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Abstract

This paper attempts to identify the main channels for the propagation of the macroeco-
nomic effects from corporate profit shifting into tax havens. This question is answered by
building a general equilibrium model that introduces firm profit shifting to tax havens in a
multi-country environment with production networks. In this model, haven jurisdictions
specialize and compete for shifted profits by trading concealment assets in a differenti-
ated oligopolistic environment, and non-haven countries defend these profits by setting
enforcement levels over capital flows. The central point of the model is that profit shifting
introduces two classes of optimal distortions, first, rebated distortions that by modify-
ing the terms of trade and the effective marginal tax rate alter the decision of firms, but
also wasted distortions that optimally squander resources via enforcement policies and the
corporate costs that firms have to incur in order to access and develop concealment strate-
gies. I show that the main transmission channels for the propagation of these distortions
occurs by increasing corporate dividends, the tax base, and wages in tax havens; while
non-haven countries are affected by opposite effects in addition to the wasted distortions.
We confirm these results in a three country one sector global economy that additionally
provides evidence about the relevance of the structure of the production network and the

consumption bundle in the magnitude of the effect from introducing profit shifting.
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1 Introduction

The complex entanglement of global finance with the concealment of wealth and assets provided
by tax havens is an increasing source of instability for modern democracies. This challenges
the possibility of a sustainable, fair fiscal and social state. By 2014, global household financial
wealth added up to around $95.5 trillion, out of which, based on a conservative estimate, 8% or
$7.6 trillion were in accounts located in haven jurisdictions, out of which 30% or around $2.3

trillion were held in Switzerland (Zucman, 2015).

The challenge that tax havens impose on modern democracies has been rising steadily since
the Second World War and its effects are particularly concerning for emerging and developing
countries with nascent fiscal systems. For instance, the wealth of Europeans located in tax
havens had increased from around 2% in the post-war period to around 10% by 2013. By 2014,
the share of financial wealth held offshore was 4% for the United States, 4% for Asia, 9% for
Canada, 10% for Europe, 22% for Latin America, 30% for Africa, 52% for Russia and 57% for
Gulf Countries. The literature on the effects from haven jurisdictions has been focused on tax
revenue loss, which for 2014 was estimated globally at around $190 billions (bn), disaggregated
locally in revenue losses of $0 bn for Gulf Countries, $1 bn for Russia, $6 bn for Canada, $14
bn for Africa, $21 bn for Latin America, $34 bn for Asia, $35 bn for the United States and $78
bn for Europe (Zucman, 2014, 2013, 2015).

Multinational firms are one of the main users of tax havens. The corporate sector globally
raises nearly 8% of its equity and 10% of its bond financing via foreign subsidiaries located in
tax havens. There are four main statistical consequences that have been unveiled by Coppola,
Maggiori, Neiman, & Schreger (2020) from the use of tax havens by multinational corporations.
First, the paradoxical small size of North-to-South capital flows (Lucas, 1990) is significantly
larger once capital positions in third countries are taken into account, and this difference is
primarily reflected by issuance of securities in tax havens.! Second, foreign currency denomi-
nated corporate bonds from emerging markets has a more significant role in capital flows than
traditionally thought. As a consequence, contrary to traditional residency-based indicators,
corporate bonds overshadow the importance of sovereign bonds, and there is a greater lia-
bility translation exposure for emerging economies.?. Finally, some investment positions are

incorrectly considered foreign investment.?

'For instance, the holdings from the United States in Chinese equities in 2017 increases from $160 billion
to $700 billion once positions located in third countries are taken into account, mainly those concerned with
structures designed to avoid China’s capital controls.

2For example, under traditional measures, U.S. investors hold three time more Brazilian government bonds
than Brazilian corporate bonds, and the debt exposure to foreign currency is 20%, while once positions located
in third countries are taken into account, corporate bonds double sovereign bonds and the debt exposure to
foreign currency is 50%

3As an example, 12% of the foreign bond and 7% of the foreign equity holdings from the United States are
actually domestic investment.



Corporations have a myriad of incentives to use tax havens (Coppola et al., 2020). First, by
issuing securities via subsidiaries in tax havens such as Bermuda, the Cayman Islands, Guernsey,
or Jersey, firms can eliminate completely the mandatory withholding on dividend and interest
payments in such a way that the full payment is reflected on the funds’ returns. Second, firms
can reduce their effective corporate tax rate via strategies such as tax inversion (Seida & Wempe,
2004; Hwang, 2014; Marples & Gravelle, 2014; Capurso, 2016), transfer pricing (Swenson, 2001;
Bartelsman & Beetsma, 2003; Clausing, 2003; Overesch, 2006; Neiman, 2010; Vicard, 2015;
Cristea & Nguyen, 2016; Davies, Martin, Parenti, & Toubal, 2018), and intercorporate financing
at higher rates via haven subsidiaries with the objective to locate after-interest profits on the
haven country affiliate (Hines Jr & Rice, 1994). Third, to avoid capital controls that restrict
foreign corporate ownership (Gillis & Lowry, 2014; Ziegler, 2016; Hopkins, Lang, & Zhao, 2016).
Fourth, to hurdle specific corporate regulations, as for example the European Union Market
Abuse Regulation that imposes disclosure of trades made by any manager, but does not apply
to the Channel Islands, i.e. Guernsey and Jersey, which has generated an issuance shift of more
informationally sensitive securities on these territories. Finally, emerging market firms have
better access to capital flows originating in developed countries when securities are issued via

a tax haven subsidiary.

The use of tax havens with the objective of minimizing tax obligations is influenced by intracor-
porate linkages and internal supply chains. Tax inversion, transfer pricing, and intercorporate
financing strategies take advantage of the global structure of the multinational corporation and
the location of its affiliates. In particular, Davies et al. (2018) present evidence that supply
chains are relevant to explain corporate profit shifting via transfer pricing, as the export prices
from French multinationals drops with the statutory corporate tax from the destination for

intrafirm transactions that systematically involve tax havens as their destination.

Motivated by this, I address the gap in the literature about the channels through which
corporate profit shifting into tax havens generates macroeconomic effects. With this objective,
I assemble a multi-country general equilibrium model with production networks, and distortions
at the sector level, in which multinational corporations have access to costly fiscal optimization
technologies that reduce their tax expenditure by acquiring concealment financial assets from
haven governments that allow them to shift profits into affiliated subsidiaries located in these
jurisdictions. Simultaneously, tax havens operate in a differentiated oligopolistic environment
in which they sell their heterogeneous concealment financial assets and optimally set their
prices, while non haven governments influence the attractiveness of specific haven jurisdictions
by setting optimal enforcement over specific cross-country capital flows. The corporate tax
and the optimal decision from multinational corporations to allocate profits across its affiliate
subsidiaries located in tax havens not only generate rebated distortions by modifying the terms
of trade and the effective marginal tax rate, but also introduce wasted distortions that optimally

squander resources.



The main question addressed in this paper is which are the channels for the propagation of the
profit shifting distortions into macroeconomic effects. Adjacent questions that are also dealt
with are how the intensity of these channels is influenced by: the production network; consumer
preferences; the global capital allocation and supply of capital; tax differentials; the share of
firms that have access to tax havens; the competitive environment from tax havens; and the

role of global oversight on capital flows.

The static, multi-country, multi-sector, general equilibrium model of intersectoral trade with
distortions at the sectoral level from this paper is based on Devereux, Gente, & Yu (2019) and
Bigio & La’O (2020) representation of the Long & Plosser (1983) economy. In this framework, a
heterogeneous set of domestic and multinational intermediate good firms at the country-sector
level are connected via an intersectoral-trade market described by the input-output network,

and face sectoral tax rates, markups and industry-level global capital markets.

The government of each country has access to a multidimensional and discontinuous space
of competition in which it optimally sets the level of enforcement and the price of conceal-
ment assets that maximize domestic welfare. The solution to the policy problem assumes a
bounded foresight of the government in which terms of trade are taken as given, which al-
lows governments to focus on amplifying the household wealth effects. The international tax
environment that I use is based on Slemrod & Wilson (2009) and Johannesen (2010). Even
though my framework takes taxes and the decision to become haven jurisdictions as exogenous,
it allows for specialization from tax havens on the bilateral linkages at the country-sector level.
The policy variables and the amount of shifted profits are influenced by the solution to the
global competitive equilibrium and the intersectoral supply chain. Under this scenario haven
jurisdictions compete offensively by reducing the price of concealment financial assets with
the objective to attract profits, while non-haven jurisdiction compete defensively by increasing

enforcement over flows and curtailing their leakage of profits.

Under this framework, I find that corporate profit shifting parasitically relocates resources
from households in non-haven countries to households in haven jurisdictions via four channels.
First, by increasing corporate dividends from multinational subsidiaries located in tax havens.
Second, by expanding the tax base in havens with low levels of taxation, and as a consequence
increasing governmental transfers to households. Third, by increasing wages in tax havens, and
as a consequence modifying the terms of trade. Finally, by creating opportunities for non-haven
countries to optimally waste resources in enforcement policies, and in the corporate costs that

firms have to incur in order to access and develop concealment fiscal optimization strategies.

I consider a simple three country one sector economy which I have nicknamed The Bermuda
Triangle, because the introduction of profit shifting allows for wasted resources that vanish into
thin air. In this economy there is a high, an intermediate, and a low tax country. I allow for

profit shifting from the intermediate tax economy to the low tax economy, and from the high tax
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economy to both the low and intermediate tax economies. Introducing corporate profit shifting
into this simplified scenario increases the nominal wage, the consumer price index, consumption
and GDP, and creates a trade balance deficit in the low tax economy, while it has the opposite
effect on the high tax economy. Additionally, there is an increase in the demand of capital from
the multinational subsidiaries in the high tax jurisdiction and an increase in the global interest
rate. Furthermore, the magnitude of the macroeconomic effects from introducing profit shifting
into this model varies with the structure of the production network and the international tax
environment, the consumption bundle, the tax differentials, the global allocation of capital, and

the share of the multinational corporations across countries.

This paper connects three literature branches. First, based on the multi-sector environment
from Long & Plosser (1983), there is a growing literature that studies the propagation of firm
or sector specific distortions in economies with intermediate good trade (Basu, 1995; Ciccone,
2002; Yi, 2003; Jones, 2011, 2013; Asker et al., 2014; Devereux et al., 2019; Liu, 2019; Baqaee
& Farhi, 2020; Bigio & La’O, 2020). This literature is based in the extensively covered question
about the propagation of firm or sector specific productivity shocks through the production
network (Horvath, 1998; Dupor, 1999; Horvath, 2000; Gabaix, 2011; Acemoglu et al., 2012;
Carvalho, 2014). In particular, my model uses Cobb-Douglas production and utility functions
just as in Jones (2013), Devereux et al. (2019) and Bigio & La’O (2020), which differentiates
it from Baqaee & Farhi (2020), where general homogeneous of degree one production functions
are used. Moreover, the model from this paper allows for an endogenous country specific elastic
supply of labour as in Devereux et al. (2019), and Bigio & La’O (2020), which differentiates
it from Jones (2013) and Baqaee & Farhi (2020), where there is an exogenous inelastic supply
of labour, and for the market of capital, a more conservative inelastic global industry specific

supply is imposed.

As in Bigio & La’O (2020) there is an exogenous distortion that is modeled as a tax. Addi-
tionally, there is a second distortion that comes from the decision of multinational corporations
to allocate profits across its affiliated subsidiaries in tax havens. As a consequence of this
second distortions: i) corporations reallocate resources in the budget of other governments
by acquiring concealment assets; and ii) corporations waste resources to develop their fiscal
optimization strategies. The revenue collected by the government both from taxes and from
trading concealment assets is partially wasted in enforcement activities, and the leftovers are
redistributed lump-sum to household. A clear difference in my model is the optimality from
both the rebated distortions due to concealment asset acquisition and lump-sum transfers, and
the wasted distortions due to corporate profit shifting costs and enforcement activities, while

in Bigio & La’O (2020) these distortions are exogenous.

Second, this paper contributes to the literature on profit shifting to tax havens by introducing

a differentiated oligopolistic environment based in Slemrod & Wilson (2009) into the imperfect



competition model from Johannesen (2010). This is done by letting haven jurisdictions trade
differentiated concealment financial asset. The effect that profit shifting has over the effec-
tive marginal tax rate allows multinational corporations to establish a de facto differentiated
corporate tax rate that internalizes the tax havens are good argument presented by M. Desai,
Foley, & Hines Jr (2006a), M. Desai, Foley, & Hines Jr (2006b), and Hong & Smart (2010). A
structural contrast between our understanding of tax haven from the one in Slemrod & Wilson
(2009), and Johannesen (2010), is that in these papers, haven jurisdictions are non-productive
economies that have a zero statutory corporate tax rate. While, my notion of tax havens refers
to economies with productive potential that receive shifted profits by selling concealment as-
sets, and in which the statutory corporate tax rate does not have to be equal to zero. This
allow me to take into account not only the small 35 countries with no corporate tax rate iden-
tified as non-cooperating taxr havens in OECD (2000), but also countries such as Ireland and
Switzerland that levy low corporate tax rates in order to attract real investment that leads to
affiliated subsidiaries that can be used to shift profits from countries with higher tax rates as
discussed in Hines Jr (2005).

Finally, this paper is part of the growing literature on the economic effects from corporate use
of tax havens. This literature includes Hines Jr & Rice (1994), M. A. Desai, Foley, & Hines Jr
(2004), Gravelle (2010), Zucman (2013, 2014, 2015), Guvenen, Mataloni Jr, Rassier, & Ruhl
(2017), and Torslgv, Wier, & Zucman (2018).

This paper is organized as follows. Section 2 lays out the model and solves the competitive
equilibrium. Section 3 solves the optimal enforcement and concealment pricing policies and
presents the analytical decomposition of its effects on government transfers and corporate div-
idends. Section 4 solves The Bermuda Triangle economy. Finally, section 5 concludes. The

Appendix contains all proofs and supporting material.

2 The Environment

This static economy is built under a variation of the multi-country general equilibrium model
of intersectoral-trade from Devereux, Gente, & Yu (2019), and the input-output model with
sectoral distortions from Bigio & La’O (2020). This model contains R countries, where country
r is populated by a representative household of size n,.. The total world population is normalized
to unity, so that Ele n, = 1. Additionally, the country r has N, production sectors indexed by
i€ {1,...,N,}, and in each sector there are three types of firms. Firstly, in each country-sector
there is a unit mass of monopolistically-competitive firms that produce differentiated goods,
indexed by s € [0,1]. This unit mass is partitioned in a share 1,; € [0,1] of multinational

subsidiaries linked to a continuum of multinational corporations for sector ¢ € {1, .., N }



(where N = Maz, N,). These corporations have access to a market of concealment financial
assets supplied costlessly by sovereign governments that allow them to shift profits across
subsidiaries. The complementary share 1 — 1),; is composed by a set of domestic firms that
have no access to the market of concealment assets. Secondly, for each country-sector there
is a perfectly-competitive producer that aggregates and transforms the country-sector specific
differentiated goods into a homogeneous uniform good that is traded as an input through global
intersectoral-trade markets and as a final consumption good. Finally, the government of each
country levies sector-specific revenue taxes from corporate gains, and from selling concealment
assets to multinational corporations that allow them to transfer profits into the subsidiary
located within the government jurisdiction. The government uses these resources to cover the
wasteful expenses created by enforcement activities directed to curtail the size of shifted profits

to other jurisdictions, and redistributes lump-sum the remainder to the domestic consumer.

2.1 Production

There are three kinds of input markets. First, the intersectoral-trade market for inputs. Second,
country-specific labour markets with mobility across sectors within each country, but without
migration of workers across countries. Finally, a global sector-specific market for capital, in
which K stands for per capita world capital, each country-sector-specific continuum of inter-
mediate firms is endowed with K,; of these units, out of which a share ,; belongs to the
multinational subsidiaries and a fraction 1 — 1,; to the domestic firms. Total supply on the
sector-specific capital market is given by K; = 25:1 K,i, so that K = sz\il K;. Domestic firms
can only use the endowed amount of capital, while multinational subsidiaries have access to

this market in an unconstrained manner.

2.1.1 The Sectoral Aggregator Firm

For each country-sector there is a producer that aggregates the differentiated goods from inter-
mediate multinational subsidiaries M and domestic firms D according to a constant elasticity

of substitution production function with elasticity of substitution 6,;
0.

hri e,neifl 1 ezifl riril (1)
J— T T
Yri = xri,Mst + xri,Ds ds
0 T

where y,; denotes gross output at the country-sector level, z,; ys stands for the demand of

intermediate goods from multinational subsidiary s, and z,; ps is the demand of intermediate

goods from domestic firm s.

The aggregator firm operates under a fully competitive environment, in equilibrium adds zero

value to the global economy and has zero profits. Its purpose is to guarantee that there is a



homogeneous good at the country-sector level despite the existence of heterogeneous production
decisions between multinational subsidiaries and domestic firms. This type of firm demands
goods from intermediate multinational subsidiaries and domestic firms to maximize its profit:

d’ri 1
Maz My = (1 - 7-7‘1') <Priy7"i - / Pri,Msxri,Mst - / Pri,szri,Dst>
0

(Xri,lblstri,Ds>
sE

T4

[0,1]
where P,; stands for country-sector product price, F,; a5 is the price for an intermediate good

from multinational subsidiary s, and P,; ps is the price for an intermediate good from domestic

firm s.

Demand of intermediate goods by the sectoral aggregator and price at the country-sector level

satisfy
Pri Ori
Lri,Ds = Yri <ﬁ> (2)
Pm' Ors
Tri,Ms = Yri (P ., ) (3)

1

Y e R 1=
P = ( / Piviads + / P m‘,_D?dS)
0 wri

2.1.2 Intermediate firms

Intermediate domestic firms and multinational subsidiaries within a country-sector share an

identical technology that follows a constant returns to scale production function®

Xrizs = exp { Qi€ } lii_’;;”_a’{g ki’isMﬁrzs for z € {M, D} (4)
where X,; .s denotes gross output from intermediate firm s of type z, €,; is a common produc-
tivity term at the country-sector level, I,; ., is labour demand, o captures the capital cost
share in production, k,; .5 is capital demand, «,; captures the intermediate input cost share in
production, and M, .s is the composite intermediate input demand

R Np,
. . Wrimj
MTZ,ZS - | | | | xrimj,zs

m=1 j=1
with unitary elasticity of substitution across intermediate inputs,’ Trimj,»s Tepresents the use of
country-sector mj product by firm s with type z in country-sector ri. The input-output matrix

- R N .
W has entries wyim; where Y = | > o1 Wrimj = 1, With wyin; > 0.

4This follows the international trade literature Anderson & Van Wincoop (2003), Allen, Arkolakis, & Taka-
hashi (2014) and, Caliendo, Parro, & Tsyvinski (2017).
As in Acemoglu et al. (2016), Devereux et al. (2019), and Bigio & La’O (2020).



2.1.2.1 Domestic Firms

Domestic intermediate firm s in country-sector r7 demands labour, capital, and intermediate

inputs to solve

R Np
Max Tri,Ds = (1 - Tri) Pri,DsXM,Ds - wrlri,Ds - Z Z ijxm'mj,Ds — U (km',Ds - KT’L) (5)

m=1 j=1
subject to (2) and (4). Where X,; ps is the domestic firm s output, l,; ps is labour demand
by domestic firm s, k,; ps is capital demand by domestic firm s, Z,im; ps is intermediate input
demand by domestic firm s, 7,; stands for the statutory tax over corporate gains with deductible
labour and intermediate input costs for country-sector ri, w, is the nominal wage on country

r, and ¢; is the nominal interest rate at the global sector-specific capital market.

Notwithstanding that some form of deductible capital interest costs is common across countries
(OECD, 2015; Duff, 2019), the model assumes that capital interest costs are non-deductible from
the tax base on corporate gains. The reason is that m,; .5 is defined as the after tax dividends,
i.e. the disposable transferred resources from firms to shareholders, and by assuming a dividend
tax credit that coincides with the capital interest costs, the deductible interest costs for the
corporation is canceled out by the equivalent credit to the shareholder. The main consequence
of this assumption in the model will be an equalization of after tax capital marginal productivity
for domestic firms and multinational subsidiaries conditional on non-binding constraints for the

tax base.

