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Abstract

This paper sets up a model of trade, in which two countries with differing levels of technology spe-
cialize on the production of subsets of the global value chain. In the open economy equilibrium, the
technologically backward country exports intermediates in exchange for imports of a homogeneous
consumption good from the technologically advanced country. This vertical specialization pattern
gives the two countries access to different instruments for appropriating rents in the open economy.
The technologically advanced country can impose an import tariff on intermediates to lower foreign
wages and increase national welfare. An import tariff is ineffective for the technologically backward
economy, which can instead lower institutional quality and allow its workers to partially expropriate
firms and directly consume intermediate goods at a utility discount. In a non-cooperative policy equi-
librium, welfare levels of the two countries will fall to their autarky levels. This gives scope for a trade
agreement that conditions tariff reductions on institutional quality improvements and is beneficial for
both countries. A beneficial trade agreement may not exist if the import tariff has an upper bound.
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1 Introduction

Global value chains have become increasingly important over the last decades and are now a predominant
factor of international trade (see Johnson and Noguera, 2017; Johnson, 2018).! Their wide dissemination
has brought global value chains to the attention of academic research which has tried to decipher them,
using advanced theoretical models (see Antras and Chor, 2013; Costinot, Vogel, and Wang, 2013; Antras
and De Gortari, 2020). Leading to vertical patterns of trade with intermediate goods exchanged for final
goods, global value chains also challenge our knowledge about the impact of trade policies, inducing
Blanchard (2017) to conclude that we have to rewrite the book on how to think about these policies.
Whereas such a strong conclusion may be too bold, it is a widespread concern that value chains may be
more vulnerable to policy interventions, as nicely illustrated by the frantic appeal of UK car makers to
their component suppliers that they should relocate their production from continental Europe to Britain
to avoid increasing import tariffs after the Brexit (see Financial Times, 2017). Despite such concerns,
theoretical work on trade policy in the context of value chains is scarce. It is the purpose of this paper to
fill this gap.

We conduct our analysis in a prototype model of the global value chain put forward by Costinot et al.
(2013). In this model, the production of a single consumption good requires the execution of a continuum
of tasks in consecutive order. This production process captures the vertical structure of value chains in
a simple way. We embed this theoretical account of the value chain into a trade model, in which two
countries specialize on subsets of the necessary production stages in the open economy. The pattern of
vertical specialization in our model is thereby the result of exogenous differences of the two countries
in their production technologies. Following Costinot et al. (2013), we assume production at each stage
to combine output of the previous stage with labor input to process the intermediate good. However,
production at each stage is prone to mistakes, which destroy production and thus the output used from
all previous stages. Countries differ in the rate at which these mistakes occur, and the country with the
higher rate of mistake operates the inferior technology and ends up executing the earlier stages of the
global value chain. This outcome is intuitive, because a mistake is less costly if it materializes at earlier
stages for the simple reason of a lower loss of valuable labor input.

After characterizing the open economy equilibrium and showing comparative static effects of tech-
nology change, we then introduce instruments of trade policy. Thereby, our model points to an important
asymmetry of the sets of policy measures available to the two economies. Whereas the technologically
advanced economy — executing the later stages of the global value chain and producing the consumption
good — can use an import tariff to appropriate rents from workers in the technologically backward econ-
omy, this tariff instrument is ineffective (and thus unavailable) for the technologically backward economy,
provided that the consumption good is produced under perfect competition at all stages of the global value

chain. This asymmetry of import tariffs in the case of vertical specialization is crucial for our analysis,

"Putting numbers to the increasing importance of global value chains, Hummels, Ishii, and Yi (2001) report that exports due
to vertical specialization along the value chain accounts for almost one third of the growth of worldwide exports between 1970
and 1990.



because it deprives the exporter of the intermediate good of an instrument commonly used for appropri-
ating rents in the open economy. In our model, the loss of one instrument is compensated by access to
another one, namely the institutional quality to protect the property rights of firms against expropriation
by workers. Thereby, we associate lower institutional quality with a lower fraction of the intermediate
good to be exported for further processing abroad and assume the residual to be consumed by domes-
tic workers at a utility discount. Lowering institutional quality is only available for the technologically
backward economy in our model.

Analyzing how the two policy instruments affect the open economy equilibrium, we highlight an im-
portant difference between them. Since the production structure in the open economy is pinned down by
a full employment condition, imposing an import tariff on intermediates, while redistributing rents from
the technologically backward to the technologically advanced country, does not change the organization
of the global value chain. Therefore, increasing an import tariff leaves global welfare unaffected, but
changes the distribution of this welfare between the two economies. Things are different in the case of
institutional quality. Lowering institutional quality redistributes welfare to the technologically backward
economy. However, it also reduces the fraction of intermediate goods exported for further processing
in the technologically advanced economy, leading to a restructuring of the global value chain with less
stages produced by the technologically backward economy. This restructuring process captures an effi-
ciency loss from lowering institutional quality, which reduces global welfare.

In a non-cooperative policy game, the two countries will end up imposing a prohibitive tariff in the
technologically advanced economy and a minimum institutional quality in the technologically backward
economy. This leads to an open economy equilibrium with welfare levels of the two economies equaling
those under autarky. In this case, a trade agreement that conditions tariff reductions on improvements of
institutional quality in the backward economy can be welfare-improving. This provides a possible ex-
planation for the increasing importance of arbitration clauses in recent negotiations on preferential trade
agreements (see OECD, 2012, and the controversial debate regarding the Transatlantic Trade and Invest-
ment Partnership). However, if the tariff policy of the technologically advanced economy is constrained
by an upper bound — imposed, for instance, by WTO rules — the technologically backward country may
impose the best institutional quality even without cooperation, leaving no scope for an agreement on fur-
ther tariff reductions that would be beneficial for both countries. This highlights the important role of
conditioning tariff reductions on improvements of institutional quality for the successful implementation
of trade agreements in a North-South context.

Our analysis is related to several important strands of the trade literature. For instance, we contribute
to recent research on vertical specialization and global value chains. Prominent examples to this literature
include Yi (2003); Kohler (2004); Grossman and Rossi-Hansberg (2008), and more recently Costinot et al.
(2013); Antras and Chor (2013); Antras and De Gortari (2020). Particularly important for us is Alfaro,
Antras, Chor, and Conconi (2019), who develop a property-rights model of vertical production and its
organization along the value chain. While their analysis is focused on the decision to integrate suppliers
or not, thereby shifting firm boundaries, we analyze how changes in institutional quality directly affect the

global value chain. Whereas in the interest of analytical tractability, we consider a simple one-directional



value chain, Harms, Lorz, and Urban (2012) and Baldwin and Venables (2013) analyze more complex
patterns.

