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Abstract

This paper extends a well-established vertical product differentiation model to
an international duopoly with two segmented countries, where firms compete in
quality and price. The framework is used to analyse governments’ incentives for
unilateral minimum standard-setting as well as the scope and effects of cooper-
ative agreements in minimum standards. Endogenous national standards result
from a standard-setting game between governments whose objective function is
to maximise national welfare. Cross-country externalities can be are either posi-
tive or negative, depending on the quality of traded goods. Four unregulated Nash
equilibria in minimum standards are shown to exist, two symmetric and two asym-
metric, which correspond to the four different combinations of externalities that
may arise between the two countries: symmetric positive externalities, symmetric
negative externalities, or asymmetric positive and negative externalities. Unilat-
eral minimum standards can be inefficiently high or low relative to world optimum
symmetric standards and operate as non-tariff barriers to trade. Harmonisation
of minimum quality standards through cooperation is both feasible and mutually
beneficial in the symmetric case, but the scope for mutually beneficial cooperation
is significantly restricted when countries are asymmetric and lump-sum transfers
are not possible. The resulting cooperative standards are asymmetric and do not
maximise world welfare.
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1 Introduction

In light of growing vertical intra-industry trade and the proliferation of quality standards
over the past four decades, the study of how national incentives shape minimum quality
standards merits analysis. Amidst growing concerns that different national standards
operate as non-tariff barriers to trade, a comparison of the effects of optimally selected
national standards versus international standards is also important.

Over the past thirty to forty years, intra-industry trade, characterised by different
levels of quality, has grown into a significant share of total trade (Greenaway et al., 1994,
Torstensson, 1991 and Fontagné et al. (1997), among others). This period has also wit-
nessed a shift, from vigorous resistance to mandatory minimum quality standards, to
pro-active management in an era of proliferating regulatory standards. Mandatory mini-
mum standards mainly relate to public health, safety or the environment and outline the
technical specifications that products must meet. The development of quality standards
has taken place in parallel at both the national and international level.

This raises a number of questions regarding the incentives for the formulation of
national standards and their effects on quality choice, trade and welfare, relative to
international standards. How do national interests shape the formulation of national
standards? Why might some countries choose laxer or more stringent standards and how
do the effects of these contrast to a global welfare-maximising international standard?

A national standard introduces a quality constraint for all goods supplied to that
country, whether these are imports or domestically produced goods. Binding minimum
quality standards therefore directly affect foreign firms and welfare, as well as domestic
firms, giving rise to cross-country externalities. These influence the determination of
national standards, as compared to an international standard that internalises these
effects.

This paper contributes to the literature by extending a well-established vertical prod-
uct differentiation model to an international context where international duopolists lo-
cated in segmented markets compete in quality and price. The framework is used to
analyse governments’ incentives for unilateral minimum standard-setting as well as the
scope and effects of cooperative agreements in minimum standards. Endogenous na-
tional standards result from a standard-setting game between governments whose ob-
jective function is to maximise national welfare. The model highlights the effects of
cross-country externalities from minimum quality standards that can be both positive,
both negative, or asymmetric, depending on the quality of traded goods.

The wide body of theoretical literature on minimum quality standards originates in
the industrial organisation literature, with the development of vertical quality differen-
tiation models (e.g. Gabszewicz and Thisse, 1979; Shaked and Sutton, 1982). In his
renowned paper, Ronnen (1991) uses Shaked and Sutton’s framework to demonstrate
that mild minimum quality standards are welfare improving in a duopoly where firms
compete in prices and incur fixed quality-development costs. Similar results are ob-
tained by Crampes and Hollander (1995) assuming that quality improvements increase
variable rather than fixed costs. Ecchia and Lambertini (1997) also assume convex vari-
able costs and determine the minimum quality standard endogenously in the context of
one country.



The literature has recently turned to open economy versions of the vertically differen-
tiated duopoly framework. Motta and Thisse (1993) extend the model to two countries
with two firms each in order to analyse the effects of environmental quality standards
in autarky and free trade. However, the opening to free trade implies an increase in the
number of competing firms that prevents the authors from distinguishing between the
effects of the minimum standard and the effects of intensified competition.

Boom (1995) develops a two-country model of a vertically differentiated duopoly
where firms incur up-front quality development costs and so cannot tailor quality levels
to different markets. Moreover, they cannot adjust quality in response to standards. She
considers the effect of identical or different quality standards, established before firms
enter the market, on firms’ entry decisions and the subsequent price equilibrium. Despite
the segmented markets assumption, the two markets are connected by their choice of
standard since firms can only choose one quality level internationally. She finds that
firms may decide not to enter both markets if quality standards are very different, in
which case large differences in national standards operate as a barrier to trade.

The model in this paper differs from Boom (1995), and other works assuming up-front
quality development costs (Ronnen 1991, Valletti, 2000, Zhou et al., 2000, Herguera et
al., 2002, among others), by assuming firms incur quality dependent variable costs (as
in Motta, 1993, Crampes and Hollander, 1994, and Lutz, 2005). This cost specification
gives firms the flexibility to tailor quality levels to different markets and can respond
endogenously and asymmetrically to different quality standards. The effects of national
minimum quality standards on trade and social welfare follow as a result of the strategic
quality and price interactions of firms in response to a standard.

The effects of minimum standards have been analysed in the 10 literature in a single-
country framework, under different cost and market structure assumptions, by introduc-
ing minimum standards as exogenous constraints. More recently, Ecchia and Lambertini
(1997) determine the standard endogenously and examine its effects on the stability of
price collusion. Boom (1995) analyses the effects of differing national standards for firms
who cannot tailor quality to different markets. She finds that exit from the market with
the more stringent standard may occur if the difference is beyond a certain threshold,
but does not consider determine national standards endogenously through a standard-
setting game. Their location in this setting is irrelevant, while the location of firms (or
rather their national identity) is shown to matter in this paper.

The framework also examines the scope and trade and welfare implications of in-
ternational cooperation in standard-setting. The general approach of the literature
on cooperation in tariff-formation (e.g. Bagwell and Staiger, 1999, 2002; Staiger and
Tabellini, 1987) is used and highlights the constraints to cooperation imposed by coun-
try asymmetries.

The rest of the paper proceeds as follows. Section 2 introduces the model and charac-
terises the unregulated equilibria. Section 3 examines national incentives for standard-
setting, solves for the non-cooperative Nash equilibria in minimum quality standards and
examines the properties of these Nash equilibria compared to world welfare-maximising
harmonised standards. International cooperation in setting quality standards is analysed
in Section 4. Section 5 concludes.



2 The Model

This section describes the economic environment of the two-country model of verti-
cal product differentiation and characterises the unregulated equilibria. This lays the
groundwork for the rest of the paper that analyses the non-cooperative standard-setting
game between policy-makers and examines the scope and effects of international coop-
eration in standard-setting. The underlying quality differentiation model is closest to
Motta (1993), Crampes and Hollander (1995) and Ecchia and Lambertini (1997) for a
single economy.

2.1 Economic Environment

Consider two segmented markets, A and B, with a single firm located in each (firms A
and B). The firms compete in quality and prices in each market, producing a vertically
differentiated good. The firms can supply goods of a single quality level in each market
but are able to differentiate the quality of their exports from the quality of their domestic
sales. Let ¢;; be the quality level of the good produced in country i (by firm ) and
consumed in country j, where i, j € {A, B}. We assume no upper bound to quality level
so ¢;; € [0,00). There is no potential entry of additional firms, but the duopolists may
choose not to supply goods to either or both markets. Finally, we assume no transport
costs.

The firms interact in a two-stage game. In the first stage, firms non-cooperatively
select quality levels a4, qap and qpp, g, respectively. Perfect and costless commitment
to these quality levels is assumed. Firms compete in prices in the second stage, given
first stage quality levels .

Firms have access to the same production technology, which involves variable costs
that are convex in quality and linear in quantity. No sunk costs of quality development
are assumed'. Let V/(S;;¢;;) denote variable costs of production as a function of quality,
¢ij, and sales, S;;, of firm ¢ in market j, where these are as in (1):

V (Sij.4ij) = ba;;Sij, where b >0 (1)

Convexity in quality is both necessary and sufficient for the existence of an interior
solution? for quality choice in stage 1, and can thus be accompanied by an unlimited
range for quality level g;;.

The demand side is assumed to consist of a continuum of consumers in each market

INote that the absence of fixed sunk costs of quality development implies the equilibrium choice
of qualities and prices would not change if firms chose these simultaneously and non-cooperatively,
rather than sequentially and non-cooperatively. The sequential structure is preserved for purposes of
comparability with the related literature.

2There is no interior solution for firm quality levels if the variable cost function is non-convex. For
example, if variable costs are linear in quality, e.g. V(q) = cg, the low quality firm’s best response is a
quality level % that of the high quality firm, while the high quality firm adds to profit by raising quality
without limit (e.g. Choi and Shin, 1992). A solution can only be pinned down by assuming quality has
a finite upper limit, g, where the high quality firm locates.



with a varying taste parameter®, §. Consumers are uniformly distributed, with unit
density, over the interval [0,5] and derive utility from the first unit of purchase only.
The indirect utility function of a consumer with taste parameter 6, purchasing a unit of
a good with quality ¢ and price p is described by (2):

U=0q—p (2)

Given firms’ decisions (g;; pi;), consumers in each market choose between (i) purchasing
one unit of the good from firm A, (ii) purchasing one unit of the good from firm B, or
(iii) making no purchase. Consumers receive zero utility if they do not buy the good.
Note that since the minimum value for 6 is zero, there is always a measure of consumers
who prefer not to buy the good when prices are positive, implying incomplete market
coverage. Parameter # measures market size, which is symmetric in both countries.

Further suppose the governments of countries A and B have the opportunity to
regulate quality in their market by unilaterally setting minimum quality standards in
a stage 0, prior to the strategic interaction of firms. Governments choose standards to
maximise national welfare, anticipating firms’ optimal price and quality responses.