Let aggregate sales, domestic sales, and multinational sales in country sector ri be S,; = Py,
Srip = PXyip, and Sy = P Xy nm. The optimal demands from the domestic firms in

country-sector r4 for inputs from country-sector mj, capital, and labour are

1

ij Trimgj,D = CQp; ¢ri Wrimg S;“b;,lD sz” (6)
1
i krip = (1= 1) off & ST S (7)
1
i o = (1= 0 — ) by S50 SE7 ®
where ¢,; = G,gfl stands for a distortionary wedge that comes from the monopolistic markup.

2.1.2.2 Multinational Subsidiaries

The multinational corporation s in sector ¢ demands labour, capital and intermediate inputs

that are used by its subsidiary in country r, and demands concealment financial assets that



allow shifting profits across its subsidiaries to solve

R R R Np,
Max Ti,Ms = Z Tri,Ms = Z {(1 - Tri) Pm',MsXm',Ms - UN)rlri,Ms - Z Z ijx'rimj,Ms
r=1 r=1 m=1 j=1 (9)
R
+ Z (Qmir,s - QM'm,s)] — U (kri,Ms - Km) - Cri,s}
m=1
subject to (3), (4),
Crim,s
Qrim,s = S+ bom (10)
(ZR ? R R
m=1 qmm,s) Z -1 q2.
Cm' s — e rimCrim,s T (11)
, o LTI n; QuimCrim.s +
qrim,s Z 0 VT‘, m and (12)
R Np R
Fri,Ms = PTi,MSXTi,MS - wrlri,Ms - Z Z ijxm'mj,Ms + Z (Qmir,s - QM'm,s) 2 0 Vr (]-3)
m=1 j=1 m=1

where ¢, s stands for the nominal level of shifted profits from country r to country m by
multinational s in industry ¢, C,; s is the cost function for the multinational corporations s in
industry ¢ of shifting profits out of country r, cyim s is the quantity of concealment financial
assets acquired from government m by the multinational corporation s in industry ¢ that allow
shifting profits from the subsidiary in country r to the subsidiary in country m, @, is the
unitary price charged by government m for these assets, b,;,, is the level of enforcement by
government of country r to capital outflows directed towards country m by firms in sector i,
and ~; is an industry common global parameter. Additionally the amount of shifted profits and

tax base on corporate gains I';; a5 are subject to non-negativity constraints.

The function grim.s (Crim,s, brim) is based on Slemrod & Wilson (2009) representation of the
amount of profits that can be shielded from tax authorities by acquiring concealment assets
from haven jurisdictions, and satisfies ¢ (0,b) = 0, 9q/0c > 0, and 9?q/dcOb < 0 for all ¢,b > 0,
implying that: there are no shifted profits without concealment assets; increasing the demanded
quantity of these assets increases the amount of shifted profits; and reductions in governmental
enforcement augment the marginal productivity of concealment assets in the profit shifting
technology. Furthermore, ¢ (¢,0) < oo due to the industry global parameter 7; that represents
the costless effect of global regulation on the oversight over capital flows from industry «.
For instance, the effect of anti-money laundering, anti-terrorism financing regulations, or the
moral suasion at the corporate level of principles such as source-based taxation or arm’s length

pricing.’

The function C,; ; describes an international tax environment in which the non-deductible costs

6A negative v; means that global regulation or corporate moral suasion abrade the effects of domestic
enforcement on capital flow oversight.
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of shifting profits comes not only from the cost of acquiring concealment assets from foreign
governments, but also from the monetary risk of detection and the monetary effort costs from
hiding tax evasion activities. The first element is the convex costs of total shifted profits, which
is based on the two-country models from Haufler & Schjelderup (2000) and Stowhase (2005),
and represents the emphasis of tax or accounting auditors on inquiring into transfers with large
irregularities. The second element is based on Johannesen (2010) and reflects a costs advantage
from diversification in a multi-country model in a way such that shifting large amounts of
profits exclusively to another jurisdiction is more noticeable and therefore carries a higher risk
of detection than diversifying the portfolio of countries towards profits are shifted. The strength
of this argument increases when we consider that the main corporate mechanisms to shift profits
are price deviations from the arm’s-length principle (transfer pricing) and intra-corporate loans
with interest rates that do not match the market level. These operations are more difficult
to unmask when diversified in individual operations across a portfolio of countries. The third
element is the cost of buying concealment assets from independent countries and reflects the
process of commercialization of state sovereignty described by Palan (2002). Under the absence
of reputation costs, sovereign governments can costlessly manufacture regulatory environments
in which legal vehicles such as shell companies are allowed to flourish and be used for financial
maneuvers that enable shifting profits across jurisdictions. We assume that the concealment
assets sold by governments grant access to these vehicles. Finally, only multinational firms that
are big enough will be able to access profit shifting technologies by paying an exogenous fixed
cost T.” The first two elements and the fixed cost represent the corporate resources that are
wasted to develop profit shifting strategies, and the cost of acquiring concealment assets are

the resources reallocated in the budget of tax haven governments.

The assumption that only multinational firms that are big enough will shift profits follows
evidence from the literature on transfer-pricing as a mechanism of shifting profits. Where
Davies, Martin, Parenti, & Toubal (2018) have found that multinational export prices drop
with the destination corporate tax rate for intrafirm transactions directed to countries with
very low tax rates that systematically involve tax havens, and this effect is concentrated in
a small number of firms. Only 3.8% of the firms make intrafirm exports to the ten countries
that are classified as tax havens following the definition in Hines Jr & Rice (1994), which was
recently used by Dharmapala & Hines Jr (2009). With a scant 450 firms or 0.7% of the firms
accounting for 90% of intrafirm exports to tax havens, and 25 firms accounting for almost 50%

of intrafirm exports to these countries.®

As in Johannesen (2010), the parameters o and [ shape the competitive environment of

“In our model Y is small enough to keep the optimal marginal decision of shifting profits unaltered, but big
enough to deter multinationals from demanding concealment assets when the total amount of shifted profits
from country r is € — 0.

8Davies et al. (2018) use a cross section of 64,633 French firms in 1999 that represent 98.8% of French exports
and 95.2% of intrafirm exports.
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countries as juridical entrepreneurs that compete for attracting the shifted profits from other
jurisdictions. When 3 — oo there is perfect competition in the sense that the role of portfolio
diversification in our multi-country model becomes irrelevant and all of the profits from industry
¢ in country r are shifted exclusively towards the jurisdiction with the highest marginal net gain
from shifting profits. When av — oo there is monopolistic competition and the amount of profits
shifted from country r towards country m depends exclusively on the marginal net gain from

this operation.

The demands from the multinational corporations in country-sector ri of intermediate goods

from country-sector mj, capital, and labour are
1

ij Trimj,M = Clpg ¢ri Wrimj szt?% S:;Tla (14)

L; km‘,M - (1 — Tri + Qm) 045 Qbm' SZT’M 5:177 (15)
1

@ Liar = (1= apy — alf) 6,5 SOy ST (16)

where €,; is the Lagrange multiplier from the non-negativity constraint over the corporate gains

tax base.

Theorem 2.1. Symmetry - Asymmetry between domestic firms and multinational

subsidiaries:

1. In an economy without capital, domestic firms and multinational subsidiaries are sym-

metric, i.e. Xpip = Xpiv, leip = i, aNd Tyjm D = Trimjm-

2. In an economy with capital, domestic firms and multinational subsidiaries are asymmetric
when the non-negativity constraint over the corporate gains tax base is binding and

OLZ@M
Xm',M _ 1— Tri T Qri > 1 (17)
XT'L',D 1— Trs

The optimality conditions in inputs between domestic firms and multinational subsidiaries
differ only in the role that the Lagrange multiplier plays in the determination of capital for the
latter. This multiplier satisfies 0 < €,; < 7,4, as will be prove in the next theorem. When the
multinational subsidiary has full profit shifting, i.e. when the non-negativity constraint over
the corporate gains tax base is binding, the effective corporate income tax rate is lower and the
after-tax marginal productivity of capital is higher than in the domestic firms, thus creating
incentives for an increase in the productive capital used multinational firms in country-sector
ri. In this sense, governments from countries with a high statutory tax over corporate income
might find reasonable to set low levels of enforcement that allow corporations to fully shift
profits out of their economies, and into subsidiaries located in haven jurisdictions, when the
welfare gains from an increase in productive capital are greater than the negative welfare effects

from the erosion of the tax base and the reduction in dividends by multinational subsidiaries.
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This result is in line with the positive investment effect from tax havens that has been argued
by M. Desai, Foley, & Hines Jr (2006a), M. Desai, Foley, & Hines Jr (2006b), and Hong &
Smart (2010).

The first order condition for ¢, s when gy s > 0 is given by

R
1 1
a E QTih,s + BQMm,s + Qrim (77, + bmm) S (Tri - 7_mi) (18)
h=1

where the right-hand side is the tax savings from shifting profits from country r to country m,
and the left-hand side is the cost of this operation. This cost is decomposed into the marginal
monetary cost of detection and hiding the operation, represented by the first two components,
and the marginal cost of buying the amount of concealment financial assets from the government
of country m that are necessary to shift one more unit of profit out of country r, represented

by the third component.

Each country-sector has a ranking of preferences over jurisdictions that can be used as tax
havens. This ranking of preferences is given by the net transactional gains from shifting profits.
For instance, for country-sector ri the net transactional gains of shifting profits to country m
are given by 7,; — Tini — Qrim (Vi + brim). If f — 0o, multinational corporations in each country-
sector optimally choose to shift profits only to the top jurisdiction in this ranking. Otherwise,
their optimal decision involves selecting how many of the top countries in this ranking are going
to be used as tax havens, and afterwards acquiring from this discrete number of countries the

portfolio of concealment assets that will allow them to shift profits optimally.

The level of a country on the ranking of a country-sector can be the differentiating factor that
includes it or not in the set of jurisdictions that are used as tax havens. Countries become
more attractive as tax havens as the net transactional gains of shifting profits towards them
increases. Once a country belongs to this list of jurisdictions that are used as tax havens,
raising in the ranks of preferences increases the amount of concealment assets that are sold,
and as a consequence the amount of profits that are received. For example, country m raises
its position in the ranking of country-sector ri by reducing the statutory tax rate 7,,; or the
price of concealment assets ()i, or when the government of country r reduces b,;,. This
battle between countries to increase their position in the ranking will be described in the model
by the metaphor of governments trying to locate their countries in the highest step of the

country-sector stairway order.

Definition 2.1. Stairway order:

1. Let g : {1,..., R} — {1,..., R} be a bijective order such that
(7vi = Tgr0)i) = Qrigat) (Vi + brigruy) 2 -+ 2 (70 = Tutmyt) = Qrigrutry (i + brigru(my) -

2. O, (m) = g;;' (m) indicates the position of country m in the stairway order g,;. The
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position of country r is given by O,; (r) = z,;.

3. The net transactional gain of country-sector r: of shifting profits to the country of order
e in the stairway order g,; is given by 7,; (¢) = (T”' — Tg”(e)i) — Qrigra(e) (%- + bm-g”.(e)) =
Tri — A (€).

This stairway order recognizes the possibility that certain haven jurisdictions might specialize
in attracting shifted profits from specific country-sectors. The specialization of haven jurisdic-
tions at the country level is justified by the way in which the international tax system is built
upon bilateral treaties. These treaties modify the net transactional gains of shifting profits
across the party jurisdictions. For instance, Luxembourg funds that invest in stocks from the
United States have to pay no tax on dividends to the American government, and in the Grand
Duchy neither earned or distributed dividends from these funds are taxed; the same story ap-
plies for funds in the Cayman Islands or Ireland. On the contrary, dividends distributed by
Swiss funds are subject to a tax of 35%. What is the consequence of this tax, which is intended
to discourage tax fraud? Swiss funds have migrated to the Grand Duchy, and from their ac-
counts in Geneva, investors now essentially buy Luzembourg funds (Zucman, 2015, pp. 27).
Additionally, the nationality of the investor influences the net transactional gains from shifting
profits. For example, as a consequence of the European saving tax directive which has been
applied since 2005, the governments of Luxembourg and Austria are excluded from reporting
interest earned by citizens of the European Union to their corresponding country of nationality,
but must tax at 35% the interest earned, and 3/4 of this revenue has to be sent back to the
country of nationality of the investor. This directive only applies to interest, not to dividends,
and not surprisingly, the main effect of the savings tax directive has been to encourage Eu-
ropeans to conceal their nationality status by transferring their wealth to shell corporations,

trust, and foundations in other haven jurisdictions (Zucman, 2015).

The specialization at the industry or firm level reflects the role that tax rulings have in al-
lowing governments to offer tailored tax deals to specific multinational corporations. The
Luxembourg Leaks revealed how the use of hybrid entities (characteristic of both partnership
and corporation) and hybrid securities (both debt and equity features), create hybrid regulatory
mismatches in at least two countries, which allows for double non-taxation. The consequence
of these hybrid legal characterizations is to enable repatriation of profits to tax havens that
have no withholding taxes over dividends such as Bermuda or the Cayman Islands (Hardeck &
Wittenstein, 2018).

This type of specialization justifies the competition of tax havens for country-sector specific
shifted profits in an oligopolistic environment with homogeneous concealment assets. But
haven jurisdictions specialize themselves also in the type of financial assets that they offer.

For instance, the Cayman Islands is known for the concealment possibilities for hedge funds,
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Switzerland specializes in concealing financial assets such as equity and bonds, and Luxembourg
in mutual funds (Zucman, 2015). The heterogeneous offer of concealment assets justifies a
differentiated oligopolistic environment, and the optimal portfolio of concealment assets held

by each multinational corporation is given by the following theorem.

Theorem 2.2. Optimal Portfolio of Shifted Profits: The optimal portfolio of shifted

profits from country r by multinational corporations in industry ¢ satisfies:

1. Grig, iy = 0 form € {z4,..., R}.
2. If Ti > 1y o7 1 (Or; (M) < 0 then gpiy, = 0.

8. 1f Grig,.(m) = 0 then gpig,,s) = 0 Vs > m.

4. Optimal profit shifting is given by

Ly;
Qriges(m) = 1{m < Ly} %BL‘ a (e (m) — Q) + 8 Z (Mri (M) — i (5))]
i —1

B
= < L} = [ ((Tvi = Tgri(m)i) = Qrig,stm) (Vi + brig,i(m)) — i) (19)

L'V"L
8D [(Torae)i = Taritmyi) + i (Quigi(s) = Qrigrstm)) + (Qigy.(9)brigea(s) — Qrigwm)brigﬁon))]]

s=1

where 1{.} is the indicator function and the degree of competition is given by the lowest
value of L,; such that G; (L.;) > 0 where

1 T
Gri (T) = A (T + 1) = Qi (ry1)i — ot BT (04 (Tri — Qi) + 5; Ay (m)> (20)

and

Ly; R
e A+ BLri [ b s K
Q. = Max {OaTri I ; Api (m) — oL, (Sn,MSrgi (1= (1—az)om) + mzz:1 %m«) } . (21)
5. The production network influences the profit shifting portfolio only when profits are fully

shifted, i.e. when the corporate profit tax base non-negativity constraint is binding.
6. Imperfect re-shifting: If Ar such that g i > 0 then Q,,; = 0.

7. 1) decreasing T,; or increasing S).; have a positive effect on G (L,;) that diminishes as the
degree of competition L,; increases; 1) G (z.; — 1) > 0 if Tyupr = 0; and 1) G (s) >
G(s—1)if Api(s+ 1) (a+8s) > Ai(s)(a+5(s+ 1)) and T's; pr = 0 Vs.

The optimal allocation of profits across countries is influenced by the tax differentials, not
only between the dispatching and the destination countries, but also between all of the com-
peting haven jurisdictions. This result follows the literature on the impact of international

tax differences on the allocation of firm profits, and the evidence it provides about the use
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of transfer pricing mechanisms. This literature has found that: there is a response of prices
to taxes and tariffs (Swenson, 2001); the value-added across manufacturing sectors in OECD
countries depends on the corporate tax rate (Bartelsman & Beetsma, 2003); U.S. export and
import price indexes that separate between intrafirm and interfirm prices are strongly influ-
enced by taxes in a way consistent with transfer pricing (Clausing, 2003); the value of intrafirm
trade for German multinational firms responds to the tax differential between Germany and
the country in which the affiliate is located (Overesch, 2006); U.S. intrafirm prices are more
flexible and have a greater pass-through than arm’s-length prices (Neiman, 2010); evidence
of transfer pricing in French (Vicard, 2015) and Danish (Cristea & Nguyen, 2016) firms; and
French multinational export prices drop with the destination corporate tax rate for intrafirm
transactions that systematically involve tax havens as the destination country (Davies et al.,
2018).

This means that intermediate input supply chains are relevant to explain corporate profit
shifting strategies mainly because they capture the intrafirm linkages that are used to shift
profits via transfer pricing. As Davies et al. (2018) sample of French firms that cover 98.8% of
French exports in 1999 show, for those firms in which positive intrafirm trade is observed, the
share of intrafirm trade in a firm’s total trade is above 40% for three quarters of the observations.
Additionally, in a modified dynamic framework, the production network would also allow to

explain profit shifting strategies due to intrafirm loans with modified interest rates.

In any case, the assumption of this model that profit shifting is accessed via concealment
financial assets is agnostic about the mechanism that is used to shift profits across countries
(e.g. transfer pricing or intrafirm loans). What is relevant, is that given a vector of enforcement
values and concealment prices, the model allows for an influence of the production network on
the optimal allocation of corporate profits across countries only in the particular case in which

the corporate profit tax base non-negativity constraint is binding.

2.2 Households

Country r households preferences have the form

oz~ L)

with a total available labour supply L, normalized to unity, d, is a Cobb-Douglas consumption

aggregator for the consumption basket,

R Npn
&= [[]d5
m=1 j=1

where /Brmj > 07 Zi:l Zj\f:ml ﬂrmj = 1.
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The households have perfect home-bias in shareholdings and their budget constraint is de-

scribed by
R Ny, Pri 1
P.Dy =" PujDimj = W, L, + Zm, + Z ( / Toi asdls + / M,Dsds) +T, (22)
m= 1] 1 T

where D, = n,d,, Dyy,j = npdymj, Ly = anr, and T, represents lump-sum transfers from the

government.

Optimal consumption is described by
ijdrmj = Brmjprd'r (23)

where P, is defined as

Wy — UN)TLT = )\’I“PTDT‘ (24)
67"mj
A

where w, = n,w, is the country-size weighted wage rate in country r.

(wr - wTLT> = ijDrmj

2.3 Government Policy

Government of country r raises revenue from the corporate sector and by selling concealment
financial assets to multinational corporations. This revenue is used by the government to invest
in enforcement activities with the objective of curtailing profit shifting out of their jurisdictions
and the proceeds are distributed in a lump-sum manner to the domestic households. The

government constraint is then

Yri
T +Zzbmm_z7—ri {/0 Fri,Mst‘*_/T;

i=1 m=1 i=1

R Nm

Fri,Dst} Z Z Qm]r/ cmjk,sds-

m=1 j=1

i

(25)

The objective of the government is to maximize domestic welfare measured by u (dr, INLT> by
choosing by, and @),;r subject to the government budget constraint, and
brim > —i;
Tri,ps + Li (Kri,ps — Kpi)
(1—7) '

Fri,Ds -

In this environment the price of concealment assets and the level of enforcement can be nega-
tive. On one hand, a negative concealment price means that the government has an incentive

to pay multinational corporations for shifting profits towards its jurisdiction. This happens if
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the welfare effects derived from these capital flows outweigh the effects from the additional rev-
enue that could be obtained by charging a positive price for concealment assets. On the other
hand, a negative enforcement means that the government is better off by eroding the costless
global oversight over capital flows from industry ¢. This happens when the welfare increases in
the country as the amount of shifted profits out of the government jurisdictions raises, as for
example is the case when the negative welfare effects from an elevated cost of shifting profits
can be reduced by decreasing the total enforcement, or when the welfare gains from an increase
in productive capital outweigh the welfare costs of an erosion of the tax base and a reduction

in the dividends from multinational subsidiaries.

