare curves, respectively, are shown in Figures A.1 and A2
in the appendix. (A case where the domestic region would prefer Full Harmonization over Mutual
Recognition would be given, e.g., with by = 0.5 < 0.6 = bg}

Under National Treatment, the domestic government accomodates entry. The foreign government
sets a noa-binding standard and the domestic government sets a standard above the foreign quality level in
the unregulated equilibrivum. Both qualitics, consumer surplus. the number of customers served, and
domestic welfare are increased, while profits wilt decrease. Foreign welfare is increased.

Under Full Harmonization, a global minimum quality standard is set substantially above the
unreguiated foreign quality leve! (and still above the foreign quality level under National Treatment). The
domestic firm's quality choice is above the unregulated case and the case of National Treatment. Profits of
both firms are decreased below the levels at National Treatment (the forcign firm's unsubsidized profits are
negative). National welfare of the demestic region is increased beyond the level at National Treatment,
national we!fare of the foreign region is lower than in the unregulated case, and total welfare is higher than
under National Treatment. Under Mutual Recognition. the domestic government sets a binding
minimum quality standard above the unregulated domestic quality leve!l and above the chosen domestic
quality levels under National Treatment and under Full Harmonization. The foreign government sets a
binding standard above the unregulated foreign quality level (but below the optimal standard under National
Treatment and under Full Harmonization). Profits of both firms are decreased (but less than under National
Treatment and Full Harmonization). The number of customers served in both regions increases (but less
than under National Treatment and under Full Harmonizaticn). Consumer surplus in both regions increases
more than under National Treatment but less than under Full Harmonization.

1.5, Effesss of Changing Assumptions about Relative Costs and Market Sizes

Assumptions about market sizes are embedded in the specification of demands, i.e. t ~ U[0, up} in
the domestic region and t ~ U[0, uF] in the foreign region. where up = 2uf = 2. A specific assumption
about costs is that bg < bf. In addition, it is assumed that relative costs are such that only one Nash
equilibrium results where the domestic firm produces high quality.

The existence of the unregulated equilibrium where the low-cost producer produces high quality is
independent of relative cost. For identical costs and when the cost difference is not to large, i.e. when bf/bd
is close to 1. there will always be two equilibria. The second equilibrium, where the high-cost producer
produces high quality will vanish if bf/bq gets much larger or much smaller than one or if one firm is unable
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to provide any quality higher than its competitor’s switchpoint quality (faces infinite cost of providing that
quality). The location of quality best responses depends on the firms' own costs and on combined market
size in both regions. Relative market size does not matter as long as combined market size is constant. 22,
The relative location of quaiity best responses is even independent of combined market size and depends
only on relative costs.

It follows that the welfare results of Lemma 1 are independent of by, bf, up., and up.  However.
with two pure-strategy equilibria, standards could be used to prohibit one of thern. This would alter the
game between governments. Hence the maintained assumption of a unique market equilibrium without
regulation is nontrivial.

The effects of changing any of the parameters bd. bf, up. or uF on results about alternative
minimum quality standard arrangements=3 can be Hustrated using Figures 7, A.1 and A.2. In Figure 7, the
relative lacations of the equilibria without regulation {(NR), under National Treatment with accomodated
entry (NT), under Full Harmonization (FH), and under Mutual Recognition (MR). and the benchmark
solution (FB) are not significantly altered by changes in either of the four parameters, More specifically,
the domestic standard best response under Mutual Recognition d(MR) will always lic above the domestic
firm’s quality best response d, Similarly, fiMR) will always lie to the right of f. The benchmark quality
¢hoices d{BM} and f{BM) lic always above d{MR) and to the right of f(MR}. respectively. Furthermore,
NT will always liec on d to the right of fiMR) and FH will always lic on d to the right of NT. The
comparison of National Treatment with deterred entry and Mutual Recognition cannot be shown in Figure
7. but an analogous generalization holds. The domestic {foreign) standard best response under Mutual
Recognition will always lic above (to the right of) the domestic (foreign) standard best response under
National Treatment with deterred entry,

The results establishing when the domestic region prefers MR over FH, MR over NT with
accomodated entry, and NT with deterred catry over NT with accomodated entry depend on a relative cost
condition in addition to the properties listed above. They arc based an constant relarive market size, With
cither a decrease in relative cost or an increase in relative market size, the domestic region is more likely to
prefer MR over FH, MR over NT with accomodated entry, and NT with deterred entry over NT with
accomodated entry. Other results hold generally, since they are independent of relative cost and relative
market size. These are, in particular, the result establishing that Mutual Recogrition improves welfare of
both regions when compared to the unregulated case, and the result that the foreign region prefers Mutua}
Recognition over all available alternatives.

