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1. Introduction

Domestic regulations such as product standards often act as impediments to trade because of reductions
in tariffs through past trade negotiations (Baldwin, 1970; Ederington and Ruta, 2016). Countries
implement standards policies to ensure the health and safety of their consumers or to protect the
environment by imposing minimum quality standards. As each country has its own policy goals, these
standards differ between countries and can function as non-tariff barriers.!

There are two distinct principles regarding product standards: “national treatment” (NT) and
“mutual recognition” (MR). Under the NT principle in the World Trade Organization (WTO) rules, to
sell goods in one country, domestic and foreign firms must comply with the standards of that country.
Therefore, all firms are subject to the same standards under NT.2 By contrast, in countries adopting the
MR principle, any good that meets the standards of one country can be sold in another country, even if
it does not fully comply with the latter’s standards. In other words, under the MR of goods, a country
accepts goods that are lawfully sold in another country.®

Comparing MR with NT, MR seems to facilitate more trade because firms do not need to produce
goods according to different standards under MR. However, in the real world, most WTO member
countries adopt NT, whereas the MR of goods is enforced only in a limited number of countries, such
as the European Union (EU) countries.* This raises the following important questions: Why is MR
adopted in only a few countries (regional MR)? Does regional MR benefit or harm its non-members?

Can countries form multilateral MR?

! See “Standards and safety” on the web of the World Trade Organization
(https://www.wto.org/english/thewto_e/whatis_e/tif e/agrm4_e.htm; last accessed on February 8, 2025).

2 The principle of NT is that a member of the WTO must treat the imported products produced by another
member’s firms no less favorably than its domestic products with respect to all laws and regulations affecting sales.
See the General Agreement on Tariffs and Trade (GATT) Article III.

% The principle of MR should not be confused with the “MR agreements” widely formed in the world. In MR
agreements, MR applies to conformity assessment procedures but not to product standards.

* The EU countries enforce the MR of goods to complement the harmonization of product standards. See the web
of the European Commission (EC) (https://single-market-economy.ec.europa.eu/single-market/goods/free-
movement-sectors/mutual-recognition-goods_en; last accessed on February 8, 2025). Non-EU countries such as
the U.S. and Korea agreed on the recognition of U.S. standards for auto parts under the U.S.—Korea Free Trade
Agreement. See the web of the Office of the United States Trade Representative (USTR) (https://ustr.gov/about-
us/policy-offices/press-office/fact-sheets/2018/september/fact-sheet-us-korea-free-trade;  last  accessed on
February 8, 2025). In the Japan—-EU Economic Partnership Agreement (EPA), the parties agreed to accelerate the
approval of unapproved wine additives that are approved in the other’s market. See the web of the United States
Department of Agriculture (USDA) (https://fas.usda.gov/data/japan-wine-additive-approvals-under-eu-japan-
economic-partnership-agreement; last accessed on February 8, 2025).
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To answer these questions, we develop a tractable three-country oligopoly model in which each
country implements a standards policy to mitigate the negative externalities caused by the consumption
of traded goods. The standards are continuous, and stricter standards reduce negative consumption
externalities but increase firms’ production costs. The oligopoly is essential in this analysis. Without the
rent-shifting motive, governments impose the same standards under NT and MR, rendering the two
regimes identical. We consider a two-stage game: in Stage 1, each government endogenously sets its
own standard, and in Stage 2, firms choose the quantities they supply to each country’s market. The NT
regime is examined as a benchmark. In our model, there are two distortions—negative consumption
externalities and underproduction due to imperfect competition—whereas the government has only one
policy instrument, the standards policy.® This results in a suboptimal equilibrium.

The main results are as follows. First, regional MR is formed when its members maximize their
Jjoint welfare but not when they maximize their national welfare. Under national welfare maximization,
a member of the regional MR significantly lowers its standards to increase exports to another member
for rent-shifting purposes (a race to the bottom), resulting in substantial negative consumption
externalities for the members. Therefore, the members are worse off relative to NT, and regional MR
harms a non-member if the degree of transboundary negative externalities is large. However, when the
members cooperatively choose their standards, there is no race to the bottom. Thus, regional MR is
formed and, surprisingly, benefits a non-member.

Second, we demonstrate that multilateral MR benefits the members of regional MR but harms the
non-members if the marginal compliance cost of standards is high and the degree of transboundary
negative externalities is not small. Intuitively, this is because it is too costly for non-members to raise
their standards from the NT (lenient) to multilateral MR (stringent) standards. Therefore, non-members
block the achievement of multilateral MR. Otherwise, multilateral MR 1is achieved because it benefits
all countries more than regional MR.

Our theoretical results might be consistent with empirical observations. The EU can be classified
as a successful regional MR because its members share common interests. Furthermore, the enlargement
of the EU can be considered a successful multilateral MR, if we treat members of the regional MR as
existing members of the EU and a non-member as a new member.

This study contributes to the literature on minimum quality standards and regional trade

5 In reality, a large number of products makes it difficult to employ consumption taxes (or subsidies) on each
product.



agreements (RTAs). The seminal paper by Fischer and Serra (2000) analyzed the role of standards in a
two-country Cournot oligopoly model with consumption externalities. Several subsequent studies have
examined standards (Sturm, 2006; Baltzer, 2011; Ishikawa and Okubo, 2011; Petropoulou, 2013;
Takarada et al., 2020; Kawabata and Takarada, 2021; Macedoni and Weinberger, 2022, 2024). However,
these studies focused exclusively on NT. Our study is closely related to Costinot (2008), who developed
a two-country model with low and high standards, showing that standards are too lenient under MR
because of a race to the bottom. Thus, NT can be relatively more welfare-enhancing than MR, despite
countries choosing the most cooperative (Pareto-efficient) equilibrium.® Toulemonde (2013) explored
how MR shifts the transaction costs of adapting to different norms (standards) from firms to consumers
by considering disutility from consuming imported goods of unfamiliar norms.’

The novelty of our study lies in the fact that existing studies on standards do not investigate the
impact of regional MR on non-members or the relationship between regionalism and multilateralism
because they employ a two-country model.® Furthermore, countries can select their standards from a
continuous range, which is critical for obtaining new results.

The remainder of this paper is organized as follows. Section 2 describes the model and considers
NT as a benchmark. Section 3 analyzes regional MR, and Section 4 explores multilateral MR. Section

5 discusses extensions. Finally, Section 6 concludes.

2. The Model

2.1. Basic setting

The world economy comprises three symmetric countries: X, Y, and Z. In each country, one firm
produces a homogeneous good, which is freely traded and sold in all three segmented markets.® The
consumption of these products generates negative externalities, which may be transboundary. The basic
setting of the model is based on Takarada et al. (2020).

Each country implements a standards policy to mitigate negative consumption externalities. Let

6 Geng (2019) extended Costinot’s model by incorporating heterogeneous preferences for externalities and
demonstrated that NT tends to be better than MR.

" Using a Ricardian model and focusing on gains from trade, Parenti and Vannoorenberghe (2024) found that
countries with strong comparative advantages in distinct externality-generating goods can pursue the cooperative
setting of standards through mutual regulatory concessions.

8 The only exceptions are Takarada et al. (2020) and Kawabata and Takarada (2021), who developed a tractable
three-country model to consider the harmonization of standards under NT.

® Asymmetry in countries and the case of differentiated goods are discussed in Section 5.
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syj represent country I’s minimum quality standard imposed on a firm in country J (firm j), where
I =X,Y,Z and j =x,y,z. We use uppercase and lowercase letters to denote countries and firms,
respectively (e.g., country X’s firm is denoted as firm x). Figure 1 depicts two types of standards policies,
NT and MR, between countries / and J. Under NT, country [ treats a domestic firm (firm i) and
foreign firms (firm j) equivalently, such that s;; = s;;, and vice versa (I,] =X,Y,Z, I #], i,j =
X,Y¥,Z, i # J). In other words, in the NT regime, any good lawfully sold in one country must follow that
country’s standards. However, in countries adopting MR, any good complying with the standards of one
country can be sold in another, even if the good does not fully meet the standards of the latter country.
When countries I and J implement MR, country I’s standard on firm j, s;; (country J’s standard
on firm i, sj;), is equivalent to the standard the firm must comply with at home, s;; (s;), thatis, s;; =
sy (S5 = sn)-

Country [ Country |

Market S ) Market
a

Sii

NT: s;; = 515, Sj5 = Syi MR: s;; =555, S;i = Spi
Figure 1. Standards policy

Firms compete in a Cournot fashion in each of the national markets and incur unit production
costs, denoted as c(s;;), to produce a good with standard s;;, where c’(s;;) >0 and c”(s;;) = 0.As
the negative effects of consumption are external to consumers, the level of standards does not influence
consumers’ demand for goods, as in Fischer and Serra (2000). Consequently, firms have no incentive to
voluntarily raise their standards, thereby producing goods that exactly meet the minimum quality
standards.

Firm j earns the following profit from sales in country I’s market:

m; = [p@) —c(sipla, 1=XY,Z, j=x1yz €))

where q;; and Q; denote firm j’s supply to country I’s market and the total supply in country I’s
market, respectively. p(Q;) represents the inverse demand function in country I.