Households, firms and the government interact in a subgame perfect equilibrium with two
stages. In the second stage, household and firms choose optimally, while in the first stage,
based on the competitive equilibrium conditions from the second stage, the government sets
the level of enforcement and the price for concealment assets. As it will be explained with more
detail in the next section, the policy problem is not a Ramsey equilibrium because we assume

that the government is a price-taker.

2.4 Market Clearing Conditions

The market for intermediate goods of country-sector ri are cleared when demand from the
aggregator firm of goods produced by the multinational subsidiaries and the domestic firms

match
wri

1
Tri, M = Xri,Mst; Lri,D :/ Xri,Dst' (26)
0 T

The labour market in country r is cleared when the supply from the households matches the

demand from domestic firms and multinational subsidiaries
N

wri 1
Ly=Y ( /0 Lisds + / zm-,DSds> : (27)

i=1 i

The international capital market for industry ¢ is cleared when the global supply of capital
matches the demand of domestic and multinational firms of sector ¢ across the world, and the

demand of domestic firms from country-sector ri matches their capital endowment

R R Ui 1
Z Kri = Z (/ kri,Mst +/ kri,Dst> ; (28)
r=1 0

r=1 T

1
(1 - wm) Kri = / km’,Dsd5~ (29)

T4

The market for goods produced by country-sector r¢ is cleared when the intermediate and final
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demand equals the supply of the aggregator firm

R Np Ymj 1
Z Dpyri + Z Z {/ xmjm’,Mst + / xiji,DSds} : (30)

m=1 j=1 mj

2.5 Competitive Equilibrium

Theorem 2.3. Competitive Equilibrium: The solution to the competitive equilibrium that
identifies the second stage of the model is given by the following system of 6N + N + R equations
with 6N + N + R unknowns Sris Sriaas Srips Pris Priae, Prip, wy, and ;.

The system 15 given by

R Np
Spi = Z T < Z Gy (1 — amj — agy;) Smj> + D) GngmgmgriSmg (31)

m=1 m=1 j=1
N, R Ny, N,
- Zd)m (1 — Qg — O‘Z) S7'I = A Z ZQmJT’Qm]r Vi + bmjr Z 23 r7 + 1/% qri — rv Z bmm
i=1 m=1 j=1 i=1

) ) a -(9,-71
+ 11— (bri Qi + ag (]- — Tri) + w”Q”K((a ZT)’L * Q”) (9 1 m
Ui (1= T 4+ Q)71 T 4 (1= hyg) (1 — 7)) i

R R K 1+ak (0,,—1)
i (1 — i Qm
Li Uri Ky = Urict: ( Tri ) Sri (33)
aX(0,,—1)
r=1 r=1 ¢m‘ (1 — Tri + Qm) i + (1 - Wz) ( TT‘Z il

1 oK (0. —
Pri = T€Exp {_ariem} <wm (1 — Tri + Qm) 71—(7:(07‘1 1) + (1 - wm) ( Tm ” )

i

1—ap—ak K /= Qri
y ( Wi ) Qpi — 0y ( L )a” Pm'
K K
N (1 — Qri — ari) Oy Qi

1— 7. oszi(erifl) %”
Sri = m T4 — Wyrs — 35
M(¢ =) (o) ) (35)

(34)

1 OZKBM'
— T . T
Spip = Sy | 36
» M(Lﬂh+m) (36)
1
oK (1-0,)\ =0,
1— Tri i
Pi=Piu (1/% + (1 =) (m) > (37)
1 o
— T . T
P.ip = Py —_— 38
o=Pun (=) @

where P,; = Hm 1 H (

net gain on the base of country-sector ri due to shifted profits from multinational corporations.

) m-mj’ and i = S5 (Gmir — Qrim) stands for the unweighted
9

Wrimj

9The matrix form representation for the system of equations that characterize the second stage solution is
presented in Appendix B.
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One of the equations in the system defined by (31)-(33) is redundant by Walras Law.

From the solution we can see that corporate profits shifting directly influences wages, and
via wages it modifies nominal production, the interest rate, and prices. First, from equation
(32), wages are directly impacted by the amount of shifted profits, the concealment prices,
the enforcement levels, and Lagrange multipliers when the non-negativity constraint for the
corporate tax base is binding. From equation (31), nominal production for each country-
sector is directly affected by wages. From equation (33), the interest rates are impacted by
both nominal production and the Lagrange multipliers. Finally, from equation (34), prices are
altered by wages, the interest rate, and Lagrange multipliers. The effect of profit shifting over
the equilibrium values for the terms of trade and nominal production alters the optimal decision

of firms, consumers, and governments.

Corollary 2.1. GDP and Consumption: Real GDP and consumption for country r are

given by
1
1 . i=1
CO’I’L,» = W (Z ¢ri (1 — Qpj — Oég) Sri + Dz‘vr + Tr> ; (40)
r =1

where Div, stands for corporate dividends in country r, and the GDP deflator is given by PSP,

which can be substituted by P, if deflation is done by comparing purchasing power measured by

CPI.

In this one period economy, GDP has to coincide with consumption and the trade balance has
to be equal to 0 for those countries that have no net investment income from renting capital
when there is no leakage of profits. In particular, for a global economy without capital, trade

balance equals O when there are no profit shifting opportunities.
Net investment income for country r is given by vazrl Lt (Koi — krinr) -

Figure 1 in page 29 captures the main interactions for the simple case of the three country,

one sector Bermuda Triangle economy presented in section 4.

3 Sovereign Profit Shifting Warfare

In the context of an international tax environment as the one described in this model, govern-
ments have a multidimensional space of competition that allows them to influence the welfare
effect of lump sum transfers and corporate dividends that are handed over to domestic house-
holds. This idea is developed by models in the literature such as Slemrod & Wilson (2009), and
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Johannesen (2010). In Slemrod & Wilson (2009) countries endogenously choose to become tax
havens by completely giving up taxation revenue and sustaining their expenses from earnings
that are generated by the provision of concealment services to firms in other countries, while
non-haven jurisdictions choose optimally their taxation and enforcement level. These optimal
policy decisions are taken in an environment in which the price of these concealment services

is unique across haven jurisdictions and inversely related with the number of tax havens.

In Johannesen (2010), countries optimally choose the tax level that maximizes tax revenue
while a multinational corporation shifts profits across jurisdictions. He focuses on two types of
equilibrium, a symmetric and an asymmetric one. In the symmetric equilibrium all countries
have the same tax rate and there is no profit shifting, while in the asymmetric equilibrium, a set
of countries become low tax jurisdictions that act as net recipients of shifted profits. Moreover,
if there is an exogenous introduction of unproductive tax havens with zero taxation in which
non-haven jurisdictions have the incentive to set a uniform tax rate, there is an unambiguous
reduction of revenue when compared with the symmetric equilibrium without tax havens, but
there is a potential increase in revenue when compared with the asymmetric equilibrium. In
particular, high-tax countries under the asymmetric equilibrium without tax havens can increase
their tax revenue under the uniform-tax equilibrium with tax havens through three channels: i)
effective investment increases in non-haven jurisdictions because with unproductive tax havens
there is no incentive to allocate productive capital in haven countries; ii) when the measure
of the haven-jurisdictions is low, the increase in the amount of shifted profits due to the fact
that tax havens set a lower tax rate than low-tax countries in the asymmetric equilibrium is
outweighed by the reduction on total shifted profits due to the lower number of attracting
jurisdictions; and iii) there is a reduction in the tax sensitivity of the high-tax countries which

allows for a higher equilibrium tax rate.

These models characterize tax havens as economies that fully relinquish tax revenue and
fully depend on the income created by the provision of concealment services to multinational
corporations. This introduces a discrepancy between the assumptions of these models and
the fact that many countries that are classified as haven jurisdictions have a strictly positive
statutory tax rate over corporate gains (OECD, 1998; GAO, 2008). Additionally, once a country
is considered a tax haven in these models, it acts as a haven for all firms or subsidiaries located
in any other country. This does not allow for bilateral linkages at the industry level across
countries, as the one promoted by bilateral tax treaties, in which one jurisdiction acts as a
haven only for a subset of country-sector firms, while other country-sectors firms might even be
interested in shifting profits out of this jurisdiction. Furthermore, the amount of shifted profits
or the government policy variables are not influenced by supply chains and intersectoral-trade

markets in any of these models.

In our model environment statutory tax rates are exogenous. The attention is going to be

21



directed to the policy problem of selecting the optimal level of enforcement and prices for
concealment assets. In particular, the government of country r can modify b,.;,,, and Qs Vi, i,
and these values are going to be identified for the set of country-sector industries in which
there is an effective demand for profit shifting, i.e. b, will be identified when &,; (m) < L,;
and Q- will be identified when &,,; (r) < L,,;. Reductions in b,, or @, increase the
net transactional gains for country-sector ri of shifting profits towards country m, and under

significant reductions, country m might raise in the rankings of the stairway order g,;.

If we additionally assume that the government takes terms of trade as given (i.e. prices,
wages and the interest rates), the optimal policy decision ignores its substitution effects and it
only takes into account the partial equilibrium wealth effect that influences households. Un-
der this assumption, taxation, enforcement, and concealment pricing are non distortionary for
households. Taxation is distortionary for both domestic firms and multinational subsidiaries.
Concealment pricing is not distortionary for both domestic firms and multinational subsidiaries.
Enforcement is only distortionary for mutinational subsidiaries when the non-negativity con-

straint for the tax base is binding.'”

Under this assumption of governments with bounded foresight of its policy effects, the opti-

mal policy is to choose b, and @, that maximize governmental and corporate transfers to

households
N

Z (Yrimriar + (L — ) T p) + T, (41)
i=1
conditional on its own constraints, and the domestic firms and multinational subsidiaries opti-

mality conditions. As it will be shown in the next section, the level of profits shifted, enforce-
ment and concealment pricing have general equilibrium effects over the terms of trade of the

global economy that are swayed by the structure of the production network.

Given that ¢,;, and the first derivative of €,; are discontinuous functions on the enforcement
levels and concealment prices, the following analysis holds under the local space under which
none of these discontinuities are hit. More precisely, this means that the optimal values of b,
and @, that we will consider are conditioned on changes that: i) do not alter the degree of
competition L,;; ii) do not alter for each country-sector ri the set of countries that compete for
shifted profits, i.e. the list of countries m such that &,; (m) < L,; (the stairway order among
this set of countries is allowed to vary); and iii) do not change for each country-sector ri the

binding status of the non-negativity constraint for the tax base.

10The optimal policy for Q,,;, is not influenced by whether the non-negativity constraint for the tax base is
binding because the pricing decision of @, is only relevant, under discontinuity considerations, when ¢, > 0,
which implies that €,; = 0 due to imperfect re-shifting.

22



3.1 Effect over lump sum transfers 7.

Conditional on firm optimality conditions lump sum transfers are given by

N, R
T Z Trz ” ]_ - (1 - Oém) gbm) + @Z)mqm + Z Z Qm]er]T (’71 + bm]r - Z Z bmm
= m=1 j=1 i=1 m=1

(42)

The government revenue has two sources, firstly, levied taxes on corporate gains, secondly
revenue collected on traded concealment financial assets. From equation (42) we see that the
corporate tax base is composed of profits due to the monopolistically competitive environment
in which multinational subsidiaries operate and the tax base gains 1,;q,;. These resources are
used in enforcement activities aimed to curtail the erosion of the tax base and the proceeds are

the lump sum transfers for households.

The effect of Q,,;» on T, can be decomposed into'!

8T anzr
=1 ﬁmz < Lmz i Prq mar )i bmzr mar Vi bmzr
90 {Omi (r) < }<T¢ aQerQ (i + )anZTﬂLq (v + ))
Concealment Concealment e et >0
baso offect < quantity effect <0 P
L .
7 bmir -
= PG @ AL (s () = (= 0) = ) = 0805 <s>]
(43)
where
aqn aQMm Oéﬂ + 62 ﬁ2 (Lm'L - 1)
= = - A7 3 bmir -  7F ) bmir = - ) bmir .
Rf_/ N ~"~ - ~"~ 7
Offensive Concealment Concealment
concealment creation effect diversion effect

competition

(44)

Decreasing @,,,;» has an ambiguous effect on 7, which can be decomposed into the three sepa-
rate shocks from equation (43). First, the net transactional gains for multinational subsidiaries
in country-sector ms of shifting profits towards country r are increased and as a consequence
there is a positive concealment effect over the tax base of country r due to the expansion of
the leakage of profits created in jurisdiction m and directed to country r. Second, there is an
expansion in governmental revenue due to the increase in the amount of concealment assets
sold by government r and demanded by multinational corporations in sector ¢ to shift profits
out of country m. Third, there is a reduction in governmental income due to the negative price
effect.

In equation (44) we label the reduction in @), as offensive concealment competition in which

"Due to imperfect re-shifting Q,; = 0 and under the assumption of a government with bounded foresight of
its policy effects there is no effect over S,;.
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the leakage of profits out of country m directed to country r is increased, firstly, due to a
creation effect that reflects an increase in profit shifting out country-sector mi, and secondly,
due to a diversion effect that reflects redirection of profits which otherwise would have been
directed to any of the other L,,; — 1 jurisdictions that compete for the shifted profits from

multinational subsidiaries in country-sector mi.

The effect of b,;,, on T, can be decomposed into

oT,
— =1{0,; (m) < L.}
abrim
( TMwmab i _ Qbmm +7_7‘i (1 — ¢”- (1 — ari)) ab "”Z ( )
rim N , N — Tim,
Enforcement >0 Marginal 0 Enforcement effect <0
base effect enforcement cost on base via investment
where
Iqri 8% (Lyi — 1) aff + B
= BQmm - —Qmm = Qmm7
abrim S~—— o+ /BLT’L o+ /BLT’L 46
S~ Enforcement ( )
Defensive destruction effect Enforcement
enforcement diversion effect
competition
657"@‘ o 8Srz an .
abrim N aQTZ abrim’
1
aSri z/)riageriA:{i_l Bf;:l (1 — Tri + Qri)aﬁ(eri_l)_l (1 - Tri)afi
ERe = 1{9”‘ > 0} P T Sris
(& 1— (1 _ T’l‘i)ariew Ajlm Bf{l
an’ _ Qrim + 045 (07“1 - 1) (1 Tri + Qri)il EriSri .
abrim Lm‘ + Em gg ’
1- Tri +Qm o (0 =)
AT”L = i - 1  _ 1 - 7 ;
o (PR T -0
1 K 1—ap—ak (1 ) K oK Qi
— Qpi — Qyy " —Tri) O\ Qi
Bri = Pri ri€ri i ~7M _— = 5
eovtoenen () () ()
a,s(0r:—1) 1
Ck“rﬁLri K a¥0,: 0, ]-_TTi i
E.; = 1—-(1- i ri) (L — Trg Qri reTt B T 1— 1 .
g (1= (1= ar) 6ri) (1= 7o 4 Q) m\ v+ 0= (T

The sign of the effect on T, of increasing b,;, is ambiguous, but it can be decomposed into
the three separate shocks from equation (45). First, the net transactional gains for multina-
tional subsidiaries in country-sector ri of shifting profits towards country m are reduced. As a
consequence there is a positive enforcement effect that expands the tax base of country r due
to the reduction of the leakage of profits created in jurisdiction r and directed to country m.
Second, there is an increase in the wasted resources used by public authorities of country r in
enforcement activities. Third, when the non-negativity constraint of the corporate tax base for
country-sector r4 is binding, an increase in b,;,, raises the effective marginal tax rate payed by
multinational subsidiaries and as a consequence reduces the level of capital investment and the
production from these firms, which negatively affects the tax base and the amount of levied

taxes by country r.
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In equation (46) we label the increase in b,.;, as a defensive enforcement competition that
augments the tax base for the multinational subsidiaries of country-sector ri. This increase in
the tax base is due to a destruction effect in which the leakage of profits created in country r and
directed to country m is diminished, and this effect outweighs the diversion effect that increases
shifted profits by country-sector ri to any other of the L,; — 1 jurisdictions that compete for

these capital flows.

3.2 Effect over dividends

Conditional on firm optimality conditions corporate dividends Div, are given by

Divr: T 1_7_7“2' Sri 1— 1_055 ri i 1_7—ri Ti_CT‘i
;« ) Sri (1= (1= aff) 6ni) + i (1= i) g ) )

1y (LiKm' — afidm (1 -7+ Qri)Ha’{g(e”_l) Bf{i_lsm>} .

Corporate dividends are composed by the after-tax locally generated profits, the profit gains
due to multinational shifts from other jurisdictions net of shifting costs, and the net income

that comes from the endowed capital.

The effect of @Q,,;» on Div, is given by

aDiUT (9qm;
=1 ﬁml r) < Lmz 1— Trq i~ -
Concez;rrnent 0

effect on dividends

Decreasing @,,.;» as part of an offensive concealment competition strategy has a positive effect
on dividends because the increase in the net transactional gains will augment the leakage of

profits created in jurisdiction m and shifted to country r.

The effect of b, on Div, can be decomposed into

ODits | (o < Lm}<(1 ) DU (1) (1= e (1= a)) O

abm’mj

abm'm abmm

Enforcement =0 Enforcement effect on
effect on dividends dividends via investment

N

(49)
b aLikm‘,M " 0C,;
i i

8brim abmm
——

Enforcement effect Enforcement effect
on dividends <0 on dividends

via capital costs via shifting costs
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where
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on shifting costs

The sign of the effect on Div, of increasing b,.;,,, is ambiguous, but it can be decomposed into the
four separate shocks presented in equation (49). First, the net transactional gains are reduced
and as a consequence dividends are expanded due to a reduction of the leakage of profits
created in country r and directed to jurisdiction m by country-sector ri. Second, when the
non-negativity constraint of the corporate tax base for country-sector 77 is binding, an increase
in b,;, reduces capital investment, final production, and dividends created by multinational
subsidiaries. Third, as shown in equation (50) when the non-negativity constraint for the tax
base is binding there is a reduction in capital costs due to a reduction in the amount of capital
investment as a consequence of both the reduction in the production of intermediate goods by
multinational subsidiaries and the increase in the effective marginal tax rate. Finally, as shown
in equation (51), when @i, > 0, there is an ambiguous effect on the cost of shifting profits,
because due to the enforcement destruction effect there is a reduction in the costs of shifting
profits from country r to country m, while due to the enforcement diversion effect there is an
increase in the cost of shifting profits to any other of the L,; — 1 jurisdictions that compete for

these capital flows.

3.3 Optimal Policy

Theorem 3.1. Optimal Enforcement and Concealment Pricing:

1. Equation (19), 8‘2:; + % =0 and % + ‘ggﬁ = 0 define a system of equations
that for a certain stairway order g.; and competition degree L,; identifies bpim, Qrim, and

Qrim whenever O,; (m) < L,;. The system of equations that identifies the first stage of the
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model is given by

Qrim = 1 {ﬁm (m) S Lr‘z} %ﬁlxm [a ((Tri - Tmi) - Qrim (71 + bmm) - Qm)
Lr; (52)
+ ﬁ Z [(Tgn(s)i - Tmi) + Vi (Qrig”'(s) - Qm’m) + (Qrigri(s)brigri(s) - Qmmbmm)] :| ;
s=1
¢ri5@rim

0=1{0r(m) < Ly} <

o+ BLo <a + B+ (a4 B (Lri+1)) <1qm-m + Qrim (i + bm-m))

g
Jri)

R
1
+ﬁ E <QQTip - Qr’ip (71 + br‘zp))) - 2bm’m
p=1

[Qrim + OZZ (em - 1) (1 — Tri + Qri)il EriSm'

-14{9Q,; >0
{© > 0} Lt Bl

(54)
where

8Sri
aQTi

JIri = (1 — P (1 - 045))

+O‘Z¢riBfgi_1 (1 — Tri + Qri)az(eﬂ_l) <(1 — Tri + Qri) gg” + (1 + ag (07‘2 - 1)) ST?,):| .

2. The solution to this problem is a global maximum under the interior space in which dis-

continuities are not hit if

2
(a) (%) ~ 0 for L,; > 2;

(b) 0g,.i(Ori(m)) = 5¢ri@%m - 2()12%.m < 0 for all m such that O,; (m) < Ly;;

(c) {ng.(s)}L” is composed of Ly; distinct values; and

s=1
(d) the non-symmetric submatriz of the Hessian Hb(L,;) that comes from the second

order conditions for enforcement is diagonalizable.