The solution concept employed to solve the multi-stage game is subgame perfect
equilibrium (SPE), found by backward induction. First, the unique second-stage equi-
librium in prices is analysed and firms’ payoffs described in terms of first-stage qualities.
Second, optimal first stage quality decisions of firms are examined. This allows the un-
regulated equilibria to be characterised. Then, the effects of minimum quality standards
are examined, yielding the regulated optimal quality responses of firms. Finally, the
incentives for standard setting are analysed and the non-cooperative Nash equilibria in
minimum standards characterised. The issue of international cooperation in standard
setting is analysed in the next section of the paper.

2.2 The Price-Setting Subgame

Firms A and B compete in prices in each market in the final stage of the game, given
stage 1 quality levels. It is common practice in the industrial organisation literature
with one market to arbitrarily assign one firm as high quality, solving for equilibrium
prices and qualities assuming an exogenous quality ranking between firms. Rather than
assigning a particular quality ordering between firms in each market, we suppose that
in each market j, there is a ‘high’ quality supplier (H), with quality level ¢z;, and
a ‘low’ quality supplier (L), with quality level q;;, where gy; > qr;. This allows for
the possibility that firms choose identical quality levels in stage 1. The associated prices
levels of these goods are denoted by pg; and pr;, respectively. We proceed to characterise
equilibrium prices and qualities for the H and L quality goods supplied in each market
and then examine the multiple equilibria that correspond to different configurations of
quality rankings of firms A and B in the two markets.

3Parameter # may also be interpreted as the marginal rate of substitution between income and
quality such that a consumer with a higher 6 has a lower marginal rate of substitution between income
and quality and thus a higher income. With this interpretation the framework presented is analogous to
models where consumers vary in their income level rather than preference over quality e.g Gabszewicz
and Thisse (1979), Shaked and Sutton (1982).



Hence, in the final stage of the game, firm quality levels are fixed in market j, such
that gm; > qr,;. Let xp; and zy; denote quality-deflated prices for the H and L goods,
respectively, and let r; denote the quality ratio, such that:

Ty = @ and zp; = Zﬂ (3)
qHj qrL;
=t @)

qr;

Consider the structure of demand for the two goods. Let z; denote the preference
parameter of the marginal consumer in market j who is indifferent between purchasing
one unit of the good of quality gx; at price py; and one unit of the good of quality qr;
at price pr;. The marginal consumer z; follows directly from (2) and is given by:

2= PHj —Prj _ TjTHj — TLj (5)
qHj — qL; ry—1

Moreover, let k; denote the preference level of the consumer who is indifferent between
buying the differentiated good and not making a purchase. Consumption of one unit of
the good of quality ¢r; at price pr; yields zero utility for this consumer, so from (2) it

follows that k; = xr; = %. Hence, consumers with preference parameter z; < § < [

purchase good H and consumers for whom zr; < 6 < z; purchase good L. Consumers
with 0 < 6 < x1; make no purchase.

The quantity demand for H and L goods in market j, and thus firm sales, are denoted
by Su; and Spj, respectively, and given by:

Sy = 0—z =0 Lo —PLi (6)
qHj; — 4L
Puj; —PrL; PLj

SLj — Zj—IULjIQ——j (7)

qH; — 4Lj qr;j

The corresponding profits, IIy; and IIy;, from H and L sales in market j, are thus:

My = (pay = baz;) (0 - 2) (8)
My = (prj —bai;) (2 — o1y) (9)
Substituting for z; and rearranging yields:
1

Muj = ——au; (@nj = bauy) (0 (rj = 1) = rjwm; + w1) (10)
J

rs
My = —=am; (v — bawy) (wn; — w1y) (11)
J

Maximising IIz; with respect to xp;, given xr; and r;, yields the quality-deflated
price reaction function (Rpy) of firm H in j:



1
iy (wry) = 5= [0 = 1) + brjqu; + w1, (12)
J
Maximising II; with respect to zr;, given xy; and r;, yields the reaction function
(Rp) of firm L in j:

1
215 (2rj) = 5 (bar; + ;) (13)
The slopes of the price reaction functlons, Ccll L = QL and ZIHJ_' = 2, respectively,
TLi Ry 2T 2Lj |Ry,

confirm prices are strategic complements. Moreover if qu; > qr; in stage 1, then r; > 1
and zy; > xr;, while if ¢; = qr; in stage 1, then 7; = 1 and (12) and (13) imply that
THj = XLj-

Solving (12) and (13) simultaneously yields the unique Nash equilibrium in quality-
deflated prices, in terms of parameters b, §, and firm quality levels:

1

TH = Aqm; — qi; (240 — 21,0 + 2ba;; + bai) (14)
1 _ —
vy, = ——— (qu0 — qu 0+ bq?{j + 2bqm;q1;) (15)
4QHj —dqrLj
Substituting (14) and (15) into (5) yields the equilibrium marginal consumer z;:
1 — —
2 = ————— (2qu;0 — qu;0 + 2ba%; + bau;ar;) (16)
4qmj — quj

Equilibrium prices follow directly from (14) and (15):

qH;
o 9H5  (9p — 2bq%; + b 17
PH;j 4qm; — quj ( (grj — qrj) + Ty + QLJ) (17)
q
i = g (O (an; — auy) + bair; + 2banar;) (18)
quj — qrj

Inspection of (17) and (18) reveals the quality gap, gu; —qr;, to be a key determinant
of prices. If firms choose identical quality levels qx; = qr; = g;, then the quality gap
is zero and prices collapse to marginal cost, py; = pr; = bqu. The Bertrand outcome
for homogeneous goods where price is equal to marginal cost and firm profits are zero
results. This drives the quality differentiation result of the literature, confirmed in the
next section.

2.3 Nash Equilibrium in Firm Qualities

Anticipating the price implications of their quality decisions, firms set quality levels
non-cooperatively in stage 1. Substituting (17) and (18) into (6) and (7) gives demands
in terms of stage 1 qualities:

SH]‘ = 5—2’]‘ ﬁ(26_2bQH] quj) (19)
J J
Sug = s = g e (0 b —bawy) (20
J J



It is now straightforward to express firms’ first stage profits as a function of quality
levels, market size and the cost parameter:

Gir (20 — 2bgy; — quj)Q
(4qm; — qr;)?
ar;jqri (0 + bqw; — bQLj)2
(4qm; — qry)?

Uwj(qujqr;) = (g5 — qz;) (21)

Urj(qmj, a;) = (qm; — auy) (22)

The profit equations confirm that firms can only earn positive profits when a quality
gap is established in stage 1. Profits are affected by quality choice in two ways. Firms
trade off the cost of producing a higher quality good with the higher price made possible
by the higher quality level, but also consider the disparity in quality levels, which affects
the intensity of price competition. The quality levels in the unregulated equilibrium are
found by solving the following system of first-order conditions, that captures these two
effects:

My (gmj, qry) _ 4Hj (QbQHj +bqr; — 25)

Oqm; (4qm; — qry)?
+2bq,?-:j — 4q?{j0 + 6qmjqr;0 — 8qij9) =0

(24bg};; — 22bq3;,qr; + Sbamjai;  (23)

Ol (gn;y, qry) _ dHj (5 + bqu; — bQLj)
941 (4qm; — qr;)?
_QbQ%j + 491%13‘9 — 7qm;q1;0) =0

(4bQ§Ij - 19bCI12'—IjCILj + 17bQHjQ%j (24)

The first order conditions simplify to (25) and (26), which implicitly define the quality
reaction functions of the two firms, qu; (¢r;) and qr; (qu;):

24bq};; — 22bq3qr; + 5bam;qi; + 263 ; — 4470 + 6qmiqr;0 — 8q7,0 =0 (25)
4bq?{] - 19bq?{quJ~ + 17qu]q%] - 2bq%] + 4q%[]6 - 7ququ€ =0 (26)

The analytical expressions for ¢, (¢r;) and gr; (¢u;) are not included in the main
text due to their length, but can be found in Appendix A. The reaction functions are
illustrated for parameter values = 5 and b = % in figure (1), and shown to be positively
sloped, indicating that firm quality levels are strategic complements. The intuition
behind the upward sloping ¢x; (q;) reaction function is straightforward. A rise in gz,
narrows the quality gap, thereby intensifying stage 2 price competition. The high quality
firm thus has an incentive to increase its quality in order to widen the quality gap and
alleviate competition. The convexity of costs with respect to quality ensures it is not
optimal for the high quality firm to fully offset the impact of higher ¢; and thus qg; (¢z,)
has a slope less than 1.

The upward sloping reaction function of the low quality firm, qr; (qm;), is less
straightforward, since an increase in gp; widens the quality gap, relaxing price com-
petition. The intuition behind the relationship is that the low quality firm’s revenue



is increasing in its own quality level, but its ability to raise ¢;; is constrained by the
stronger price competition that ensues. The alleviation of price competition through a
higher qp; thus permits an increase in qr;, that would otherwise not be optimal.

Since product differentiation relaxes ex post price competition®, firms find it optimal
to offer distinct quality levels in equilibrium. Solving (25) and (26) simultaneously yields
the unregulated equilibrium quality levels q%f = 0.40976% and quR = 0.19936%. They
are increasing in market size, but decreasing in the cost parameter of the model.

In the context of the two-country model, either high or low quality goods are imported
by j. The larger the market size of country j, or the higher is the highest income level
(depending on the interpretation of #), then the higher the quality of traded goods of a
given type. The results of the model are thus consistent with recent empirical studies
that find a positive relationship between the quality of traded goods and country size
and income (Hallak, 2006; Hummels and Klenow, 2005).

Substituting equilibrium qualities q%f = 0.40976% and qij = 0.19936% into the
prices, sales, and profit equations fully characterises the unregulated equilibrium. The
results are reported in table (1).

The consumer surplus in j, Cj, is comprised by the surplus of consumers of high
quality goods H, denoted by Cp;, and of consumers of low quality goods L, denoted by
C';. Integrating utility over the relevant range of consumers gives the expressions (27),
(28) and (29), expressed in terms of firm quality levels and model parameters § and b.
Substituting for equilibrium quality levels yields consumer surplus in the unregulated
equilibrium, reported in table (1).