Emphasizing the role of global value chains for trade policy, we contribute to a sizable literature on
non-cooperative and cooperative tariff regimes. Prominent examples to this literature include Johnson
(1953); Dixit (1987); Bagwell and Staiger (1997, 1999), and in models of the new trade theory Ossa
(2011); Campolmo, Fadinger, and Forlatti (2014); Costinot, Rodriguez-Clare, and Werning (2020). More
closely related to our analysis, Blanchard, Bown, and Johnson (2017) consider the effect of supply chain
linkages on trade policy and find that governments set lower tariffs when interdependencies of countries
along the global value chains are stronger. Related to this argument, Blanchard (2010) shows that foreign
ownership has a direct impact on countries’ optimal tariff policies. Ornelas and Turner (2012) investigate
in a property rights model the effects of tariffs on the organizational structure of firms along the value
chain. They show that the existence of tariffs can make organizational choices inefficient. We comple-
ment this literature by emphasizing an important asymmetry in the access to trade policy instruments of
countries that are specialized in the execution of different stages of the global value chain.

Finally, there exists a comparably small literature studying the effects institutional quality and the
protection of property rights on international trade. A seminal contribution in this respect is Levchenko
(2007), who shows that introducing incomplete contracts into an international trade model generates
a distinct source of comparative advantage between countries with differing institutional settings.” In
Levchenko (2013) institutional quality results endogenously from a policy game. In this paper, countries
are incentivized under free trade to improve their institutional quality if the production technologies of
the trading partners are sufficiently homogeneous. In a related study, Stefanadis (2010) shows that the
direction of the institutional effect depends on the quality level of institutions prior to the opening up for
trade. We address the role of institutional quality in the context of global value chains and therefore add
a new facet to this literature.

The remainder of the paper is organized as follows. In Sections 2 and 3, we outline the basic model
structure and study the open economy equilibrium without policy distortions. In Section 4, we extend
the analysis of the open economy and allow for arbitrary levels of import tariffs in the technologically
advanced economy and arbitrary levels of institutional quality in the technologically backward economy.
There, we also study comparative-static effects of changing the two policy instruments. In Section 5,
we then analyze a non-cooperative policy game between the two countries and investigate the scope for
trade agreements that are beneficial for both economies. Section 6 concludes with a summary of the most

important results.

2 Basic model structure

We conduct our formal analysis in a production model along the lines of Costinot et al. (2013), in which a

continuum of stages must be executed to produce a single consumption good. Assuming that the produc-

“Nunn (2007) test for the relevance of institutional comparative advantage and find support for it in the data.



tion stages must be executed consecutively in a predetermined order, the model describes a value chain,
which we assume to have unit length. In the subsequent analysis, we capture each production stage by an
index s from the unit interval. We embed this production model into a world composed of two countries,
c = 1,2, which are endowed with an equal mass of labor L but differ in their production technologies.
Labor is immobile between countries and technology determines the Poisson rate, A. € (0, 1), at which
mistakes materialize at each production stage. Whenever a mistake occurs the processed intermediate is
destroyed, making labor input in all previous stages a wasteful loss. We assume that mistakes occur at
a higher rate in country 1 than in country 2, i.e. A; > A2. This makes country 1 the technologically
backward economy (the “South”) and country 2 the technologically advanced economy (the ‘“North”).
Considering a Leontief technology that combines ¢(s) units of the intermediate produced at stage s
with ¢(s)ds units of labor to produce ¢(s + ds) units of the consecutive stage s + ds, we can express the
the technology of producing g(s+ds) as g(s+ds) = (1 —Acds)q(s). For infinitesimal ds, the production

function of country c at stage s can then be written in the form of a differential equation as follows

q'(s) = —Aeq(s). (1)

Markets at all stages are perfectly competitive. The world price of intermediate good s is given by p(s).
The initial input at stage s = 0 is available in perfectly elastic supply at a price p(0) = 0. The consumer
good at stage s = 1 is chosen as our numéraire and its price is therefore normalized to one.’

Making use of our technology assumption, we can write the costs of country ¢ to produce output
q(s+ds) as p(s)q(s) + weq(s)ds. Substituting ¢(s + ds) = (1 — A.ds)q(s) gives the unit cost function

c(s+ds) = [p(s) +weds]/(1 — Aeds). Under perfect competition, profit-maximization then establishes

p(s) + weds
< =7 -
p(s+ds) < [ nds o
cds .
p(s+ds) = w if Qc(s') >0 forall s' € (s,s+ds],
“\ds

where QQ.(s) is economy-wide output of stage s in country c. Labor market clearing establishes for each

country c that

1
/0 Qc(s)ds =L, 3)

with L denoting the symmetric labor endowment of both countries. This completes the description of the

model structure.

3To apply the solution concept of Costinot et al. (2013), we impose the additional formal condition that each firm produces
a measure A > 0 of consecutive stages. To be more specific, we assume that if a firm produces stage s' = s + ds, then it
produces all stages s’ € (s, s + A]. This implies that each unit of the consumer good is produced by a finite number of firms.



3 The open economy without policy distortions

In this section, we investigate a baseline version of our model in the absence of policy. In this case, our
setting reduces to a two-country variant of the model proposed by Costinot et al. (2013). For this case,

the open economy equilibrium is characterized by the following lemma.

Lemma 1 In the open economy equilibrium, there exists a unique partitioning of the unit interval of
production stages into two subintervals of length S1 and 1 — S, respectively, such that Q1(s) > 0 if an
only if s € (0,51] and Q2(s) > O ifan only if s € (S1,1]. We thereby have

1 )\1L> 1 < /\2L>
! A1 ( Qo DY Q1 @

and output levels

Q1= Qo — ML, Q2 = Q1 — AoL. ®)

Proof The first part of the lemma on the vertical structure of the global value chain directly follows
from the proof of Proposition 1 in Costinot et al. (2013). To derive Eqs. (4) and (5), we solve the
differential equation (1) at the country level and compute the general solutions Q1(s) = exp[—A15|Qo
and Q2(s) = exp[—Az(s — 51)]Q1, where Q1(0) = Qo and Q2(51) = Q1(S1) = Q1 have been
used. Substituting these two solutions into the labor market clearing conditions of countries 1 and 2
establishes Eq. (4). Eq. (5) then follows from substituting Eq. (4) into Q1 = exp[—A151]Qo and
Q2 = exp[—X2(1 — 51)]Q1.

Figure 1 gives a graphical account of the global value chain in our model. The important finding of
Lemma 1 that the South executes the early stages of the global value chain, whereas the North executes
later ones is a direct consequence of our assumption that country 1 is the technologically backward
economy. This is intuitive, because — as outlined above — a mistake at stage s > 0 destroys the production
from all previously executed stages. Hence, the loss from mistakes and thus the (expected) costs of

production are minimized by the vertical production structure captured by Figure 1.

0 S1 1

I | |
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produced in South  produced in North

Figure 1: The distribution of production stages across countries.

The two equations in (4) can be combined to the global labor market clearing condition

1 AL 1 Ao L _



where ()1 = Q9 — A1 L has been substituted from Eq. (5). Eq. (6) implicitly determines Qg in the open
economy equilibrium. Noting that limg_,(x, 41,z F'(Qo) = 00, limg, 00 F(Qo) = 0, and F'(Qo) <
0, it follows that that the equilibrium level of (), denoted by Qo, is unique and satisfies Qg > (A1+A2)L.

The following proposition summarizes comparative static effects of changes in A, on the open econ-

omy equilibrium characterized in Lemma 1.