3.4 Computational Algorithm

Definition 3.1. Algorithm: The algorithm to solve the model for a given set of L,; countries

that compete for each country-sector is composed of the following steps.

1. Solve the linear system of equations (31)-(38) that characterize the solution for the second
stage competitive equilibrium without profit shifting, i.e. assuming ¢,y = brim = Qrim =
Gri = Cri =y =0V 7, i and m.

12The matrix form representation for the system of equations that characterize the first stage solution is
presented in Appendix B.
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2. Set an approximation accuracy eq for the Lagrange multipliers and ey, for the nonlinear

system of equations that characterize the solution to the first stage.
3. Set an initial guess €,;0 =0 V r and 7.

4. Solve the system of equations (52)-(54) that characterize the solution to the first stage
using the trust-region method until the infinity norm of residuals L..-norm is less than

€s or until the max number of iterations for the trust-region methods is reached.
5. Using the solution to (52)-(54) from step 4 solve the linear system of equations (31)-(38).

6. With the results from steps 4 and 5 estimate Q,;, A,i, Bri, E,i, % and J,;.

7. Iterate in steps 4 to 6 at least two times until the L.-norm for iteration s given by
HQ” = max {|Qm',s - Qri,s—ll . VT, Z}

is less than €q, or the maximum amount of iterations is reached.'?

4 The Bermuda Triangle

4.1 Three Country, One Sector Economy

The most simple scenario to understand the intuition around this model is for a global economy
with three countries and one sector in which the multinational subsidiaries have a size ¢, € (0, 1]
in countries r € {1,2,3}. We assume 71 < 1 < 73, and we allow for profit shifting from the
intermediate tax economy to the low tax economy, and from the high tax economy to both the
low and intermediate tax economies, i.e. L1 = 0, Ly = 1, and L3 = 2. Figure 1 captures the
flows of this economy between firms represented by S,., households represented by U,., and the
governments represented by Gov,. Subfigure (a) displays flows due to consumption, dividends,
transfers, and taxes. Subfigure (b) present flows from the labour, capital, and intersectoral trade
input markets. Finally, subfigure (c) exhibits flows due to corporate profit shifting, acquisition

of concealment assets, capital flow enforcement, and profit shifting costs.

Profit shifting introduces sources of reallocation and waste of resources both by firms and
governments. Profit shifting reallocates resources, first, from multinational subsidiaries to sub-
sidiaries locates in jurisdictions with a lower tax rate, and second, it reallocates resources from
multinational subsidiaries to government from countries with a lower tax rate via the acquisition
of concealment financial assets. Profit shifting wastes resources, first, due to the enforcement
costs that have to be covered by governments from leaking countries, and second, due to the

non-reallocated costs from shifting profits that are covered by multinational subsidiaries. In

13The maximum number of iterations for steps 4 and 7 is set to 1000 in my estimations.
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Figure 1: Flows in a Three Country One Sector Economy

(a) Consumption, Dividends, Transfers and Taxes

(b) Input Market (c) Profit Shifting

Note: Gov,, Uy, and S, stand for the government, household and firm of country r. T}, Div,, 7, Ly, and k, stand for transfers,

dividends, taxes, labour supply, and capital demand from country 7. drm and z,,, stand for final and intermediate consumption

from country r of country m good. ¢rm, brm, and Qrm stand for shifted profits, enforcement and price of the concealment assets
for capital flows from country r to country m
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subfigure (c), C5 = Cy — Q2191 and CF = C3 — Q31631 — Q32¢32 stands for the non-reallocated
costs, i.e. profit shifting costs net of payments for concealment assets. Additionally, the inter-
section between ¢’s, b’s and ()’s signifies the stretch interconnection that exists between these
variables. Finally, ba1, bs1, bsa, C5 and C3 are directed to the Bermuda Triangle in the center

of subfigure (c) where they disappear, never to be seen again.

4.2 Policy Problem

Corollary 4.1. First stage for a three country one sector global economy: From
equations (52)-(5/) the solution to the first stage of this model is characterized by a nonlinear

system of nine equations that can be divided into two independent systems of equations.

1. The first system of three equations solves for the amount of shifted profits from the inter-

mediate to the low tax economy qa1, and the policy variables by, and Qa1 :

g1 = 204&?‘5 (72 — 71+ 1)
b§1+’yb21—%(a(ﬁ—ﬁ)—wl(a+ﬁ))(1+72—71)=O;

- 06(7'2—7'1)—1/11(06"‘5)

Qa1 = :

(20& —+ B) (”)/ + bzl)

The comparative statics of these variables on the model parameters follows

f) 0 02 02 02 ob Obo1 - .
(a) F2 >0, 8(1_21 >0, %2 <0, 3521 < 0, aa‘gé >0, G2 >0, FF is ambiguous;

B> 0ifa> B, and % is ambiguous.

(b) a(fgqiln) > 0, a(fzbilﬁ) > 0 and % <0ifa>pand o — 71 > 1, and
%>Oif@>6and7’2—ﬁ>2wl.

0 b 92%b 9 :
(c) % >0, 52 <0, 53— >0, 8%211 <0ifa>p and o — 1 > 29;.

(d) %q—j;:O, %1221 >0 and %%221 <0ifa>p and 75— 1 > 2.

(e) a§—$:0,35—§1<0and—6§721 <0ifa>p and 75— 1 > 2.

2. The second system of sixz equations solves for the amount of shifted profits from the high
to the low tax economy q31 and for the amount of shifted profits from the high to the

intermediate tax economy qse, and its corresponding policy variables bsy, bsa, Q31 and Q3o

2
q31 :2(;—?_5)@3—93)4—@(@—71%—%—%)
+ 4(a+;§f(a+5) ((200+38) (Y1 —71) + B (2 — 72));
—L(T—Q>+B—2(T—T+w _w>
q32_2(a+6) 3 3 2(044—26) 1 2 2 1
af

tiarm g 0TI A =)
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q31 — B 4 3
26 (v + bs31) (2+Egg—§£> v+ b3t

<Oé+5+(04+35) <ZQ31—¢1> 5(6 3 ((J31+Q32)+¢1+¢2>>

b%l + ’7b31 =1 {Qg > 0}

P38 (g31 — Bir)
2 (a+2p)

_l’_

q32 — B2 . 3
2B (v + bs2) (2 + E3§7£§> 7+ b3

<Oé+5+(04+35) <ZQ32—¢2> 5(6 B (Q31+Q32)+¢1+¢2)>

b§2 4+ vb3e =1 {Qg > 0}

n P38 (qz2 — Bipa)

2(a+2pB)
43— 51/)1,
Q31 = 3015 b))’
_ 432 — B)o )
Q32 - /8(’}/+b32)7

Where

Q3 = Max {0,73 - % (714 72+ Q31 (7 + b31) + @Qs2 (v + ba2)) — a;;;ﬁ (55,33\45;13 (1-(1-af) ¢3)> } ;

afﬁ (63 — 1) (’}/ + bgl) (1 — T3 + Q3>_1 E353

Y = 25(2+E853)

J3.

The comparative statics of these variables on the parameters follows

(a) The sign of 2L, 22 88‘1—21 and 8%2 is ambiguous.

) ) ) ) ) )
(b) F2 =32 <0, 8‘f’1:ﬂ>0and =52 >0 Ifa>0 and Qs > 0 then

%bfll 0, abj’l > 0 and 8b31 >0. Ifa > 0 and Q33 > 0 then 8b32 > 0, ‘%32 < 0 and
ab, 6@31 0Q31 0Q31 0Qs32 9Qs2 0Q32
52 > 0. The sign of 524, "5, G2t 522, %2 and 522 is ambzguous.
0 0 0 0 0 0 ,
(c) 8‘5;11 = 8‘5222 > 0, 83;1 = 8‘552 <0 and q31 = % = 0. The sign of the effect of 1 and

lpg on b31, le, b32 and ng 18 ambzguous [f le > 0 then 8b31 > 0 and 8Q31 < 0. If
Qgg > 0 then 3b32 > 0 and 3Q32 < 0.

(d) 851—? - aq32 = 0. If Q31 > 0 then % <0 and 8Q31 < 0. If Q32 > 0 then ab” <0

and 8(?32 < 0.

(e) 3 8‘131 < 0. The sign of the effect of Q3 on bs1, Q31, bse and Qs is ambiguous.

From the profit outflows originated in the intermediate tax economy we can learn about

several points. Firstly, with respect to the international tax environment, as « increases and

perfect competition becomes less relevant in the costs of shifting profits, or as § increases and

monopolistic competition becomes less relevant in the costs of shifting profits, the amount of

shifted profits is going to increase in a concave manner, and the cross effect of these parameters

is positive. Furthermore, as perfect competition becomes less relevant the intermediate tax
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economy is going to increase its enforcement, while the low tax jurisdiction is going to raise its
price for concealment assets. Secondly, as the tax gap 7, —7; grows, the amount of shifted profits,
enforcement from the intermediate economy, and pricing of concealment assets by the low tax
economy rises. Thirdly, an increase in the share of the multinational corporations in the low tax
economy 11, increases profit shifting and reduces both enforcement and the price of concealment
assets. The reduction in concealment pricing happens as a consequence of the increase in the
magnitude of these flows for the low tax economy, this triggers an increase in shifted profits by
subsidiaries in the intermediate tax economy, and as a consequence, due to the negative effect
of the increase in shifting costs in dividends of the intermediate tax economy, its government
decides to soothe this effect by reducing enforcement. Fourthly, as the share of the multinational
corporations in the intermediate tax economy 1), increases, the amount of shifted profits by
each one of the subsidiaries does not change, but the enforcement level of the intermediate tax
government rises in a defensive manner due to the increasing importance that multinationals
play in both dividends and tax revenue, and as consequence the low tax economy mitigates the
effects of the higher level of enforcement by offensively reducing concealment prices. Finally,
as the effect of global regulation and oversight v increases, the amount of shifted profits by
each one of the subsidiaries does not change, and both the level of enforcement and the price

of concealment are reduced.

From the profit outflows originated in the high tax economy we can conclude several additional
points. Firstly, the direction of the effect of changes in o and g on shifted profits, enforcement,
and concealment pricing is no longer clear, and as can be seen in the appendix, it depends on
the relative size of o against [, 71 against 11, and 75 against ¢». Secondly, just as before an
increase in the tax gap augments the amount of profits shifted towards the haven jurisdiction
for which the tax gap increases and the enforcement level of the country that leaks profits, but
now the amount of shifted profits and the enforcement level is also positively affected by the
tax rates of the other jurisdictions to which profits are directed (e.g. g3; and bs; increase if 73 or
Ty rise, or if 7y falls). Thirdly, just as before, the share of the multinational corporations in the
jurisdiction to which profits are leaked increases the amount of shifted profits by multinational
subsidiaries, but now the share of the multinational corporations in the other jurisdiction to
which profits are leaked has a negative effect on this amount (e.g. ¢3; increases if 1 rises
or if ¢y falls). Moreover, the direction of the effect of ¥; and v, on prices and enforcement
is now ambiguous. Fourthly, just as before the share of the multinational corporation in the
high tax economy 3 has no effect on the amount of shifted profits, the enforcement increase
defensively and the prices of concealment are reduced in an offensive manner. Fifthly, as before
an increase in global regulation and oversight does not have an effect in the amount of shifted
profits, and both the level of enforcement and concealment are reduced. Finally, an increase in
Q23 reduces the amount of shifted profits while there is an ambiguous effect on enforcement and

concealment pricing.
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4.3 Competitive Equilibrium

To understand the effects of shifting profits to tax havens on the competitive equilibrium we are
going to solve this simple model with and without capital under different production networks,
consumption bundles, population sizes, capital allocations, supplies of capital, tax differentials,
shares from multinational corporations in intermediate markets, and different competitive tax

environments that change in «, § and 7.

Apart from the specific modifications on each table, all of the estimations from this section
are solved under the assumption that 71 = 10%, m = 20%, 73 = 30%, 6, =3, A, =7, o, = 0.3,
afk =03, n.=1/3,¢, =0, a =06, =025 ~v=01,7T =0, ¢ = 5%, ¢, = 2.5% and
3 = 1%.1

Tables 1-22 present the solution for the competitive equilibrium under the aforementioned

variations and from these results we can extract the following commonalities.

1. The amount of shifted profits by the multinational subsidiaries in the high tax jurisdiction
are directed mainly to the low tax economy. The government from the high tax jurisdiction
has an incentive to erode the costless global enforcement for the leakage of profits directed
to the intermediate tax jurisdiction in almost all of the results. When there is capital
in the model, the government from the high tax jurisdiction also has an incentive to
erode the costless global oversight over capital flows directed to the low tax economy.
Additionally, when there is no capital in the model, the government of the intermediate
tax jurisdiction pays multinational subsidiaries in the high tax jurisdiction to shift profits

into their economy.

The introduction of capital in the model creates positive welfare effects in the high tax
country that come from an increase of k3 as the effective marginal tax rate is reduced
when profit shifting increases. For this reason, the government of this country optimally
decides to erode global oversight and allow profit shifting to occur. The added value that
profit shifting has in reducing the effective marginal tax rate allows the intermediate tax

government to charge firms a positive price for their concealment assets.

In other words, the low tax economy will most certainly be better off as both dividends
and transfers will increase as a consequence of the profits shifted by subsidiaries in the
other two jurisdictions and the revenue collected by the government from the sale of con-
cealment assets. The intermediate tax economy will have an ambiguous welfare shock as
the positive effects from the high tax jurisdiction incoming profits will be counterbalanced
by the negative effects from the leakage of profits to the low tax jurisdiction, the enforce-

ment costs over these capital flows, and the compensation that is given to multinational

4 Any deviation from these values is mentioned in the corresponding result tables.
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subsidiaries from the high tax economy for the inflow of profits under a model without
capital. Finally, the high tax jurisdiction will most certainly have a negative welfare shock
as the negative effects from the leakage of profits directed to the other two jurisdictions
and the enforcement over these activities is only counterbalanced by the positive welfare
effects that come from an increase in capital as the effective marginal tax rate is reduced.
But even under these negative effects, the impossibility from the government of the high
tax economy to completely eliminate profits shifting, forces them to optimally choose
a second best in which they allow profit shifting to increase by eroding costless global

oversight.

2. In almost all of the results the corporate tax base non-negativity constraint for multina-

tional subsidiaries in the high tax economy is binding.

3. The resource transfer from countries that leak profits to haven jurisdictions and the
wasted resources by both multinational subsidiaries in shifting profits and governments
in enforcement activities decreases the nominal wage and price of goods from the high tax
country, while increasing the nominal wage and price of goods from the low tax economy.
The direction of the effect on the nominal wage from the intermediate tax jurisdiction
is negative most of the times, but on the price of goods the direction is ambiguous and

depends on the parameterization of the model.

4. In almost all of the results the consumer price index increases in the low tax jurisdiction
and decreases in the high tax country, while the direction of the effect on the consumer

price index from the intermediary tax jurisdiction is ambiguous.'®
5. Profit shifting introduces an upward pressure in the interest rate.'

6. Without profit shifting, the low tax economy demands more capital than the intermediate
and the low tax jurisdictions, and the intermediate tax economy demands more capital
than the low tax jurisdictions. This is explained by the increase in the after tax marginal

productivity of capital as the statutory tax rate falls.

Once profit shifting is introduced, the reduction in the effective marginal tax rate from
the high tax jurisdictions increases the demand of capital from this country. This increase
is moderated by the increase in the interest rate, which for the case of the intermediate
tax economy leads to a decrease in their demand of capital. The effect over the demand

of capital from the low tax economy is ambiguous.

7. In the model with capital, when the corporate tax base non-negativity constraint is bind-
ing, the nominal production and prices for intermediate goods from multinationals sub-

sidiaries will be higher than the nominal production and prices from domestic firms.

5 The exception to this result occurs when we use the same consumption bundle for all countries, as for
example in the cases in which we use an equiweighted bundle.
16The only exception is under the circular consumption bundle from tables 4, 6, and 8.
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8. In most of the results, real GDP increase in the low tax jurisdiction, while it falls in the
high tax jurisdiction. The effect over this variable on the intermediary tax jurisdiction is

ambiguous.

9. Consumption increases in the low tax jurisdiction, while it falls in both the intermediate
and the high tax economy.'” In most of the results there is a negative effect over real

consumption from the intermediate tax country.

10. The transfer of resources from countries that leak profits to haven jurisdictions allows the
low tax jurisdiction to have a trade balance deficit, while the waste of resources from both
subsidiaries and the government forces the high tax country to sustain a trade balance
surplus. In most of these results, the intermediate tax jurisdiction that has both a transfer
and a waste of resources as a consequence of profit shifting has to sustain a trade balance
surplus. In the model with capital and no profit shifting, the low tax jurisdiction uses
an amount of capital that is greater than its endowment, which forces it to have a trade
balance surplus that covers the negative net investment income, but this effect is to small

to be noticeable on the graphs.

11. The magnitudes of the effects from shifting profits are amplified once capital is introduced.

4.3.1 Role of the production network

Assuming a consumption bundle with home bias such that §,,, = 0.5 when r = m, and
Brm = 0.25 when r # m, we solve the equilibrium for three types of production networks. The
three production networks that we use are: i) an equiweighted network in which w;,, = 1/3; ii)
an autarkic network with w,, = 1; and iii) a home bias network with w,,, = 0.5 when r = m

and w,,, = 0.25 when r # m.

Tables 1 and 2 contain the solution for the competitive equilibrium with and without capital
under these three different network structures. The direction and the hierarchy from the effects
of introducing profit shifting technologies is consistent across network structures both in the
model with and without capital. The percentage differences from these effects vary across
networks, and in particular, the size of the effects on terms of trade and nominal variables is
greater under an autarkic network than under an equiweighted or a home bias network, while
the size of the effect on real variables is greater on the latter. These differences are akin between

the equiweighted and the home bias networks.

"The only exception for the high tax economy is under a circular bundle in which the low tax economy
consumes exclusively the good from the high tax jurisdiction. In this case, there is an also an increase in the
nominal and real consumption of the high tax jurisdiction.
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4.3.2 Role of the consumption bundle

Using the same market shares for multinational subsidiaries and the same three types of net-
works as before we study the differentiated effects from profit shifting when we change the
consumption bundle. The three types of consumption bundles that we consider are: i) an
equiweighted bundle in which ,,, = 1/3; ii) and autarkic bundle in which §,, = 1; and iii) a
circular bundle in which 83 =1, 851 = 1 and (33 = 1.

Tables 3-8 contain the solution for the competitive equilibrium under different consumption
bundles and production networks in a model with and without capital. On one hand, under
the same consumption bundle and different production networks the magnitude, but not the
direction of these effects, changes slightly. On the other hand, under the same production
network and different consumption bundles both the magnitude and the direction of some of

these effects changes significantly.

Even under all of these changes there is a common denominator, the low tax economy has an
increase in wages and consumption, and a decrease in their trade balance, while the intermediate
and the high tax economy have a reduction in wages and consumption, and an increase in their

trade balance.

The only exception to this rule is under a circular bundle in which the high tax economy has
also an increase in real consumption, which is explained by the fact that the more wealthy
households from the low tax jurisdiction increase their consumption demand for the goods
produced by the high tax jurisdiction, and in this way increase the production and the wealth
via governmental transfers and dividends of the households from the latter. Additionally, the
reduction in purchasing power for the households in the intermediate tax economy reduces their
demand for good produced by the low tax jurisdiction, which reduces the demand for capital

from the firms in the latter, and as a consequence there is a negative effect on the interest rate.

This last exception shows how an increase in productive capital is not the only way in which a
purely leaking country might be benefited by the introduction of profit shifting technologies. In
particular, there are general equilibrium effects through which purchasing power is transmitted
from wealthy household in tax havens to household in non-haven jurisdictions if the bundle of

the former is heavily biased towards consuming goods from the latter.