9
Cuj = / (Oqu; — paj) do (27)
zj
Gt (20 — 2bqu; — bqyy)

= bgu 0+ bqr, 0 — 2bq2 . — 2bq2 -+ bqriqu;
2 (4qH] _ qu)Q ( J J Lj Hj J ])

Chy = / (Bqn; — pr) do (28)

Lj

2 (dqm; — q1;)° ’ !
C, = Cuy+Cy
2
qrj 2 3 vil 2 3 2 2
= (3b%q7; — 2bqrqm;0 + 4b°qy; + bqriq5;
2 (4QH] _ qu>2 J J J 7 J 7

+b°q7 jqu;j + 5qr;0° — 8bqt ;0 + 4qu;0 — 8bqi;;0) (29)

4This result is reminiscent of the well-known result of Kreps and Scheinkman (1983), where duopolists
choose capacity constraints and then compete in prices. The incentive to constrain output in order to
alleviate price competition gives rise to the Cournot outcome. Commitment to quality differentiation
serves a similar purpose in the vertical product differentiation literature, but there are key differences;
quality-differentiated goods command different prices, so firms are asymmetric in equilibrium. In con-
trast, capacity constraints serve to uniformly raise price above marginal cost preserving the symmetry
between firms.



The Unregulated Market j
Quality levels g5 = 0.40976% g7 = 0.19936%
Quality ratio r; = 2.0554
Quality gap quj — qLj = 0.2104%
Prices puj = 0.226662 | p,; = 0.0750102
Quality-deflated prices | z; = 0.533140 xr; = 0.376250
Marginal consumer Zj = 0.720750
Sales Sgj = 0.279250 Sr; = 0.34450
Profits My, = 0.01640@ I, = 0.012149§
Consumer surplus C; = 0.0469857

Table 1: The Unregulated Market

2.4 Firm Quality Rankings and Multiple Equilibria

Sections 1.2 and 1.3. solve for unregulated equilibrium prices and qualities in each
market, without specifying which of the two firms, A or B, is the high or low quality
supplier in each market. The assumption that firms can freely choose quality levels for
domestic and export sales and the absence of transport costs gives rise to four possible
equilibria:

1. Each firm supplies its home market with low quality goods and exports high quality
goods, S0 qaa < qpa and gap > qpp. Countries trade in high quality goods.

2. Each firm supplies its home market with high quality goods and exports low quality
goods, so qaa > qpa and gap < ggp. Countries trade in low quality goods.

3. Firm A is the world high quality supplier, so gaa > gpa and qap > qpr. Country
B imports high quality goods from A while A imports low quality goods from B.

4. Firm B is the world high quality supplier, so ga4 < ¢4 and qap < qgg. Country
A imports high quality goods from B while B imports low quality goods from A.

Hence the model gives rise to three possible trade patterns. Countries may trade in
high quality goods, low quality goods, or bilateral trade may be in goods of different
quality levels (equilibria 3 and 4 are symmetric).

The welfare of a country is measured as the sum of consumer surplus and profits of
the domestic firm from domestic sales and exports. The welfare of each country thus
depends on the quality rankings of firms in each market, and thus the pattern of trade
in equilibrium. While world welfare, denoted by W, is unchanged between equilibria,
the distribution of welfare between countries varies. Consumer surplus is symmetric
between countries at C; = 0.046985% but the higher profits earned from H sales in the
unregulated equilibrium imply higher welfare from a higher quality ranking of firm j
relative to the foreign firm.

Equations (30) to (33) give the welfare equations for country A under the four equi-
librium configurations:

10



W?AA<QBA7QAB>QBB = Ca+lpa+gs (30)
M/\?AA>qBA7qAB<qBB Ca+1lga+1p (31)
m?AA>QBA7QAB>QBB Ca+Upa+ g (32)
M/\?AA<qBA7qAB<qBB = Cat+lpa+1ip (33)

Correspondingly, equations (34) to (37) describe welfare for country B under the four

equilibrium configurations:

VI/‘?AA<QBA7QAB>‘1BB = CUp+1lga+1p (34)
VI/‘EAA>(IBA7QAB<QBB Cp+1lpa+1up (35)
VI/‘EAA>QBA1QAB>QBB Cp +1lpa+1lp (36)
VI/‘EAA<QBA7QAB<QBB = Cp+1lga+1lup (37)

Combining the unregulated market outcome reported in table (1) with welfare equations
(30) to (33) and (34) to (37) yields the unregulated welfare levels in table (2) for the

four equilibrium configurations.

Unregulated Equilibrium Welfare Distribution
Firm Rankings w4 w5 W

(1) qas < qBA, GaB > BB 0.075541% 0.075541% 0.151082%
(2) gaa > qBa, qap < qpp | 0.075541% | 0.075541% | 0.151082%-

23 -3 -3
(3) gaa > qBa, qap > qpp | 0.079799% | 0.071283%- | 0.151082%-

23 -3 -3
(4) gaa < qBa, qas < gpp | 0.071283% | 0.079799% | 0.151082%

Table 2: Welfare distribution in the unregulated equilibria.

Table (2) shows the asymmetric distribution of welfare in equilibria (3) and (4) where
national firms are either world quality leaders or world low quality suppliers. Equilibria
(1) and (2) give rise to symmetric welfare effects in the unregulated equilibrium. This
symmetry is not preserved, however, in the regulated equilibrium where governments
set minimum standards non-cooperatively, as is made clear in the next section.

3 Non-Cooperative Minimum Quality Standards

This section endogenises the choice of minimum quality standards in the two coun-
tries, where these are the result of a non-cooperative standard-setting game between the
governments of A and B. The objective function of each policy-maker is to maximise
national welfare, taking as given the minimum standard of the other country, while an-
ticipating the optimal quality response of the high quality firm and ensuing duopolistic
price competition.

11



The industrial organisation literature on minimum quality standards has only re-
cently endogenised the choice of national minimum quality standard (Ecchia and Lam-
bertini,1997), prior to which standards were modelled as exogenous constraints. This
paper extends the analysis to examine the incentives for standard-setting in an inter-
national context, thereby showing the effects of cross-country externalities and the role
of trade patterns in shaping national incentives. Section 1.4 establishes the three pos-
sible trade patterns that arise as equilibria of the two-country model. These in turn
correspond to three non-cooperative Nash equilibria in minimum standards.

The section first examines the effects of minimum quality standards on key mar-
ket variables that influence national decisions. The government reaction functions in
minimum standards are then examined and the Nash equilibria in minimum quality
standards characterised. These are contrasted to the world optimum pair of quality
standards and the role of unilateral standards as non-tariff barriers to trade is analysed.

3.1 The Effects of Minimum Quality Standards

The welfare improving effects of minimum quality standards in a single market with
two price-competing duopolists was first found in Ronnen (1991) and is a feature of
the subsequent literature, such as Crampes and Hollander (1995) and more recently
Ecchia and Lambertini (1997). It is common to the literature that the intensity of price
competition induces a greater degree of quality differentiation than is optimal from a
social welfare perspective, which a minimum standard can correct by narrowing the
quality gap between the two goods and raising both quality levels.

The incentive to regulate is also a feature of the two-country model, but the open
economy characteristics of the framework distort policy-makers’ incentives to correct
the inefficiency in quality-differentiation. This section analyses the effects of a mini-
mum quality standard, s/, in country j, such that s/ > ¢{[*. The related industrial
organisation literature usually examines the effects of ‘mild’ minimum standards as
exogenous constraints, defined as a standard in between the two unregulated qualities,
qg,f > sl > qij. Since s/ is determined endogenously in this model as a result of a
strategic game between policy-makers, we prefer not to restrict policy-makers’ strategy
space through a priori assumptions about whether unilaterally selected standard are
‘mild’ or ‘severe’, i.e. s/ > q%f > qij. The effects of s/ on key market variables, for
the range of values consistent with both firms remaining in market j, are summarised
by the following:

(i) The quality levels of both firms increase and the degree of quality differentiation
decreases. qr; > qf;* as a result of the binding standard, and qg;(s’) > ¢} as a
result of the strategic complementarity between quality levels. The standard has
the effect of raising the quality of the low quality firm closer to that of its rival. As
discussed in section 2.3, the optimal response for the high quality firm to raise its
own quality level to alleviate the price competition induced by the implementation
of a minimum quality standard. The convexity of costs ensures that the high
quality firm’s quality rises less than proportionally, as a result of the trade-off
between the intensified price competition that a smaller quality gap implies and
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the convex costs of quality improvement. The high quality firm’s quality response
to minimum standard standard s’ found by substituting q;; = s’ into the high
quality firm’s reaction function, implicitly defined by (25), which yields gm;(s?),
the optimal response of the high quality firm® to standard s/. Figure (2) illustrates
the path of quality levels and the quality ratio 7/ with minimum standard s’ for
f=5and b= % As the severity of the minimum standard increases, the quality
ratio converges to 1, while the quality gap converges to zero. Let s/ denote the
‘prohibitive’ minimum standard in country j, at which quality levels are equal.
The ensuing price competition is at its strongest and both firms earn zero profit.
sP7 is thus the highest standard consistent with the survival of both firms in market
j. For standards s > s'7, firms would make losses® giving rise to exit. Solving
quj(s™7) = qp; = s™ yields the general expression for s/

p; 20

§ = — 38

2 (38)
The larger the market, or the lower is firm cost, then the higher the maximum
standard consistent with a duopolistic outcome. For # =5 and b = 3, s"7 = 2 as

illustrated in figure (2).

UR 20
Lj > 3b
effects on price levels. First, a higher s/ implies higher quality levels for both
firms and thus higher variable costs, that are increasing at an increasing rate due
to the convexity assumption. Second, the convergence of quality levels intensifies
price competition, moderating the impact of costs of price levels. The cost effects
dominate under the assumptions of the model, in contrast to other contributions,
where prices fall with standards (e.g. Ronnen, 1991, Boom, 1995). Substituting
qr; = §° and qg;(s’) into price equations (17) and (18) yields pg,(s’,b,0) and
pr;(s ,b,0), which are confirmed to be increasing in s/, while the price gap is
declining in s/. Figure (3) illustrates pg;(s’,b,0) and pr;(s’,b,0) for § = 5 and
b=1.

(ii) Prices are increasing and converging over s/ € [q ] There are two conflicting

(iii) Profits of the high quality supplier decrease with standard s’ and profits of the low
quality increase with standards up to a certain threshold level, 5, above which they
also decline. Substituting q; = s’ and qy;(s’) into the profit equations (21) and

(22) yield Hg;(s?,b,0) and Tp;(s7, b,0), from which Muy(s709) ) ig confirmed.