Let g(s;j) be the negative externalities per unit of consumption at standard s;;, and assume that
g(s;;) =0, g'(s;j) <0, and g"(s;j) = 0. The loss associated with negative consumption
externalities in country [ is expressed as follows:

Ly = Uy (s1i St s1ic) + 8L (850,57, 51) + 8liea (S Sk Skere)s
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LLLK=XY,Z, 1#]+K, ijk=xy2 1i+j*k (2)
where  Uy(sii sijosie) = 9Csidan + 9(sip)ary + 9Gmdane » Ui(sosipspe) = g(sp)ay +
g(sj j)q i+ g(sjk)q k> and & € [0, 1] represents the degree of transboundary negative externalities.
In Equation (2), the first term, [;;, represents the damage caused by country I’s own consumption, and
the second and third terms, &l;; and 8lk;, represent the damage from country J’s and K'’s
consumption, respectively, if § > 0. All else being equal, the higher the standards, the smaller the loss.

Country [’s welfare is given by
WI=CSI+Z T[]i_LI’ I=X,Y,Z, i=x,y,Z, (3)
J=XY,Z
where CS; = fOQI p(w)dw — p(Q;)Q; is country I’s consumer surplus. This can be rewritten as
WI :WII(SIiJSIjISIk)-I-z] IW][(S][,S]]',S]]{), I,]:X,Y,Z, i,j,k=x,y,Z, l:/:]:,tk, (3,)
*

where wy;(sy, 515, Six) = CSp + my; — Iy is the domestic component of country [’s welfare and
Wy (Syir Syjr Spic) = 1y — 61y is the component of country I’s welfare obtained from country J.

To obtain clear-cut results, we specify the functional forms as in Takarada et al. (2020): ¢(s;;) =
vsij, p(Q)) =a—Qy, and g(s;j) =P — s;j, where f —s;; =0 for Vs;; = 0. Here, y measures
the extent to which stricter standards increase a firm’s unit production costs to comply with the standards.
We can interpret y as the marginal compliance cost of standards. s;; = 0 represents the most lenient
standard, which generates the maximum negative externalities per unit of consumption, g(0) = . By
contrast, s;; = [ represents the most stringent standard, causing no negative externalities, g(f8) = 0.
Furthermore, we assume the following to ensure that the second-order conditions for welfare

maximization and the positive sales conditions are satisfied in the subsequent analysis:°

Assumption 1. (i) 28 > a > 38/2 and (ii)) 1/2 <y <2+ 8)/2.

We consider a two-stage game. In Stage 1, each government endogenously sets its own standard.
In Stage 2, firms choose the quantities they supply to each country’s market. Using backward induction,

we derive the subgame perfect Nash equilibrium of the game.

10 From Assumption 1 (i), demand size « is sufficiently large to ensure positive outputs, and 8 is large enough
to generate negative externalities that must be controlled by standards. As for (ii), if y < 1/2, countries impose
the most stringent standards in both the NT and MR regimes regardless of the value of § because it is not costly
to remove negative externalities. This is excluded by assuming y > 1/2. In addition, from 0 < § < 1, the upper
bound of y is 3/2.



2.2. National treatment: Benchmark

We examine the NT regime in which the three countries adopt the principle of NT. In this regime, firms
selling in country I face the same standard, s; = s =s;;=s (I =X,Y,Z, i,j,k=x,y,z, i #
j # k), and countries set their respective standards independently. The profits earned by firms i and j
in country I’s marketare m; = [p(Q;) —c(splqy, and m;; = [p(Q;) — c(sp)]qy;, respectively (i, =
xX,¥,Z, i #J). The loss associated with negative consumption externalities in country [ is L; =
9(sDQr +69(s)Q; +89(s)Qx (1], K =X,Y,Z, I #] # K).

In Stage 2, each firm chooses the quantities it will supply to country I’s market to maximize its
own profits, taking the rivals’ output and standards as given. From the first-order condition for profit

maximization, firm i’s and j’s sales in country I’s market are given by:

a—vys
4 )

Qi =qi; = 1=XY,2, ij=xy2 i#] )

From Equation (4), we obtain the equilibrium total sales (consumption) in country I:

3 —
Q,:%, I=XY,2. (5)

In Stage 1, the government of country I determines its standard s; (= s;; = s;; = Sy ) to
maximize its welfare, taking the other countries’ standards as given.!! Using Equations (3), (4), and (5),

country I’s first-order condition for welfare maximization is given by:

ow, 1
—L = [12y8 - (Aly = 1Da—y(24 — 11y)s,] =0, [=X,Y,Z. (6)
ds; 16

Equation (6) depends only on s;, indicating the strategic independence of countries’ standards under
NT.?2 This is because w;; depends only on country I’s standards and wj; depends only on country

J’s standards. Recalling that 0 < s; < 8 and using Equation (6), we obtain country I’s standard under

NT (the superscript N denotes equilibrium values in the NT regime):

el 12

= v vasrEn I=XYZ 7

ST =12y8 — (11y — 12)a _ 12< <3, =XY,Z (7)
yei—1y 0 T Tsr<3

We can show that the interior solution, sV = [12y8 — (11y — 12)a]/y(24 — 11y), satisfies
0 < sN < B under Assumption 1 (i) and (ii) and increases with f; that is, the dirtier the products, the

higher the NT standards. When the marginal compliance cost of standards, y, is low (1/2 <y <

11 Under the linear demand, country I’s consumer surplus is given by CS; = (Q,)2/2. Firm j’s profits in country
I’s market are 7;; = (q;;)* from the first-order condition for profit maximization.

2 The second-order condition is 9%W,;/ds? = —y(24 — 11y)/16 < 0. This condition is satisfied under
Assumption 1 (ii).



12/11), countries impose the highest standard (a corner solution), B, to eliminate all negative
externalities because it is not costly to do so. However, when y is high (12/11 < y < 3/2), countries
set the interior solution standards.

Substituting Equation (7) into Equations (4) and (5) yields the NT equilibrium sales in country [:

( a—yﬂ’ if1<y<E
NN 4 2 ~11
a5 = 4q15 = 3(a —yB) 12 3
_— if —<y<-=
24 — 11y 11 2
3(q — 1 12
( 4)/[?)' if 5<rs<i;
&' =9 —yp) 12 3, 1=XY.Z ij=xyz i#] (8)

24—11y 115V S3
Q[ is decreasing in y.
Using Equations (7) and (8) in Equation (3”), we obtain the NT welfare level of country I:

WY =wy (st st st +wy(s),s),s)) + wi (SR sRsR), LLK=XY,Z, 1#]#K, (9)

where:
( 11(a —vpB)? 1 12
( )43)’ if ~<y<—
N N Ny _ 32 2 11
wy(sp,sp,sp) =
oORSEs= oaypr T2 3
2y(24 — 11y)’ 1°7°S2
a —yB)? 1 12
la—vh)” 12[3), if s<y<o
N N NY _ N N N\ _
wii(sy', 7' 5') = wia (s sk 5K = Iy — 6(11y — 12)](a — yB)? g2 3
y(24 — 11y)2 SR TRE A

w;; decreases with y because it becomes more costly to produce goods when y is large.

3. Regional Mutual Recognition

This section considers the regional MR between countries X and Y, without loss of generality. We regard
country Z as a non-member country that remains subject to NT. Under regional MR, member ] accepts
goods that follow member I’s standards, even if the goods do not comply with member J’s standards
(I,] =X,Y, I #]),thatis, s; =s;; =5y (i =x,y). However, firm z in non-member country Z selling
in member | must comply with member [’s standard, thatis, s;, = s; (I = X,Y).

In Stage 1, each member of regional MR endogenously sets its standard for either (i) maximizing

its own welfare or (ii) maximizing the sum of the members’ welfare, and a non-member imposes its

8



standard to maximize its own welfare. Stage 2 proceeds as in the basic setting.

Under regional MR, the profits of the three firms in member [ are given by mj; =
[p(Q) = c(sDlaui, ;= [p(@) —c(s))]asj, and m, = [p(Q) —c(sPla, (LJ=XY, I#],
i,j =x,y, i #j). The losses associated with negative consumption externalities in the member and
non-member countries are Ly = g(s))(qi + q12) + 9(spai; + 8lg(sDaqy + 9(s)(a) + ;)] +
09(sz)Qz and Lz = g(sz)Qz +8[g(s)(qn + aiz) + g(spai;]l + 8lg(sDay + g(s)) (a5 + q;)]
respectively.

Solving profit maximization in Stage 2, we obtain firms’ and total sales in member [’s market:

a—2ys;+vysy a+2ys; —3ys;
fl q]j = 4 ’

qii = 41z =

_3a—2ys;—vys;

I — 4 , Iv]:XrY' I#:]' i,j=x,y, li] (10)

3.1. National welfare maximization

In this subsection, we investigate the case of member and non-member countries of a regional MR
imposing their standards to maximize their own welfare.

In Stage 1, subject to s; = s; = S); = S5, the government of member I sets its standard, s, to
maximize its national welfare, taking the other countries’ standards as given (I,] = X,Y, [ # ], i =
x,y). Similarly, the government of non-member Z sets its standard s; (= sz, = Szx = Szy) to
maximize its national welfare. Non-member Z continues to impose standard s» as given by Equation
(7) because it adopts the principle of NT, and strategic independence remains valid.

Recalling that 0 < s; < and applying the first-order condition for welfare maximization by

member I, we derive member I’s reaction function as follows:!3
Casel: 1/2<y<(2+68)/4

2{y(2+ 8)p — [4y — (2 + &)]a} N 8(1+68)— 7y

s = y(16 + 126 — 15y) 16 + 126 — 15y V"
B, if si<s;<p

L]=XY, I1#] (11a)

if 0<s;<s9

where s; = {2[4y — (2 + 6)]a + y[12 + 106 — 15y]B}/y[8(1 + &) — 7y].