Furthermore, tables 1-8 give some us evidence that the structure of the consumption bundle
appears to be more relevant for the transmission of the effects from profit shifting than the

structure of the production network.
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4.3.3 Role of the population size

Tables 9 and 10 present the solution for the competitive equilibrium under three population
scenarios with: i) small low tax jurisdiction and big high tax jurisdiction (n; = 0.1 and n3 =
0.7); ii) low and high tax intermediate size jurisdictions (n; = n3 = 0.4); and iii) big low tax
jurisdiction and small high tax jurisdiction (n; = 0.7 and n3 = 0.1). Apart from the differences
in equilibrium values, once profit shifting is introduced, the percentage difference on these

magnitudes is the same across the three scenarios.

4.3.4 Role of the capital allocation and the global supply of capital

Table 11 shows the solution for the competitive equilibrium under three capital allocation sce-
narios with: i) low capital endowment in the low tax jurisdiction and high capital endowment
in the high tax jurisdiction; ii) intermediate endowment of capital in both low and high tax
jurisdictions; and iii) high capital endowment in the low tax jurisdiction and low capital endow-
ment in the high tax jurisdiction. As the supply of capital in the low tax jurisdiction increases,
the interest rate falls, and both the magnitude and the percentage difference over all of the

variables differ under the three scenarios.

Table 12 shows the solution for the competitive equilibrium under three levels of global capital
supply, and as the supply of capital increases the interest rate falls. Equilibrium level differ,
but just as in the case of the population size, the percentage difference on these values once

profit shifting is introduced is the same under any of the three global capital supply scenarios.

4.3.5 Role of the tax differentials

Tables 13 and 14 present the solution for the competitive equilibrium under tax gap differentials
of 5%, 10% and 20%. As the tax differential increases, profits shifted to the low tax jurisdiction
from the other two countries increase, but this increase is moderated by a rising €23. The higher
tax level and the increasing leaking of profits encourages governments to raise enforcement and
prices of concealment assets. In this way, as tax differentials increase, the transmission of
resources across countries due to profit shifting operations has an accentuating effect over the

percentage differentials in all variables.

4.3.6 Role of the share of multinational corporation subsidiaries

Tables 15 and 16 present the solution for the competitive equilibrium under different common

shares of multinational corporations 1. As this share increases, keeping and attracting profits
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from multinational corporations becomes more attractive for governments, and as a consequence
enforcement levels rise, concealment prices fall, and shifted profits increase. As a consequence,
the increase of 1, accentuates the effects over the percentage differentials of all the model

outcomes.

4.3.7 Role of the international tax environment

Tables 17 and 18 contain the solution under differences in the importance of the perfect com-
petition component on the profit shifting technology, while tables 19 and 20 show the same
results under changes in the importance of the monopolistic competition component. As « falls
and the perfect competition cost component rises, shifted profits, enforcement and concealment
prices are reduced. As a consequence, there is a decrease in the effects on the percentage differ-
entials over the equilibrium outcomes. As f falls and the monopolistic competition component
cost rises, there is an increase in enforcement and concealment asset prices, in the intermediate
tax economy there is an increase in shifted profits because €25 is significantly reduced, while in
the high tax economy there is a reallocation of shifted profits directed initially to the low tax

economy towards the intermediate tax jurisdiction.'®

4.3.8 Role of global oversight

Finally, tables 21 and 22 contain the solution under different levels of global oversight. As
v increases, optimal investment in enforcement and concealment prices fall, but the sum of
domestic and global enforcement increases, creating an ambiguous effect over the amount of
shifted profits. This changes slightly the effect over the percentage differentials of the model

outcomes once profit shifting is taken into account.

5 Conclusions

This paper studies the channels for the propagation of the rebated and wasted distortions from
profit shifting into macroeconomic effects. Both the model and the results from The Bermuda

Triangle case provide the following main results:

1. Profit flows to tax havens reallocate resources from households in non-haven jurisdictions
to households in haven jurisdictions by increasing corporate dividends and governmental

transfers.

18 A binding tax base non-negativity constraint in the intermediate tax economy does not contradict imperfect
re-shifting as this result requires a fixed cost and a discrete decision of whether to use or not profit shifting
technologies. Here we are leaving this discrete decision aside and assuming T = 0.
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2. Profit shifting increase wages and purchasing power from households in tax havens, while
creating a negative effect in non-haven jurisdictions. The changing wealth of house-
holds due to corporate profit shifting creates general equilibrium spillover effects that are
swayed by the structure of production networks and the international tax environment,
the consumption bundles, the tax differentials, and the size of multinational subsidiaries

in intermediate good markets.

3. Tax haven’s households have access to a higher real consumption even after facing higher

price indexes than households in non-haven countries.

4. Corporate profit shifting reduces the effective marginal tax rate for multinational sub-
sidiaries in profit leaking countries, and as a consequence introduces investment incentives,

but these incentives are partially canceled out by an increase in the interest rate.

There are obvious limitations to this analysis that point towards future research developments.
Firstly, using only constant return to scale production functions and assuming perfect mobility
of capital and labour in their corresponding markets. Secondly, assuming a bounded foresight
from the government of its policy effects. The uniformity of rationality across the model
environment will be benefit if a fully Ramsey equilibrium is solved. Thirdly, the assumption
of perfect home-bias in shareholding could be improved by a portfolio of stocks that reflects
the effective portfolio positions from each country household over the global economy. Finally,
an empirical estimation of the model in which the input-output global production network and
information about country-sector level bilateral linkages for corporate profits shifting are used
to estimate the welfare effects from the existence of tax haven opacity. This would allow me to
answer empirically, under the limitations of the model, which countries are the effective winners

and losers out of the existence of tax havens.
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Appendices

A  Proofs

A.1 The sectoral aggregator firm

1
FOC for the goods of the multinational subsidiary is given by P,; ( 7 ,_1> ymr : (%1) XM’(A’,W”Sds =
Py msds from where we get the demand for intermediate goods from the multinational sub-

Pr;
Pri,Ms

eri
sidiaries i prs = Yri ( ) . Similarly we obtain the demand for intermediate domestic

goods.

From zero profit P,;y,; = fo Pri vsTrinsds + f Yo P, pstri psds. Substituting intermediate

ri,Ms m

i _ . 1 —_ : - rz
terms P,; = <f0 Prli7]5[T§d3 + f%i P:igg’ds)

good demand equations Py, = [, Pt plriy ds+ f s Prll Jri PPrigy..ds. Canceling common
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A.2 The domestic intermediate firms

The Lagrangian for the domestic firm is given by

Z’i,D - (]- - TTZ') <Pri,Deri,Ds wr ri,Ds — Z Z ijxrzm] Ds) — (kri,Ds - Km) .

m=1 j=1

With FOC for ,imj ps, kri.ps, and l,; ps respectively given by

8Xri Ds Sri Tri
—— — Pnj| = 0ribriwrimjSrip | o—— — Pj%rimj,p =0

axrimj,Ds

aPri s
(1 - Tri) |:( L Xri7Ds + Pri7Ds)
Sri,Ds

aXri,Ds

OPyi ps 0Xri,Ds K Sri
1- i ’ Xri s Pri s ’ —l; = 1- [ ri TiSri
(1= )<8Xm' ps P " 7D> Okri,Ds 4= (1= 1) @3idriSrip Sri,Ds

1
OP,i ps 0X,i Ds . e Sri i 5

1- T : Xri s Pri s : — Wr | = 1- ri — Oy riSri - - rlri =0
( ! ) |:(8X7'i,Ds P * P > 8l7'i,Ds v :| ( “ “ )¢ P Sri,Ds v o

1
Ori
) — tikrip =0

Equality of FOC guarantees symmetry within domestic firms of country-sector ri. By sym-

metry within multinational subsidiaries we obtain by multiplying (1) by P,; that

Orq
97‘7, 1 9'”"71 Opi—1
Ori
7'1 ri,M ( ¢TZ> i D :

Orq

Ori—1 0 —1
Dividing by Sy;p we obtain - (@bm ( :]g ) 4 (1-— %‘)) .

Then

S . % Qri_l (97é71)2 0 1 Op;i—1

e - o

SM,D S wm ri, M ri,Dm + (]‘ - 1/}7“1) S'm?'",lD

ri,Ds
1
Opi—1 6” 1 9 11— (er'i*I)Q Ori—1

— Orq Ori ( w ) i Ori
- Mri,D "’Z ri, M T ri,D

1

1
g'r‘i Gri_l 97‘1 0, —1 ¢ 9#
— Ori Ori ( ) — T4 T
- Sri,D ” ri, M 77Z)7"1 T, D S’/‘z D S .
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A.3 The multinational subsidiary

A.3.1 Input demands

The Lagrangian for the multinational corporation is given by

R Np

R
Q%i,M = Z (1 — Tri + Qri,s) Pri,Meri,Ms wr ri,Ms — Z Z ijwmmj Ms T Z qmir — Qsz
m=1 j=1

2
(EnR@71 qrim s) ZR q2. R R
= , -1 7
K'f"i) - + = L + Z Qrimcrim,s +7T| + Z Arim,sqnm,s

Ll( ri,M s 2% 2,8 P P

where A, s is the Lagrange multiplier over the non-negativity constraint of gip,s.

With FOC for @,imj s, krims, and ;a5 Tespectively given by

GP i M < aX i, M ¢
(1 — Tri + Qri,s) |:<a)(:?]\/[:Xri,hIs + Pri,Ms m - Pnzj
Sri QL”
= O PriWrimsSri,M S — Prj%rimjm =0
ri,Ms

6Pr7' Ms aXm’ Ms

1 Q) [ Z2rnMs 5 P gari,Ms

( Tri + m,s) <8XM',M5 ri,Ms + Lri,Ds akri,]\/fs 23

1

0ri
) — tikriv =0

Sri
Sri,]%s

= (1 — Tri + Q'ri,s) CYZQSm'Sm,M (

OPrims 0Xrinms -
1_Tri+Qris |:(,Xri s+PM s) - _wr:|
( ' ) aXri,JVIs M M 8l?"i,Ms

1
S - wrlri,M =0
ri,Ms

= (1 — Qi — 045) GriSri, M (

0

T4

Opi—=1

ri—1 0p;i—1
As before, dividing S,; by Syiar we obtain that 2 = (% + (1 =) <5ﬁ> " > .

Then
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A.3.2 Theorem 2.1

1. Symmetry between domestic and multinational firms in a model without capital:

From the demand for intersectoral inputs for domestic firms and multinational subsidiaries we
know that

Gri_l . 2 .
Xri D) Ori <Xm‘ M>9”1 (Xri M) Ori (xm'mj M>9”1
+ 1 _ . ) ) — . ) + 1 _ . )
Yri ( 1/}”) <XM',M Xri,D Vrs XD ( wrz) Lrimg,D

and from the labour demands

[4

ri—1 ri—1
Xyip\ O Xpir ) Xpin\ O Leing \ it
i 1-— i 2 > — » > 1— ;i , '
(ﬂ) Hmen <Xm‘,M) ) (Xm',D> v Xri,D (1 =ni) Lyi.D

Then, from the last two equations

Ori—1 . T
XD Or; Xri M Ori=1 Xri M Or;
i 1— i - -~ = ri 7
(w * ( w ) <Xri,M) ) (Xri,D) w Xri,D
) N iy Ori—l
y exrp {Qrieri} lii_,]awm ﬁ Al (xrimj,M ) rima
exp {ayi€ri} li;g”' , Lrimj,D

Opi—1 L

Xri D Ori Xri M frit Xri M Ori
T4 1— T4 . - = i 7
(¢ i ( 77Z} ) (Xri,M> ) (Xri,D) ¢ Xri,

Ori

D
Xri Ori Xri Ori

0= X?+ (1 —2thy) X — (1 — )

1

Ori—

with X = (?—g) s a quadratic equation with positive solution given by X = 1, which

implies that X,; s = X,; p = X,;. From the previous two equations this implies that [,; py =
lyip = lyi, and Tpimj v = Trimj,p = Trimj. This proofs homogeneity across types of firms. Then,
the FOC for both types of firms are given by

ijl’m‘mj = ari¢riwrimj5ri

Wylyy = (1 - ari) ¢risri-

2. Asymmetry between domestic and multinational firms in a model with capital:
In this case, in addition to the relationship between the intermediate goods and labour demands

we know that the capital demands for domestic firms and multinational subsidiaries are related
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Ori—

(wm- + (1) <§2) 9) ( );Z)@l
B (¢ (f{@ K. w)) (lzg )Gril (117_1(2)91
Then, following the same stepj asi before including thij 1alst equation
o ot o (64
(v () ) = (s (52) ™ r-em) ()™

X”‘ Orq
¢m+(1_¢m) ( 7D)
1—7; \on@nD L —r O\ O
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Xri,M
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1
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X, [ 0 aﬁ(en—l)
with X = <X7:21;i> " is a quadratic equation with positive solution given by X = (1—1711—:”> 7
afiﬁm-
which implies that f(::ID” = <1*17:z:?n> .
A.3.3 Theorem 2.2
The FOC for g, gives us a system of R equations such that
R
1 1
o D drin+ Grim = i (r (1) + Avin o+ Qs = Qi ¥m € {1, B} (4).
h=1

The solution for this system also needs to satisfy [K1] Ty > 0, [K1]" @rim > 0, [K2] Q. >0,
[K2], Arim > 07 [K?)] Qrirri,M = 07 and [K?’]/ Arimqrim = 0.

1. Lets proof that ¢.;; = 0. Let’s assume that ¢,; > 0, then (A) becomes

1 & 1

- Z Qrih + 5 Qrir = _QM’T (71 + brir) +Arir-
a B ~

N _ <0

-

>0
which implies that A,; > 0 and condition [K3]" is not satisfied. Therefore g, = 0 must hold

given that @,;- > 0. Otherwise, if Q),;, < 0 the government from country r would be creating
an incentive for multinationals to waste resources in profit shifting to its own jurisdiction and

reduce dividends without having an increase in the tax base.

2. Lets proof that Vp € {2, + 1,..., R} @rig.(») = 0. Substracting (A) for country p from (A)
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for country r and given ¢,; = 0 we obtain that

1
Arz‘g”-(p) + ng.(p) = Mri (Zkz) — Mri (p)/"i_BQngm(p) + Am‘r + Qri-

>0

Let us assume that g, > 0, then Ay, = 0 by [K3]', and given that Ty, > 0 due to
positive profit shifting to country g,; (p) we obtain that €, ) = 0 by [K3]. But this would
require that A, +€,; < 0 which would violate [K2] or [K2]". Therefore Qrig,s(p) = 0 must hold.

3. Now lets proof that if n,; (m) > 0 (p) and @rig,,(m) = 0, then g5 = 0.

We already know that g,ig,,m) = 0 for m > z,. Now, for p € {1,...,2,—1} and m €
{1,...,p —1}. To proof by contradiction for g,y ,m) = 0, let us assume that g,;,,) > 0 which
implies by [K3]" that A, = 0 and by [K3] Qi = 0, then substracting equation (A) for

country g,; (p) from equation (A) for country g,; (m) we have that

S

1
0 = 1 (M) = Nri (D) += Grigna(p) FAvigri(m) + Qgps(myi
~— B

20 >0
which would require Ay, (m) + Qgnimyi < 0 and [K2] or [K2]" would be violated. Therefore

Qrig,:(py = 0 must hold.

4. Now, lets proof that if 7,,; > 7,; then ¢;;, = 0. From (A)
1

R
1
- Z Qrin + 2 Grim = Tri (ﬁri (m)) +Arim + Qi — Qg
[0 he1 B N———’

Let us assume that g, > 0, from [K3] and [K3]" we know that A,ip, = Qi = 0 and we would

<0

require 2,; < 0 for the condition to hold, which would violate [K2]. Therefore g,;, = 0 must
hold. Similarly, if n,; (€,; (m)) < 0 we have that ¢, = 0.

5. Now, lets find when gyg,,(m) > 0 form € {1,..., L,;} with 1 < L,; < 2, —1 and gyig,,(p) = 0
for pe {L,;+1,..., K} is an optimal profit shifting strategy.

From [K3] and [K3]" as before €, (m);i = 0 and Ag,m) = 0. Then the system of equations

for qrig,.(m) is given by

R
1 1
a E Qrin + Bq?"igm'(m) = Mri (m) — Qm- = 6ri (m) VYm € {1, R ,Lm-}
h=1

which can be represented in matrix form as:

a f o f Grig.; (1) 5”‘ (1)

f a ... f QM'gri(2) _ 57“1' (2)

f f oo a QTigM(L,,.Z-) 67"1; (Lm)
or Ariqn‘ - 6ri with a = C;——Fﬁﬁ and f = é.
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To use Cramer’s rule let’s start by finding

&+f(Lri_1) f f a+f(Lri_1)
D e ] T
a+ f(Ly—1) f ... a 0
. Lrim1 0+ BLy
~ (S (= 1) (a— i = S0

where the first equality comes from adding all the columns to the first one, and the second from

substracting the first row from all others.

Now let us define A,;; as the matrix in which 6,; replaces the j-th column of A,;. Then

foa ... 6402 ... f 0 a—f
|Am-7j|: : . . I- . : _ . :
Fof oo el ... f f—a 0
Ori (1) a+f(Lni=2) f ...
5m(2)—6m(1) 0 0 CL—f

0ri () — 6ri (1) 0

0
f
0
_ ‘H (1) Hyiy(2)
0 Hyijj (3) Hyij(4)
a—f

where the second equality comes from adding all columns different than j to the first column

with @ in the diagonal, and substracting the first row with a + f (L,; — 2) in the diagonal from

all other rows, and the third equality comes from the substitution of column 1 for column j,

then column j for column 2, then row j for row 1, and finally row j for row 2. The number of

substitutions is even, which keeps the sign of the determinant. H,;; (1) and H,;; (4) are square

matrices of dimension 2 and L,; — 2, respectively.

Where |H,;; (4) |= 5~%r=2), H,;; (4)"" = I, and by Schur’s complement
| Apigl= [Hyig (4) [%|Hyig (1) = Hyig (2) Hyig (4) 7 Hyay (3) |

1
= 5[/”‘72

Ori (1) — g 2522;3# (0ri (8) = 0ri (1)) %

I DR .

s=1
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and by Cramer’s rule

[Avigl _ B8

Qrigr;(§) = | A |

a+ 8Ly

Ly

Ly;

adyi (§) + B (0ri (4) = 6ri (5))

s=1

__ B {a(sm. () + BZ (A (s) — Ay (j))}

o+ BLy;

_ B
o+ BLkz

where Z 1 Erim (Lri) = Zﬁ:;i sL:1 (Avi(s) —

s=1

{aérz ( ) + 6E7”Z] (
A, (m)) =0.

i)}

}

Now, in order to establish which is the marginal country L,; we know from [K3] that if

Avig,.(£,.+1) > 0, then Gyig . (,.+1) = 0. From (A) we know that A,y .(z,,+1) > 0 if and only if

Lyg

Ar‘zgm (Lyri+1)

1 L'V"L
— 0,
aa+ﬁLkz (az ril

IB T"L
= 67"1'
a+ BLg; mzzjl (m

= Ari (LTZ + 1) - Qgri(Lri‘f'l)i -

=Gy (Lm') > 0.

This function G,; (s) defines the degree of competition L,;.

1

o+ 6Lm

) — Nri (Lm + 1) + Qri

<Oé (Tri - Q’I"L) + /8

1
Z Qrim — Thrs (er + 1) Qri - Qg”(LTiJrl)i

- ng' (er‘i'l)l

Ly;

m=1

Lri
Z Erim (Lm')> = i (L + 1) + Qg — Qg (1041)i
m=1

6. Now we have enough elements to define €2,; using the demands of labour, capital, inter-

sectoral inputs, and concealment assets from the multinational subsidiary and the demand of

intermediate multinational goods from the sectoral aggregator

R Np

Fm‘,M P, MXTl M — Wyl ri,M — § g ij$rzm],M + E szr QMm
m=1 j=1

R N,
_ P”QMS S¢m Sei‘z S¢m S -
=~ p. ri,M — (1 — Qpj — ) Ori ri,M — QpiPri i, M g § Wrimj + § qmir —
i
m=1 j=1

1
Sy \ 7
= ( ) SM,M (1 -y ) ¢TzS7(ir}\45 + Z qmir —

STZ',M
R

- SZTMS (1 - (1 — Q. ) ¢M) Z qmir —

m=1

o1

L7‘i
E drim
m=1



Then by [K3]
1 Ly;

o+ BLui (o, g7 R
Qri = Max {O7Tri - L, Ari (m) - W (Sm,MS:’L (1 - (1 - O{Z) gbm) + mz:IQmW) } .