- st
Solving W = 0 and confirming the maximum yields threshold level:
_ 0
5 = 0.277633 (39)
8HL]‘ (Sj ,b,?) 8HL] (Sj ,b,?)

Hence, —5= > 0 for 7 € [¢fF,5] and =255 < 0 for s’ € [5,s"7]. The
path of firm profits earned from high and low quality sales in j is illustrated for

The analytical expression for ¢ ;(s’) can be found in Appendix A.

6Note that if firms incur a fixed costs of production in addition to the variable cost specification
assumed, the threshold standard above which exit occurs is lower than s©7. For simplicity, fixed costs
are set at zero.
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Figure 1: Nash equilibrium in qualities, illustrated for 0=5andb= %

Quj» T sPi= 20/,

6.25 7

Ay

A

Figure 2: Regulated equilibrium qualities. Illustrated for 0=5andb= %
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6 = 5and b = % in figure (4). The economic mechanism for these contrasting
effects operates through the narrowing quality gap and price implications of s’.
As the quality gap narrows consumers switch from consuming the high quality
good to consuming the low quality good. At the same time, the increasing prices
imply some consumers switch from consuming low quality goods to not making any
purchase. From (16), (15) and (25), % > 0 and 858? > 0. The implications of the
increase in the preference parameter of the marginal consumers, is an unambiguous
decline in demand for high quality goods with s/, lowering IIy;. This negative
relationship is common feature of the related literature. The low quality firm enjoys
a larger overall market share for sufficiently low s/ but beyond a threshold 5, the
stronger price competition dominates the market share effect and profits decline.
Expressing low quality sales in terms of s7, b and § by substituting qr; = ¢ and

qmj(s7) into (20) allows threshold level 3 to be computed from %ﬁ’b’a) =0 in
terms of model parameters: 3

N 0

5= 0.341047 (40)

It thus follows that %:jj’m > 0 for s/ € [qij,g\} and %:j’b’a) < 0 for s/ €

[/3\\, st } . Ronnen (1991) and Crampes and Hollander (1995) find a similar pattern

for profits, while Boom (1995) finds losses for both firms as a result of assumptions
that keep market shares constant. The effects of s? on firm profits and sales are
illustrated in figures (4)-(6) for =5 and b = 1.

(iv) There are two conflicting effects of minimum quality standards on consumer sur-
plus under variable quality costs. First, the convexity of unit costs implies higher
prices as a result of higher quality levels, an effect which is exacerbated by firms’
strategic responses to each others’ price increases. Second, stronger price compe-
tition associated with diminished quality disparity has a positive effect on total
consumer surplus. The pro-competitive effect of s/ dominates the cost effect for
standards up to a threshold level s, above which the converse is true. Equation
(29) describes total consumer surplus as a function of quality levels and parame-
ters b and . Substituting qr; = s’ and qu;(s?) into C; yields C;(s?,b,0). Solving
dC; (s7,b,0)

=7 = 0 and confirming the maximum yields threshold level:

§ = 3.668 (41)

S| <ol

It follows that %:j’bﬁ) > 0 for s7 € [q}f',5] and %;’b’m < 0 for s/ € [5, s™].

The path of consumer surplus is illustrated for § = 5 and b = 1 in figure (7). Note
the effect of s/ on consumers is not uniform. Crampes and Hollander (1995) obtain
the result that all consumers gain for sufficiently low minimum quality standards,
under similar assumptions. For a higher standard, however, the higher costs and
prices induces losses in high quality consumers, relative to low quality consumers,
who increase in number as an increasing measure switches to purchasing the low
quality good. Ecchia and Lambertini (1997) show that all consumers lose for a
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Figure 5: Regulated high quality sales. Illustrated for 0 =>5andb= %
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Figure 6: Regulated low quality sales. Illustrated for 0 =5and b= %
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sufficiently high standard. Hence, as s/ rises over s/ € [¢]F,5], welfare is being
redistributed from the supplier of high quality goods to the supplier of low quality
goods and to consumers in aggregate, but also between consumers of high quality
goods to consumers of low quality goods.

Pj— 20
15 A
Ci(s)
1257
107
75T
5 : : : : sl
25 A 5 6.25
quUR S

Figure 7: Regulated consumer surplus. Illustrated for 0 =>5andb= %

The effects of s on C; and Iy, and 1I;; described in this section shape the incentives
of policy-makers in the standard-setting game. Section 2.2 examines these incentives
more closely.

3.2 National Incentives

In stage 0, the governments of A and B are assumed to set minimum quality standards
s4 and s? simultaneously and non-cooperatively, under the assumption that both firms
remain in the market, taking the strategic interaction of the firms and the resulting
effects on market variables as given. In section 3.1 the ‘prohibitive’ standard, s©7, which
defines the highest minimum quality standard consistent with the survival of both firms
in market j, is found to be s = 22, Hence, the strategy space of each policy-maker
of country j is 7 € [q/F, s"7]. The policy-maker of each country j chooses s/ from
within this strategy space to maximise its national welfare, W7, taking the standard of
the other country as given.

Recall that policy decision s/, gives rise to a strategic response of the high quality

firm in market j, qu;(s’). Substituting the reaction function gu;(s’) implicit” in (25)

"The analytical expression for ¢g;(s’) can be found in Appendix A.
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and qr; = &’ into equations (29), (21) and (22), yields consumer surplus and profits from
the sale of high and low quality goods in market j, as functions of policy variable s/ and
market parameters 6 and b. These are defined generally as C;(s?,0,b), Ilg;(s,0,b) and
Il;(s7,0,b).

Consider welfare equations (42) and (43) that describe the objective functions of

governments A and B in terms of s*, s® and parameters 6 and b:

w4 (SA, sB.0, b) = Ou(s4,0,b) + Taua(s*,0,0) + T 45(s%,0,b) (42)
wh (SA, sB.0, b) = Cp(s*,0,b) + Hpp(s®,0,b) + pa(s*,0,b) (43)

Suppressing market and cost parameters b and @ for convenience, the governments’
reaction functions are implicitly defined by (44) and (45):

OWA(s4, sB) OCA(s?) O 4a(s?)

0s4 B 0s4 * osA 0 (44)
8WB(3A, SB) 803(33) aHBB(SB)

0sB 4 0sB * osB 0 (45)

For a pair of standards (s4* s%*) to constitute a Nash equilibrium in minimum
standards, the pair must solve both (44) and (45). Since the distribution of consumers
is symmetric in the two markets, the choice of the minimum standard is influenced

symmetrically by its effect Cj(s?) in the two countries. Recall from section 3.1 that
acés(;a) > 0 holds for a range of values s’ € [¢VF5], where § = 3.668%, providing

incentives to regulate. Asymmetries in incentives for setting minimum quality standards
hinge on the quality of its domestic sales. If firm A supplies its home market with high
quality goods, then domestic profit is unambiguously lowered by the implementation of
st > gV since anggf(fA) = anggﬁ’ < 0. In contrast, if firm A is a supplier of low
quality goods then profit from domestic sales is increasing with s for sufficiently low
minimum standards, s4 € [qu,E], where 5 = 0.27763%. Similar arguments apply for
country B.

Moreover, inspection of the implicit reaction functions of A and B, given by (44)
and (45), respectively, reveals that while the level of W4 and W% depend on both s4
and s”, the optimal responses of the two policy-makers depend only on the quality
ranking of the national firm in the domestic market and parameters b and . The
policy-makers’ optimal choice of minimum standard thus involves a trade-off between
the gains to domestic consumers and the effects on domestic profit, which is unaffected
by the foreign standard but depends on the quality of domestically produced goods. The
discussion is summarised by proposition (1).

Proposition 1 A country’s optimal unilateral minimum quality standard is higher when
the domestic firm is the low quality supplier in the domestic market, than if the domestic
firm is the high quality supplier.

Proof. Let W}{ denote the welfare of a country j when the domestic firm is the high
quality supplier in j and W} denote welfare when the domestic firm is the low quality
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supplier in j. Further, let I1j; denote the profit of firm j from exports (of unspecified
quality) to i, where ¢ # j. Hence (suppressing market and cost parameters b and 6):

W, (s',s7) = C;j () +uy (s7) + i (") (46)
WIJ, (Si, S‘j) = Oj (Sj) -+ HL]' (Sj) -+ sz‘ (Sz) (47)
Let s}, and s}denote the optimal unilateral standard when W7/ = Wi, and when
Wi = Wi, respectlvely, given s'. Since IIj; (s') is not a function of the domestic
standard 7, optimal standard ), = argmax, WY (s',s7) = argmax, WY (s) and

sl = argmaxy Wi (s',s7) = argmax, W1 (s), where W7, (s7) = C; (s7) + Iy, (s7)

and Wi (s7) = Cj (s7) + I (s7). Recall that 8HHJ< ) aHLJ( )
sl € [qu,E], while 805# > 0 for s/ € [qL ,’s\}. It follows that arg max,; /WIJ{ (s) <
arg max,; W (s/) and hence s}, < ;. m ' '

In general, the policy-maker finds it optimal to set s}; that solves (48), or s} that
solves (49), depending on whether the domestic firm is a high or low quality supplier in

VE

< 0 for all s/ and > 0 for

8Cj(sj, @, b) 1 8HHj(8j, 5, b)

0sJ Os’ =0 (48)
8Cj(8j,§, b) GHL] (SJ 9 b) o
0sJ 0si =0 (49)

Solving (48) and (49) yields non-cooperative standards® s}, = 0.23995% and 5] =

0. 346919, respectively. In the former case, the policy-maker sets a relatively ‘soft’ uni-
lateral standard, while in the latter case a relatively ‘tough’ standard is set. Symmetry
across countries implies that s = % = s¥ = 0.23995¢ and s} = s§ = 7 = 0.346912,
where s° denotes the ‘soft’ unilateral quality standard and s ‘tough’ unilateral standard.
Both s° and sT lie between the unregulated high and low quality levels, so unilaterally
selected minimum standards are, indeed, mild.