Proposition 1 Technological progress in either country, captured by a decline in the mistake rate A,

decreases the quantity of the initial input Qo and increases the length of the Southern value chain Sy.
Proof See the Appendix.

Proposition 1 gives important insights on the mechanics of our model by showing how technology in-
teracts with the labor market clearing conditions of the two countries in determining the open economy
equilibrium. If technology improves, more intermediates can be handed over to the next production stage,
ceteris paribus. This increases labor demand and requires Qo to fall in order to restore the global labor
market clearing condition in Eq. (6). However, since workers are immobile between countries global
labor market clearing is not sufficient for an open economy equilibrium. Instead, the labor market must
clear for each country individually. Therefore, if technological progress occurs in the North, due to a fall
in Ao, S1 needs to increase for labor market clearing to be achieved in the South. If in contrast technolog-
ical progress occurs in the South, due to a fall in A1, the effect on S; is not immediately clear. However,
we show in the Appendix that, in the case of a constant loss rate, S7 needs to increase in order to restore
labor market clearing in the North.

With the important insight from Proposition 1 that technological progress in the South increases
S1, it follows that the length of the Southern value chains reaches a maximum in the limiting case of

A1 = A2 = A. In this case, we compute

lim Qp = 2\L lim S =—=In 5

exp[\] 1 [1 + exp[—/\]]
M—AS exp[A] =17\ oaf A

and thus Iim/\1 oA S; < 1/2.%* This is a notable result, which points to an inherent asymmetry of
countries along the value chain. Since the South operates earlier production stages, it has to handle a
larger volume of intermediates per stage, which increases labor demand ceteris paribus. For a given
position in the value chain, the South therefore executes fewer stages than the North with the same level
of labor input L.

With the characterization of the open economy equilibrium and our findings regarding the comparative-
static effects of technological change at hand, we now continue our analysis with determining welfare of
North and South in the open economy. Since all workers in country ¢ = 1,2 receive the same wage
w, and since profits are zero and consumers only purchase a single consumption good, we use the total

real wage income — and thus GDP - as a welfare criterion. Noting that consumption good ()2 serves as

*Note that if \; = Ao = A, limxlaxj S1 < /2 is equivalent to 2 < exp[A/2]{1 + exp[—A]} = fo()). Acknowledging
fo(A > 0) and f5(0) = 2 establishes the result.



our numéraire, welfare can then be expressed (in indirect form) as V. = w.L. This implies that in the
baseline model welfare changes are fully determined by changes in the country-specific wage rates, w..
To characterize welfare in the open economy equilibrium, we therefore compute the equilibrium levels of

w1, we, and p; = p(S1), which are jointly determined by the three-equation system:

p1 = {exp[A1Si] — 1} %
1 = expPha(l — S1)]p1 + {expa(l — S1)] — 1} % )
wy = w1 + p1(A1 — A2).

Whereas the derivation of (7) is tedious and thus deferred to the Appendix, the three equations have a
straightforward economic interpretation. Making use of Lemma 1, we find that the first line corresponds
to the binding budget constraint of country 1, while the second line corresponds to the binding budget
constraint of country 2. The third line captures a no arbitrage condition under the profit-maximizing
choice of executing stages s € (0,.51] in country 1 and executing stages s € (Si,1] in country 2.
Equation system (7) can be solved for

(Qo = ML)(Qo — (M + A2)L) (Qo = X2L)(Qo — (M1 + A2)L)

w1 = ~ , W2 = A ) (8)
L(2Qo — (M1 + A2)L) L(2Qo — (M1 + A2)L)

and

_ Qo+ M)
2Q0 — (M1 + X\) L

P1 ©)
It is easily confirmed from Eq. (8) that w; = wg if A\; = Ao, whereas w; < ws whenever \; >
A2. This gives the intuitive result that the technologically advanced North pays higher wages than the
technologically backward South. The following proposition summarizes how changes in A, affect welfare

in the two economies.

Proposition 2 Technological progress in the South, captured by a decrease in A1, increases Southern
welfare and decreases Northern welfare. Technological progress in the North, captured by a decrease in

Ao, increases welfare in both countries.
Proof See the Appendix.

As pointed out above, technological progress in the South increases labor demand in country 1, ceteris
paribus. This increases Southern wages and thus Southern welfare. There are two effects on labor de-
mand in the North, due to an induced increase in the length of the Southern value chain S and an induced
reduction in the quantity of initial input Qo. Since both effects go into the same direction, labor demand
in the North unambiguously falls along with wages and welfare, so that Northern workers lose in rela-

tive and absolute terms. Things are different if the technological progress occurs in the North. In this



case, Northern labor demand increases along with wages and welfare. In the South, there are now two
counteracting effects on labor demand. Whereas the induced reduction in the quantity of initial input Qo
lowers Southern labor demand, the induced increase in the length of the Southern value chain increases
Southern labor demand, with the overall effect being positive. This implies that the South benefits from
technological progress in the North. We can describe the welfare effects in alternative terms when not-
ing that price p; increases with technological progress in either economy. This implies that the terms of
trade always improve for the South, the exporter of intermediates, which is sufficient for positive welfare
effects there. In contrast, with both forms of technological progress the terms of trade deteriorate for
the North, the exporter of the consumption good. Only if there is technological progress in the North,
the negative welfare effects from the terms-of-trade deterioration are counteracted and dominated by an

increase in labor productivity.

4 The open economy with policy distortions

We now consider an open economy equilibrium with policy distortions. We distinguish two policy instru-
ments, namely an import tariff and institutional quality to prohibit expropriation of producers by workers.
Due to the vertical production structure and the order of countries along the global value chain, the import
tariff is only a meaningful instrument for country 2, but not for country 1.> We denote the (ad-valorem)
import tariff of country 2 by 7 > 1. Whereas lacking access to a tariff instrument, the South can en-
gage in rent appropriation by allowing for institutional deficiencies. We assume that this instrument is
unavailable for the North (where institutional quality is usually considered to be high). We capture the
institutional instrument by a parameter 0 € [0, 1], which measures the fraction of production output Q)
that is actually shipped to the North for further processing. The residual fraction 1 — ¢ of this output is
consumed by Southern workers at a utility discount of p(S1) < 1. In this section, we take the two policy
instruments as given and characterize the open economy equilibrium for the more general case of 7 > 1
and § < 1. We postpone a discussion of non-cooperative policy setting by the South and the North to
Section 5.

Following the analysis from Section 3, we compute

_o_ L _ ML _g 1 _ ML ,
S1=0 )\11H<1 Q0>7 1=5 )\2111(1 5Q1>’ @)

and
1 )\1L> 1 ( oL ) ~ ,
l=——hn(l-——|—-—h|l—-—"——) = F(Qo,9). 6
Al n( Qo A2 B 3(Qo — ML) (@o,9) ©

instead of Egs. (4) and (6), respectively. Eq. (6) has a unique solution in )y, which we denote by QO.

3 An import tariff of country 1 would increase the costs of the consumer good but at the same time provide the consumers with
the additional means necessary to bear the higher consumption expenditures when redistributing tariff revenues in a lump-sum
fashion.