)

m=1

7. Now lets study the properties of G,; (L,;).

First 0G,; (L) /OTki = —a (o + /BLm-)fl < 0 and 9*°G,; (Ly;) /OL,i0mh; = aff (o + BLM-)*2 >
0.

Second when I',; 5y > 0 is not binding

B o B Zpri—1
Gm’ (Zm' - 1) - Ari (Zm) - o+ ﬁ (Zm' _ 1)7-1"1' - a+ ﬁ (Zm' _ 1) mzl Am' (m)
6 (Zri - 1) (6%
>Ari(zri) (1_Oé+5(2ri—1))_04+5(2m 1) [
(X 1
= Qrir (71 + bm'r) (1 - o f_(;<zri _)1)) >0

this means that the degree of competition L,; < z,;.

Finally, when the non-negativity constraint for I'y; 5y > 0 Vs are not binding
Gm‘ (S) — GM (8 - 1)
s—1
1 1 a+p(s+1)
= - ri Ay Ay ) ————Ay 0
(M%_l) MBS) <m 63 (m)> F A (1) = T A () >

lf Arl(s-ﬁ-l) ATZ(S)
a+B(s+1) = a+fBs

8. In the proofs 2, 3 and 4 we used the assumption that g,;,, > 0 implies that €2,,;, = 0. In
words this implies that shifted profits are not fully reshifted. When shifting an amount € out of
country r, a multinational can either shift directly to a country p, or if @,;, or b,;, are too high
shift € to another economy s, and from s shift € to another economy w. What we are going to
proof is under which conditions it is not optimal for the firm to fully shift € from s to w. The

cost of shifting e from r to p is given by

2
(ZR—l Qrim + 6) ZR 2 ' 9 R
= m=1 Qrim + 26(]7”1 + €
2a —+ 1 25 p + Z QrimQrim (% + bmm) —+ Qm-pe (P)/z + b”.p) )

m=1
The cost of shifting € from r to s and then from s to w is

2
<ZR—1 Qrim + 6) SR g2 . 2 B
m= m= qTim + 2€q7"LS + €
20( + ! ZB + Z QrimQTim (71 + brzm) + QTiSE (% + bris)

m=1

2
(Chiigim+e) v e &
m=1 Ysim 1 Qaim T 2€Qsiw + €
+ 20 + Z ! 25 = + E QsimQSim (/71 + bszm) + Qsiwe (’71 + bsz’w) .

m=1
The second cost is greater than the first if
27}3:1 qzim qsiw € 1 s

R 2
(Zm:1 qsim + 6) b
20&6 + 266 € + ﬁ + E Tnz:l Qszszzm ('YZ + szm) .

QTiP ('Yz + b'rip) < Q'ris ('Y'L + bris) + Qsiw ('Yz + bsiw) +
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In particular this holds for any ¢ — 0 when 251:1 ¢sim > 0, and also because the multinational

subsidiary from country s wouldn’t incur in fixed cost Y just to transfer a small amount ¢ when
R
Zm:l dsim = 0.

A.4 Households

The FOC for L,, d, and d,m; are respectively given by

(a-(1-2)") " an (1-2)"

Ny Wy
~ )\7‘ I ~ )‘k
(a(-2)") (1-L)
n, P, -
~ >\'r I ~ )‘k
(dr <1 - Lr) ) ﬁrmjdr (1 - Lk)
nTijdrmj -

where =, stands for the Lagrange multiplier of the household budget constraint.

Thus from the FOC of L, and d,.

multiplying by n,

Also from the FOC of I~/T and d,,,; multiplied by n,

ﬂrm' ~
)\—j (wr — UJTL»,,) = ijDrmj~

From the FOC of d,,; and d,s

d _ Pts ﬁrmjd
Tm] ij ﬁrts e

Using the Cobb-Douglas consumption aggregator
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A.5 Theorem 2.3

1. From the labour market equilibrium

N,

Lr - Z (wrilrz’,M + (1

=1

- 77Z)Tz) lri,D) .

From the market clearing condition for the goods produced by sector ¢ of country k£ we have

R Npm

Z PmDmrz + Z Z wmjpmxm]m M+ (1 - ¢m]) P?"mejr’l D)

m=1 j=1

First from households labour supply, the labour market equilibrium, and labour demand from
domestic firms and multinational subsidiaries

Z PT’leT"L - Z erl

m=1

M= M=

3
l

I
M= iM= 1M

1

3
I

Bm’ri
Am

/eri
A

3

eri
A

3

eri
A

3

eri
Am

~mLm)
m=1

N,

3

Wm —

<.
Il
—

(YmjWmlmg v + (1 — ¥my) @mlmj,D))

Nim

wn =

Jj=1

Nop
Z(bmj( — Qmj —

j=1

(wmj (1= am, )¢WJS$LT;J]WS 7 (1= hmy) (1 — oy

o))

afr(Lj) S:? (wmj mj, vt (1 = Pmy) Sf;JD))

N

+¢mg
wm_z(bmj(l_amj )Sm] )
J

—

Non
=D bmj (1= amj — o) Sinj | -
i=1

Second, from intermediate input demand from domestic firms and multinational subsidiaries

R Nm
Z Z (¢mjprixmjri,M + (1 - 1/}mj) Prixmjri,D)
m=1 j=1
R Np
® @
== Z Z (wmj@mj¢mjwmjmsm7;JMS m + ( - wm]) amj¢mjwm]rzsm7;JDS mj)
m=1 j=1
R Np R Np
- Z Z ¢m]amjwm]m - Z Z ¢m]amjwmjrz mj
m=1 j=1 m=1 j=1

2. From the household budget constraint, the household labour supply, dividends and lump
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sum taxes

R Npm Ny Ny
Z Z ijDrmj = Wr Ly + Z Tri + Z (wriﬂ'ri,]&{ + (1 - wn) ﬂ'ri,D) +Tr
m=1j =1 i=1 -0 i=1

B N g
Z Z % (wr - w'rLr) = Wy Ly + Divye + 15
m=1j= 4

R Nm

TL
Or = Oror Z Zﬁrmg = WrLy
m=1j =1
=1
+ Z [(1 = 7rs) (Wrilring + (1= ri) Dri D) — ri (ti (kra,pr — Kri) + Cri) — (1= 0rs) ti (kri,p — Kri) ]
i=1
N, R Npm
+ Z [7ri (Wrilrinm + (1= ¥ri) Tri p) ] + Z Z Qmijrdmjr (Vi + bmjr) — Z Z Wi
=1 m=1j=1 i=1m=1
wy — Wy L Ny
% = WrLy + Z (wrirri,M + (1 - ¢m) I_"ri,D + Lz‘Kri — (wrikri,]\/l + (1 - wm) kri,D wm ri T Z bmm)
T =1
R Nm
+ Z Z Qmermjr ('Yi + bmjr)
m=1j =1

Just as before w, L, Z | Ori ( ap — ak ) Syi. From firm demands of capital

1
¢T‘il’ikT’i,M + (]- - /IZ}T’L) Likri,D = wri (1 — Tri + Q’I"L) a5¢r15f1”1\/[s i + (1 - 1/}7‘1) (1 - TM’) a5¢risﬁs{bs T

1

= (Z)Tiafg (1 - Tm) ” (¢7ZS?T§\/[ + (1 - wm) S;z)lMD) + %Z@zaanSﬂf}wS&?

wri Qri
Y

= ¢Tia7I§ (1 - Tri) +

From previous definitions
” M — SZT}\/ISGM (1 (1 — Oé” ¢m + Z Amir — Z drim
Tip = SZNDS (1—(1-ak)¢n)
wriFri,M + (1 - wm) FM’,D = (1 - (1 - 055) ¢rz) Sm' + wriQM‘-
AS a consequence
— %(ﬁm’ (1 — Qi — 7‘7,) ri = Ar |:Z¢m ( — Qpy — 05) Sri +% (( (1 — Q. ) ¢m) Sri + Yrigri + 1 K
i=1 i=1

N
riSri E &

—d)m'af; (1 — TM‘) + U oK (01 Sri — YriCri — Z bmm + Z Z Qij‘Qmjr (’Yi + bmjr)
Wri + (1 — i) (PIT;%QN) i m=1j=1
N, R Nm
- Z¢rz (1 — Qg — Oéﬁ) S‘r‘i = A Z ZQm]er]r ('71 + bm]r) + Z L Kpi + wm (QM - m) - Z bmm
1=1 m=1j =1 =1

O (] — ek (0-1)
+Sri 1- ¢'7‘i ari + 047}-{1T (1 - T’ri) + wT'LQT’LK(l Tri + Q,”) - )
ri (1= Tpi + Q) 76 Cri ™D o (1= ahyg) (1= 7y) i Ori ™V

3. For capital market of industry ¢, taking into account that K,; = k,; p, and the demand of
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capital from multinational subsidiaries

R
Z K, = Z (wm ri, M T (1 — wm) km’,D)
r=1
R R
Z - Z (2/)” ri,M + (1 — wm) m)
r=1 r=1
Zme - Z ;Z (1 =7 + Q) Sf” Sl
r=1 r—=1 *
L ER: Ui K = ZR: Ui (1 — 7 4 Q) TR O =D
2 = 2 T e 0 (1) (1RO

Sm'

4. From the production function of the multinational subsidiaries and its input demand

R Nm Qg
1—a Wi
P’rin’L',M Priexp {a’”ET’L} l’rz ]\lm o kTZTE\/f H ]._.[ ITZ'T;:;?]\/I
m=1 j
4 l—am;—af.(i " _1 af«(i
) K ) ] K ) . 9.
(1 — Qpg — ari) d)T"LSr;‘;\/IS N (1 —Tri + Q'rz) arid)r'zsriﬁ}\{[s,‘im
Syi,m = Priexp{arier:} =
Wy Li
o e A
N,
L U ari¢riwrim3 Sm 1\/157«1N
<| TT 11
m=1j=1 Prmj
1—a;—alk oK Qi
K i — Oy ¥ R Npm im i
Pri Ori (1 — Qi — CY'ri) (= T+ Q) aﬁ- " w’f’bm] Wrimj
Sri,M = Priexp {O‘MEM} ¢MSM MS @ . Qg H H
T o) 3
m=1j=1

Sm’

(ri+ 0= ) (=20

1

)aﬁiwn—l)) @

=

(1 — Qg —

Wy

Priexp {a'ri Eri} ¢ri [

Yri + (L= 9rg) (1_17:1%%

Li

K
)O‘m‘

l—ap;— a
or%) A =7+ Qi) ag;
)an<

1 K (g,— K (9,.—1)\ =T
P’ri = ¢ _exp{_arifri} <wr7. (1 — Tri + QTi)a”<0” D + (1 - wrz) (]- — Tri)am(erz 1)) Or;—1
i
l—a”—af‘{i aﬁ ~ Qg
« W Li Pr;
ng (1 — Qg — affi) affi Qg

5. The last four equations come directly from the production function of the sectoral aggrega-

tor, its demand for intermediate goods from the domestic firms and multinational subsidiaries,

and the price composition derived from the zero profit condition and Theorem 2.1.

56



A.6 Corollary 2.1

From the goods market clearing condition we can define nominal domestic consumption and
nominal exports

Ny Ny Ny
Z Sm - Z PrzDrm + Z Z <Pr7,Dmm + Z am]¢m]wm]m mj) + Z Z arl¢rzwrzr] ri
i=1

zlml i=1 j=1

J

Nominal Con ~~
Nominal Exp,.

N, N,
Z Sri (1 — Qi Dri Z Wm‘rj) Nominal Condom + Nominal Exp,.
— —

Nominal Imports for country r are given by
R Np N R Np

Nominal Impr = Z Z ijDrmj + Z Z Z ozm(bmwmmjsm

m=1 j=1 i=1 m=1 j=1
m#r m#r

R Npn

= Nominal ConfOT + Z ar2¢rzsrz Z Z Wrimg -

m=1 j=1
m#r

Thus

Ny
Nominal GDP, = Z Sri (1 — aithr;)
i=1

— Nominal Con?™ + Nominal Con/”” +Nominal Exp, — Nominal Imp,.

VvV
Nominal Con,-

A.7 Government Transfers 7,

We already know that

72 Mo — ‘S'im}\/[sm ( (1 - O{M Qb'rz + Z Qmir — Z Qrim

Toip = s;%s (1—(1—-ak) o)
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Then

Ny R Np
Tr - Z Tri (wrirri,M + (]- - ¢m) FM,D) + Z Z Qmermjr (% + bm]r - Z Z bmm
i—1 m=1 j=1 i=1 m=1
N, 1
- ZTM {(¢rzs¢rh + (1 - wm) Sf[b) S (]- - (]- - 055) ¢m) + wwqm:|
i=1
R Npn
+ Z Z QijQmjr (% + bm]r - Z Z bmm
m=1 j=1 i=1 m=1
N, Opi—1 1 R Nm
= Z Tri |:Sm-9ri STGZN (1 - (1 - 045) (bm) + wriQTi:| + Z Z QijQmjr (% + bm]r - Z Z bmm
=1 m=1 j=1 =1 m=1
Ny R Np
= Z Trg (Sm (1 (1 - O{m) ¢m) + ¢erm + Z Z Qmjrqmjr (77, + bm]r - Z Z bmm
i=1 m=1 j=1 i=1 m=1
A.7.1 Effect of ),,;, on T,
aT . 8qm Amir
anW - er;Dm anZT +szr (/Y’L + bmzr) anzr + qmir (/71 + bmzr)
pir
+ Z Zszr ’71+bpzr 8@ -
p=1,p#m i=1 J_”ﬂ/
=0
Where
aQmi'r ﬁ o
90, —1{0i (1) < Ly} ot BL (04 (7 + bmar) + B ; (v + bmz’r))
_ 3y B0+ bmir) YV _1{0.. VB (vt b
=-1 {ﬁmz (T) S Lmz} o+ /BLmz (Oé + ﬁLmz) =-1 {ﬁmz (T) S Lmz}ﬁ (71 + bmzr) )
and

K
an‘ o 8sz7" _ aqu + Z ( 8Qpir 6C]rz’p ) _ anzr

anzr B anzr anzr 1 anzr anzr anzr
~—— P=lLpFm " = —
=0 =0 =0

Finally to proof the decomposition of the offensive concealment competition let us find the

value for the concealment diversion effect:

a R_ mau b
g (g, 1) < 1,y 0 ) $%

anip +ﬁLmz p=1,p#r
2(Lyi — 1
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A.7.2 Effect of b,;, on T,

We know from the proof for the input demand of domestic firms and Theorem 2.1 that
0

T

T4

0 1

0pi—1

SM' Ori
Sri = Sri.D <77Z}7“i (ﬁ)

aK 07‘1'_1) 0 —1
1 _Tri+Qri ”( 1,
= Spi.p (wm- <—> +(1- %)) = Spip A"

1 - Trg
Then
K
95y = 0S.ip L (1 .40 ‘)am-(Hm-—l)—l
T :1 QT”i 0 Aqb.” 1, Sri i KGTZ'AGT,Z 1 ri ri '
0,4 { > }( A0, + ,Dw o i (1_7}2')&5(9“_1)

Introducing the input demand functions of the domestic firm in the production function of

sector r7 we know that

K K 97‘1'
1 — s — OzK l—ari—ag) 1 — _ CEK agy s Qi
Sri,D = Sm‘ Priexp {CY”'ETi} qbri (#) ( ”) ri i
Wy L P,

== SM' (1 - Tri>azeri Bf:l

D R Nm Pm j Wrimj : BST"L i Ke'rz Gri
where P = -, [1,23 ( - ) . This means that 5> = gg: E(1=7y)* 7 By and as a

Wrimj
consequence
1

) K APriT RO o NoE(0ri—1)—1 1 ok
ggm _ 1{Qm > O} wmamgmAm Bm (1 Tri _L’(Qm)l (1 Tm) Sm’-

ri 1— (1 - TM)&MG’M A:biri Bf;z

Now
1
aQri 1 o+ /BL’I"L K Sri Ori
=-1 ﬁm’ < Lri rim — (1 =(1- i T3
8brim { (m) } Lri [Q - aﬁeri ( ( aM) ¢ ) (Sri,M)
Sm' M OSM 857"1 M
: 0., —1 : .

Introducing the input demand of the multinational subsidiary in the production function of

sector r7 we know that

1 K\ ) e\ o\ i

— Oy — Oém' " — Tri i Oém- ” (0773

SM,M = Sm' (Pm-ea:p {CKM'EM'} ¢M (~—) ( ) (~_) )
w Li Pri

r

= S (1= 7 + Q)70 Bl
which means that

0S,in

Obyim,

83,«2' Oéfgem' :|

X0, o,
=(1- ri Qri rm B i
( it ) " |iabmm N 1— Trg + Qm’
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and as a consequence

0,
abm’m

1

05+BL7'1' . K ‘ Sm’ Ori
—adon (1—(1-al) ) <Sm;,M)

Sri M a0, 0, 8Srz aQ’/‘z
? R 1 _ . . ri/ri i
X <( S + (0 — 1) (1 — 70 + Q) B > 20 b,
+0558'ri (Q'rz - 1) (]- — Trg + Qri>a50”_1 Bf;LSm)]
aQri [Qmm + 055 (97"1 - 1) (1 Trg + Qm’)_l EriSri

=-1 ﬁri m) < Lri
abrim { ( ) o } Lri + E’rz géTZ

=-—1 {ﬁm( ) < Lm} Qmm

where

K(0,:—1) 1
o+ BL,; K Ko o 1— 7 (
E,; = 1—(1—a%) ¢r) (1 =7 + Q)% B | ahs + (1 = thyy) | —— :
g (1 (T ap) én) (1= 7ri 4 Q) ri Wi (L) | T

A.8 Corporate Dividends Div,

Following the same definitions that were used for 7, and using k,; p = K,;
Ny

Divr = Z (wriﬂ-ri,M + (1 - wm) 7Tri,D)
i=1
Ny

= Z (1 —74) (Vriline + (1 = Ypi) Uyip) + i (4 (K — Kyina) — Cri) + (1 — i) 15 (Ko — kyip)
=1
N

{ ]- - Trz (1 - (1 - OC ) (rbm) + 1/}1"1(]1"1) + 1/% (Lz( rie km’,M) - Cm)} .