Proposition 2 Unilateral minimum quality standards are always mild.

Proof. Since %E;]) =0ats=3. 6689 and aHH—J) =0 at 5 = 0.27763%, then s
that solves a convex combination of these in (49) must satisfy s <‘s£ < 5. Moreover,
since 5 > ¢7 " and § < ¢5" it is also true ¢f < 5] < ¢§". Hence, s, is mild. Following
a similar line of argument for s}; and noting that S?{ > (, it is straightforward to show

that s}, is also mild. =

3.3 Nash Equilibria in Minimum Quality Standards

Section 2.2 establishes minimum quality standards s = 0.239957 and s” = 0.346917
as the optimal unilateral policy decisions of national welfare-maximising policy-makers

8Tables (3) and (4) in Appendix B report the solutions to all market variables under the two unilateral
optimal minimum standards.
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in countries whose national firm supplies the domestic market with high or low quality
goods, respectively. Examination of the four configurations of firm quality rankings
show that there exist four non-cooperative Nash equilibria in minimum standards: two
symmetric Nash equilibria, where national minimum standards are either both tough
(s4 = sB = sT) or both ‘soft’ (s* = s = s%), and two asymmetric Nash equilibria
where one country sets the soft standard and the other the ‘tough’ standard (s = s°
and s? = 57, or s4 = 57 and sP = s°).

The multiplicity of non-cooperative Nash equilibria in minimum standards arises
from the multiplicity of equilibria of the firms’ strategic interaction in prices and quality
levels. Consider the four configurations of firm quality rankings in A and B:

1. If gaa < gqa and gap > ¢pp, then each firm supplies its home market with
low quality goods and trade is in high quality goods. Policy-makers’ incentives
are symmetric and give rise to a symmetric Nash equilibrium pair of standards

(SA*7SB*) _ (ST’ ST)_

2. If gaa > gga and gap < ¢gp, then each firm supplies its home market with high
quality goods and trade is in low quality goods. Policy-makers’ incentives are
again symmetric, but standards are less stringent due to the negative effect on

the profits of the domestic firm. The Nash equilibrium pair of standards is thus
(SA*7SB*) _ (857 SS)'

3. If gaa > qpa and gap > qpp, then firm A is the world high quality supplier.
Country B imports high quality goods from A while A imports low quality goods
from B. Policy-makers’ incentives are asymmetric such that the policy maker in
A has an incentives to set the ‘soft’ standard to protect the interests of the high
quality producing A firm, while policy-maker B sets the ‘tough’ standard. The
Nash equilibrium pair of standards is thus (SA*, sB*) = (SS ,S )

4. If qaa < qpa and qap < qpp, then firm B is the world high quality supplier
and A exports low quality goods to country B. The Nash equilibrium is again
asymmetric, where (s, s5%) = (57, s%).

These results are summarised in proposition (3).

Proposition 3 Non-cooperative Nash equilibrium minimum quality standards are higher
when countries trade in high quality goods than if they trade in low quality goods. If trade
flows vary in quality, then a higher minimum standard is set by the country importing
high quality goods than by the country importing low quality goods.

Proof. If countries trade in high quality goods then national firms are low quality
suppliers in their home markets. Conversely, if trade is in low quality goods, then
national firms are high quality suppliers in their home market. Moreover, if one country
imports high quality goods and the other low quality goods, then the national firm of the
high quality importing country is the world low quality supplier, while the other firm is
the world high quality supplier. The proposition then follows directly from proposition
(1). m
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The key difference between the international duopoly and having both duopolists in
a single country is that only the profits of the national firm are incorporated into each
policy-maker’s objective function. At the same time, the trade links between countries
give rise to cross-country externalities from standard-setting as each standard affects the
profits of the foreign firm.

In contrast to the widely explored negative terms-of-trade externalities of the strate-
gic tariff-formation literature (e.g. Bagwell and Staiger, 1999, 2002; Staiger and Tabellini,
1987), the cross-country externalities arising from mild quality standards can be either
positive or negative, depending on the quality of traded goods. Profits from low quality
exports are increasing in foreign minimum standards, provided these are not too severe,
yielding a positive cross-country externality. Profits from high quality exports unambigu-
ously decrease with foreign minimum standards, giving rise to a negative cross-country
externality. The four Nash equilibria thus correspond to the four different combinations
of externalities that may arise between the two countries: symmetric positive externali-
ties, symmetric negative externalities, or asymmetric positive and negative externalities.

More formally, the externalities between countries A and B are reflected in (50) and
(51), which describe the impact that s® and s* have on W4 and W2, respectively,
through their effect on profit flowing abroad.

oW A Ol ap

>
dsB— 9sB <0 (50)
ow?B Ollpa >
657 = oA 2 1)

The sign of 8&%3 and 8(1;8%, respectively, depends on the quality of traded goods,

and thus on the pattern of trade. For example, if A exports high quality goods to
B, then even a very mild minimum standard s® imposes a negative externality on A.
Conversely, if low quality goods are exported, then for sufficiently low s”, the externality
on country A is positive. Since these positive or negative external effects do not factor
into unilateral decision-making, the Nash equilibrium standards are inefficiently high or
inefficiently low relative to the world optimum pair of standards that internalises these
effects.

To examine the efficiency characteristics of the Nash equilibria, we derive the effi-
ciency condition for pairs of minimum quality standards. Then the world-welfare max-
imising pair of standards is calculated and contrasted with the non-cooperative policy
outcome. This paves the way for the analysis of international cooperation in quality
standards that forms the rest of the paper.

3.3.1 Efficiency

Consider the welfare level of A from a given pair (s4, s?).

W4 =wA4(s4,s5) (52)

Consider an iso-welfare contour for A, that describes all the combinations of national
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standards that yield the welfare level described in (52). Along the iso-welfare contour,
it must hold that:

ow4 ow4

A B
(93‘4 ds + aS—BdS =0 (53)
Hence, the slope of the iso-welfare contour of A is given by:
l@} B _8WA/8SB (54)
dsP | \wag oWA /9s4

Similarly along an iso-welfare contour for B, for constant welfare W2 = W5 (s4, sP)
it must hold that:

owe o owB
aSB ds” + st =0 (55)
Hence, the slope of the iso-welfare contour of B is given by:
l@} . OWB /9sB (56)
dsP |\ gyo_y ~ OWE,0s4

Substituting (44) and (45) into (54) and (56) allows the slopes of the country A and
B iso-welfare contours to be expressed in terms marginal effects of national standards
on consumer surplus and profit flows:

8HAB/8SB

ds __ (57)
dsB AW A=0 N 6CA/83A+8HAA/83A

ﬁ __803/8SB+8HBB/88B (58)
dsP | oy Ollpa,/ Os4

For a pair of minimum quality standards (s*,s?) to be efficient, there must be
no possibility Pareto improvement from (s4, s?), so the iso-welfare contours must be
tangential to each other at (s*,s?). The efficiency requirement is thus:

{dsA ldsA

ds |dW A=0 ds |dW B=0

Results from the examination of the Nash equilibria against efficiency condition (59)
are summarised in Proposition (4).

(59)

Proposition 4 The Nash equilibria in minimum quality standards are inefficient.

ds?
dsB

Proof. Recall the condition for efficiency [gj—g] that implies

AwA—0 [ ]|de=0
(57) and (58) must be equal for Nash equilibrium pair (s4*, s%) to be efficient. More-
over, in order for the pair to constitute a Nash equilibrium, it must be true that it solves
the government reaction functions, (44) and (45). However, if (s*", s%") satisfies both

(44) and (45), then [M = 00 > [M

e = ooF = 0, thus violating the condition

] |dWA=0 ] |dWB=0

for efficiency. m
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3.3.2 World Optimum Minimum Standards

Let pair (SA, SB) = (SE/O, s%VO) denote the pair of minimum standards that maximise
world welfare W (s4, s%), given by (60), where:

W (s?, %) = Wa (st s%) + Wg (s, s7) (60)
= Oy (SA) + 144 (SA) +IIga (SA) +Cp (sB) +Izp (SB) + 14 (SB)
Since each market has a low and high quality supplier with symmetric costs and

consumer preferences are identical across markets of equal size 6, then by symmetry
sWO = WO = sWO where sW© = argmax, W (s) = 2[C; (s) + Uy, (s) + 11, (s)]. Thus

s"O solves: oW 90 (s) oMy (s) Oy (s)
_ Y5\ Hj S Lj\5) _
ds  Os * 0s + ds 0 (61)
Rearranging (61) yields the efficiency condition:
B Oly; (s) /0s __0Cj(s) /0s+ 0y, (s) /Os . (62)
oC; (s) /0s + Ol (s) /Os OMly; (s) /0s B

It follows directly from (62) that efficiency is satisfied at the world optimum. Hence,
the world welfare-maximising pair of minimum standards is shown to be both symmetric
and efficient. The implication is that world welfare is maximised at a unique point, where
both countries harmonise their standards at s"'©. Since the world optimum does not
constitute a non-cooperative Nash equilibrium, it may only be reached through cooper-
ative agreement. The feasibility of international cooperation at (s4,s%) = (sW©, s"0)
is analysed in the section 4. ~

Solving (61) yields the world optimum common standard ¢ s"© = 0.25241%. It is

observed to lie between the two optimal unilateral minimum standards s° = 0.23995%

and s” = 0.34691%. This leads to Proposition (5).

Intuitively, the cross-country externalities imply that when a government of a country
imposes a minimum quality standard, part of the costs (or benefits) of the standard are
borne by the trading partners of that country. As a result, each government faces less
than the full costs (or benefits) of the standard and hence over (or under) provides
regulation of quality relative to the world optimum minimum standard that internalises
the cross-country effects.

Proposition 5 The world optimum standard (sV©) lies between the unilateral ‘soft’
standard (s°) and ‘tough’ standard (sT).