Proposition 3 summarizes the influence of policy parameters on the equilibrium production structure.

Proposition 3 An increases in the Northern import tariff T does not change the production structure in
the open economy equilibrium. An improvement of institutional quality in the South, i.e. an increase in
0, lowers the initial input QO and increases the length of the Southern value chain Sy. For the case of
minimum institutional quality, we compute lims_,q Qo = 00 and limg_,o S1 = 0. In the polar case of

0 = 1, the production structure in the open economy is given by Lemma 1.

Proof From Egs. (4') and (6'), we directly observe that d@o /dt = dSy/dt = 0. Moreover, we compute
dQo/ds < 0, which, in view of dS;/dQo < 0, establishes dS;/ds > 0. Moreover, for lims_,q F'(Qo, §)
to have a finite value equal to one limg_,q Qg = oo and thus limg_,5.S7 = 0 must hold. Finally, the
equivalence of Egs. (4') and (6") with Egs. (4) and (6) in the case of 6 = 1 is immediate. This completes
the proof.

It is an important insight from Proposition 3 and obvious from an inspection of Egs. (4') and (6') that
higher import tariffs of the North do not influence the production structure in the open economy equilib-
rium. This is, because the production structure in our model is pinned down by the labor market clearing
conditions of the two countries. Hence, there is no scope of trade policy in the North to influence the labor
allocation in the open economy. Things are different for the institutional quality in the South. A lower
level of ¢ reduces the fraction of Southern production output shipped to the North and thus, all other
things equal, labor demand in the North. Restoring labor market clearing therefore requires a higher
initial input (), which in turn is only consistent with labor market clearing in the South if S; declines.
To determine the welfare effects of changes in our two policy variables, we first derive an equation
system similar to (7). As formally shown in the Appendix, for arbitrary levels of § and 7 this system

changes to
- w
dp1 = {exp[A151] — 1} )\—11

1 = exp[Aa(1 — S1)]rp1 + {exp[ha(l — Sy)] — 1} % (7)
571)2 = TWw1 + 7'5151()\1 — )\2)

where Py is the free-on-board price per unit of output shipped in country 1. Since only a fraction § of
country 1’s output is exported the price per unit of output produced is equal to p;(S1) = dp1. Moreover,
the tariff-inclusive price of the imports from country 1 for a firm producing in country 2 equals p3(.S1) =
7p1. These changes imposed by our policy variables aside, the economic interpretations of the three
equations in (7’) remain unchanged. The first two lines capture the balanced budget constraints of the
two economies, whereas the third line refers to a no arbitrage condition that must hold under a profit-
maximizing production structure.

Equation system (7’) can then be solved for the open economy equilibrium wages and prices. This



gives

C16(Qo—ML)  6(Qo— ML) — AL
T L 5(Qo — ML) 4+ Qo — AL
_ Qo—NL  §(Qo— ML)~ AL

L 5(Qo— ML)+ Qo — AL

w1 = Ut/l (7-7 5)7

(8)

w9 7])2((5),

and

1 §(Qo— ML) - ML _ /
= — — — = 5 9
p1 T&(Qo—AlL)‘l-Qo—)\zL p1(7_7 )a 9)

respectively. The following lemma summarizes how changes in the two policy variables 7 and ¢ affect

wages and prices in the open economy equilibrium.

Lemma 2 An increase in the Northern import tariff lowers South’s wage rate wy and export price p1,
while it leaves North’s wage rate wo and import price TPy unaffected. A decline in Southern institutional
quality decreases both wage rates as well as the import and the export price of the intermediate good
shipped from the South to the North.

Proof See the Appendix.

Lemma 2 highlights the differential impact of the two policy instruments. Whereas an increases in the
Northern import tariff redistributes rents from the South to the North it leaves the market outcome and
thus wages and import prices of the North unaffected. Things are different for changes in the institutional
quality of the South. A decrease of § redistributes rents from the North to the South, while it also lowers
market efficiency. It is this negative efficiency effect that leads to a reduction of both wage rates and to a
simultaneous decline in the export and import price of the intermediate good shipped to the North.

Of course, the wage and price effects in Lemma 2 give an incomplete picture of the total welfare
effects of changes in the two policy instruments. To conduct the welfare analysis, we can first note that
similar to the baseline model in Section 3, consumers spend their entire income on the single consumption
good. However, if § < 1 inhabitants of country 1 gain additional welfare from consuming a fraction
(1 — 0) of the intermediate good 1. Assuming that consumption of unfinished goods gives a utility
discount of p(S1) < 1, we can write Southern welfare as V; = wiL; + (1 — 0)p(S51)Q1. Considering
the specific functional form of p(S1) = {exp[A151] — 1}/{exp[\1] — 1} gives a particularly tractable

welfare function for the South:

_18(Qo —ML)[(Qo — ML) =L | (1-d)ML
T §(Qo— ML)+ Qo — ML exp[Ai] — 1

i = Vi(,9). (10)

Northern welfare is increased if 7 > 1, because, when lump-sum redistributed, the tariff revenues are
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spent as well for the consumption level of good Q2. We get Vo = woL + (7 — 1)p16Q1, or

(Qo — M2 L)[0(Qo — AL L) — Ao L]
5(Qo — ML) + Qo — AL
= 13(Qu—ML)B(Qo ~ ML) = el] _ g s (11)
T 0(Qo — ML)+ Qo — A2L

Vo =

The following proposition summarizes how changes in the two policy variables affect welfare in the open

economy.

Proposition 4 An increase in the Northern import tariff increases welfare in the North and reduces wel-
fare in the South. A decline in Southern institutional quality lowers welfare in the North, whereas the

welfare effects in the South depend on the Northern import tariff and are not a priori clear. There exists a

exp[A1]—1 Ao
exp[A2]—1 A1

§ if T > 7. There exists a second critical T € {T > 1 : OVi(1,1)/d5 < 0} lower than T, such that

critical T = > 1, such that Southern welfare decreases monotonically in institutional quality

Southern welfare has a unique interior maximum at some 6 € (0,1) if T € (1, 7).
Proof See the Appendix.

The welfare effects in Proposition 4 provide useful insights for studying non-cooperative policy setting

in the next section.

5 Non-cooperative trade and institutional policies

Having characterized the impact of Northern import tariffs and Southern institutional quality on the
model’s open economy equilibrium, we now analyze the policy choices of the governments in South
and North that maximize their respective economy-wide welfare levels in Egs. (10) and (11). The follow-
ing proposition summarizes the non-cooperative equilibrium if the two governments are unconstrained in

setting their policy instruments.

Proposition 5 It is a dominant strategy of the North to set the maximum possible tariff rate. If the
government is unconstrained, this establishes T = oo. The optimal response of the South to T = o0 is
setting 6 = 0. Hence, the non-cooperative policy equilibrium of unconstrained governments is given by

0 = 0 and T = o0, establishing

nc

Ao L
2 nc (12)

. AL
lim Vi(r,0) = pes S " =V

s explh] 1 1 AR R0 =
Proof The proposition follows from Proposition 4 and Egs. (10), (11).