Su lusions

This paper has shown that concerns about adverse consequences of minimum quality standards
might not be entircly valid. Whether a particular region will gain or lose¢ from the introduction of a
standard setting procedure depends on the procedure chosen. Within the framework of this model, welfare
of the “foreign™ region, measured as the sum of profits and consumer surplus, will always be largest under
Mutval Recognition. This leads to Mutual Recognition being the sole equilibrium outcome since it is the
default procedure. In particular, this could indicate that the cconomically weaker members in the EC could
be beter off resisting the harmonization of product standards in the Council of Ministers of the EC. The
“domestic” region’s welfare will be largest under Mutual Recognition if its industry has a large cost
advantage. This could indicate that Mutual Recognition of standards is more likely to prevail for industrics
with large cost differences,

In the absence of a quality standard, there exist at most two pure-strategy unregulated equilibria. In
either equilibrium, onc firm sells high quality whercas the other sells low quality, The resulting market

*By equations {10) and (11a) through (11d), profit and revenue are functions of combined market size only. Note that
combined market size is measured as up? + yp2.
IConditional on the uniqueness of the equilibrium in the industry subgame.
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equilibrium will generally not be optimal from the point of view of either regional government, since
governments will prefer higher quality levels than those chosen in equilibrium. However, the nature of
governments' choices will depend on the standard setting procedure agreed upon. Under various standard
setting procedures, there will exist some combination of minimum quality standards that will increase
welfare in both regions. This holds in particular for the cases of Full Harmonization, National Treatment.
and Muteal Recognition. Under any of these altematives, standards can always be found that increase
welfare in both regions. The analysis is therefore extended to include the choice between these standard
setting procedures by governments and the subsequent setting of standards to allow a comparison of the
effects of alternative standard sewting procedures.

I employ a number of restricting assumptions designed to caprure stylized facts about the EC as
well as to simplify further analysis. In the two-region model, one (the "domestic™) region is assumed have &
larger demand (market size) than the other ("foreign”) region. The producer in this region is assumed to
have a cost advantage guaranteeing 3 single pure-strategy industry-equilibrium in the last two stages of the
game, Under Full Harmonization, a standard can be set such that entry by the foreign producer is deterred.
This case is excluded by assumption. [ obtain results under Full Harmonization assuming that the council
calculates its standard best response conditional on both firms remaining in the market. If a firm were to
earn negative profits at the so calculated Full-Harmonization solution, its government will pay a lump-sum
subsidy equal to minus profits if that firm stays in the market. While the true Full-Harmonization sotution
would incorporate & nonnegativity constraint for profits. the obtained solution provides bounds on domestic
and foreign welfare and thus permits welfare comparisons. Even with these assumptions. the resuits
obtained do not permit a full characterization of all possible outcomes. Nevertheless, Mutual Recognition
emerges as on¢ regulatory alternative that always improves welfare in both regions when compared 1o the
case without regulation. This is due to three features of Mutual Recognition. 1t allows cack regicnal
government t0 maximize regional welfare with respect to a standard for its own industry. Since each
regional standard increases the quality of exports into the other region, ¢ach region gains from the other
region’s standard. Since ecach regional standard does not apply to the other region’s industry, it cannot be
used to deter entry.

The results obtained are conditional on the uniqueness of the equilibrium in the industry game.
They are mainly driven by the nature of duopolistic competition and governments' scope for using standards
as a strategic policy instrument. In addition, asymmetries with respect to costs of providing quality and
with respeet to market sizes influence some of the results. Some questions for further research are directly
related to the assumptions employed. If there is more than one industry equilibrium, governments may be
able to affect firms' choices with regard to being the high or low-quality provider. In this case, it is
possible that there will also be more than one standards equilibrium under National Treatment or under
Mutual Recognition. 1f firms have to bear a quality-independent surk cost in addition to quality-dependent
costs, then it is possible that an equilibrium where only one firms enters the market coexists with a duapoly-
equilibrium.  Again, this alters not only the firms® game but also the game played by governments. A
comprehensive analysis of the model presented here will in any case require some additional research.
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Appendix