Case2: 2+8)/4<y<@+d6)a/lda— 2+ 8)pB]

13 The second-order condition is 9?W,/ds? = —y[4(4 + 38) — 15y]/8 < 0. This condition holds under
Assumption 1 (ii).



202+ 8B —[4y — 2+ &)]a}  8(1+6)— Ty

St = y(16 + 126 — 15y) T 16+ 125 = 15y (11b)
Case3: 2+ 8)a/[4da— 2 +8)PI<y<(2+6)/2
0, lf 0< S] < Sy
s;=12{yQ2+OH -4y -2+ 8)la} 8(1+56)—-7y (11¢)

(16 + 125 — 157) Te+120—15, S s2<ssB’
where s, = 2{[4y — 2+ 8)]a —y(2 + §)B}/y[8(1 + §) — 7y]. In particular, when § = 0, only the
latter two cases are applicable.

From Equations (11a) to (11¢), member I’s and J’s standards are strategically interdependent.**
This sharply contrasts with the case of NT. The coefficient of s; is positive under Assumption 1 (ii),
i.e., members’ standards are strategic complements. This result is consistent with that of Costinot (2008).

From Equations (11a) to (1lc), we obtain member [’s standard under regional MR (the

superscript M denotes equilibrium values in the regional MR regime under national welfare

maximization):
( ] 1< <2+6
B, if 5<v=—y
y2+ 8B —[4y — 2+ 6)]a 2490 2+ 8)a
M _ 2" L S S _
sp =9 27 (Z+6 —27) , if 2 <y<4a—(2+5)ﬁ' I=XY. (12)
0 ] 2+ 6)a < <2+<S
L L vy v R A

Members set the most stringent standards (s = ) when y is sufficiently small, but they enforce the
most lenient standards (sM = 0) when y is sufficiently large. Otherwise, an intermediate standard, s
(0 < sM < pB), is imposed. We can show that the interior solution s is smaller than sV in Equation

(7) under Assumption 1 (i) and (ii).

Lemma 1. Assume national welfare maximization. If 1/2 <y < 2+ 8)/4, sM =sN =8 (I =X,Y).

However, if 2+ 68)/4<y<2+8)/2, sM<sN.

Intuitively, there are three effects. First, the member’s government aims to reduce negative
externalities by raising its standards. Second, setting lenient standards addresses underproduction. Third,
because a member can supply goods with its standards to another member’s market, the member seeks
to increase exports to another member’s market for rent-shifting by imposing lenient standards (a race
to the bottom). When y is small, following stringent standards is not costly; thus, the first effect

dominates. However, when y is large, adopting stringent standards becomes costly, and the latter two

14 Equations (11a) to (11c) show that member I’s standard is independent of non-member Z’s standard.
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effects outweigh the first effect.

Substituting Equation (12) into Equation (10) yields the equilibrium sales in member I’s market:

a—ypB o1 2+6

_ <

7 0 U g<r=—3
2+ 6)(a— 246 2+ 6)a
g QOB 2 @8
i =4 = iz 8(2+6 —2y) 4 4a—(2+6)B
a ] 2+ 6)a 24+6
-, if ——————<y<——
4 4a—(2+6)8 2

3(a —yp) 1 246
— 0 Y y<rs=—
32+ 68)(a—vyB) 2490 2+ d)a
M _ —_— e
O =\Tsaro=2zn ' Y @ V"“m-azrop
3a ] 24+ 6)a < 246
L 2 Y aa—arop=t 2

I=XY, ij=xy i#j. (13)

From Equations (8) and (13) and Lemma 1, ¢ = q% =gl =qN = qINj =ql and QM = QY for

1/2 <y < (2 + §)/4 because standards are the same under NT and regional MR. For (2 + §)/4 <

y<@+68)/2, qif =qif =aiz>aj =4qi; =qi, and Q' > Q' because standards are lower

under regional MR than under NT. Therefore, regional MR increases the trade between members and a
non-member’s exports to members. In non-member Z’s market, gy, = qIZV’i =q¥ = qIZVi (i=x,y).

Using Equations (7), (8), (12), and (13) in Equation (3’), we obtain the welfare levels of member

and non-member countries under regional MR as shown in Equations (14) and (15), respectively:*®
WM =wy (st s/, s) +wi (st s/, s)") + wa (sY sy sy),  LI=XY, 1#], (14)
Wi = wzz(sy, 57, 7)) + wxz(sy' sy, sy + wyz (v, s, s7), (15)

where:

w,,(s}"’,s]M,s,"”)

( 11(a — yB)? 1 2+6
— 3 Yg<vs—g—
2+ 68)[2(24 —37y) + 624 + 11y)](a — yB)? 246 e 2+8)a
= 128y(2 + 6 — 27)2 Y < on
a(1la — 24pB) ] 2+ 6)a 2+6
= 2 <y <
32 4a— (2+0)8 2

W]I(S;W'S]M'S]M) = wyz(s¥, sy, sy') = wyz(sy', sy, sy)

' From Equation (3°), Wz = Wzz(Szz Szx Szy) + Wxz(Sxz Sxxr Sxy) + Wyz(Syz Syx Syy)-
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—yB)? 1 246
( % if 3<r=—f
(2 +6)[126(2 + 8) — (476 — y)(a —yB)®>  2+6 2+ 8)a
= 64y (2 + 6 — 27)2 Y <G Caron
ala —1256B) ] 2+ 6)a 2+6
6 Y aa-arops' "2

As non-member Z adopts NT, wy;(s¥,sY,sY¥) and wy;(sY,s¥,s)) are given by Equation (9).

We then establish the following proposition (see Appendix A for the proof).

Proposition 1. Assume national welfare maximization. (i) When 1/2 <y < (2 + 8)/4, regional MR
yields the same welfare as in NT for all countries. (ii) When (2 +68)/4 <y <min{(2 + 6)/2,12/11},
regional MR harms members. However, it benefits a non-member if § is sufficiently small; otherwise,

it harms a non-member. (iii) When 12/11 <y < (2 + 6)/2, all countries lose from regional MR.

In terms of member countries, NT weakly dominates regional MR. Therefore, countries never
have incentives to form regional MR under national welfare maximization.

The intuition behind this result is as follows. From Lemma 1, when the marginal compliance cost
of standards, y, is not low, members of regional MR set lenient standards (a race to the bottom).
Consequently, large negative externalities arise due to increased consumption in members. Therefore,
members always lose from forming regional MR, and it harms non-members unless the degree of cross-
border externalities, §, is small. When y is sufficiently large, members impose more lenient standards,
resulting in severe negative externalities and a subsequent deterioration of welfare in all countries.

Let us explain Proposition 1 using Figure 2. In Region I (1/2 <y < (2 + §)/4), where y is
sufficiently small, countries’ standards are the same as those under NT, s¥ =sN =g for I = X,Y
(Lemma 1) and s) = B. Thus, result (i) holds. In particular, when & = 0, Region I does not exist.

In Regions II-V ((2 + 6)/4 <y < (2 + §)/2), where y is large, we obtain results (ii) and (iii).
First, we explain member I’s welfare by examining changes in the domestic component of its welfare,
wyy, and the component of its welfare obtained from partner J, wy; (I,] = X,Y, I # J). We do not need
to consider the component of member [’s welfare obtained from a non-member, wy;, because it
remains the same as under NT. From Lemma 1, when (2 + 6)/4 <y < (2 + §)/2, a move from NT
to regional MR reduces member I’s standard, which increases firm i’s local profits and member I’s
consumer surplus (a positive effect). However, it also exacerbates the negative externalities caused by
domestic consumption (a negative effect). We can show that the negative effect outweighs the positive
effect: wy(sM, S]M,S}V’) < wy(sV,sN,sN) . Furthermore, the reduction in member I’s standard
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increases the profits earned by firm i in partner J’s market, 7;;, but worsens member I’s
environmental quality due to the cross-border negative externalities caused by partner J’s consumption,
61y, If & is sufficiently small (i.e., near the vertical axis in Regions II and III), the positive effect of
m;; outweighs the negative effect of §1;;: wy (s, s, /") > wy (s), s, s}). Otherwise, the negative
effect dominates, leading to wy;(sf’,s/",s/") <wy(s)',s)',s)). Although wj; can increase, the

decrease in wy; is dominant; thus, members are always worse off under regional MR than under NT.

1.5 7

12/11 [oem
1

2+
Tda-(Q2+8)F |

N _

Y

0.5

0 1 1)

Figure 2. Regional MR under national welfare maximization

Notes: When § =0, y = a/(2a — B), where 2/3 < a/(2a — B) < 3/4 under Assumption 1 (i).
When 6 =1, y =3a/(4a —3B), where 6/5 < 3a/(4a —3B) <3/2. y=12/11when 6 =
2(13a — 128)/(11a + 128), where 10/19 < 2(13a — 128)/(11a + 128) < 14/17.

Second, we analyze the welfare of non-member Z in Regions 1I-V. The reduction in members’
standards positively affects firm z’s export profits in members’ markets (a positive effect), but it
negatively impacts non-member Z’s environmental quality through the transboundary externalities
caused by members’ consumption (a negative effect). The positive effect is dominant only when § is

sufficiently small.

3.2. Joint welfare maximization
We explore the case where the members of regional MR impose their standards while considering
another member. A non-member sets its standard to maximize its own welfare. The equilibrium for a
non-member remains unchanged under NT because its standards policy is strategically independent.