Non-cooperative policies of unconstrained governments establish an outcome with lims_,o 57 = 0, im-
plying that country 2 hosts the entire global value chain. As a consequence, the non-cooperative policies

in Proposition 5 put the North into an autarky equilibrium. This is intuitive, because the North sets a
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prohibitive import tariff, and it implies that V' = V', with superscript a referring to autarky. With its
wages going to zero, the South cannot afford the final output produced by the North and is compelled
to consume the initial input Q, which gives a maximum utility discount but is in unlimited availability
at a price of zero. Due to the chosen functional form of the discount factor p(S), our model has the
nice property that welfare in the South also converges to the autarky level if § goes to zero, establishing
Ve = vy

An immediate question regarding the non-cooperative policy outcome is whether cooperation gains
can be achieved simultaneously for both countries. To tackle this question, we contrast the non-cooperative
welfare levels in Proposition 5 with the welfare levels that could be achieved if the two countries coor-
dinate on free trade with perfect institutional quality, ) = 7 = 1. The results from this comparison are

summarized in Proposition 6.

Proposition 6 Policy coordination on T = § = 1 increases welfare in both countries relative to the

non-cooperative case in Proposition 5.

Proof We first note that setting A\; = Ay = ), we compute Qy = 2AL exp[A]/{exp[A] — 1}. In this case,
we have V;(1,1) = @1 (1,1) = AL/{exp[A] — 1} and thus V;(1,1) = V. Noting dw; /dAs < 0 from
Proposition 2 then establishes V7 (1,1) > V" for all A2 < A;. In a similar vein, we can note that setting
A1 = do = Agives Vo(1,1) = o(1,1) = AL/{exp[A] — 1} and thus V5(1,1) = V3*. Then, noting from
Proposition 2 that dwy/dA; > 0, it follows that V5(1,1) > V5 holds for all A; < Aa. This completes
the proof.

Propositions 5 and 6 provide an important insight. In a trade model featuring vertical specialization of two
countries along the global value chain, with intermediate goods produced in the South exchanged against
the consumption good produced in the North, a trade agreement can be beneficial for both countries only
if it conditions the tariff reduction of the North on improvements of institutional quality in the South.
The expansion of offshoring and intermediate goods imports from the South may therefore provide an
explanation for the increasing importance of arbitration clauses in recent trade investment agreements as
an attempt to enforce better institutional quality in countries executing comparably early changes of the
value chain.®

Of course, the results from Propositions 5 and 6 should not be seen as an argument that conditioning
tariff reductions on improvements of institutional quality in the South can always secure the implemen-
tation of a mutually beneficial trade agreement. Whereas the analysis above considers the case of uncon-
strained governments, the possibility of countries to impose high tariffs is strongly constrained by WTO
rules, rendering an import tariff of 7 = co an unrealistic outcome. We therefore ask in a final step, how
the analysis from above has to be adjusted if we consider a tariff policy of the North that is constrained

by 7 < Tyhaz- The following proposition summarizes our results.

As pointed out by Kohler and Stiihler (2019), agreements on investor-state dispute settlement mechanisms are common
practice in international investment agreements (see OECD, 2012). In recent years, arbitration clauses have become strongly
disputed in the negotiation of new preferential trade agreements, with the Transatlantic Trade and Investment Partnership being
a prominent example for this.
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Proposition 7 In the non-cooperative case, the North sets T = Tyqe, Whereas the optimal response of
the South to this tariff depends on the level of Tnaz. If Tmaz = T, the South sets 6 = 0 and the results
from Propositions 5 and 6 therefore carry over to the case of a high upper tariff bound. In contrast, if
Tmaz < T the South chooses § > 0 in a non-cooperative environment and in this case cooperation needs

not be beneficial for both countries.
Proof See the Appendix.

According to Proposition 7, an initially low tariff 7,,,,, makes coordination on 7 = § = 1 less likely
to be beneficial for both countries. To be more specific, we show in the Appendix that if the technology
advantage of the North is small, the South maximizes its welfare by unilaterally setting § = 1 and thereby
implementing the highest possible institutional quality if 7,4, is close to one. In this case, the North has
no incentive to agree on tariff reductions, as this would mean to forgo the associated tariff revenues. Since
the production structure is efficient if § = 1 there is also no scope to simultaneously increase welfare in
both countries by complementing further tariff reductions with side-payments of the South. In this case,

trade agreements cannot be expected to be implemented by the two economies.

6 Conclusions

This paper sets up a trade model with vertical specialization of two countries along the global value chain.
We show that in the open economy equilibrium, the global value chain is partitioned into two subintervals,
with a technologically backward South specializing on early production stages and a technologically
advanced North executing the later ones. As a consequence of the vertical specialization of countries,
the South exports intermediates in exchange for the import of a homogeneous consumption good from
the North. In the open economy, the Northern country can use an import tariff to appropriate rents
from the South. The import tariff lowers the wage received by Southern workers, but it does not change
the equilibrium production structure and leaves the partitioning of the global value chain between the
two trading partners unchanged. As a consequence, Northern welfare increases and Southern welfare
decreases with a higher import tariff.

Due to the vertical structure of trade in our model, the South cannot appropriate rents from the North
by imposing an import tariff itself. However, it can lower the institutional quality and allow for partial
expropriation of firms by domestic workers. The expropriation is modeled as an upfront consumption of
intermediates at a utility discount. A lower institutional quality lowers welfare of the North and it may
increase or decrease welfare in the South. Both countries lose if the efficiency loss from expropriation is
sufficiently high. The efficiency loss from lower institutional quality in the South is reflected in our model
by a shortening of the Southern and an expansion of the Northern value chain. In a non-cooperative policy
game, the North will choose a prohibitive tariff and the South will choose the minimum institutional
quality if government policy is unconstrained. This reduces welfare of both countries to their respective

autarky levels. In this case, an agreement of the two countries that implements free trade and high
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institutional quality in the South is beneficial for both economies. If the maximum tariff of the North is
constrained by an upper bound, a trade agreement may not be successfully implemented. In particular, if
the upper bound for the tariff is low, it may be in the self-interest of the South to choose the maximum
possible level of institutional quality without cooperation. In this case, the South has nothing to offer to

make further tariff reductions attractive for the North.
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A Appendix

A.1 Proof of Proposition 1

We first show that dQ /d\: > 0. Applying the implicit function theorem to Eq. (6) we compute

OF() 45, IF0)

dF(-) = 90, O

dAe =0 (A.1)

Moreover, we compute DF(Qg)/dA1 = A\[2f(\1), with

_ AlL(QO — A2L) Qo — ML
M) = — 4 In |
T (Qo — ML) (Qo — AL — A L) " ( Oo )
') = M L2 L LQo — A L)[2 ( D)= el]

(Qo— ML) (Qo— ML —XL)  (Qo—ML)2(Qo AlL A2L)?