2s
Lett=h, 0. The slopes of both branches of the quality best response in inequalities (182) and (18b), ie.,
dsifdsl; = -(a(aplt;asi);asj)f(a{aplgasi)/asi) are:

i;f‘m \=(205,3, (55, +5,0)/
S!
(Ada) (256b.5,° = 2565’5, +1005,5" +96b 5,75 +
205 -16bs;s  +bs ) >0
B ) rsss (75 4850} / (b8 ~16D s, +355,5, +960,5% ]
(Alb) aus—-\u—( 5.5,(7s, +85)} / (b3 =16bs s +35557 +96b,s %" +
s

405 ~256b,s 5, +2565,5°)> 0

In equarions (A.1a) and (A, 1b), the numerators are non-negative. The denominators are always greater than zeto given
that sj is greater (smaller) than s;. Hence, the reaction functions are upward sloping. In addition, the slopes of both
renction futctions are less than one. The effects of a change in cost of quality, represented by a change in by, on the
locations of both branches of the quality best response m inequalities {19a) and (19b). ‘e,  dsydbyly = -
(B(8P1,/8s;)/Eb;}(E(PLy/ Bs;)/8s;) are given by equations {A.2a) and (A.2b):

ds, B
(A2a) d_b‘wm =(5,(—ds, +5,)"}/(-2560,3" +256b5,"'s 100557 ~
96b,s’s =205 ' £16bs,s” —bs 'y <0
(A2b) fi'%la = (s,(-5, #4801 (=(bs )+ 16bs s — 3555, —

96b,3,%s 7 — 405"+ 256b,5,5," ~256b,5,") < 0

S|

The numerators are clearly non-negative, The denominators are abways smalier than zero given that s; is greater
{(smaller) than s;!

Congavity of the Fereign Fimm's Profits upder Full Harmenization

Equation (A.3) is equation (26) satisfying the domestic firm's unrestricted profit- maximization condition, fe
the second-order partial derivative of the foreign firm's profits aloag the domestic firm's quality best response. Foreign
firm's prefits are concave in foreign quality.

D BT, = 2725605, + 16384 b,s," ~ 2240 5,5, - 45056 b;s,s  +
gs;”
1840 5,57 + 87040 bys, st + 1220 5’5" ~93952 bs, s -
1095s,%s,* + 72128bs,"s," +1625s 5" —30160b,s,"s” -
12055, +5964b,5,7s," — 105, — 441bs,s,.” )/
(5,(=3s, +5. Y (165, = 168,5, + 21571 <0

(A3)

5 o1 g Su Ful izal

A uniform minimum quality standard will make afl consumers in both regions weakly better off and some
consumers strictly better off. Leti= D, F. up=2. and up=1. In region i consumers with incomes in the segment [u;,
t;1,] will purchase kigh guality, consumers with incomes in the segment (4. t;j] will purchase low quality, and al! other
consumers will not purchase. Let the slope of firm d's quality best response be denoted by dsg/dsg. Equations (A.4b)
and (A.4d) show that market participation in both regions will increase. Equations (A4a) and (A.d¢) show that the
segment of consumers buying high quality will increase in both markets, Egquations (A.4b), (A.4d), {A.4e), and (A41)
show that utility per unit bought will increase in both regions for both qualities.

{A.4a) itm oA, . 44 ] ds,
ds, (s, +5, ) (s +5) &

(A4b) _c!__t _d opo ~65, , 63, ds,
R e T A e -

<0



A2

(Aac) MEL,FH__'?;‘L_?,,_%‘L%I_ﬂw
ds, (s, w5 ) (s, + s} dsr
(Add) itrr =4 P B -+ 35 = g, <9
ds; dsp s (35, + sY (45 +5¢) ds
{Adc) d Ppy__ -l2s, . 12s, . ds, <0
a5 5y (eds, e ) (-ds, +s5 ) ds,
(A4} d B _ —68, sy ds,

T+ T <
d5 Sy (eds,+s ) (~ds, 45, ) ds

v E ¥ jegtiv
Equation {A.5} is equation (29) satisfying equation (28) and the domestic firm's unrestricted  profit-
maximization condition. fc., equation (A.5) is the second-order condition of maximizing world welfare along the
domestic quality best response. The Council's objective function has a single extremum at which it is locally strictly
comcave in s It can be shown that the Council's objcctive function becomes concave for all s¢ higher than its
unrestricted cquilibrium value if byis "sufficiently high,”

7w = {5{-12805,7 + 3200s,"5, - 5568575, +
25’

.5 s
(A-3) 46805, ~ 4331575, + 2088y, %5, ~ 45,5, -85, N/

(25, (45, =5 ) 5 0165,% = 16,3, + 2157 ) )< 0

1 15 oativi
Foreign zero-profit cost, Cylg, is just cqual to revenue. Aczording 1o cquation (28), MCy > MRy + BCSp/Bs +
ORy/8sp + OCSpy/dsy at Full Harmonization. Hence, Cp> (MRy + SCSp/dsp + SR g/dsg + IC8py/Bspsp2. It follows that
Cr> Celp.