In Stage 1, under the condition s; =s;; =s;; = si,, the government of member [ sets its
standard to maximize the joint welfare of the members, Wy + Wy, taking the standards of other

countries’ as given (I,J = X,Y, I # ], i = x,y). Then, member [’s reaction function is derived as
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follows:
Casel: 1/2 <y <min{12(1 +6)/13,(2+ 8)/2}

[12(1 4+ 6) — 13y]la + 12y(1 + 8)B  4[8(1 + &) — 7y]
y[56(1 +68) — 41y] TS ro)—ay

B, if s3<s;<p
I=XY, I#], (16a)

if 0<s;<s;

2
Ry
|

where s; = {—[12(1 + §) — 13y]a + y[44(1 + §) — 41y]B}/4y[8(1 + &) — 7y].
Case2: 12(1+6)/13<y<2+4+8)/2 and 0 <6< 2/11

121+ 6) — 13yla+ 12y(1 + 6)B  4[8(1 +6) — 7y] o
e y[56(1+8) — 41y] + 56(1+6) — 41y Sy (16b)

From Equations (16a) and (16b), as the coefficient of s; is positive under Assumption 1 (ii), the
members’ standards are strategic complements.

From Equations (16a) and (16b), we can derive member I’s regional MR standard under joint
welfare maximization (the superscript m represents equilibrium values in the regional MR regime

under joint welfare maximization):

1 (121 +6) 2496
B, if E<y<m1n

13 2
st = ,
12y(1 + 6)8 — [13y — 12(1 + )] 12(1 + 6) 246 2
L i ey < d0<68<—
V24(1 + 6) — 13y] AT ysmp—an 11
I=XY. (17)

Lemma 2. Assume joint welfare maximization. If 1/2 <y < min{12(1 + §)/13,12/11}, s* =
sSN=B U=XY). If 1201+ 6)/13<y < (2+6)/2 and 0 <85 <2/11, s™ <sVN. If 12/11 <
y<Q2+8)/2 and 2/11 <5 <1, sm>sV,

Unlike Lemma 1, the regional MR standard can exceed the NT standard. This implies that whether
a member considers the welfare of other members is crucial in determining the level of standards.

The intuition is as follows. Under joint welfare maximization, a member of the regional MR
considers the negative effect of lenient domestic standards on the other member. Therefore, members
have no incentive to set lenient standards for rent-shifting purposes (no race to the bottom). There are
two distortions to be solved: negative externalities and underproduction. When y is small (1/2 <y <
min{12(1 + 6§)/13,12/11}), imposing the most stringent standards, £, is not costly. When y is
intermediate (12(1+ 68)/13 <y < (2 +68)/2), § is small (0 <6 < 2/11). Under a small §, we
need not consider negative externalities; thus, the government imposes lenient standards to boost
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production. When y is large (12/11 <y < (2+6)/2), § is sufficiently large (2/11 <5 < 1),
thereby setting strict standards to mitigate negative externalities.

Substituting Equation (17) into Equation (10) yields the equilibrium sales in member [’s market:

o1 :
R if E<y<mm{ 33
3(1+8)(a—vyp) 2 12(1 + 6) 246

( a—yp 12(1+5)2+5}

m __ m __ m __
a =415 =91z =

if 0<6<— and <y <
241 t0o)—13y O0so<qpan 13 Vs
(a—yB) 1 (1214 68) 246
o = —7 Y z<y<mn 13’ 2
1 — )
9(1 + &) (a—yp) , 2 12(1 4+ 6) 24+6
< —_ _— 7 -
24118 13y Y 0so0<ggand—r—<y<—;

I=XY, ij=xy, i#j. (18)

From Equations (8) and (18) and Lemma 2, qji = q;} = q[; = gl = q}vj =ql, and Q" = QY for
1/2 <y <min{12(1 +6)/13,12/11} ; qf} = qf} = qi; > qf = aij = qf, and Q" > Q[ for
12(146)/13<y<(2+6)/2 and 0<6<2/11; qif =qf} =qf; <q} =q); =qf, and
QM < QN for 12/11 <y < (2+6)/2 and 2/11 < § < 1. Accordingly, regional MR increases the
trade between members and a non-member’s exports if § is small but decreases both if § is large.
Using Equations (7), (8), (17), and (18) in Equation (3’), we obtain the MR welfare levels of
member and non-member countries as shown in Equations (19) and (20), respectively:
W™ = wy (s, s sT) + wi (s 57 s]) + wz (s, s, s3),  1=XY, 1#], (19)
Wit = wyzz(sf,s7,57) + wxz (3, sF, 57 + wyz (7%, s§, 7, (20)
where:

wy; (s,m, s/, s,m)

11(a —yp)? 1 (1204 6) 2+6
_ 33 if E<y<m1n 3 '~
9(1 + 8)[24(1 + &) — (15 — 118)y](a — yB)? 12(1+6) 2+6 2
_ < —
2y[24(1 + 8) — 13y]2 ;U <Y< and0<§<
W]I(Slm’sjmrs}n) = wyz(sy", sy, sy') = wyz(sy', s, sy')
(a —ypB)? 1 (121 4+68) 2+6
_I 16 if E<y<m1n 3 '~
o1 + 8)[126(1 + 8) — (126 — Dy](a — yB)? 121+ 6) 8 2
_ < -
l y[24(1 + 8) — 13y]? , i —3— <y<——and0<§<
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We then establish the following proposition (see Appendix B for the proof).

Proposition 2. Assume joint welfare maximization. (i) When 1/2 <y < min{12(1 + §)/13,12/11},
regional MR yields the same welfare as in NT for all countries. (ii) When 12(1+8)/13 <y <
(2+46)/2 and 0 <8 <2/11 orwhen 12/11 <y <2+ 8)/2 and 2/11 < § < 1, regional MR

benefits all countries relative to NT.

We emphasize that countries always have incentives to form regional MR. Intuitively, when
members take into account each other’s welfare when setting their standards, there is no race to the
bottom, and regional MR standards are set to solve distortions such as negative externalities and
underproduction. Consequently, a non-member and the members benefit from regional MR.

Let us explain this result using Figure 3. In Region A (1/2 <y < min{12(1 + §)/13,12/11}),

where y is small, we obtain result (i) in Proposition 2, which follows directly from Lemma 2.

14
_12(1+9) 2+48
C Fo0<sM<g
0<sf <s'<f
12/11 | Al st 9
D<st<sf<p—1 L |
12/13 A )
Si?l — '8 i Si - B
m =
0.5 5 -
0 2/11 1 6

Figure 3. Regional MR under joint welfare maximization

In Region B (12(1 +6)/13 <y < (2+8)/2 and 0 < § < 2/11), where y is not large and
6 is small, we obtain result (ii). In this region, a regime change from NT to regional MR reduces
member [’s standard (Lemma 2). This negatively affects wj; as explained in Section 3.1, but
positively affects w;; because & is small. The latter positive effect outweighs the former negative
effect; thus, the regime change enhances the welfare of the members. Regarding non-member Z, the
reduction in members’ standards increases w;; (I = X,Y) when & is small; hence, regional MR
benefits non-member Z.

In Region C (12/11 <y < (2+4+6)/2 and 2/11 < § < 1), where y and & are large, we

obtain result (ii). In this region, a move to regional MR increases member I’s standard (Lemma 2). This
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negatively affects wj;; because the reductions in firm I’s local profits and member I’s consumer
surplus dominate the mitigation of negative externalities from domestic consumption. However, the
increase in member [’s standard positively affects wy; because under a large &, the mitigation of
transboundary negative externalities caused by partner J’s consumption outweighs the reduction in firm
I’s export profits earned in partner J’s market. The latter positive effect is dominant; thus, members are
better off under regional MR. As for non-member Z, the increase in members’ standards increases w;y
(I = X,Y) because under a large &, the mitigation of cross-border negative externalities caused by
members’ consumption outweighs the decrease in firm Z’s export profits earned in the members’ markets.
Hence, regional MR benefits non-member Z.

The result sharply differs from that of Costinot (2008) due to a difference in the range of choices
regarding standards. Costinot (2008) assumed the existence of only “low” and “high” standards products
and demonstrated that countries can be worse off by forming MR, although they select the most
cooperative subgame perfect Nash equilibrium. Under MR, countries seek to benefit from expanded
exports by setting low standards (rent-shifting), which are excessively lenient. By contrast, in our model,
countries choose standards from a continuous range, thereby avoiding excessively lenient standards.

Our result might be consistent with empirical observation. The EU, whose members are
economically integrated and cooperate on policy issues, adopts the principle of MR. However, other

RTAs, whose members may find it difficult to share common interests, implement the principle of NT.

4. Multilateral Mutual Recognition

We now examine whether regional MR facilitates or hinders the achievement of multilateral MR among
three countries. Countries that form multilateral MR are assumed to consider each other’s welfare when
setting their standards. Here, we focus on regional MR under joint welfare maximization.