—~

Proof. Since s = argmaxj W(s), sjﬁ = arg max ﬁ/\[j{ and S% = argmax, Wg,
where W (s) = Cj(s) + Iy (s) +11,(s), W}, = C; (s7) + Uy, (s7) and W] = C; (s7) +
I1z; (s7), then from the properties of Iy, [Ig; and C; it follows that s}, < sV < s]. =

wo

9Table (5) in Appendix C reports the solutions to all market variables under standard s"©.
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3.4 Non-cooperative Standard-Setting and Trade

Consider the implications of the over- or under-regulation of quality on the trade flows
between A and B. When countries trade in high quality goods, the Nash equilibrium
is symmetric and characterised by ‘tough’ standards in both countries. These are more
stringent than is optimal from a world-welfare perspective, however, as a result of the
bilateral negative externalities. Since demand for high quality goods is decreasing in
the minimum quality standard, over-regulation implies lower demand for high quality
goods in each country and thus lower bilateral trade in these goods than is efficient. The
tougher standards also imply the quality of traded goods is higher than is efficient.

Conversely, trade in low quality goods gives rise to a symmetric Nash equilibrium in
which both countries set ‘soft’ standards, which are laxer than is optimal from a world-
welfare maximising perspective. For low quality goods, however, laxer standards imply
less demand in each country, and thus lower bilateral trade in low quality goods than is
efficient. Moreover, the quality of traded goods is lower than is efficient.

Similar arguments apply for the asymmetric Nash equilibria for the flows of high
and low quality exports, respectively. It follows that irrespective of the quality level of
traded goods, and thus for all patterns of trade, the inefficiency in unilateral decision-
making in quality standards operates as a non-tariff barrier to trade. Moreover, the
result follows without any of the usual assumptions that generate non-tariff barrier
effects of minimum standards, such as certification or labelling costs for firms to meet
different national standards or quality modification costs that prohibit the customisation
of quality to different markets.

The discussion is summarised by proposition (6).

Proposition 6 Trade flows are lower under Nash equilibrium quality standards than
under world optimum standards.

Proof. Recall that asjj < 0 and a(.iﬁ-j > (0 for s € (qu,§> where 3 = 3.4104%. If
Ax

both countries export high quality goods, then Nash equilibrium standards are s™* =
sB* = sT. From Proposition (5) it follows that sT > s"9 so exports must be lower
than under world optimum standards. If countries trade in low quality goods, then

Nash equilibrium standards are s** = s%* = s%. Proposition (5) implies s° < sV .

Moreover, since s"¢ < 3 then 855 Ll > 0 holds in the region of the Nash equilibrium and
world optimum. Hence low quality exports are lower in the Nash equilibrium than under
world optimum standards. Finally, if A exports high quality goods and B exports low
quality goods, then s = s° < s© and sB* = s7 > sWO. Thus high quality exports of
country A are lower under s%* = sT than under s%* = s"©. Furthermore, country B’s

low quality exports are lower under s* = 5% than under s** = s, m

4 International Cooperation in Quality Standards

Section 2 establishes the inefficiency of the non-cooperative Nash equilibria in minimum
quality standards, as well as the efficiency of harmonisation of quality standards at the
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world optimum. This section analyses the potential gains from international cooperation
between governments under the three distinct trade patterns: trade in high quality
goods, trade in low quality goods, and bilateral trade in goods of different qualities. A
common feature of all three cases is the Prisoners’ Dilemma structure in the incentives of
the two policy-makers. While countries stand to gain through a cooperative agreement,
this does not constitute a Nash equilibrium. Taking as given the minimum quality
standard of the other country, each policy-maker has an incentive to defect from the
cooperative agreement. The analysis follows the general approach used in the analysis
of cooperative agreements in tariffs (Bagwell and Staiger, 1999, 2002) by examining
Pareto-improving reciprocal adjustment of minimum quality standards as a means of
establishing the scope for cooperative agreement.

4.1 Bargaining from Symmetric Nash Equilibria

The two distinct trade patterns that give rise to a symmetric Nash equilibrium are
analysed in turn.

4.1.1 Trade in High Quality Goods

Proposition 7 If countries trade in high quality goods, then a cooperative agreement in
quality standards must involve a reciprocal lowering of minimum quality standards from
the non-cooperative Nash equilibrium.

Proof. If countries trade in high quality goods, then the national firms are low

quality suppliers in their home market. It follows from propositions (1) and (5) that A
and B set ‘tough’ standards unilaterally, denoted by s4™ = 57" = s7 > sWO,
For a pair of standards (s, sf) to be welfare improving for both A and B relative to
the Nash standards (s”,s”), it is necessary that sg < s” and s§ < s”. This is shown to
be true by considering the effect of s# on W#. The minimum standard in B affects the
welfare of A through its effect on profit from high quality exports. From the properties
of Ily; it follows that W4 is decreasing in s”. A symmetric argument applies for B, so
WP is decreasing in s4. The cross-country negative externalities are summarised by:

oW Mg
9sF  9sP 0 (63)
ows Ollpa
DA 9eA <0 (64)

While each country’s welfare is decreasing in the quality standard of its trading partner,
the implicit reaction functions (44) and (45) imply that %w 5 and 88‘2/_]33"9 , are indepen-
dent of s? and s4, respectively. The best responses of governments A and B are thus

s (sP) = sT VsP and sP* (s) = s Vs?, respectively. Hence, if s§ > s”, (63) implies

the best attainable welfare for A given sf is:

WA (s (s5)  58) = W (57, 58) < WA (7. 57) (65)
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Similarly, if s; > s, (64) implies the best attainable welfare for B given s; is:

WP (55,57 (s5)) = WP (s 7) < W (s, 5T) (66)

Inequalities (65) and (66) imply that if sg' > s7 or s > sT then (s{,sf) cannot
be Pareto improving relative to (ST,ST) for both A and B and thus cannot be the
outcome of a cooperative agreement in standards. Hence for (864, s& ) to be a cooperative
agreement both s < s and s§ < sT must hold. m

Figure (8) illustrates the incentives of the two policy-makers under the configuration
of firm qualities that generates trade in high quality goods. The curves illustrated are
plotted for parameter values b = % and 6 = 5 using the profit equations for high and low
quality goods, consumer surplus and the quality reaction function of the high quality firm
given in Appendix A. The origin of the figure corresponds to no regulation, where s4 =
sB = ¢UB. Iso-welfare contours W4* and W5* are drawn for the welfare level attained

in the symmetric Nash equilibrium, denoted by NE, where (s, s5%) = (s7,s”), while

contours W4 and W8 correspond to the welfare of A and B from a cooperative agreement
at the world optimum (WO), where s4 = s = sWO < sT. Moreover, the dotted
contour W* reflects iso-world-welfare contour at the Nash equilibrium level of welfare
W+ = W + Wb,

Consider the iso-welfare contours for each country. Higher welfare levels correspond
to contours closer to the axes, reflecting the cross-country negative externalities that
apply. For each country, the unique, optimal unilateral standard is s?, which reflects
the optimal reply of each country to any standard set by the other. The welfare level of
each is decreasing in the standard of the other, so the highest weflare point is ( 4 5B ) =
( T,qu) for A and ( , ) (qu, T) for B.

The efficiency locus is denoted by EE, which plots all pairs of minimum standards at
which the iso-welfare contours of A and B are tangent. WO is the efficient, symmetric
pair, which maximises world welfare. The inefficiency of NE is confirmed since the iso-
welfare contours of the two countries are not tangential at NE, indicating scope for Pareto
improvement. The core, enclosed by W4* and W5*, gives the set of all Pareto-improving
points relative to NE, within which the darker segment reflects the contract curve of A
and B, along which cooperative pairs (SA, sB ) are both efficent and Pareto-improving
relative to NE.

Consider the opportunities for cooperation reflected in the figure. While (sT, sT)
is a Nash equilibrium, mutual gains can be reaped through a reciprocal adjustment of
minimum quality standards downwards, as follows from proposition (7). Each reciprocal
adjustment places countries on a lower, symmetric contour (reflecting higher welfare),
through which all gains from bargaining are exhausted at WO.

The analysis confirms the potential welfare gains from cooperation, but also high-
lights the Prisoners’ Dilemma structure of incentives. Points D4 and D? illustrated
optimal defection points from cooperation for A and B, respectively. If s = s then
country A’s optimal reply is to defect to D4, by setting s* = s and thereby attaining
a higher welfare level. While the scope for Pareto-improving cooperation is established,
the analysis raises concerns over the enforceability of such cooperation.

In practice, national quality standards are developed by National Standards Bodies.
153 of these national bodies are members of the International Organization for Stan-
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dardization (ISO), the world’s largest developer of standards. While the ISO has greatly
contributed to the development of international standards alongside national standards,
it has no legal authority to enforce the implementation of its standards. Despite the
ISO’s large membership, and the impetus it creates for the implementation of interna-
tional standards, there are still widespread differences in national standards.

Figure 8: Cooperative agreement when countries trade in high quality goods.

4.1.2 Trade in Low Quality Goods

Proposition 8 If countries trade in low quality goods, then a cooperative agreement in
quality standards must involve a reciprocal raising of minimum quality standards from
the non-cooperative Nash equilibrium.

Proof. If countries trade in low quality goods, it follows from propositions (1) and
(5) that A and B set ‘soft’ standards unilaterally, denoted by s4™ = s8" = 55 < s"O,
Moreover, the implicit reaction functions (44) and (45) yield s (s?) = s% Vs? and
sB* (SA) = 5% Vs4, respectively.

For a pair of standards (364, s ) to be welfare improving for both A and B relative to the
Nash standards (s%, s%), it is necessary that sg' > s° and s§ > s°. If these conditions do
not both hold, then at least on country has lower welfare under (s, s§') than under the
Nash equilibrium standards. From the properties of I11; and since 5 > s° it follows that
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W4 is increasing in s” and WP increasing in s in the region of the Nash equilibrium.

The cross-country externalities are thus positive and summarised by:

owA OB _
=8 = 55 0 for s” € (¢7*.3) (67)
3WB 8HBA A —
9 = sA 0 for s* € (¢7",3) (68)

Hence, if s§ < s° the best attainable welfare for A given sf is:

WA (54 (s8) . 58) = W (5,58 < WA (55, 5°) (69)

Similarly, if s; < s the best attainable welfare for B given s is:

WP (s, 8% (s8) = WP (s, %) < WP (s°, 57) (70)

From (69) and (70) it follows that if s5' < s¥ or s§ < s%, then (s{, s§) cannot be Pareto
improving relative to (SS , 8% ) for both A and B and thus cannot be the outcome of a
cooperative agreement in standards. Hence for (564, s& ) to be a cooperative agreement

both si' > s and sf > s° must hold. m

Proposition 9 From a symmetric Nash equilibrium in minimum standards, mutually
beneficial reciprocal adjustment of national standards increases national welfare mono-
tonically for both countries until the world optimum is reached.