{A.8a) - Snfsy =) (A.6b) R R L
' {45, =5 o Atay Y
(A.6c) e S5, (—451? ,35{,3,‘+4_\{:)>0
s, +5,)
X ivi ions 1

The foreign government's objective function is globally concave. The domestic gevernment's objective
function has a single extremum at which it is locally strictly concave in sy, This can be verified by differentiating
equations (30a) and (30b) with respect to gualities:

(A.7a) AR _(M)-Zbr <0
a5’ sy +5)
(A.7b) O g, M mSsst
E (~ds, w5 ¥ :

Let 59 be the welfare-maximizing choice of the domestic government. i.c. the RHS of equation (30b) equals zero.
Then, equation (A.7h) becomes:

(A7) 87w o HS=N2s £ 112505 -305)
e (45, =50)

<0

)
[0

Calcularions for Proof of Lemma 2

) At Full Harmonizazion, 8Wpy/8sy =8CSp/dsq > 0. Let SdiMR 2nd sqlpy; be sg at the Mutual Recognition
solution and the Full Harmonization solution, respectively. | cstablish that a horizontal move to the left (reduction in s¢
without reducing s4) will always leave AWp/8sg > 0, ic sgvp > sdlFs must hold. Equation (A.82) shows IWn/isy
at {sg=sglFy. 50} caloulated as its vaiue at Full Harmenization minus the loss from reducing s¢ to x0, It is
positive for all x0 = s7if's¢ £ 0.77"s4. It can be shown that the condition on sg is satisfied for any Full Harmonization
equilibrium. First note that any Full Harmonization solution must be to the lef: of the domestic firm's switchpoint, j.e
sdlgy must be less than 54 at the switchpoint. (If this was not satisfied, the domestic firm would want 1 be the low-
quality producer with a quality lower than the chosen minjmum quality standard.) Since sf/sq increases along the
domestic quality best responsc as sy increases, sf 5 0.77*s4 holds at the Full Harmonization solution since it holds at



A3

the domestic firm's switchpoint. This can be verified by deriving an upper bound for the switchpoint expressed in
terms of its high-quality best response.

aMW B
M\—IQ - (a(:uxo’af caox0?s -3aax0s,” + 512xd6 -
(A.Sa) leUSSd?‘sr - 60!:02 !-d3:-l. + 283x05d4>f - 3&45:’5.\1. +
102075 5 ~60x07 35 caasxos s 2 - 0a e F e
Sxoz 45¢ *:1"05\52"‘1‘3 ’135‘135:'3””

((va*dsd)a(hd 50020 fors <0 Ty

b) Let firm d's marginal quality best response be denoted by dsy/dsy. Denote MCyand sy at the Full-
Harmenization solution as MC gy and SfFy. respectively. Define MCrigm = (MRg + 8CSp/dsg + GRy/Os¢ +
GC3p/dsp). MCepy = (MRy-+ SCSp/dsp+ SR y/Bsg+ SCSp/Bsp) + dsg/dspe (MRg - MCy + SC8pldsy + ORglBsg +
HCSpdsq) where MRy = MCq holds. At the benchmark, MCelpy > MCdpm- MCqp)y is increasing in 54 and
approaches a finite limit as s4 approaches infinity. MCgpy is always greater than this limit. it follows that MClpy >
(MRg+ JCSp/3sp+ ER 3/8sr + 2CSp/dsg) for any 54 > 0.

{A.8b) 5803, —8s)s, +1058,%° = 565,5." —45.")
s MC | = T B T
2045, =5, ¥ (1687 = 165,58, +215,.°)

(A.8) 55,0 (208, ~175,)

MC [y = 3(as, ~5,)

Inspection of equation {A.8¢) shows that the limit of MCipn 23 54 approaches infinity is equal to 25/32.