Under multilateral MR, each country exports goods to other countries with its domestic standards.
The profits of three firms in country I are m; = [p(Q;) — c(s)]qy, 7 = [p(QI) - c(s])]q,j, and
T = [pQ)) —c(s)lamwe (L, K=X,Y,Z, I+]#K, i,jk=x,y,z, i#j#k). The loss
associated with negative consumption externalities in country [ is L; = g(s;)q; + g(sj)q, it
9K + 5[9(51)(111' + g(SJ)QJj + g(SK)QJk] + 5[9(51)%(1' + Q(SJ)CIK]' + g(SK)qu]-

Solving for profit maximization in Stage 2, we obtain firms’ and total sales in country I’s market:

a—3ys;+ys;+ysg a+ys;—3ys;+ysg 3a —ys; —ys; —vsg
qri = 4 o qrp = 2 ) Q= 2 )

17



LL,K=XY,Z, 1#]+K, ijk=xy2 1i#j*k (21)

In Stage 1, subject to s; = s;; = 5j; = Sk, the government of country I sets its standard to
maximize the aggregate welfare of the three countries, Wy + Wy + Wy, while taking the other countries’
standards as given. Then, we obtain country I’s standard under multilateral MR (the superscript mm

denotes equilibrium values under multilateral MR):1®

{ 1 (4(1+28) 246
B, if > <y < min 5 5
st = ,
4y(1+28)B — [5y — 4(1 + 20)]a 41+ 28) 2+6 2
- < —
VI8(1 + 26) — 5] o Y g Sy s pmand0so<gg

I=XY,Z. (22)

Lemma 3. If 1/2 <y <min{4(1+268)/5,2+6)/2}, s/ =s"=B (I=XY) If
41+28)/5<y<@2+8)/2 and 0 <6 <2/11, s < s

From Lemmas 2 and 3, we find that the multilateral MR standards are the lowest, s/*™ < s/ <
sN=p,if 4(1+28)/5<y< (2+6)/2 and 0 <5 <2/11. Otherwise, the multilateral MR
standards are the same as the regional MR standards under joint welfare maximization (the most
stringent standards), sj*™ = s/® = > sV. Intuitively, when & is small, countries prefer to increase

consumer surplus by expanding production through lenient standards.

Substituting Equation (22) into Equation (21) yields the equilibrium sales in country I’s market:

o — 1 4(1+26) 2+6
Y:B’ lf_<y<mll’1( )!
T 4 2 5 2
Ii Ij Ik (1+26)(a —yB) .4(1+25)< L 2to do<5<2’
8(1+26)—5y ' 5 R E
3(q — 1 4(1+268) 2+6
( 3a—vh) if—<y<min( ),
I _ )
3(1 + 28)(a — yB) 4(1 +26) 2+96 2
8(1+26)—57 ' 5 e TR

LLK=XY,2Z 1%]+K, ijk=xvz2 i%j+k (23)
From Equations (18) and (23), we can show that qi™ =q;;" =qix" = qi; =4q;; = qix and
M=t for 1/2 <y <min{4(1+28)/5,(2+68)/2}; qi" =q;" =ik > ai; =4q1; =

qir and QM > Q" for 4(1+26)/5<y<(2+8)/2 and 0<6<2/11 . Accordingly,

16 The second-order condition is d2(W, + W, + Wy)/ds? = — 3y[24(1 + 28) — 23y]/16 < 0. This condition
is satisfied under Assumption 1 (ii).
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multilateral MR increases the volume of world trade.

Using Equations (22) and (23) in Equation (3°), we obtain welfare under multilateral MR:
wmm = Wu(s,mm,s]mm, Sy + w],(s,mm,s]mm,s,’{lm) + WKI(S}”m,s}”m,s{(”m),
LILLK=X,Y,Z, 1+]#K, (24

where:

wy; (s,mm, s, s,’(”m)

11(a — yB)? 1 C(4(14268) 2+6
_ 33 if > <y < min z '~
(1+428)[24(1 + 28) — (19 — 228)y](a — yB)? 41+ 26) 246 2
S — < -
2y18(1 + 26) — 57 U Ty Sy s and0sisg
wy (s, 57, SE™) = wia (7, s SR
( (a—yB? 1 (41 +26) 2+6
_ 1 if > <y < min z '
(1 +268)[126(1 + 26) — (136 — Dy](a — yB)? 4(1+426) 246 2’
- < -

Then, we establish the following main proposition (see Appendix C for the proof).

Proposition 3. Assume that countries care about each other’s welfare. (i) When 1/2 <y <
min{4(1 + 26)/5,12/11}, multilateral MR yields the same welfare as in regional MR under joint
welfare maximization for all countries. (ii) When 4(1 + 28)/5 <y <2+ 8)/2 and 0 <8 < 2/11,
multilateral MR benefits all countries relative to regional MR. (iii) When 12/11 <y < (2+6)/2

and 2/11 < § < 1, multilateral MR benefits members of regional MR but harms a non-member:

Multilateral MR always benefits members of regional MR but may harm non-members. Intuitively,
this is because non-members need to raise their standards from a low level (NT) to a high level
(multilateral MR), which is too costly for them.

Let us explain this result using Figure 4. In Region A-1 (1/2 <y < min{4(1 + 26)/5,12/11}),
where y is small, we obtain result (i) in Proposition 3, which follows directly from Lemma 3.

In Regions A-2 and B (4(1+26)/5<y<(2+4+6)/2 and 0 <85 <2/11), where y and §
are small, we get result (ii). In these regions, the regime change to multilateral MR lowers the standards

of all countries (Lemma 3). This negatively affects wy; (I = X,Y,Z) because of increased negative
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externalities but positively affects wy; (I,] = X,Y,Z, I # ]) because § is small. The latter effect
outweighs the former; therefore, the regime change increases the welfare of all countries.

In Region C (12/11 <y < (2+68)/2) and 2/11 < < 1), where y and § are large, we
obtain result (iii). In this region, the regime change to multilateral MR does not alter members’ standards
(Lemma 3). This has no effecton wy; (I = X,Y), wy; (I,] =X,Y, I #]),and w;z (I = X,Y).Onthe
other hand, the regime change increases a non-member’s standards up to the multilateral MR standards.
This positively affects wy; (I = X,Y) because the mitigation of cross-border negative externalities
from a non-member outweighs the reduction in members’ export profits under a large §. Thus, members
are better off under multilateral MR than under regional MR. However, for a non-member, the increase
in its standards negatively affects w;; because the negative effect caused by the reduction in local
profits and consumer surplus dominates the positive effect caused by mitigating negative externalities.

Consequently, a non-member is worse off under multilateral MR.

Y
_H(1428) _2+44
r = TTro C: Result (iii)
: Only regional MR
A-2 & B: Result (ii) L N
Only multilateral MR C O<si<h
12/11 e B A-1: Result (i)
| Multilateral MR
0< s < sM< B 1 = Regional MR = NT
12/13¢ Al
A7 o i s =8
0 < S;"T" < Sl”l = B . S[H”" - S,U! —_ ﬁ
0.5 : -
0 2/11 1 o)

Figure 4. Multilateral MR

Corollary 1. In Regions A-2, B, and C in Figure 4, regional MR is formed. In Regions A-2 and B, only

multilateral MR is realized. However, in Region C, only regional MR is attained.

From Propositions 2 and 3, in Regions A-2 and B, only multilateral MR is realized because it is
the best regime for all countries. However, in Region C, only regional MR is attained because
multilateral MR is blocked by non-members. Regional MR serves as a stumbling block for multilateral
MR. In Region A-1, NT, regional MR, and multilateral MR are indifferent, implying that multilateral
MR will be achieved.

This result is similar to that of Takarada et al. (2020), although their analysis focused on

harmonizing standards. Takarada et al. (2020) demonstrated that only multilateral harmonization of
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standards is achieved if negative consumption externalities are local or slightly transboundary; otherwise,
only regional harmonization of standards is realized because non-members block multilateral
harmonization. In our model of MR, not only the degree of transboundary negative externalities but also
the marginal compliance cost of standards is crucial determinants of the outcomes.

Our theoretical result is supported by empirical observations. Consider the members of a regional
MR as existing members of the EU and a non-member as a potential new member. The enlargement of
the EU can be classified as a successful multilateral MR. Furthermore, the EU does not apply MR to all
goods and has exceptions in cases where public safety, health, or environmental concerns arise, implying

that such exceptions correspond to large values of y and §.Y7

5. Discussion

5.1. Asymmetry in the awareness of externalities
In this subsection, we examine the case where only country Z is not so much aware of the negative

consumption externalities. The welfare of country Z is then expressed as:
WZ = CSZ+Z T[]Z_eLz, (25)
J=XY.Z

where 6 (0 < 8 < 1) represents the degree of the awareness of externalities in country Z. We focus on
regional MR under joint welfare maximization. As it is difficult to analytically characterize the
equilibrium, we use numerical simulations.

We find that in Region B in Figure 4, only regional MR is attained when 6 is small (see the
online appendix). This finding contrasts with Proposition 3, and is consistent with that of Geng (2019).
In the other regions of Figure 4, the main result remains valid.

The reason is straightforward. To form a multilateral MR, members X and Y need to reduce their
standards significantly because non-member Z prefers more lenient standards due to its low 6. If the
reduction in members’ standards results in large negative externalities, the members are worse off than
in the regional MR case. In contrast, non-member Z must increase its standards to meet multilateral MR

standards. If this increase imposes substantial costs on the non-member, adopting multilateral MR harms

17 See the web of the European Commission for the MR of goods (https:/single-market-
economy.ec.europa.eu/single-market/goods/free-movement-sectors/mutual-recognition-goods_en; last accessed
on February 8, 2025) and harmonized standards (https://single-market-economy.ec.europa.eu/single-
market/european-standards/harmonised-standards_en; last accessed on February 8, 2025).
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the non-member. Therefore, multilateral MR is blocked by either members or a non-member.