Proof. Consider reciprocal changes in standards ds4 and ds? from an initial bar-
gaining position at Nash equilibrium standards, (s*",s?"). If trade is in high quality
goods, then 54" = s = sT > 5O and from Proposition (7) adjustments ds? < 0
and ds® < 0 from the Nash equilibrium are mutually beneficial. Similarly, if low qual-
ity goods are traded, then s4" = 8" = s5 < s"© and from Proposition (8) adjust-
ments ds? > 0 and ds® > 0 from the Nash equilibrium are mutually beneficial. Since

* * . . . . . . .
s = P reciprocal adjustments give rise to symmetric Pareto improvements until

s+ Y ds = s 4+ 3 ds = s, where standards (59, s"©) are efficient. m

Figure (9) illustrates the strategic incentives of the two policy-makers where trade is
in low quality goods. As before, the curves illustrated are plotted for parameter values
b= 5 and = 5 using the profit equations for high and low quality goods, consumer
surplus and the quality reaction function of the high quality firm given in Appendix A.
All notation is as in figure (8).

The iso-welfare contours for countries that trade in low quality goods are elliptical,
as illustrated in the figure. In particular, the iso-welfare contours for A and B form
concentric ellipses that correspond to higher welfare as they converge to the unique,
preferred point of each country.

Consider the welfare of country A. Welfare level W4* is attained at the Nash equi-
librium (NE), where both countries set the ‘soft’ standard s° < sW©. Welfare W4
from a cooperative agreement at the world optimum (WO) corresponds to an elliptical
iso-welfare contour that lies within the contour corresponding to the Nash equilibrium
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* * . . . _A
(sA ,sB ) = (sS .57 ) The unique, preferred point of country A is denoted by W, cor-
responding to the pair of minimum standards (sA, sB ) = (35 ,5). The intuition behind
the shape of the iso-welfare contours and preferred point W lies in the positive cross-
country externalities between countries for minimum standards s/ € (qu,E), which

become negative for s € (5,s7), where 5 = 0.27763% = 2.7763 and s” = 2. Hence,
at s® =35 = 2.7763, the profit from firm A’s low quality exports is maximised, yielding
the highest attainable welfare for A at (SA, SB) = (ss ,E). Similar arguments apply for
country B.

The dotted contour reflects the iso-world welfare contour through the Nash equilib-
rium point, corresponding to welfare level W* = W4* +- W5 and centred around the
world welfare maximising WO point. The core, enclosed by the intersection contours
W4 and WP*, gives the set of Pareto-improving cooperative agreements, the efficient
of which lie on the contract curve, that forms a subset of the efficiency locus EE.

Propositions (8) and (9) are reflected by reciprocal increases in standards s and s?,
which increase welfare by ‘internalising’ the positive externalities drive firms to under-
regulate at the NE, relative to WO. These Pareto-improving adjustments shift countries
onto smaller and smaller concentric circles from NE, which correspond to higher welfare
levels, until efficiency is achieved at WO where both iso-welfare contours are tangent. As
with trade in high quality goods, the Prisoners’ Dilemma structure exists, since countries
A and B have an incentive to defect to D? and D?, respectively, from a cooperative
agreement at WO.

4.2 Bargaining from Asymmetric Nash Equilibria

This section examines the incentives and scope for cooperative agreement between the
two countries from an initial asymmetric Nash equilibrium in minimum quality stan-
dards. This corresponds to the trade pattern where one firm ranks as the high quality
leader in both markets, and the other firm is the world low quality supplier. The result-
ing trade pattern is where one country exports high quality goods, and finds it optimal
to set minimum quality standard s° < s"©, while the other exports low quality goods,
and sets s7 > s"O,

The results point to scope for mutual gains from reciprocal adjustment in minimum
standards, but show that the asymmetric welfare measures and externalities (positive
for one country and negative for the other) make a cooperative agreement at the world
optimum infeasible. The asymmetries between A and B are such that the world optimum
does not offer a Pareto gain to both countries and hence does not lie on the contract
curve. In the absence of lump-sum transfers that can correct for the asymmetries,
the models shows that harmonisation of minimum quality standards cannot form a
cooperative agreement. This result is similar to Mayer (1981) and Kennan and Riezman
(1988), who show in the context of tariff negotiations that free trade may be unattainable
if countries are sufficiently asymmetric!’ in size.

10 An important difference is that asymmetric Nash equilibria arise endogenously as a feature of the
vertical product differentiation in this chapter, and not as a result of assymetric assumptions in country
or firm characteristics.
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Figure 9: Cooperative agreement when countries trade in low quality goods.
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The results are summarised by general propositions (10) to (14) and then illustrated
for particular parameter values.

Proposition 10 If trade flows vary in quality, then a cooperative agreement reached
from the non-cooperative Nash equilibrium must involve a higher standard in the high
quality exporting country and a lower standard in the low quality exporting country .

Proof. Suppose A exports high quality goods and B exports low quality goods (or
vice versa). It follows from propositions (1) and (5) that A sets a ‘soft’ standard and
B a ‘tough’ standard unilaterally, where s~ = 5% < s and 5% = s > s"O. The
implicit reaction functions (44) and (45) yield s** (s7) = s Vs? and s (s4) = s* Vs,

respectively. Equations (63) and (68) imply a negative externality on A from % = s

and a positive externality on B from s** = s Hence for standards (sf', sf) to be
welfare improving for both A and B relative to the Nash standards it is necessary that
sit > 5% and s < sT. If these conditions are not both satisfied, then at least one country
has lower welfare under (sg', s§) than under (s%,s”), as shown by (69) and (66), and
(s, st) cannot be the result of a cooperative agreement. m

Lemma 11 The world optimum does not lie on the contract curve of governments whose

wnitial bargaining position is an asymmetric Nash equilibrium in minimum standards.

Proof. Consider the asymmetric Nash equilibrium where A exports high qual-
ity goods and B exports low quality goods, where Nash equilibrium standards are
sV = 55 < sWO and s = sT > s"O. For the world optimum to lie on the con-
tract curve it must be both (i) efficient and (ii) Pareto improving. The world optimum
is shown to be efficient in section 3.3.2. Agreement at the world optimum is shown not
to be Pareto improving, however, by examination of country welfare levels at the Nash
equilibrium and at the world optimum: ~
Substituting s% = 0.23395% and s’ = 0.34691¢ into equation (25) yields Nash equilib-
rium high qualities gz (s°) = 0.42856% and qyp(s?) = 0.49272%. Firm quality rankings
imply ¢y = qua(s®) = 0.42856%, ¢4y = qup(s’) = 0.492722 g3, = 7 = 0.34691%
and g5, = s° = 0.23395%. Substitution of the equilibrium values in (42) and (43) yields

—3 3

Nash welfare levels W#* = (6.9585 x 1072) & and WP* = (8.0616 x 1072) &, respec-
tively. ~

At the world optimum low qualities are qzq = qrg = s7° = 0.25241% From (25)
the high quality best responses are qra(sV0) = qHB(swoz = 0.43885%. It follows
that ¢/ = ¢f = 0.43885% and ¢}fY = ¢i¥¢ = 0.25241%. Substituting into (?7)
and (??) yields welfare levels at the world optimum WA = (7.5567 x 1072) % and
WE = (7.7249 x 1072) %, respectively.

WA > WA and W8 < WB* imply the world optimum is not Pareto improving relative
to the asymmetric Nash equilibrium and thus cannot lie on the contract curve. m

Proposition 12 From an initial asymmetric Nash equilibrium in minimum standards,
an agreement at the world optimum cannot be reached through Pareto improving recip-
rocal adjustment of national standards.
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Proof. This follows directly from lemma (11). =

Lemma 13 From initial asymmetric Nash equilibrium minimum standards a lump-sum
transfer from the high quality to the low quality exporting country can ensure mutual
gains from a cooperative agreement at the world optimum.

Proof. Consider the asymmetric Nash equilibrium where A exports high qual-
ity goods and B exports low quality goods. The proof of lemma (11) confirms that
WA — W4 > W8 — WB. Thus any lump-sum transfer LA? from A to B where
LAB ¢ (WB «_WB ) WA — WA*) ensures mutual gains from an agreement at the world

optimum. m

Proposition 14 If lump sum transfers between countries are possible, then the world
optimum can be reached through international cooperation for all configurations of firm
quality rankings.

Proof. This follows directly from propositions (9) and (13). m

Figure (10) illustrates the strategic incentives and opportunities for cooperative bar-
gaining from the asymmetric Nash equilibrium where s* = s° and s? = s”, correspond-
ing to a quality ordering in each market where firm A is the high quality supplier. As
before, the curves illustrated are plotted for parameter values b = % and 0 = 5 using
the profit equations for high and low quality goods, consumer surplus and the quality
reaction function of the high quality firm given in Appendix A.

The asymmetric Nash equilibrium depicted contains elements of figures (8) and (9)
of the previous sections. Country A exports high quality goods, and thus always loses
welfare from the implementation of a binding standard in country B, through the nega-
tive effect on export profit. The iso-welfare contours for A are thus increasing in welfare
for lower s, and centred around s = s, the optimal minimum standard for A. Welfare
level W4* is attained at the asymmetric Nash equilibrium.

Country B is an exporter of low quality goods to country A and thus experiences
a positive welfare effect from the implementation of s* € (qu,E), and a negative
welfare effect for s*” € (E, st ), giving rise to elliptical iso-welfare contours. Welfare W 5*
corresponds to the welfare level at the Nash equilibrium.

The concentric dotted iso-world welfare contours are centred around WO and the
efficiency locus EE passes through WO and into the core formed by the two (reservation)
iso-welfare contours at NE. The main observation is that WO is not on the countries’
contract curve, so in the absence of lump sum transfers, this point cannot be reached
through reciprocal adjusment of s4 and s®. While country A gains from WO (relative
to NE), country B experiences a loss in welfare, since W2 < W5*. Mutual gains from
a cooperative agreement are possible, for example at C, but the resulting agreement
does not entail harmonisation of standards and corresponds to a world welfare level
lower than at WO. Note that the Prisoners’ Dilemma structure in incentives continues
to apply, with D# and D? reflecting the defection points of A and B, respectively.