=1

where
1

Likri,M - (1 — T+ Qrz) ., quszr}\/jsgm
= aggbri (1 — Tri + QTZ')H_OIM( il sz”_l‘srz

A.8.1 Effect of Q),,;, on Div,

We have that
0D1iv,

anir

8(]7"2' C
20w~ V100

== (1 - Tri) wri

where

aCM aqmm
an”’ anzr ( Z Gris + Qsz + Q”m (72 + bmm))
~——

s=1
=0
R D
+ Z aQMPi < Z q7"ZS Qsz + Qrzp (% + bmp)) .
p=1,p#m sty s=1
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A.9 Theorem 3.1

A.9.1 First Part of Theorem 3.1

First lets find the FOC given by Qi

OTm | ODivy O Oqmi
0= + =1{0r;i (m) < Ly; ( VmiTmi + Q'rim vi + brim + Grim (Vi + brim) + Ymi (1 — Tmi )

%] mi

For the FOC of by, lets start by simplifying z 80”
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Now, the FOC of b,

0Ty ODiv, ) ) . Ogrs ‘ ) K 0Sri )
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bi—2—q (@rip 4 bei) = Sarip ) = (@ 8 (it 10) (i + Qrion (i brin) ) | + 14620 > 0) 2
- rim 1 2 rip) — —dri — (@ T4 S 4rim rim \Vi rim T4
a+ ﬁer Py P aq P ﬁq B 8b'rzm
BSTZ K, pbri—1 . . 0‘1{(1' (0,;—1) . ) 0Srq K ) ]
|:< d)’l"L < -« 1)) aﬂ’m ri¢7"bBri (1 — Tri + Qrz) (1 — Tri + er) BQ” + <1 + [0 s (0'” - 1)) ST"L
—14{0. . VriQrim 2 ) 1 . ) ) )
= { [ (m) < Lm} ——— | af+ B+ (Oc + B (Lm + 1)) —qrim + Qrim ('71 + bmm)
o+ IBLTZ B

O i

+8 Z ( drip — Q'rip (7i + bmp)))) — 2brim + 1 {QM > 0}

0Sr; . oK _ 0Sr;
x {(1 — bri (1 - aﬁ)) 70 alS i BT (1= 7 + Q)i Ori =D ((1 = Tri + Qi) 70 (1 + oy (Ori — 1)) Sri)])

bmm

_ . . wriQr'Lm 2 . l . . . .
= 10075 (m) < L} (29 (5245 (@4 B (L + 1) (i + Qrion G+ b))
1 Qrim + QK (‘97‘1 - 1) (1 — Tri + Qri)_l EriSr'L
+ “lrip — Wri i+ bm’ ) - 2brim -1 Qri >0 & Jri .
B;; (aq » — Qrip (7 p) )) { }|: L. +Em§§

A.9.2 Second Part of Theorem 3.1

For country r the space of policy variables is given by b, for all m such that 0,; (m) < L;
and @, for all m such that 0,,; (r) < L,,;. The Hessian matrix for the policy problem of
country r is given by
(Hb (Lyi)  Or,xn, )
Om,  HQ (M)

ﬁ Qp’”QTZgT'L( Lyi )brigri(l)

ng‘(l) e a+pBLy; 0 O
B2YriQrig,;()brig, . (L.
= | cf+ﬁLm» il 0g:i(Lri) 0

a square matrix of dimension L,; + M, where M, stands for the number of countries from which
the multinational corporation in sector ¢ shifts profits towards country r. To proof that the
Hessian is negative definite we are going to show that all of its eigenvalues are strictly negative

under conditions (a)-(d).
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1. Hb(L,;) is negative definite: Recursively we can define Hb (1) = g,,,1) and

Hb(s) = (Hb (s-1) B > with

CS Qg”'(S)
2
T B ¢riQTigm(8) N
B = = (b Do)

52wribrigri(s)
CS = _T/BI/'I‘Z (Qrigri(l) s Qm’gr.i(s—l)> :
In the following proof by induction we are going to follow the logic for the proof of the
Haynsworth inertia additivity formula recognizing that Hb (L,;) is not a Hermite matrix as it is
assumed in Haynsworth (1968). The inertia of a matrix In (M) = (74 (M) ,7_ (M) ,m (M)) is

an ordered tripe whose components are the numbers of positive, negative and zero eigenvalues
of M.

For the initial step of the proof by induction we know that In (Hb(1)) = (0,1,0). For the

inductive step we define an invertible matrix

I,., —Hb(s—1)"'B,
M (s) = ! (s )
O1x(s—1) 1
that we use to define
Hb(s) = M (s)" Hb(s) Hb(s)
Hb(s—1) O(s—1)x1
-1
C, — BT (Hb (s — 1)T) Hb(s—1) 05, — CsHb(s—1)"" B,

where Hb (s) and Hb (s) are congruent matrices.

2
Now given that <%> ~0

0gri(s) — CsHb (s — 1) B,

_ ﬁ2¢m‘ 2b Hb 1 —1 T
= %) T\ o1 BL, rigri(s) @rigni(s) <Q7"i9m'(1) Qrigm(s—l)) (s=1) (bngmxn bm’gM(s—n)

~ ng'(s) :

Then by Schur complement the characteristic polynomial of Hb (s) is given by
Det <ﬁb (s) — )\IS> = Det (Hb (s — 1) — M,_1) Det (0g,,(5) — A)
which means that the cigenvalues A of Hb (s) are the s — 1 eigenvalues of Hb (s — 1) and gy, (s)-
This means that the eigenvalues of Hb(s) are {0650 };:1 and additionally

In (ﬁb (s)) = In(Hb(s — 1)) + In (04,5 = (0,5,0).

Now, given that {ng(p)};:l is composed of L,; distinct values, Hb (L,;) is diagonalizable. The
rest of the proof follows steps similar to those for the Sylvester’s Law of Inertia. Sylvester’s

Law of Inertia cannot be applied to solve this problem because Hb (L,;) is non-symmetric.
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Let {71, T L..} be the eigenbasis which diagonalizes Hb(L,;), and a; the eigenvalue that
corresponds to ;. Likewise, let {ﬁl, T L..} be the eigenbasis which diagonalizes Hb (Lyi),
and b; the eigenvalue that corresponds to ;. Given that Hb (s) and Hb (s) are congruent their
rank is the same. To create a contradiction we will assume that their index is different. In
particular let organize the eigenbasis of Hb (L,;) in such a way that the first p elements represent
the eigenvectors for positive eigenvalues, and for H b(L,;) the first ¢ elements represent the
eigenvectors for positive eigenvalues. Equivalent rank implies that in both eigenbasis the last

L,; — s elements represent the eigenvectors for zero eigenvalues. Let us assume that p # q.

First, let us start by assuming p > ¢ and define the linear operator on L : Rfri — RPF(s=9)

L(?):@{H@(LM)? L TTHN(L) T WL Hb (L) T UZFIb(Lm)?).

From rank nullity dim (ker (L)) = L,; — k(L) > L,; — (p+s—q) > L,; — s. This means
that 37 : Vo € Ker(L), Vo ¢ span{¥e,..., Vp.}, Vo & span{We,..., Wy, }.
Additionally the vector 70 can be expressed in terms of the two basis 70 = Zf:rl cl-?i =
Zf;l diﬁi where as we just showed at least one ¢; and d; must be non-zero for ¢ < s.

Notice that 7£H6(Lm-) Vo = Zl 1CZ7THb( m)? ZZ 1@%7?72- = ciay due to or-
thonormality. With 1 < k < p, since L (70) = 6> we have that cpar, = 0. This means that
cr = 0 given that ak > 0 and the ¢; # must be such that p < i. Hence 70 = Zf;;H 6272
Similarly v/ = 1<Z<1 sr1<i<r; i .W;, and the d; # 0 must satisfy i < .

From here the value ¥FHb (L) 7o = S0 o z] 1 cic; UTHD (L) 0T = Y0 i <0
given that 7?Hb (Ly;) 7? = 0 when i # j, a; when i = j, a; < 0, and at least one of the ¢; # 0
for p+1 <i <s. Similarly 7gHb (L) Vo= Zlgigl;sﬂgigui d?b; > 0 for analogous reasons.

Thus creates a contradiction because 73[—] b (L) 70 cannot be both strictly positive and
negative, therefore p < ¢ must hold. Similarly we can proof that ¢ < p must hold which implies
that p = ¢ and Hb(L,;) is negative definite, i.e.

2. Hessian is negative definite: HQ ()M,) is a diagonal matrix with strictly negative
entries, therefore all its eigenvalues are strictly negative and the matrix is negative definite. By

Schur complement the characteristic polynomial for the Hessian is given by

Det (Hessian — Ny, +n,.) = Det (Hb(Ly;) — M p,,) Det (HQ (M) — M yy,.) .

This means that the L,; strictly negative eigenvalues of Hb(L,;) and the M, strictly eigen-
values of HQ (M,) are the eigenvalues for the Hessian and the hessian is negative definite, i.e.
In (Hessian) = (0, L,; + M, 0).
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A.10 Corollary 4.1

A.10.1 First Part

From equations (52)-(54) we know that

= aofﬂ (1o — 71 — Q21 (7 + b21)) ;

Go1 = B (L + Qa1 (v + b21)) ;

2by; = QQlawj_BB (a + B+ (o +25) (%(Dl + Qa1 (v + 521)) + 8 (éQZl — Qa1 (v + le))) :

q21

a(re—11)—¢Y1(at+p)
(20+B) (v+b21)

(1o — 71 +11). The quadratic equation for by; comes from introducing these two values

From the first equation on the second we get that Qo1 = and then ¢ =

ap
20+

into the third equation.

From these results

85];1 = (a f 5)2 (2 =71 — Qa1 (v +bz)) > 0

aaq;l - (a j‘: 5)2 (2 =71 — Qa1 (v + b)) >0

aé;?qil T (@ f_25>3 (2 =71 = Qa1 (7 +b21)) <0

a;q@m " (@ f)ﬁ)B (o =71 — Q2 (Y +b21)) <0
g1 Pgn _ 20P

(o =71 — Qa1 (Y +b21)) >0

0adB 0B (a +5)3
by PPy (141 —71) (2 — 71 +91)

- S0
da 2(2b21 + ) (2a + B)
Obyr _ Yo (141 —7) (2a(a(r — 71 — 1) — 28¢1) — %)
0B 2 (2bs1 +7) (2a + )’
0Qa _ B (1 — 71+ ¢n) (b +7) — (20 + B) 221 (Bihy — (12 — 71 + 1)) S 0ifas> g
O (2a + B) (bar +7)”
0Qs Y1 (2a + B) (bar + ) + (a (72 — 71 — P1) — Br) (521 +79+ (2a+B) 85_21)
oB B (20 + 5)2 (b1 + ’Y)Q
0qn af

= >0
8(7'2—7'1) 20&"‘5

Oby _ Bibe (a + 20 (12 — 1) — 91 (a + B))
(e — 1) 2 (2a+ () (2by1 + )

>0ifa>pand Y <1 —7
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82b21 . _B¢2 (Oé+2a (7-2_7—1) _wl (OZ—FB))

<Oifa>pfand P <1 —7

b0 (1 — 1) (20 + B) (2byy +7)°
0021 Py ((r2 =71 — 1) = BY1) (@ + Y1 (a+ B)) + 20 (2 + B) (bar +7) -0
8(’7’2 —7'1) 2(2b21 —F’Y) (20[“‘6)2 (7+b21>2
ifa>pfand 2¢; <1 — 7
g _ af
o 2a+p =0
by _5¢2 (a+B)(1+7—7) <0
Oy 2(2a4 ) (2by +7)

82521 _ Bbo (04 + 5) (1 + Ty — 7'1)
Obo1 Oy (20 + ) (231 +)?

0Qo1 (a4 B) (B (a (1o — 11 — 1) — Bby) (1 + 72 — 71) + 27 (20 + B) (ba1 + 7))

o 2 (20 + BY (b + ) =Y

ifa>pfand 2¢; <17 — 1

>0

22521 :51@2 (a ( ;(72—10;_%)) (_Qbfzﬁi)’(); tn-n) >0ifa>pfand 20 < —7
%%;1 __lam _(;;?il)l_ pen) gi’z <0Oifa>fand 20 <m—7
aaL? T 2()2(12:-”)/ <0
822721 =— a((;:—_b;—i)_(;g;z ;f)% <0Oifa>pfand 2¢y <1 —7

A.10.2 Second Part

From equations (52) and (53) we know that

B = 98 [a (73 =71 — Q31 (7 + b31) — Q3) + B (72 — 71 + Qs (7 + b32) — Qa1 (v + b31))] ;
2= o8 [a (72 = 71— Qa1 (v + b21) — Q3) + B(11 — T2 + Q31 (v + bs1) — Qs2 (7 + b32))] ;
Qs = q31 — B .

B(y+bs1)’
Qs = Q32—5¢2‘
B (77 + b32)

Introducing the last two equations into the first two we obtain a linear system of two equations
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in two unknowns that by solving it we obtain

_af B
qs1 —m (13 — Q3) + 2 (@ +25) (72 1+ 1 — o)
o -7 e E
+4(OK+25) @+ 5 (2a+38) (Y1 — 1) + B (Y2 —1));
af 2

REICE R ICEE O

af
it @ p ot mm)+ B =),

T — To + g — 1)

Finally from equation (54)

R
b3, +vbs = 1{Q3 > 0} q31 — B L
28 (7 + bs1) 2+E653) Y+ ba

+ Vs (fj:—;?)wl ( + 8+ (a+35) (5%1 @Dl) + 5 (5a_ﬁa (g31 + gs32) + 1 +¢2))
B2y + bg = 1{0 > 0 2 ~ D0 P
32 T Y032 {Qs > }(23 7+532)<2+E33—g§> v + b3y
+ ¢3§ E(qu32—|—_2§)w2> (Oé + B+ (a + 35) (%qu - ¢2) + B (6 _ﬁ (g31 + qs2) + U1 + %))
From here we get that:
dq31 B 32 3
Dol —Q(OH_B)Q (73—93)—W(T2—T1+1/11—¢2)
B(26* - o?) af _
4<05+2ﬁ)2 <a+ﬁ>2 ((20&—1—35) (’Ivbl _Tl) ‘1‘5@2 - 7—2)) + 2<Oé+2ﬁ) (&+ﬁ) (wl _7—1)?
O ___ B (13 —Q3) — _F (11 — T + 12 — 1)
Oa 2(a+p)° 2 (a+2)°
828 —a?) af .
4(0&-'-2ﬁ)2<05—|—ﬁ>2 ((2a+3ﬁ)(w2_7_2)+ﬁ(w1_7—1))_'_2(0&+2ﬁ)(0&+ﬁ) (wQ_TZ)?
Ogs1 o B Bla+p), B o (40 4+ 9af + 46?)
05 2@t " larapr BT T G ) (0t )

af
4(a+28) (a+pB)
dgza B(a+B)

B B B a(4a? + 9af + 43?)
58 “2arpr 0T ey M TP T G s e v B)

X ((204+35)(¢2—T2)+5(¢1—Tl))+4(a+2%f<a+ﬁ> (B2 —m) + 11 —1);

the last four equations have an ambiguous sign.

X ((2a+38) (Y1 — 1) + B (Y2 — 2)) + B —7m1) + 1 —7);

g1 Ogz2 B [5 a(2a+3ﬁ)] <0
o 0 2(a+28) 2(a+p) ’
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Ifa>pfand Qs >0

0b:
31 1+

0qz2

52
or 4(a+p)
ag?)l - 8(]32 o

af
(97'3 B 87’3 _2(@+ﬁ)

gz

> 05

> 0;

1{Q3 > 0}

o )
(v +b31)" | 2b31 + v+

1

1{Q3>0}

(v+b31)2 931 —Bv1

EEEY

+ R3 <2f8
2B(v+b31)? (2+E3 o )

Y]

g31 — B ) N %3>

(24 B0

(

1{Q3>0}

q31—=pBY%1

202 + 508 + B2 0g31
O5/6 67'1

«

(2b31 TYF Gt

(

i (a+ﬁ+<a+3ﬂ> (%q

+8T1

0b31 -

2B (v+b31)? (2+E3 ggs

)+ (

+9%>> Lm?ﬂ) ((%1 *f%)(
)

9931

1{Q3 >0} aﬁas o
20+ ba) (24 Ba i)

8-
af

« (g31 + g32) + 1 +TZ’2))) i

g31 — 1

£ )
(v +b31)" | 2b31 + v+

1

1{Q3>0} aa1— B

(v+b31)2

) )

20 + 50 + 2 Ogs1

1{Q3 > 0} (
953
2 + R 25(2+E3693
2B(y+b31) (2+E3 e )

Y3

1{Q3>0}

431 —

ap oZp) P

<2b31 Tt (y+b31)2

(

<a+ﬁ+(a+35) (%

0q31
42481
OT2 q31

0b:
20

2B(v+b31)%(

fwl)m(

o))

1{93>0}‘96‘17f21

2 (v + b32) (2+E3%

8-
af

a (g31 + g32) + 1 +w2))) n

]

1{Q3 > 0} o — B

or3

1

(v + b31)? <2b31 +v4

) )

202 + 7apf — B2

1{Q3>0}

(v+b31)2 31— B

(2 + B3 983
23 (y+b31)? (2+E

03

CERY
3903

( erg)) (25

)

1113/3 6(]31

1{Q3>0}

2 (a+28) ((q31 1) = )

g31—PBY%1

<2531 +v+

(

(v+b31)2

das1

+
8T3

2B(7+b31)2 (2+E3 L2y

<a+5+(a+35) (%qg1*¢1)+5(

)

B -
af

CERY

3(
9931

1{Qs >0} B

2 (v + b32) (2 + E5 ggg

(fI31 +q32) + 1 +¢2))) n

e

Similarly 222 > 0, 222 < 0 and 922 > 0 if @ > § and Q3, > 0.
Qs _ %‘1311 (v +bs1) — 6r1 L (q31 — BY1) is ambiguous:
87_1 (’7 + bgl) ’
0Q31 _ %q:; (v+b31) — %bf; (g31 — Bib1) is ambiguous:
P B (7 +bs1)? 7
8@31 _ 673 (7 + b31) %ng; (QBl 51/11) is ambiguouS'
87'3 6 ( -+ b31) 7
Jg31 _ Jqsz2 _ 5 (5 @ (2a +35)) < 0:
o1 Oy 2(a+2P) 2(a+pP) ’
0q31 _ 0q32 _ B < 0:
Opy Oy 4(a+p) ’
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g3 _ Og3 _
s Oy

0b31

1{Q3 > 0}
1+
o1

q31 — B
+ %3) =
055
(1 bsr)? (21;31 4o H20) ( 431 =y =y +§R3>> (26 (2+Es952)

28(v+b31)? (2+E3 Eivry
1

2a% + 508+ 5% 0 -ad
{ Y3 ((%1 _ Ben) (aiaﬁﬂﬂ L Boaden 25))
1{Q3>0} _ 2 (a+28) afB o1 a Oy
2b31 + v + 3204 931 —BY1 o5~ + N3
(v+b31) 25(7+b31)2(2+E3—3)

%3

+(Z(f;11 _ﬁ) (a+ﬂ+(a+35) (%q?’l_wl)+/B(B_a(1131+%2)+¢1 +w2>>>+ 1% >0} <63qgll_5)):|.

of 2 (v + b32) (2+E3§7£§
ob 1{Q 0 —
&Zl - {Q3 > 0} &131 51?53) bR
2 =1)2 . 1{Q3>0} 931—BY1 . 28 (2+ Eszga*
(s ban) (2631 AR (40312 \ 28(y+b31)2 (2+E3 %) s ’

1 [ P38 ( (2a2 +5aB+ B2 0q31 | B — adgs )
(@1 =BY1) | ————————+————+8
<2b31 4o 2a20) < g31- Y1 ) +%3>> 2(a+26) o Ova o O

(+b31)% \ 28(y+b31)2 (2+E3%%

— 1{Qs > 0} 2431
0 (a+ﬁ+(a+3ﬁ) (qulfwl)w(ﬁ O‘(q31+qsz)+w1+w2)))+ (s }Mas |
O B aff 2 (v + b32) (2+E3ﬁ>

The last two equations have an ambiguous sign. Therefore the effect on prices of ¥; and s is
ambiguous.

0b31

1{Q3 > 0}
1+
O3

q31 — B
+ R3
_ 268 (2 + E5 233 )
(v +b31)* <2b31 +v+ gii;?% ( 231 =B 7Y +§R3>> ( 5( + 3893)

28(y+b31)2 (2+E3 553

Blast — Bun) (a+ B+ (a+38) (21 — 1) + B (25 (a1 + as2) + Y1 + ¥2) )

apB

> 0if Q31 > 0;
2(a+25) <2b31 +oy+ {2 (2 mwb:f)lz_(if}g 71y +%3>>
0 — ob
Q31 _ ds31 5%2 31 <0if Qg >0
a% B (")/ + 1731) 5%
Similarly 252 > 0 and 522 < 0 if Q3 > 0.
9g31 032 .
_— — = O7
oy oy
0bs1 14 1{Q3 > 0}
oy

(6?3_6?%)+%3
2 1{Q3>0} q31—BY1 28 (2+ E355>
. 9 EIo)
(v +ba1) ( bat ¥ a2 <2B<w+b31)2(2+E3§%§) i §Ra)) ’
__1{03 >0} q31 — BY1

28

2 s
(v + b31) (2+E3ﬁ

>+§R3) < 0if Q31 > 0;

0Q31 . q31 — B

__ <0if Qy > 0
oy B(y+ 531)2 .

Similarly %52 < 0 and 22 < 0 if Q3 > 0

9q31 _ 0q32 _ af
@Qg @Qg 2 (a + 5)

< 0
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Obs1

0Q31 : :
a6, and Zgi have an ambiguous sign.