(A.8d) MGl = Sags (48, +1T50)

sy (~ds, +5,)
(A.86) MC, [y - Limie, [MC ] =
(17925, = 720575, + 25,8, =169}
32(ds, -3, P (168, ~168,8, +21s7)

>0

Yerivation of the Cost Condition g(by) for Proposition 3

Define g(bg) = {bg | WD\MI-{(bd- bg) = Wplpnalbg. bg)y. The domestic region will prefer Mutual Recognition
ifbg < g(bg. From equations (28) and (30a), we have that for any finite by the limits of sfpqg and sdry as be
approaches infinity are equal to zero. Hence the limit of ( WplpMR - WDIFH) 2s by approaches infinity is equal to ({
Wplvr - Wplerlise= 0= { WplmRr - WplNp)se= 9> 0 {bv cquation (30b)).

For any {by. by}, a decreasc in be will increase s¢more under FH than under MR (by equations (28) and
(30a)). Let dWp/dspg and dWpydsgipy be the effect of a change in spat MR and FH, respectively, Note that
DR yfsp+ GCSry/Bsr is less ot MR than at FH, since sy is farger and s¢ is smaller at MR than at FIL It follows that
dWp/dsdyp = ERg/Esp SCSy/dsy<dWp/dsfrpy = R gfdsp + FCBplose + dsg/ds* BCSpy/dsg. Hence. a decrease in
bewill decrease ( Wplhvr - WDlFHD-

Derivation of the Cost Condition h(bs} for Lemma 3

Define h(bs = {bg | WoiNTnbg: b = WDINTe(bg. P} The domestic region wilt prefer to deter entry i€y
< g{bg). From equations {3la-1} through (32a), we have that for any finite bg the limits of sgNTn and sfnTe a8 by
approaches infinity are equal to zero. Hence the Limit of (WpNTq - WDINTe) 25 by approaches infinity is equal to
(WDINTR - WDINTSISE = 0) = (Wpimp - Wpinr)lsg = 0) > 0 (by equation (30)).

For any {bg, bg}. an increase in by will deerease sp under both NTn and NTe, This will increase MRy in
cquation (325} leading to an increase in sq and WplNTn. WpINTe decreases, since 34 is forced down the domestic

quality best response. Consequently, (WplNTs - WpINTe) inereases. Similarty, (WpinTna - WDINTe) decreases with
a decrease in by

neavity of Governments' Obijegtive F jons T Mot Tr ent{En N
The domestic government's objective function is globally concave, The foreign government's objective
function has a single extremum at which it is locally strictly concave insg This can be verified by differentiating
cquations (32b) and (32a) with respect w0 qualities:



Ad
a 2
dst
20s.5," = 96bys.’s,* —ds +16b 8,5, -

bs')) 7 (s, +5.)* <@

Wou = (2(-256b,s,* +256b,5,'s, —
(A.9a)

Let s¢ be the welfare-maximizing choice of the foreign government, L.e. the RHS of equation (32a) equals zero, Then,
equation {A%b) becomes:

(ash) & W _ 95,7 (s, +35,)
a7 ™ s -8, s,

AXumcrical Example
The cost parameters are by = 0.4 and bp=0.6. For this case, the domestic region prefers to accomodate entry
under National Treatment. Table A1 and Figures 7, A.1 and A.2 present numerical results under no regulation {NR),

the benchmark case (BM), Nationa! Treatment (NT. with accomedated entry), Full Harmonization (FH} and Mutual
Recognition (MR),

<0

Table A.1. Outcomes Under Different Regulatory Regimes - An Example
NR BM NT FH MR

54 [.573 2351 1.607 1698 2187
sf 0219 0620 0432 0744 0419
sg-5f 1354 1731 1175 0.954 1.768
Ppd 1403 1.853 1259 1472 1.857
PDf  0.098 0.244 0,169 0.235 0.178
PR 0701 0927 0.630 0536 0.928
per 0.049 0122 0.085 0117 0089
tpg 0.964 0929 0928 0877 0.950
I 0446 0394 0392 0316 0425
g 0482 0465 0464 0439 0475
o 0223 0197 096 (.58 0212
qpd 1036 1471 1072 1923 1.050
apr 0518 0.535 0.536 0.561 0,535
ard  0.518 0.535 0536 0561 0525
arFr  0.259 0268 0.268 0.281 0.263
Py 0.827 0269 0.655 0351 0.525
Pl 0.034 -0.067 0,002 -0.167 0.011
CSp 0991 L1791 1233 1.656 1495
CSg 0248 0448 0308 0414 0374
Wpy 1.818 2,060 1.88%8 2.008 2020
Wg 0.282 0381 0310 0247 0385
w 2101 2441 2,198 2255 2405

{(bg = 0.4, ber0.8)
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