If lump-sum _transfers are possible between countries, then a lump sum transfer
LAB = WB* — W58 is the smallest transfer consistent with cooperation of B at WO.
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Figure 10: Cooperative agreement when countries trade in goods of different quality.
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Under LAZ, country B is indifferent between NE and WO, while A gains welfare relative
to the non-cooperative Nash equilibrium.

Meza and Tombak (2007) introduce asymmetries in marginal costs and Jinji and
Toshimitsu (2004) assume asymmetric fixed quality-development costs to obtain an en-
dogenously determined quality ranking. For sufficiently small cost differentials, they
each find a unique duopoly equilibrium in which the low cost firm offers high qual-
ity. Their results suggest that even small cost asymmetries can eliminate symmetric
Nash equilibria. If the quality ranking of firms is preserved across markets through a
cost advantage of one firm over another, then only the asymmetric equilibria discussed
survive.

4.3 Cooperative Standard-Setting and Trade

Proposition 15 International cooperation in standard-setting raises trade volume rel-
ative to the non-cooperative Nash equilibrium for all configurations of firm quality rank-
mngs.

Proof. Proposition (6) establishes that trade flows are lower under the Nash equilib-
rium than under world optimum standards. Under symmetric initial conditions, Propo-
sition (9) establishes that reciprocal mutual adjustments in standards allow the world
optimum to be reached. Hence international cooperation from a symmetric Nash equi-
librium raises or lowers standards towards the world optimum, thereby raising trade
flows. Moreover, if lump sum transfers can be made between countries, then Propo-
sition (14) establishes that the world optimum can be reached even under asymmetric
initial conditions.

Pareto improving cooperation is possible even in the absence of lump-sum transfers,
however. Proposition (10) establishes that such cooperation must raise the standard of
the high quality exporting country and lower the standard of the low quality export-

ing country, albeit not to the world optimum level. Since aggj < 0 and 885; =L > 0 for

s € <qu,§>, any cooperative agreement from an asymmetric Nash equilibrium is trade

enhancing. =

5 Conclusion

This paper extends a well-established vertical product differentiation model to an in-
ternational duopoly with two segmented countries. The framework is used to analyse
governments’ incentives for unilateral minimum standard-setting as well as the scope and
effects of international cooperation on welfare and international trade. Firms compete
in qualities and prices internationally and incur variable costs of quality improvement,
allowing quality of domestic sales and exports to be differentiated. National standards
are endogenous and result from a standard-setting game between governments whose
objective function is to maximise national welfare.

Multiple equilibria arise as a feature of the underlying vertical product differentia-
tion model. Four unregulated Nash equilibria in minimum standards are shown to exist,
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two symmetric and two asymmetric, depending on the pattern of trade. The frame-
work delivers several new propositions. First, the analysis establishes that in all four
cases, unilaterally selected minimum quality standards are inefficient as a result of cross-
country externalities. Second, trade flows are shown to be lower under non-cooperative
Nash equilibrium standards than under a mutually beneficial cooperative agreement,
suggesting higher trade flows between countries that cooperate in standard-setting than
between countries that set minimum standards unilaterally. Unilateral minimum stan-
dards are thus shown to operate as non-tariff barriers to trade.

In contrast to the widely explored negative terms-of-trade externalities of the strate-
gic tariff-setting literature (e.g. Bagwell and Staiger, 1999), the cross-country externali-
ties arising from mild quality standards can be are either positive or negative, depending
on the quality of traded goods. Profits from low quality exports are increasing in foreign
minimum standards, provided these are not too severe, yielding a positive cross-country
externality. Profits from high quality exports unambiguously decrease with foreign min-
imum standards, giving rise to a negative cross-country externality. The four Nash
equilibria thus correspond to the four different combinations of externalities that may
arise between the two countries: symmetric positive externalities, symmetric negative
externalities, or asymmetric positive and negative externalities. Hence unilateral mini-
mum standards may be inefficiently high or inefficiently low relative to the efficient world
optimum symmetric standards.

Third, the existence of Pareto improving cooperative agreements from an initial
bargaining position at any of the four Nash equilibria, is established. Moreover, the world
welfare maximising symmetric standard can be reached through reciprocal adjustments
in national minimum standards from either of the two symmetric Nash equilibria. These
correspond to firm rankings that give rise to trade in high quality goods only, or trade
in low quality goods only. While the underlying Prisoners’ Dilemma structure of the
standard-setting game raises concerns about enforcement of cooperative agreements, the
theoretical results show that an efficient cooperative agreement to harmonise minimum
quality standards is feasible and mutually beneficial for countries that trade in goods of
similar quality levels.

Finally, the scope for mutually beneficial cooperation is shown to be significantly
restricted when cross-country externalities are asymmetric. New propositions establish
that while asymmetric countries can mutually gain from cooperation, the resulting co-
operative standards are asymmetric and do not maximise world welfare. Cross-country
asymmetries that arise endogenously in equilibrium, and not by assumption, correspond
to the setting where trade is between a country who is a high quality leader and a coun-
try that supplies both markets with low quality. The resulting contract curve does not
include the symmetric world optimum. Lump-sum transfers can correct for this asym-
metry, a mutually beneficial cooperative agreement at the world optimum cannot be
reached in their absence. The results suggest that successful cooperation in the setting
of minimum standards between high quality and low quality exporting countries is less
likely, particularly if the agenda for cooperation is to harmonise minimum standards.

The paper provides a motivation for international cooperation in minimum standards
that stems from the inefficiencies of national decisions in an international context where
countries are linked through trade, but also points to potential difficulties in the real-
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isation of successful cooperation as international asymmetries hinder the incentives to
implement jointly, but not individually, beneficial harmonised standards.
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Appendix A. Quality Reaction Functions

The full expression for the high quality firm’s optimal quality response to an unregulated
low quality, qu; (qr;), or response qp; (s7) to a minimum standard s’ € [¢fFf, s"7], is
given below. Due to its length the country subscript j is dropped and gg; (+) is given as

qu (s). Tt is expressed in terms of the standard, s, and the ratio of cost to market size,
%, denoted by m

1 11 1 ) 1 31
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9" " 36 A\324™ 781" T 1206°
where:
1
1, 1049 , 503 , 5 3
= (=em® — S B
(729m 233" T 7re T 1om ST
and:
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The low quality firm’s reaction function with ¢, (¢u;) can be expressed in terms
of high quality ¢y, and the ratio of market size to cost denoted m. For expositional
convenience the country subscript j is dropped.
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The unregulated Nash equilibrium quality levels reported in the text can be found by
solving qm; (qr;) and qr; (¢m;j) simultaneously. The polynomial expressions yield a num-
ber of solutions. All negative and complex solutions are discarded, as well as those for
which gp; < gr;. There is a unique real solution for which gg; > qr; > 0.

The minimum quality standards s®, s”, s"© and threshold standards 5, § and 3
referred to in the main text are found by substituting q; (s7) into the relevant equations
for welfare, profit, sales and consumer surplus, which are then expressed in terms of
s) and market parameters b and 6 only. Applying optimisation techniques to these
expressions, with respect to s/, yields the solutions. All solutions described in the text
have been computed using Scientific Workplace.

Furthermore, all figures in the paper are plotted by substituting g (s7) into the
relevant equations and setting parameter values b = % and 6 = 5.
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Appendix B. The Regulated Market Outcomes

Tables (3) and (4) report the regulated market outcome under s° and s7, respectively.
The solutions confirm that consumer surplus is higher and profit from high quality sales
lower under s” than under s°. Furthermore, the tougher standard corresponds to a
smaller quality gap, indicating the lower degree of product differentiation. Prices for
both high and low quality goods are higher with the tougher standard, as the convex
variable costs effect from the higher quality levels outweighs the pro-competitive effect

of stronger price competition.

Regulated Equilibrium with High Quality Domestic Sales

Quality levels
Quality ratio
Quality gap
Prices

Marginal consumer
Sales

Profits

Consumer surplus

Quality-deflated prices

quj = 0.428562

r; = 1.8318 )
Qrj — qrj = 0.128861§
pij = 0.23487%

v = 0.548050

2 = 0.736850

Sy = 0.263150

Ty; = 0.0134762

C; = 0.050122Z

qr; = sp = % = 0.23995¢
=2

prj = 0.091475%

xr; = 0.3910

Sr; = 0.345850 (imports)
-3
Il; = 0.012702%

Table 3: Regulated Equilibrium with High Quality Domestic Sales.

Regulated Equilibrium with Low Quality Domestic Sales

Quality levels

Quality ratio

Quality gap

Prices
Quality-deflated prices
Marginal consumer
Sales

Profits

Consumer surplus

qm; = 0.492729
r; = 1.4203 .
q; — qrj = 0.124581§
prj = 0.27231%
zj = 0.797430
Suj = 0.202576 (imports)
-3
I, = 0.0059831%
=3
C; = 0.055502%

qrj = 5, = sT = 0.34691¢
-2
pr; = 0.15604%

Sr; = 0.347640
-3
Il; = 0.012407%

Table 4: Regulated Equilibrium with Low Quality Domestic Sales.

Appendix C. The World Optimum

Table (5) reports the market outcome under s"9, the world welfare maximising (com-

mon) minimum quality standard.
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World Welfare Maximising Market Outcome

Quality levels

Quality ratio

Quality gap

Prices
Quality-deflated prices
Marginal consumer
Sales

Profits

Consumer surplus

quj = 0.43885%

r; = 1.7386 )

quj — qr; = 0.18644%
52

Pu; =% _
zj = 0.7460160
Swj = 0.253990
-3
Il; = 0.012028%
=3
C; = 0.051511%

qr =57 = sW0 = 0.25241¢

=2
_ 0
Pr; =%

xr; = 0.399580

Sr; = 0.346420
-3
Il;; = 0.012869%

Table 5: Market Outcomes Under the World Optimum Standard.
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