Then, noting f(0) = 0, it follows that f(A1) > 0 and thus AOF(Qo)/0M1 > 0 holds for all \; > .
Substltutlon into Eq. (A.1) then establishes dQy /A1 > 0. In a similar way, we compute OF (Qo) JOAo =
27
5 “f(A2), with

Ao L AL . L2
Fxo) = 2 +1n <1 - 2) ;)= — 5> 0.
Qo — ML — A\oL Qo — ML (QO ML — AQL)

From f(0) = 0, it follows that f()3) > 0 and thus 9F(Qo)/0X2 > 0 holds for all Ay € (0,A1).
Substitution into Eq. (A.1) then establishes dQy/A1 > 0.

We next show dS; /d)\. < 0. Differentiating S; = —)\% In ( /\éL ) with respect to Ay gives
0

ds; L 1 dQo

s Qo Qo — ML A2

Furthermore, differentiating .57 with respect to A; establishes

dsl_ll ML (@o-hL)]_L L dQ

dh\i A | Qo— ML Qo Qo Qo — ML dA
Substituting
dQo _ 9F/ON _ f(\) Qo(Qo — ML) Qo — ML — XL
dA OF /9Qy M L 200 — ML — \oL’
we obtain

dSi 1 ML Qo Qo — ML
== 392 =~ + ~ ln ~ .
d>\1 )\1 QQO — )\1L — )\LQ 2@0 — )\1L — )\2L Qo
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Rearranging terms, we finally arrive at

dsi 1 L [ Gog
d)\l )\% 2@0 — )\1L — )\Lg L '

Partially differentiating .S for A1, holding Qg constant, we compute

oS 1 ML ML

OA1 AT [Qo— ML Qo
From limy, 0 S(A1, Qo) = L(QO — A1 L)~1, we can therefore conclude that QoS1 /L > 1 holds for all
A1 > 0, implying that dS7 /dA; < 0. This completes the proof.

A.2 Derivation of equation system (7)

From Eq. (2), we know that [p(s+ds) —p(s)]/ds = [p(s)A\e+wc]/(1—Acds) holds whenever Q.(s') > 0
forall s' € (s, s+ds]. Taking the limit of ds — 0 gives the differential equation p'(s) = p(s)A.+w.. We
can now solve this differential equation for the general solution p(s) = —w./A; + B exp[Acs]. Making
use of the equilibrium production structure from Lemma 1, we compute p(0) = —w; /A + B; = 0 and
thus By = wi/A1. This establishes p(s) = {exp[A1s| — 1}wi /A forall s € (0, S1] and thus the first line
in system (7) when setting s = 57 and p(S1) = p1. Moreover, evaluating p(s) = —wa /A2 + Ba exp[A2s]
at s = S1, we compute By = [p1 + wa/A2] exp[—A251] , which establishes p(s) = p; exp[Aa(s —S1)] +
(wa/X2){exp[A2(s — S7)] — 1}, which evaluated at s = 1 and setting p(1) = 1 gives the second line of
equation system (7).

In a final step, we acknowledge that a profit-maximizing choice of executing stages s > S; in country
2 and executing stages s < .S7 in country 1 requires

p(S1) + weds p(S1) + wids
ds) — PAO1) T 0295 ds) — P20 a8
PS4 ds) = =5 2 PO ds) = P
p(S1 — ds) + wids p(S1 — ds) + wads
_ > _
P(51) = gds 2PV 1— hods

to simultaneously hold according to Eq. (2). Making use of standard mathematical manipulation and
setting p(S1) = p1, we can reformulate the two conditions for the limiting case of ds — 0

P1(A1 — A2) > wa — w, wy —wy > p1(A1 — A2),
which jointly establish the third line of equation system (7). This completes the proof.

A.3 Proof of Proposition 2

We start by showing that an increase in A; decreases w; and increases ws. Let us rewrite Eq. (6) as an
implicit function of the form

F(z,A) = —Aln (x_l) —In <M> B V—Y (A.2)

x r—1
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with A = Ag/A; € (0,1) and z = Qo/(A L) > 1 + A. Partial differentiation w.r.t. z and \; yields

OF _ A 2—1-A  OFdA [ (a-1\_ 1 ]A
or  z(r—1)(z—-1-A)’ ONdN x r—1-—A| X\
Applying the implicit function theorem to F (z,A) = 0 then gives
de  z(z-1D{l—-(z—1-A)Inf(z—1)/z]} <0 (A3)

TM - )\1 20 — 1 — A
We can also employ variables x and A to write wages w1 and wo as follows

(x —1)(x —1—A)

(x —A)(x—1-A7A)
20 —1—-A 7 '

d wy =\
aneé W =AM T T OA

w1 = )\1 (A4)

Before turning to formal derivation details, we document two auxiliary results that are used later on.

Al. The Mercator series establishes forall -1 < y < 1: In(14+y) = y— % + %3 — % ... or, equivalently,
oo
-1 n+1
In(l1+vy) = Z Ly" Setting y = —1/x (and acknowledging = > 1 + A), this implies
n

n=1
-1 1 -1
ln<$ >>, == 1+xln<x><0.
x x T

A2. Using the solution for wy in dx/d\;, we get

dx zwl—(r—1—A)In[(z —1)/z]

TM_ )\1)\1 r—1—-A

With the insights at hand, we can now continue with determining the effect of an increase in A\; on
wy. Totally differentiating wy yields

dw;  Owy di owi; dA  Owy

et -+ —. A5
d/\1 ox d)\l * oA d)\l * 8)\1 ( )

We further compute

owy Wy zA

0N A (2z—1-A)(z—1-A)

and thus

%ﬂ+8w1 _wi 2e =@ -1-A)+ A1 +4A)
ONd\i 0N M (2z—-1-A)(z—1-A7A)

Moreover, we compute

Owy | 2z(z—A-1)+A(1+A)
or ! (2x —1— A)?
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and thus

owy dz wi22*(x —1—A) +zA(1+A) x—1
73 Vi v s ey wy vy R Gt A S L

Substituting into dw; /dA1, we obtain

don _ wi R
d\i M (22 —1-A)2’

with

xT

FUA) = (20— 1— A) — [20(z — 1 — A) + A1+ A)] [1+xln(m_1)].

From Al, we know that 1 + z In[(x — 1)/z] < 0, implying that F'; (A) > 0 and dw; /dA\; < 0.

We next determine the impact of an increase in A; on wy. For this purpose, we write wy = wy[(z —
A)/(z — 1)] and compute

dwy x—ANdw; (1—ANwy dz w; A

A z—1d\ (=12 d\  z—1X
___m {(””‘A)F1<A)_ (1=Ae 1_(x—1—A)1n<x;1>}—A} (A.6)

Mz—=1) | 2-1-A)2 2z—-1-A
and thus
dwy — wy Fy(A)
dX\ Mz —1)(2z —1—A)%’
with

F2(A):—(x—l)x{Q(x—A)—i—[Qx(m—l—A)—i—l—i—A“n(96;1)}

To make progress with the sign of F5(A), we look at the properties of

_ -1
Fy(x;A)=2(x —A) +[2z(x —1—A)+ 1+ A]ln (x:c ) .
Partially differentiating ', w.r.t. A, we compute OFy/OA = —(2x — 1) fo(z), with
= 2 z—1
From fi(z) = {z(z — 1)(2z — 1)}~ > 0 and lim, o f2(z) = 0, we conclude that fo(z) < 0
)

and in extension OFy/OA > 0. This establishes Fy(z,A) > Fy(z,0) for all A > 0. We can write
Fy(x,0) = 2z f(x), with

f($)51+[(x—1)+21} ln<m—1>

T T
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and compute lim, 1 f(x) = —o0, lim, o f(x) = 0, and

2 2x?—1 z—1 207 — 20+ 1
flw) = 222 [ln( x >+(x—1)(2x2—1) '

We observe that if f(z) has an interior extremum, it is reached at In (
x. We compute

xT_l) = —(fflz)_(% and denoted

5oy 4x® =102 46z -1 2z(zx—1)(2z-3) -1
M) = e nee 1 ez e 1)

Using the Mercator series in the definition of F(x, A) and accounting for A > Ay, we can write

A
x—l_A:_ix(x—l) [(33—1)2—33}.