5.2. Regional MR in “same bed, different dreams”
This subsection considers another asymmetric case in which country X maximizes its own welfare,
whereas country Y maximizes the joint welfare of countries X and Y when setting their regional MR
standards. Country Z, a non-member, sets its standards according to the principle of NT, as in the basic
setting. We employ numerical simulations because the analysis is complicated.

We find that member X’s standard is likely to be lower than the NT standards (a race to the bottom),
and member Y’s standard may be lower or higher than the NT standards. Consequently, regional MR
benefits member X but harms member Y; hence, regional MR is not achieved (see the online appendix).

This outcome reconfirms Proposition 1, and the reasoning is straightforward.

5.3. Fixed costs
We discuss two types of fixed costs: (i) a firm incurs fixed costs when changing its standards (e.g., fixed
costs for redesigning products to meet new standards), and (ii) a firm faces fixed costs when producing
goods under different standards (e.g., fixed costs for establishing separate production lines). We assume
that only firm z in country Z incurs these fixed costs, as firm z possesses relatively inferior technology
compared with other firms. Here, we focus on regional MR under joint welfare maximization.
Depending on the type of fixed costs, the results can differ significantly. In type (i), after forming
regional MR, the standards in countries X and Y change, requiring country Z to incur fixed costs to
supply their markets. Country Z experiences losses under regional MR if these fixed costs are substantial.
Furthermore, a shift to multilateral MR can negatively impact country Z as adapting to the multilateral
MR standards also results in fixed costs. Consequently, country Z is likely to oppose multilateral MR.
In type (ii), under regional MR, country Z incurs fixed costs because it must produce products
with different standards—its own standards and those of the member countries. However, under
multilateral MR, country Z can supply products following its own standards across all markets, thereby

avoiding fixed costs. Thus, country Z is unlikely to block multilateral MR.

5.4. Differentiated goods
Finally, let us discuss the case of differentiated goods. When goods are sufficiently differentiated

between countries, a country’s rent-shifting motive is weak because lowering its standards does not
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significantly shift demand toward its exports. Therefore, regional MR standards do not decrease
substantially. This means that the loss associated with negative externalities is relatively small; thus,
countries may form regional MR even if they seek to maximize their own welfare. A non-member may

also benefit from regional MR if transboundary negative externalities are small.

6. Concluding Remarks

This study examined the MR of goods when countries implement standards policies to control negative
externalities caused by the consumption of traded goods. The novelty of our analysis is to use a three-
country model with a continuous range of standards to clarify whether countries form regional MR and
whether such regional MR benefits or harms non-members countries, potentially leading to multilateral
MR.

The main findings are as follows. First, countries form regional MR when they cooperatively
choose their standards, and regional MR successfully addresses distortions (i.e., negative externalities
and underproduction), benefiting all countries. However, regional MR is not established when countries
focus on maximizing their individual welfare. Second, multilateral MR benefits members of regional
MR but may harm non-members, depending on the marginal compliance cost of standards and the
degree of transboundary negative externalities. Consequently, non-members may block the realization
of multilateral MR. An important policy implication is that countries should cooperate in setting MR
standards to enjoy more gains from trade and correct market distortions.

For future research, incorporating heterogeneity in firms and differences in countries’ market sizes
could enrich the present analysis. It would also be valuable to consider the role of deep RTAs to address

the MR of goods and elimination of tariffs.
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Appendix A: Proof of Proposition 1
The welfare changes between NT and regional MR are:
WIM - WIN = [WII(S}VI'S]MrS}W) - WII(S;V:S}V:S}V)] + [W]I(S}VI'S]M'S]M) - W]I(S]NrS]N'S]N)]'
L]j=XY, [1=+#], (Al
Wzt = W7 = [wyz(s¥, sy, s¥) — wxz (s, ¥, s8] + wyz (7', s¥, s71) —wyz(sy, 7, s9)]. (A2)
Result (i) in Region I of Figure 2 is straightforward.
Comparing Equation (9) with Equations (14) and (15), we obtain the following.
Region Il: (2+6)/4 <y <min{(2 + §)a/[4a — (2 + §)B],12/11}

4y —2 —§ _ 2
: 1YZSV(2 +?0i 2;/)[? [44y? —33(2 + 8)y + 24(2 + )]

<0, (A3)
because 4y —2 — 8 >0 and 44y? —33(2 + 8)y + 24(2 + §) > 0 when in Region II.

WII(S;VI'S]M'S;W) - WII(S;VJS;V:S?I) ==

W]I(S;VI'S]MIS]M) - W]I(SJNIS]N'S]N) = wxz (¥, s¥, s¥) — wyxz(s¥, ¥, s¥)
= wyz(sy', ¥, s¥) — wyz (s, s, s7)
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_ @r-2-9)(a—yp)?
B 64y (2 + 6 — 2y)2

1262+ 3(8—-y)6§ —2y(3—-2y) <0 if 0<6<A , where A=(y/8) -1+

[1262 4+ 3(8 — )8 — 2y (3 — 2y)]. (A4)

\/5\/192 + 48y — 61y%/24 is the solution of the quadratic equation of §. 1262+ 3(8 —y)6 —

2r3—-2y)>0if A<6 < 1.
Using Equations (A1), (A3), and (A4), we obtain:
4y —2—=08)[52y%2 =392+ 8y + 242+ 5 (1 + &) ](a — ¥B)?
B 128y (2 + 6 — 2y)2
because 52y%2 —39(2+8)y +24(2+68)(1+8) >0 for Vy >0 under 0<6 < 1.
From Equations (A2) and (A4), WY —W) >0 if 0<86<A but WH—-wl <0 if A<
6 <1
Region lII: 2+ &)a/[4a— 2 +8)B] <y <min{(2+§)/2,12/11}
B
32
because 2(12 — 11y)a + 11y? > 0 from y < 12/11 in Region III.

VVIM _ WIN — < 0, (AS)

WII(S;VI' S}VII S}VI) - WII(S}V'S}VJS}V) = - [2(12 - 11)’)05 + 11)/218] < 0, (A6)

W]I(S;VI'S]M'S]M) - W]I(S]NIS;V:S]N) = wyxz(s¥, 55, s¢') — wxz(s¥, s¥,s¥)

B
= wyz(sy', s, sy) — wyz(sy, s¢,s7) = 16 [yQ2a —vyp) — 126a], (A7)

where y(2a —yB) —12a6 >0 if 0<6 <yQRa—yB)/12a but yQ2a —yB) —12a6 <0 if
yQa—yB)/12a <5 < 1.
Using Equations (A1), (A6), and (A7), we derive:

_E
32
because 24(1 + 8)a + 13By% — 26ay > 0 from Assumption 1 (i) and y < 12/11.

From Equations (A2) and (A7), WY — W) >0 if 0<6 <yQRa—-yp)/12a but WM —
WY <0 if yQa—yB)/12a <85 < 1.

wM—wp = [24(1 + &)a + 13B8y% — 26ay] <0, (A8)

RegionIV: 12/11 <y < 2+ &)a/[4a — (2 + §)p]

y(26 — 116)*(a — yB)?
W”(S;VI’S]IVI’S;W) _W”(S;V'S;V'S;V) = _128(24‘_ 11)/)(2 + 6_ 2)/)2 < O’ (Ag)

W]I(S}WISJM'S]M) - W]I(SJN'S]N'S]N) = WXZ(S% 5)1}4'511}4) - WXZ(s)’}',sf}’,sj(V)
= WYZ(Sy'S)I\(/IJS{\’/I) - WYZ(S{'V'S{/V:S{/V)

__ v(26-118)(a —yB)* )
= i@ T 75 — 2y (13207 + 11(72 —471)8 — 248 = 35)] <,

(A10)
because 13262 + 11(72 — 47y)6 — 2(48 —35y) > 0 from 12/11 <y <3/2 and 10/19 < 4§ <
1 under Assumption 1 (i).

From Equations (A1), (A2), (A9), and (A10), WM — W} <0 and WM — W} <o0.

Region V: max{11/12,(2+ &)a/[4da— 2+ 6B} <y <2+ 68)/2
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[12y8 — (11y — 12)a]?
T 32y(24-11y)

WII(S}VIiS}VIJS}VI) _WII(S}VIS}\I’S}V) = < O) (All)

W]I(S;VI'S]MIS]M) - W]I(S]NrS]N'S]N) = wyxz(s¥, 55, 5¢') — wxz(s¥, s¥,s¥)

= WYZ(Sy'S)I}/IJS{\’/I) - WYZ(S{IV,S{/V,S{/V)

_ 2B~ (ly - 12)a]{[1445 (36 — 11)]a + 12yB8[y — (11y — 12)8]}

= 167 (24 — 117)? Y Yla YBly Y

<0, (A12)
because 12yf — (11y —12)a >0 and [1446 —y(36 — 11y)]a + 12yB[y — (11y —12)6] > 0
from Assumption 1 (i) and the range of parameters y and § in Region V.

From Equations (A1), (A2), (A11), and (A12), WM —W}N <0 and W} — W} < 0.

Appendix B: Proof of Proposition 2

Result (i) in Region A of Figure 3 is straightforward.
Comparing Equation (9) with Equations (19) and (20), we obtain the following.

Region B: 0 <6 <2/11 and 12(1+6)/13 <y < (2 +8)/2
W11(51m: S]mrslm) - WII(S;VIS;V'S;V)

[13y —12(1 + &)](a — yB)?
~ 32y[24(1 + 8) — 13y]?