F(z,A) > A +
x
Noting that (x — 1)? — 2 > 0 requires z > (3 +/5)/2 > 2 (or < 3 — /5 < 1, which is excluded by
condition z > 1 + A), we can safely conclude that F (x,A) = 0 establishes x > 2. Acknowledging that
f(z) > 0if z > 2 and that lim,_,, f(x) = 0, it follows from f(2) > 0, that f(x) > 0 and in extension
Fy(z,A) > 0, Fo(A) < 0 hold over the relevant parameter range. This implies that F'(z, A) = 0
establishes dws/dA\; > 0 and completes the proof regarding the impact of an increase in A1 on wy, ws.
We continue by showing that an increase in Ay decreases w; and ws. For this purpose, we consider
the alternative implicit function

~ -1 1 —1-A

with AG(z, A) = F(x, \). Partial differentiation w.r.t. z and A yields

or z@—-1D@—-1-A)  0Adr,

A2

oG 1 20—1-A GédA_[l (a:—l—A) 1 ]1

Xn +l’—1—A

r—1

Applying the implicit function theorem to é(a:, A) = 0 then gives

dx T z—1 z—1—A z—1—A

To determine the sign of dx/d)\; it is worth looking at the properties of f(y) = 1+[(1—y)/y] In(1—1y),
which corresponds to the bracket expression in Eq. (A.8), when setting y = A/(z — 1) < 1. Differenti-

ating f(y) gives

fly) = —;2 [In(1 —y) +y] > 0.

From lim,_,¢ f(y) = 0, we therefore conclude that dz/d\2 > 0if A > 0 (reaching a maximum aty = 1,
with f(1) = 1). From the definition of w;, we moreover obtain
dr w =z 1 r—1—A <x—1—A)]
In .

— == 1
d/\g )\1)\2!1)—1—/\ + A r—1

(A9)

21



Totally differentiating w, yields

dwy  Ow di Oowy dA

— = —_— . A.10
d)\g 8:8 d)\g + 8/\ d)\g ( )
We further compute

Owy dh - wn z
ON da M (2 —1—A)(z—1—A7)

and

Or dha X (2 —1—A)2(xz—1-A) A

owy dx w1 22%(x —1—A) +2A(1 + A) ) x—l—Aln<m—1—A>}
r—1 '

Substituting into dw; /dA2, we then obtain

dwy _wy_2Gi(A)
dha Ay (22 —1—A)2’

with

Gmnzzw—Amﬁmm—1—Aymuywmim<m;iIA>

Recollecting from the Mercator series that In(1 + y) < y — y?/2 if y € (—1,0) and setting y =
—A/(z — 1), we compute

m<$;iIA><—%xf”ﬂ%x—n+AL

and thus

20z —1)2G1(A) < 4z — 1%z —A) — 22(z =1 = A) + AL+ AN)][2(x — 1) + A]
=2z—-1)2z—-1)(z—A) —2z(x—1—-A)—AQ+A)] - A2z(x —1—-A) + A1+ A)]
=AR@-1)1-A)—2z(z—1-A)—A(L+A)]=-A[2(x — 1) = A1l — A)]

This implies that z > 2 is sufficient for G1(A) < —A [2(z — 1)2 = A(1 — A)] < 0 (see above). We can

therefore safely conclude that F'(z;, A) = 0 ensures G (A) < 0 and therefore dw; /d\y < 0.
In a next step, we can note that we = wi(x — A)/(x — 1) and compute

dwgiaz—Adwl_wl(l—A)ﬁ_ wq A
d/\g_.%'—ld)\g (x—1)2 d)\g x—l)\g’

(A.11)

which in view of dw;/d\y < 0 and dz/dA2 > 0 is unambiguously negative. This completes the proof
regarding the impact of an increase in A; on wy, wa.

22



A.4 The impact of changes in )\. on p,
To show that an increase in A; or Ao decreases p1, we can rewrite the price at stage S as follows

z—1—-A

= 1A (A.12)

b1

with A = Ay /A1 € (0,1) and 2 = Qo/(M L) > 1 + A as defined in Appendix A.3. We then compute
dpi _ Op1 dz  Opi dA

= = —_— A.13
d)\l aT d)\l + 8./\ d)\l7 ( )
with
Op __ 1+A Oprdh - x A
or  (2z—1-A)2" OANd\  (2z—-1-A)2)\’
and dx/d)\; given by equation (A.3). Plugging in and rearranging terms we get
dpy z(x—1—A) x—1
— = —1+A 1+A —1)1 0.
Dy T om@r—ioap | THATUEANE =D))<
Moreover, we have
d d dA
dp1 _ Op1 dz | Op (A.14)

dhy  Ox dhs = ON d)y’
with
Opy dA T

ONdhy A2z —1—A)2

and dx/d)\y given by equation (A.8). Plugging in, we obtain

dpr _z(x—1-A) H(z,A)
d/\Q - )\QA (2%— 1—A)37

where

H(z,A) = (1— M)A+ (1+A)—1)In <33_1_A> .

r—1

Since we know from Appendix A.3 that x > 2 holds in the open economy equilibrium, the Mercator

series establishes that
1 r—1—A < A
n e — —
r—1 r—1

and hence H < (1 — A)A — (1 + A)A = —2A% < 0, implying that dp; /d\y < 0. This completes the
proof.
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A.5 Derivation of equation system (7')

The derivation steps have the same order as in Appendix A.2. Starting point is differential equation
PL(8) = pe($)Ae + we, where a country index is attached to the price, because § < 1 drives a wedge
between the price per produced and the price per exported unit and because 7 > 1 drives a wedge
between the export and the import price. The differential equation has the general solution p.(s) =
—we/Ae + BeexplAes]. In view of p1(0) = —w;i /A + By = 0, we get By = wi /1. This establishes
p1(s) = {exp[A1s] — 1}wi /A forall s € (0, S1]. Acknowledging 0p; = pi1(S1), then gives the first line
in system (7') for s = S;. Moreover, evaluating pa(s) = —wa /A + B exp[Aas] at s = S1, we compute
using p2(S1) = 7p1 Ba = [TP1 + w2/ A2] exp[—A251]. This establishes pa(s) = 7p1 exp[Aa(s — S1)] +
(wa/A2){exp[Aa(s — S1)] — 1}, which evaluated at s = 1 and setting p2(1) = 1 gives the second line of
equation system (7).