[143y%2 —396(1 + 8)y +288(1+6)] <0,
L]=XY, 1=#], (Bl
because 13y —12(1+6) > 0 and 143y2? — 396(1 + &)y + 288(1 + §) > 0 in Region B.
W]I(S;n'sjmrsjm) - W]I(S_;VJS]NrS]N) = wxz(sx", g’ sy’) — sz(s)lyrs)ly's)lg)

= Wyz (7", % s71) — wyz(sy, sy, s7)
_ 13y —12(1 + 8)](a - yB)?
16y[24(1 + 6) — 137]2
because 36(1 + 8)y — 13y2 — 1446(1 + §) > 0 in Region B.
Using Equations (A1), (B1), and (B2), we get:
2 2
wm — wh = [13]; 2_]/ [122:(111% _(al;y’]/ﬂ " o (B3)

From Equations (A2) and (B2), W}* — WY > 0.

[36(1 + 8)y — 13y2 — 1445(1 + 8)] > 0, (B2)

Region C: 2/11 <8 <1 and 12/11 <y < (2 +8)/2
(11y = 12)%*(a — yB)?
32y(24 — 11y)

WII(SIrnlS]TniSITn) _WII(S}V'S;VJS}V) = < 0, (B4)

W]I(Slm'sjm'sjm) - W]I(S]N'S]N'S]N) = wxz(sy', sy’ sy’) — WXZ(S)Q]'S)I}[’S)I}’)
= wyz(sy", sy, sy') — WYZ(S{/V,S{/V,S{/V)

_ 11y = 12)(a — yB)?
 16y(24 — 11y)?

(1448 — 36y + 11y2) > 0, (B5)
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because 11y —12 >0 and 1445 — 36y + 11y%2 > 0 in Region C.
Using Equations (A1), (B4), and (B5), we obtain

(11y — 12)(a — yB)?
wm—whN = 143y2% — 468y + 288(1 + 6)] > 0, B6
because 143y? — 468y + 288(1+ &) > 0 in Region C.

From Equations (A2) and (B5), WJ* — WY > 0.

Appendix C: Proof of Proposition 3

Result (i) in Region A-1 of Figure 4 is straightforward.
Comparing Equations (19) and (20) with Equation (24), we obtain:

wimm —wit = [WII(SImmi Sjmm' Sglm) - WII(SImr S]m' SIm)]
+{wyi (7, s, sE™) = wyi (s, 57 s7)]
+wz (s, s, sP™) — wy (sY,sY,sY)|, LI=XY, 1=#], (Cl)
W = Wit = [wzz (sF™, sP™, sp™) — wzz(s7, 57, 57)]
+wxz(sz™, sxt ™, sy ) — wxz(sx', sy sy )]
+Hwyz(sZ ™ sy sy ) — wyz(sy' sk syl (C2)
Region A-2: 0 <6 <2/11 and 4(1+26)/5<y <12(1+6)/13
In this region, sT™ = s = MM < g = s = sl = B We derive the following:
Wn(SImm' Sjmmysénm) - WII(SIm'S]m'SIm) = wzz (P, sP SP) — wzz(s7, ¥, sy)

_[5y =4 + 28)](a - yB)?
32y[8(1 + 26) — 5y]?

[55y2 — 132(1 + 28)y + 96(1 + 28)] < 0,

L]j=XY, [I=#], (C3)
because 5y —4(1+28) >0 and 55y2% —132(1 + 28)y +96(1 + 26) >0 from the range of
parameters ¥ and § in Region A-2.

W]I (Slmm' S]mm’sénm) - W]I (SIm'S]m' S]m) = WZI(SImm'S]mm'Sénm) - WZI(SIZV'SIZV' SIZV)
= wxz(sz sy sy ) — wxz(Sx SX Sy )
=wyz(sz, sx sy ) — wyz(sy' sy Sy)

5y —4(1+ 28 — 2
= }/16)/[;(1-:_ 2;])(f 5),)]/5) [12(1 + 26)y — 5y — 485(1 +28)] >0, (C4)

because 12(1 + 28)y — 52 — 48(1 + 28) > 0 from the range of parameters y and & in Region A-
2.

Using Equations (C1), (C2), (C3), and (C4), we obtain:
3[5y —4(1 + 28)]%*(a — yB)?
wmm — wm = wmnrm _— wn = > 0. C5
! ! z z 32y[8(1 + 26) — 5y] (€5)

Region B: 0 <6 <2/11 and 12(1+6)/13 <y <2+ 8)/2
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In this region, sP™ = s = s < s = P < sY = B.
Using Equations (9), (19), (20), and (24), we get:
y(2 — 116)?[24(3 + 46) — 41y](a — yB)?
mm mm mmy __ m m my — __
wir(s, 57 SE) = wi (ST 577 ) 2[8(1 + 26) — 5y]2[24(1 + 8) — 13y]?

because 24(3 + 46) —41y > 0 from y < 12/11 in Region B.

< 0,(C6)

wyr (S, S, ST — wyy (ST S ST = Wiz (S S S — wic (s, SR, SP)
= wyz(s7™, s, s7™) — wyz(sy", s¥ S7)

_ 2y(2 = 118)*[6(2 + 38) — 7y](a — yB)?
©[8(1 4 28) = 5¥]?[24(1 + &) — 13y]?

because 6(2 +36) —7y >0 from y < 12/11.

>0, (C7)

WZI(SITnmi S]TnmJ Sénm) - WZI(SIZVJ SIZVi SIZV)

_ [5y —4(1 + 28)](a — yB)? ,
= T 16y[8(1 + 26) — 57]? [12y(1 + 26) — 5y%2 — 485(1 4+ 28)] >0, (C8)
because Sy —4(1+28) >0 and 12y(1+28) —5y* ~ 485(1 +28) > 0 in Region B.

Using Equations (C1), (C6), (C7), and (C8), we obtain:

— ’F(y, 6
wmm = (a —yB)*F(y,0) >0, (€9)
16y[8(1 + 26) — 5y][24(1 + &) — 13y]
because F(y,8) = 5766(1 + 8)(1 + 28) — 24(6 + 466 + 536%)y + 8(28 + 418)y? — 65y3 >0

in Region B.
From Equations (C2), (C3), and (C7), we get:

mm m _ (a _VB)ZG(V; )
Wz - Wz = 327[8(1 + 20) — 571[24(1 + 6) — 13712~ 0, (¢10)

because G(y,8) = 27648(1 + 28)(1 + 8)2 — 2304(1 + 6)(37 + 8365 + 3362)y + 48(2033 +
47685 + 290452)y? — 1144(43 + 568)y3 + 9295y% > 0 in Region B.

Region C: 2/11 <6 <1 and 12/11 <y < (2+6)/2
In this region, sY < s = s = s = g™ = sV = B Thus, we obtain:
wy; (s,mm, s, s}”m) — W,,(sfl,s}",s{”) = w,,(s}”m,s}”m,sglm) —wy (s,m, s}",s]m)
= WXZ(s%nmiS;(nmiS{/nm) - WXZ(S)Y(n' S;(nls;n)

= WYZ(Sénm» S;(nm» S{’nm) - Wyz(S;n, S}(n' S}r’n) =0. (Cll)
wmm — Wit = WZI(SImmrSJmmISQnm) - WZI(SIZV'SIZV’SIZV

_ 1y - 12)(a —yB)*
16y (24 — 11y)?
because 11y —12 > 0 and 1446 — (36 — 11y)y > 0 in Region C.

In country Z, we obtain:

[1446 — (36 — 11y)y] > 0, (C12)

(11y — 12)*(a — yB)?

Wme - Wém = WZZ(Sglm: 5}7}1m: Sgim) - WZZ(SIZV!S)I}]'S{’V) == 32]/(24 — 11)/)

< 0. (C13)
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Online Appendix

Section 5.1

@ a=1, =06, y=095,and 6§ = 0.
In this case, we are in Region B of Figure 4, and the lower bound for 6 is 0.73125 from the second-
order condition for joint welfare maximization under multilateral MR.
Country I’sand Z’s standards in the NT regime are given by:
sy =06, [1=XyY,
4(18846 — 1045)

Y ={19(4800 — 209) ’
0.6, if 0.87083<6<1

s if 0.73125 <6 <0.87083

If 0.73125 < 6 < 0.87083, the NT welfare levels of countries I and Z are:
WY =wy (sl st st +wy (s, s),s)') + wa(sy, 5%, sy)

1664162
25(4800 — 209)?’

= 0.063559 + 0.011556 + L]=XY, 1T=#],

WZN = WZZ(SIZV: Sé\/’ SIZV) + WXZ(S)I(V; S)Iy' S)I}]) + WYZ(S{’V' S}I/V’S{/V)

3 1664167
"~ 950(4800 — 209)

+ 0.011556 + 0.011556.