Finally, we acknowledge that a profit-maximizing choice of executing stages s > S in country 2 and
executing stages s < Sp in country 1 requires

p(S1) + wads _ 7p(5) +wids

— > F\01) T IR0
P(S1+ds) = = a2 P ds) = ST
T p(S1 — ds) + wids p(S1 — ds) + wads
_ _ > _
R T 1— Nods

to simultaneously hold according to Eq. (2). Making use of standard mathematical manipulation and
setting p1(S1) = p1, p2(S1) = 7p1, we can reformulate the two conditions for the limiting case of
ds — 0

7'131()\1 — )\2) Z w9 — T(S_lwl, wo — 75_1w1 Z T(Spl()\l — )\2),
which jointly establish the third line of equation system (7’). This completes the proof.

A.6 Proof of Lemma 2

Noting dQq/dr = 0 from Proposition 3, dw, /dr < 0 and dws/dr = 0 directly follow from Eqgs. (8'),
while dp; /dr < 0 and d(7p1)/dr = 0 directly follow from Eq. (9'). Moreover, making use of

dQo 1 Qo(Qo— ML) d(Qo— ML)  (Qo—ML)[5(Qo— ML) = NoL] (A.15)
ds  §6(Qo, ML)+ Qo— AL’ dé N 3(Qo, ML) + Qo — Ao L ’
from Eq. (6"), we compute
dwy _ wy Qo(\ — ML <o w2 _ Qo(\ — M)L -
- ~ ~ 2 ) - _ ~ P} )
W 5o~ ML)+ Qo - 2ol W 5@~ ME) + Qo - ot
and
dp  wy QoL(1+6) oo Urh) _ rw QoL(1+6) .
- ~ ~ 2 ’ - ~ ~ 2 :
o9 [5@0 — ML)+ Qo — )\24 d g [5(Q0 — ML)+ Qo — /\24

This completes the proof.
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A.7 Proof of Proposition 4

Noting dQq/dr = 0 from Proposition 3, dVi /dr < 0 and dVa/dr > 0 directly follow from Egs. (10)
and (11). Moreover, making use of derivatives in (A.15), we compute for the South

dvi _wnl ). Qo(A1 — Mo)L Y
s 9 {1 [6(Qo — ML)+ Qo — )\QLP} exp[h] — 1 (A10)
and
Vi wil QoM — X)L 5(Qo — ML)
dg? 5 [6(Qo, ML) + Qo — AoL]? | 6(Qo, ML) + Qo — AoL
(M = M)L[8(Qo — AL) = doL] |, (Qo = ME)[Qo + ML — 8% (Qo = AD)] | _
[6(Qo, ML) + Qo — A2 L]? [0(Qo, ML) + Qo — A2L)? .

This implies that if V; (7,9) has an extremum in 0 on the unit interval, it must be a maximum. Noting
further that
davi 1 Ao L ML

lim L =~ -
550 do Texp[Aa] —1  exp[A]—1’

we conclude that lims_,o dV1/dé < (=)0 if 7 > (=)7, with 7 defined in Proposition 4. In this case, it
follows from the negative sign of the second derivative that dV; /dd < 0 holds for all 6 > 0. Moreover,
if 7 < 7, two outcomes are possible, depending on the sign of dV; /dd at 6 = 1: If dV/dd < 0 holds at
§ = 1, then V; (7, §) has an interior maximum in ¢ at the unit interval. In contrast, if dV; /dé > 0 holds
at § = 1, then dV;/dé > 0 holds for all § < 1. Noting further that d*V; /(dédr) < 0, it is clear that the
first case in which dV;/dé < 0 holds at 6 = 1 is achieved for sufficiently high levels of 7. Using the
definition of 7 in Proposition 4 and noting that, by definition, 7 < 7, it follows that Southern welfare has
an interior maximum in ¢ on the unit interval if 7 € (7, 7).

We now turn to the impact of changes in parameter 4 on welfare in the North. For this purpose, we
reformulate Eq. (11) as follows

v, — 1 (Qo — A2L)[6(Qo — ML) — Ao L] it [6(Qo — ML) + Qo — A2 L][6(Qo — ML) — Mo L]
T 5(Qo— ML)+ Qo — AL T 5(Qo — ML) + Qo — AL
= wLL—FT_l [(5(@0_)\1[/)—)\2[/

T T

where the second equality sign follows from Eq. (8'). Then, making used of dws/dd from Lemma 2 and
d[0(Qo—A1L)]/dd > 0 from (A.15), we can safely conclude that dV5/dé > 0. This completes the proof.

A.8 Proof of Proposition 7

The extension of Propositions 5 and 5 to 7,4, > T is straightforward and requires no further discussion.
Therefore, we focus on 7,4, < T in the rest of this proof and show that § = 1 is indeed consistent with
7 > 1. From Appendix A.7 we know that this requires 7 > 1 or, equivalently, 3171(1, 1)/96 > 0. For
this purpose, we first note that setting A\; = Ay = \ establishes Qo = 2\L exp[A]/{exp]A] — 1}, which,
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substituted into Eq. (A.16), implies

ovi(1,1) AL ML

96 expM]—1 exp[h]—1 B

0. (A.17)

Moreover, making use of z = Qo /AL and A = A2/)\1, we can rewrite Eq. (A.16) for an outcome with
d=71=1asdVi(1,1)/dd = \yLA(z, A), with

(x—=1)(xz—1-A) z(1—A) 1
A) = 1-— — .
A, A) 20 —1_ A 2z —1-A)2| exp -1’ (A.18)
with z implicitly defined as a function of A by Eq. (A.7).
Total differentiation of A(-) with respect to Ay gives
dA() 04 de 04 dA
dhy  Oxdlg  OANd)y
with dx/d)s given by Eq. (A.9), dA/dXs2 = 1/A1, and
0A 2z —1-A)+AQ+A) [ z(1-A) (x—1)x—1-A)(1—-A)2x+1+A7A)
oxr (22 — 1 —A)2 (22 —1—A)? r—1-A 2z —1—A)3
0A  z(z-1) L z(1—A) (x—1D)(z—1—=A)z[2(z —1) — (1 —A]
ON  (2r—1-A)? (22 —1— A)2 r—1-A (22 —1-A)3

Evaluate at A\{ = Ao = X this establishes

dA(z,1) 1 exp[)]
dha 2 (exp[A] — I)QG(A)’

with

B 92 exp[A] — 1 2 _exp[A] -1
o0 =i =120 (i) oo (G5 ) = S5 2 ()

Accounting for a’(A) = —2exp[\]/{exp[A] + 1} < 0 and a(0) = 0, it follows that a(\) < 0 and
thus dA(z,1)/dXa < 0 for all A > 0. In view of our assumption that Ao < Aj, this implies that
Vi(1,1)/d5 > 0 must hold for small technology differences. In this case, we have 7 > 1 and dV; /d§ > 0
forall § < 1if 7 € (1,7). This completes the proof.
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