If 0.87083 < 0 < 1, the NT welfare levels of the three countries are:
W} =0.063559 + 0.011556 + 0.011556 = 0.086672, [ =X,Y,Z.
Member I’s regional MR standard under joint welfare maximization is given by:
st =0.5864, [=X,Y.
If 0.73125 < 6 < 0.87083, the welfare levels of member and non-member countries under regional
MR are:
W™ = wy (s s si™) + wy (s 57 s + wizi(sY, 5% s2)

16641602

) II :XI Yl I )
25(4806 — 209)2 J *J

= 0.062919 + 0.012261 +

WZTn = WZZ(SQ]’SQIISIZV) + WXZ(S;(nJ S}(nlsl"}n) + WYZ(S}T’nI S}(ni s;n)

16641602

= 0.012261 + 0.012261.
950(4800 — 209) * *
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If 0.87083 < 6 < 1, the welfare levels under regional MR are:
W™ =0.062919 + 0.012261 + 0.011556 = 0.086736, I,] =X,Y,
W7* = 0.063559 + 0.012261 + 0.012261 = 0.088081.
From the above equations, W™ > W}N (I = X,Y)and W} > W},
Member I’s multilateral MR standard is given by:

mm 4(6286 — 169) =XV Z
ST T T95s@20+7) ¢ LT
The welfare levels of countries I and Z under multilateral MR are as follows:

W™ = wy (s, s, sP) 4wy (s, s, s + wg (s, s, s

_1849(6 + 2)(6896 — 332) N 1849(60 + 2)2 N 1849 (6 + 2)2
- 23750(3260 + 7)2 625(320 + 7)2 ' 625(3260 + 7)2’

L]j=XY, I#],

mm __ mm mm mm mm mm mm mm mm mm
W7 = wyzz(s7™, sx™, sy™) + wyz(s77, sy sy ) + wyz (7 s syT)

_ 1849(6 + 2)(4808% — 5410 + 418) . 1849(6 + 2)? . 1849(6 + 2)2
- 23750(320 + 7)2 625(320 + 7)2 ' 625(320 + 7)?

By comparing the welfare under regional and multilateral MR, as for non-member zZ, W;*™ >
WPt If 0.73125 < 0 < 0.80884, W™ < W™ (I =X,Y); if 0.80884 <6 <1, W/ > W™.
This result sharply contrasts with Proposition 3 (ii).

The intuition behind this result is as follows. The regime change from regional to multilateral MR
reduces the domestic component w;; of country I’s welfare, which is a negative effect (I = X,Y).
Simultaneously, it increases the components obtained from countries / and Z, wy; and wg;, which is
a positive effect (I,] =X,Y, I #]). If 0.73125 < 6 < 0.80884, the regime change substantially
lowers the standards of countries X and Y because the countries are concerned with country Z when
setting their multilateral MR standards. This significant lowering of standards strengthens the negative
effect, thereby causing a reduction in the welfare of members X and Y.

Consequently, we establish the following. If 0.73125 < 8 < 0.80884, only regional MR is

realized because multilateral MR is blocked by members X and Y.

30



(b) a=1, B =06, y=1.07, and § = 0.15.
We are still in Region B, and the lower bound for 6 is 0.49042 from country Z’s second-order
condition for welfare maximization under NT.
Country I’sand Z’s NT standards are given by:
sh=06, I=XyY,

0, if 0.49042 <6 < 0.59734

20098526 — 5885) if 0.59734 < 6 < 0.98083
Sy = ’ ' .
z 107(24006 — 1177)’ 4

0.6, if 098083 <60<1

If 0.49042 < 8 < 0.59734, the NT welfare levels of countries I and Z are:
W =wy (s, st st +wy (s, s, s)) + wg (s, sY,sY)
= 0.044056 + 0.0080103 — 0.005 = 0.047067, I1,J=X,Y, [1+],

WZN = WZZ(SIZVJ Sévlsév) + WXZ(S)I(ViS)I(VJ S)I}I) + WYZ(SQII S{(V’S{/V)

_ 55-720

0.0080103 + 0.0080103.
160 * *

If 0.59734 < 6 < 0.98083, the NT welfare levels are:

28836960(57400 — 3531)

wp = 0.044056 + 0.0080103
! + + 53500(24000 — 1177)2 '

=X,

wh = 28836967 +0.0080103 + 0.0080103
Z 7 5350(24000 — 1177) = ' '

If 0.98083 < 0 < 1, the NT welfare levels are:
WN = 0.044056 + 0.0080103 + 0.0080103 = 0.060077, [=2X,Y,Z.
Member I’s regional MR standard under joint welfare maximization is given by:
st =0.59731, [=X,Y.
If 0.49042 < 6 < 0.59734, the welfare levels of member and non-member countries under regional
MR are:
W™ = wy (P, s si) + wy (s s s) + wz (s, 52, sY)
= 0.04404 + 0.008033 — 0.05 = 0.04707, L] =X)Y, 1+#],
Wi = wzz(s7,sY,57) + wxz(s§ s s7) + wyz (57, s§°, s7)

_ 55720 6632487(2461 —330)  6632487(2461 — 330)
~ 160 2005352270000 2005352270000
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If 0.59734 < 6 < 0.98083, the welfare levels under regional MR are:

2883696(57406 — 3531)

W™ = 0.04404 + 0.008033 I=XY
I + + 53500(24000 — 1177)2 ’ T

wm 28836962 N 6632487(2461 —330) 6632487(2461 — 330)
Z 7 5350(24000 — 1177) 2005352270000 2005352270000

If 0.98083 < 0 < 1, the welfare levels under regional MR are:
W™ = 0.04404 + 0.008033 + 0.0080103 = 0.06008, [ =1X,Y,

6632487(2461 —3360) 6632487(2461 — 336)
2005352270000 2005352270000

W;* = 0.044056 +

By comparing the welfare levels under NT and regional MR, W™ > W} (I = X,Y)and W* >

Member I’s multilateral MR standard under joint welfare maximization is given by:

4(213460 + 2567)
535(2086 + 95) ’

st =

I=XY,Z

The welfare levels of countries I and Z under multilateral MR are;
wmm = WII(SImm,SJmm,S’znm) + WJI(SImm'SJmm'SEnm) + WZI(SImm'SImm' Sglm)

_ 416533(0 +2)(465010 — 3298) | 416533(0 +2)(74620 + 479)
~ T 13375000(20860 + 95)2 13375000(2086 + 95)2

416533(6 + 2)(74626 + 479)
13375000(2086 + 95)2

II_]=XIYI Ii])

mm __ mm mm mm mm mm mm mm mm mm
W7 = wyzz(s7™, sy, sy™) + wyz(s7 sy sy ) + wyz (57 sy syt

_ 416533(0 + 2)(3120062 — 185996 + 30602) s 416533(6 + 2) (468062 — 23036 + 5564)
- 13375000(446 + 13)2 13375000(2086 + 95)2

416533(6 + 2)(468062 — 23030 + 5564)
13375000(2086 + 95)2 '

By comparing the welfare under regional and multilateral MR, if 0.6872 < 6 < 0.96623,
W™ < Wt (I =X,Y); if 049042 < 6 < 0.6872 or if 096623 <8 <1, WM >Wm. If
0.49042 < 0 < 0.78641, W™ < W;*; if 0.78641 <6 <1, W' > WJ*. This result sharply
contrasts with Proposition 3 (ii).

The reason why W™ < W™ for 0.6872 < 8 < 0.96623 can be explained in the same way

as in the previous case. In particular, the reason for W/™™ > W™ under 0.49042 < 6 < 0.6872 is
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as follows. If 0.49042 < 6 < 0.6872, the regime change from regional to multilateral MR
substantially increases the component of country I’s welfare obtained from country Z, w,; (I = X,Y).
This is because the regime change significantly raises country Z’s standard and substantially reduces
the cross-border negative externality from country Z. Thus, multilateral MR makes country I better
off relative to regional MR.

The reason for W;*™ < W7 under 0.49042 < 6 < 0.78641 is as follows. The regime change
from regional to multilateral MR decreases the domestic component wy, of country Z’s welfare (a
negative effect). Simultaneously, it increases the components obtained from countries X and Y, wy,
and wy, (a positive effect). If 0.49042 < 6 < 0.78641, the regime change significantly raises
country Z’s standard because country Z’s NT standard is sufficiently low. This significant increase in
standards intensifies the negative effect, resulting in a reduction in country Z’s welfare.

In sum, we establish the following. If 0.49042 < 6 < 0.96623, only regional MR is attained

because multilateral MR is blocked by members X and Y or by non-member Z.

Section 5.2

Assume that @« =1 and S = 0.6. The results of the numerical simulations are shown in the following
tables (I = X,Y, Z). The superscript MR denotes the regional MR when country Y maximizes the joint
welfare of countries X and Y but country X maximizes its own welfare. The reason why W¥R and Wy
can be negative is as follows. When § = 0, regional MR causes a surge in the imports of goods from
country X with extremely low standards, which increases local negative externalities in country Y. If
they are sufficiently large, its welfare can be negative. When & =1, transboundary negative

externalities from country X are sufficiently large, which harms the other countries.

@@ y=095 §=0

NT

N N
Sy 114}

0.6 0.086672
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Regional MR

SYR SYR W WHR wy
0 0.40068 0.13186 -0.11499 0.18626
(b)) y=08, 6§=0
NT
st Wy
0.6 0.12675
Regional MR
syR SR WHR WHR wy
0.11697 0.44495 0.13203 —-0.025026 0.18744
c)y=14, 6=1
NT
st w
0.55482 0.00066754
Regional MR
SMR SYR WHR WHR wy
0.47595 0.55579 0.004743 -0.032131 —0.024599
dy=12 6=1
NT
st w
0.57407 0.027222
Regional MR
SR SYR W WHR wy
0.50464 0.58505 0.03423 -0.005439 0.0055097
@ y=16=1
NT
st W,
0.6 0.075
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Regional MR

SR SR W W wy
0.53846 0.6 0.078077 0.046598 0.054172

In Cases (a) to (), member X’s standard is lower than the NT standard. By contrast, member Y’s
standard is lower than the NT standard in Cases (a) and (b), higher in Cases (c) and (d), and the same as
the NT standard in Case (e).

In Cases (a) to (e), regional MR benefits member X relative to the NT regime but harms member

Y. Thus, regional MR is not realized.
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