B Matrix Form Representation

B.1 Second Stage Matrix Form Representation

The system of equations that characterizes the second stage has a representation in matrix

form given by
S =HBN 'w

w=TS5+\ {(zﬁoq),eN+IR (diag(K)IP . —b%eg) — ¥ (ger + C) + (Qogo (yeg + b)) en

diag(IK (Yo K))t=IKV S

InP=D|(exy—a—a")oiy+a®oLn (IP))—(doe)] —&

o(aKo(f— —o(diag(¢)_leN)
)) (a0 6N)>> oS

Sy = (¢+(6N —)o (dz’ag(eN—T~|—Q)71 (exy — T

o(aKoe)

Sp = (diag(eN—7'+Q)_l (ex — 7)) oSy

. 1 . _1 O(QKO(GN—Q))
Ln Py = Ln P+ diag (0 —ey)” Ln <¢ + (exy — %) (dzag (exn —7+Q) (eny — T)) )

Ln Pp=1Ln Py+a®o(Ln (ey—7)—Ln (exy — 7 +Q))

where the effective Leontief matrix is given by

H= [[N L BN (@oT) — ((ey &) o W' o (ey ¢’))] ~ and

C:%((qe}g)o(qeR))+%(qoq)eR—i—(Qoqo(’yeljv+b))eR+TeN

T=(®o(IR—Tx)) + A {IR — (®oTa) — (¥ oTx) diag (eN — 7+ diag (¢ o (en — 7 4 Q)°lee0=—en)

Few— )0 (e~ 0D) T (020 (e -7 4 0N )] @ory)

V= dZ(Ig <dzag (¢ o (eN — 74+ Q)O(CXKO(Q—eN)) + (eN _ w) o (eN _ T)o(aKo(G'—eN))>*l

X (w ool o(ey —71+ Q)Q(GN""("‘KO(Q_BN)))))

D =[Iy — ((@cy) o W)

70



j:doLn&—i-ozKoLnaK—i—(eN—&—aK)oLn (evn—a—a®)+Lng+adao((WolLnW)ey)
+diag (6 —en) ™ L (¥ 0 (ex =7+ Q)0 4 (e — ) o (e — (M)

Y =DZ.

Additionally, I, and e, are the identity matrix and the vector of ones of dimension s, o stands
for the Hadamard product, ¢ stands for the element-wise power, ¥, ¢, 0, &, o, Q, v, 7, L,
and K and are the corresponding vectors of dimension N for ©,;, ¢, Oriy iy oS Quis i, Tos,
L,; and K;, ¢ is the corresponding vector of dimension N for ti;and A stands for the vector of

dimension R for A,.
From the solution to the second stage we can define

Q= Max {Ole;T — diag (L)_1 (IQ o (%—i— Qo (’y er + b))) eR
—(a+pBL)o <dz’ag (afL)™* 6N> o {(Sﬁ o §o(diag(®)Tex) (en — ((en — ozK) ° gf)))) + qﬁ }

The matrix form representation for nominal GDP and consumption as defined in corollary 2.1

is given by
Nominal GDP = IR ((ex — (@0 ¢)) o S);
Nominal Con = IR [((ex — (@0 ¢)) 0 S) + (Yo (K — k) o (IP1)) —b’eg] — ¥ (ger + O)
+(40a) ex+(@Qoqoreh+1) en

The structure of the matrices used is presented in the last subsection of this Appendix.

B.2 First Stage Matrix Form Representation

The equilibrium conditions for the first stage have a representation in matrix form given by
¢ =BIQo [diag (o ey + BL) ™ (a (T = Q) + FUQo (T + Qo (v €y +b))) er)
—(F+ Qo (yer +0))];
Oxwn=1Q0 (4= B (¥ +(Qo (y 1)) )
Onxr = 1Q o {8 diag (e ex +BL) ™" (1 o Q) [(a+ B) en ek
Haen+ 8@+ ex)e) o (Fa+Qo (e +0)) +5 100 (L0-Qo (e +1) ) | ench]
=20 (192¢5) o [ ((diag (ey — 7+ @) " ex) i)

O[Q+(QKO(9—6N) <dzag(eN—T+Q eN>oEoS)eRH (JeR)}
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Where
A= (eN — T)<><aKo(€N—9)) o |:,¢ o (eN — T+ Q)O(QKO(Q—eN)) + (eN . w) o (€N . 7—><>(O‘K°(9—6N)):|
LnB:DfanP—i-(doe)—i— (eN—d—aK) OLn(eN—&—aK) _ (GN—&—ozK) ody

+afoln(exy —7)+afoLna® —af o Ln(IP1)+aolna+dao((WolLnW)ey)

B = [(aew + 81) o (en — ((ew ~ %) 06)) o fon — 7 + ") o
ofaKo(b—ey <>(dmg(e—EN)*leN)

°© <w+(€N—w)o (dz’ag (eN—T+Q)_1 (eN—T)) (ool ))> ]

08

— =1Qo

B (diag (€N — <(€N — T)O(QKOQ) o A(diag(®) " en) Boa))_l

x (woak 0o a(tiea@enen) o g0 o (e — -4 )° (700 =N) o (e — 7)™ ) ) 0 5

J— ((eN (0 (en —a"))) o gg)

+ (QK O¢OB<>(976N) ° (eN 7T+Q)O(O‘KO(G_EN)) o (<(€N fT+Q)

o aS) T ((en + (a0 (0—en)) os)>> .

o0

The structure of the matrices used is presented in the next subsection.

B.3 Matrices

w1111 W111N, W11R1 W11RNg ﬁ111 5211 ﬁRll
WIN, 11 WINI 1N, WIN, R1 WIN; RNg Bun,  Ban, BriN,
W = 8= ;
WRI11 WRI1N, WR1R1 WRI1RNR Bir1  Pe2ri BrR1
|WRNR11 WRNR1N, WRNRR1 WRNRRNp | | SirNg  B2RNg BRRNF, |
qi11 q112 qdi11R Q111 Q112 Quir bi11 bi12 buir
qiN,1  G1N,2 41N, R Qinyt Qini2 QiN.R bivii bini2 binr
qr11  qR12 dRIR Qri1  QRri2 QRrir brii  bRri2 brir
|qRNR1  QRNgR2 qRNRR| | QrNr1 QRNg2 QRNrR | |bRNR1  DRNR2 bRNRR |
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_ _ [ ep’u ]
1.1 0 0
——
Ny
0 1.1 ... 0 €P/1N1 ek}
——
IR = N> P = : JK = ,
| i ZAN
0 0 1.1
——
L Nr 4 RxN ,
LPRNR] N«
[ r(1,1,1) r(1,1,2) ... 7(1,1,R) | (1,11 ¥(1L,1,2) ... ¢(L,1,R) ]
T(]-levl) 7(13N172) T(17N13R) w(lava]-) ¢(17N172) ,ll)(]'?NlaR)
7= : : - : W= : : : : ’
T(R7 1’ 1) T(R7172) T(R’ 17R) ,(/)(R717 1) /lp(R7 1’2) A w(R? I)R)
|7 (R,Ng,1) 7(R,Ng,2) ... 7(R,Ng,R)] (¥ (R,Ng,1) ¢ (R,Ng,2) ... % (R,Ng,R)]
1{@11 (1) SLll} 1{@11 (2) SLll} 1{ﬁ11 (R) SLll} 1 [ 1{Q11 >O} 1
1 {ﬁlNl (1) < LlNl} 1 {ﬁlNl (2) < L1N1} o 1 {ﬁlNl (R) < L1N1} 1 {QlNl > O}
1Q = : : ) : Q= : ;
]-{ﬁRl (1)§L31} l{ﬁRl (Q)SLRl} 1{@31 (R)SLRl} 1{931 >0}
[ 1{Orn; (1) < Leng} 1{Orng (2) < Lrng} - 1{Orn, (R) < Lrng}] | 1{QrNs > 0}
In, On, x(Nr-Ny)| Vec(IPIKq)
_0N2><(N+N1) I, ON2x(N(R—1)—Z$:] N Vec(IPIK q)

(=}
Il

Onnax (V=252 N,) INaa Onpoix(en—sitn,)| VeeUPIKq)
ONRX(N(R—l)-i-Zf:_llNT) INR_ Vec(IPIK q)

/
oy = | I e I i |0 = [Rdiag (), ® = diag (9), T = IRdiag (ex - G — o),
Iy = IRdiag (&), 'x = IRdiag (o), Ty = IRdiag (&) and A = diag (\). Moreover,

7(r,i,m) and 9 (r,i,m) stand for the equivalent 7 and 1 in country m of country-sector 7.

Finally, ep,; is a zero vector of size N with a one in the position of the industry to which
country-sector ri belongs and ek; is a zero vector of size N with ones in the positions for
those country-sector that belong to industry ¢. For example, if country-sector r7 belongs to

industry 1 epl, = [1 0o ... 0}, and in a global economy with three country-sectors in which

country-sector 1 and 3 belong to industry 1 ek} = [1 0 1] and ek} = [0 1 0]

YFor example, if sector index 1 in countries 1 and 2 refer to the same sector, then 7(2,1,1) = 711.
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C Results

Table 1: Competitive Equilibrium Under Different Networks without K

Equiweighted Network

Autarkic Network

Home Bias Network

0.31% R 02% 0.29%
2278x10°> 3645x10 2336x10°°
o 3644x10°
8 2276x10 > 3643%10 3 2334103
-3
®™ 2274x103 3642x10 2332x10°3
2 0.03% 3641x10 R — 006% 0.04%
2272x10°3 3640x10 2330x10° 3
— .3 0.02% : _
2270%10 > L = 009% 3639x10 = -007%
No q With gq No g With g No g With g
c 5.16% 5.02% 5.16%
S 238x10°° * 380x10°3  244x10°3 ’
Q 236x10° » 242x10°3
£ 23ax10° 3.75x10 240x10 °
w0 -3 -3
£ 2'32)‘10,3 370x10°3 2.38x10»3
8 230x10 236x10
= 228x10° | 365x10 3 2-34><10'z _
-3 e i— -0.42% ] T
$ 226x10° [ T - g3 g 232410 — = B3
No q With g No g With g No q With q
1x10° . — 091% 1x10° _ — 091% 1x10° _ — 091%
) T .- 044% - 0.44% = T 044%
o 0 0 == 0 =
o -1x10° -1x10° -1x10°
m . ox10° - 2x10° -2x10°
o)
5 -3x10° - 3x10° -3x10°
o 0 0 0
= -4x10 - 4x10 -4x10
sa® L -484% S A8% 5 S -485%
No g With q No g With gq o g With g
0.89% 1.225%10" 1.39% 0.98%
1.95%10" ° >x10 ° y °
1.220x10 1.90x10
194x10* 1215x10" X
6 . 1210x10" 1.89x10
. —_ 1 T — T -
193x10" T T - -026% 120510 T — — -036% 1 ~ T —  .028%
. 1 . 1.88x10
e 1.200x10 . ~
1 o ’ 1 T~
1.92x10 ~ 0.88% 1.195)(101 1.31% 1.87x10 L 096%
No q With gq No q With g No q With g
1 561% 6.0% a1 57%
35x10 35x10° 1 3.5x10
g zaxao? 34x10'" 34x10'
g o L ~
S 330l T - -108% 330 T T T —  -115% 3310} S T —  109%
-1 o 1 S -1
3210 > ase 220 485%  >2X10 461%
No g With q No q With q No g With q
Equiweighted Network Autarkic Network Home Bias Network
« | v ] @ « | v | Q « | v ] @
2—1 | 15.52e73  31.54e~ % 9.18¢~1 15.52e=3  31.55e—4 9.18¢~1 15.52e~%  31.54e=%  9.18¢~!
31| 1691e 3  16.75e~*  15.15e~' | 16.87e~3  16.57e~*  14.99¢~! | 16.89¢73  16.64e~*  15.04e!
32| 1.20e73 -24.77e* -25.98¢~! | 1.24e=3  -25.15e~* -26.39e~1 | 1.26e73  -25.5e* -26.77e”!
Ql QQ Qg Ql QQ QS Ql QQ QS
0.0% 0.0% 8.44% 0.0% 0.0% 8.48% 0.0% 0.0% 8.47%

Note: The low tax economy is represented by the continuous line, the intermediate tax economy by the dashed line, and the high tax economy by the
dashed line with points. The percentage value on the right side margin of each graph represents the percentage change on each variable, except for
the trade balance and the interest rate, where it represents the level of these variables. These estimations are solved assuming 71 = 10%, 72 = 20%,
T3 = 30%, 0, = 3, \p, =7, ap = 0.3, aTK =03, np =1/3, ¢, =0, a =06, 8 =025 ~v=0.1, T =0, 1 = 5%, Y2 = 2.5% and 93 = 1%. The
consumption bundle with home bias has ,,, = 0.5 when r = m, and By, = 0.25 when r # m. The equiweighted network has wy.,, = 1/3 Vr, m. The

autarkic network has ws,, = 1. The home bias network has wy;, = 0.5 when » = m, and wym = 0.25 when r # m.
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Table 2: Competitive Equilibrium Under Different Networks with K

Equiweighted Network

10%
505x10 3 /
s00x103 (— — — — — 0.09%
Q. -3
O 495%10
O -3
= 490x10
) -3
o 485x10

480103

73—

47510 =] 0515

No g With g

54x10°3 7.16%
C
S ,
B 52x10
I
3
4 .3
g 50x10° [— — — — — .034%
@]
©
& 48x107°
T 165%
No g With g
3345x10 1 0.01%
3340x10
©
E=
2 333x10"
@]
3330x10 % [ _
— — .003%
. — - 002%
No g With g
. 114%
o L — 043%
1)
O
[
L 0
M -2x10
m
o)
® 0
|: -4x10
0
-6x10 -6.09%
No g With g
- = — — — 011%
9.3x10° / 0.59%
_92x10®
o
O
9.1x10°
™~ N
9.0x10° =
~ -
©-119%
No g With g

Autarkic Network

/ 1.04%
8.1x10 3
gox10% | T T -0.0%
79x10 3
78x10 3
7.7%10 3
76x10°3
75x10°3 = -06%
No g With g
7.02%
8.50x10 >
825x10°3
800x10°3 |— — — — — 479
7.75x10 3
-3
7.50%10 —
— - 171%
No q With g
10,
33asx0t [——— 002%
-1
3.340%10
-1
333510
-1
3330x100 [— —
— — 004%
3325x10° " t— - — - 00%%
No g With g
- 112%
- T - 047%
0 -
-2x10°
- 4x10°
- 6x10° -5.92%
No g With g
59x10° [— — — — — - 0.0%
B ! 0
5.8x10°
5.7x10°
56x10° 1~
-
~ -
55x10° ~ -17%
No q With q

5

Home Bias Network

0,
52x10 > / 102%
_____ 0.07%
51x10 3
50x10 >
49x10°3
= - -054%
No q With g
7.14%
54x10 3
52x10°3
— = — — — 037%
50x10 >
-3 I~ - -
48x10 L 167%
No g With q
334510} 0.02%
-1
3340x10
-1
3335%10
1
3330x101 [~
— — -003%
[ 0.02%
3.325%10 .
No q With g
~ 114%
=T~ 044%
0 -
- 2x10°
- 4x10°
-6x10° -6.06%
No g With g
o |7 — — - 009%
9.1x10 / 067%
9.0x10°
89x10°
g8x10® - -~
-
3_7)(100 >~ -128%
No g With gq



Equiweighted Network

Autarkic Network

Home Bias Network

444444 029% =" 0.69% 34x10° [— — — — — — - 036%
34x10° 311% 22x10 487% 0 343%
/ / 33x10 /
0
) 2.1x10
3.3x10 32x10°
0 2.0x10°
o 32x10 0x10 31x10°
0
3.1x10° 19x10 3.0x10°
30x10° |~ 18x10’ T 20x10° |~
29x10° L a0% 17x10° T 59%%  aguad® T A35%
No q With q No g With q No q With q
0 311% . 355% . 32%
1.03x10 K K 103x10° g
7 1.03%10” / /
@) / / /
0
S 102x10 - . - 102x10° K
= Y, 1.02x10 y y
o . ) .
B ya ‘ ’
= 1.01x10° . 1L01x10° 4,/ 101x10° .-/
/ / /
100x10° ———— 00% 1.00x10° 0.0% 1.00x10° 0.0%
No g With g No q With g No g With q
40x10°! 707%  a0x10°t 736%  40x10! 7.13%
——— — —  .009%% — = — —  002% — = — 007%
35%10 35x10 * 35x10°!
wn
Q
[@)] o1 1
g 30x10° ! 30x10 30x10°
-1
25%10° f— 25x10 7 [ 2510 f— |
— . -104% o~ a128% T — . 1058%
No q With g No g With g No q With q
2.98% 3.0% , 298%
3.00%10 2 298x10
" 297x10°2 .
B 299x10 297x10° 2
j .
-2
JJ; 296x10 2.98x10'2 >,
v 2.96x10
g P -
< 295x10 297x10
295x10 2
-2
294x10°2 29610
No q With q No g With q No g With g
Equiweighted Network Autarkic Network Home Bias Network
q \ b \ Q q \ b \ Q q \ b \ Q
21| 15.52e 3 31.54e=*  9.18e~1 | 15.52e73 31.54e~*  9.18e~1 | 15.52e73  31.54e % 9.18¢ 1
31 | 22223 -30.77e* 56.17e"! | 21.91e73 -29.64e~* 53.52e~! | 22.16e~3 -30.54e~* 55.64e"!
352 6.6e=3 -85.35e=%  9.48¢~! 6.29¢=3  -89.05e~%  1.39¢~! 6.54e=3  -85.87e=%  8.08¢!
0 Qo Q3 N Qo Q3 0 Qo Q3
0.0% 0.0% 2.43% 0.0% 0.0% 2.78% 0.0% 0.0% 2.5%
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Note: The low tax economy is represented by the continuous line, the intermediate tax economy by the dashed line, and the high tax economy by the
dashed line with points. The percentage value on the right side margin of each graph represents the percentage change on each variable, except for
the trade balance and the interest rate, where it represents the level of these variables. These estimations are solved assuming 71 = 10%, 72 = 20%,
T3 = 30%, 0, = 3, A\ =7, ar = 0.3, a,{( =03, n,=1/3,¢,=0,a=0.6, 3=0.25,v=0.1, YT =0, ky = 1/3, ¢1 = 5%, ¢a = 2.5% and ¢¥3 = 1%.
The consumption bundle with home bias such that 8y, = 0.5 when r = m, and Bym = 0.25 when r # m. The equiweighted network has wy., = 1/3
Vr, m. The autarkic network has wy, = 1. The home bias network has wyy, = 0.5 when » = m, and wym = 0.25 when r # m.



Table 3: Competitive Equilibrium Under Different Bundles and an Equiweighted
Network without K

Equiweighted Bundle Home Bias Bundle Circular Bundle
-3
0.06% 031% 6.7x10 - 405%
-3 -3 ~
N 2.14325x10 2278x10 66103 -
a 2 3 -3 ] B
Q 214300x10 2276x10 65x10° |~
—_— -3 -3
T 2.14275x10 2274x10 3 \
& oo’ ; 003% o410 ~ -0.86%
. X ) N _
2272x10 T 63x10°3 ~
: - -
21422510 2270X10°2 = -009% . -3.04%
i i i
No With No With No With
c 5 498% 3 517% 6.7x10°>
£ 224x10 238x10 S
2 222:0° 236x10°° 66x10
> 2201072 2-34><10:§ 6.5x10° >
S 218x10° 232x10 7 6.4x10 >
: 230%10
O 216x10° -3
B 514010 228x10 3 63x10
LA T LT - 039% A -3
g - ik 22610 — = 98 6.2x10
No g With q No g With q No g
1x10° _— 09% 1x10° - 091% 1x10°
" - 044% T 0a4%
o 0 0 . 0
C
& -1x10° -1x10° -1x10°
© 0 0 0
M -2x10 -2x10 -2x10
0
-% -3x10" -3x10° - 3x10
0
= - 4x10° - 4x10° - 4x10
csxal b N A0% g S 484%  -5x10° _
i i i
No With No With No With
| 0.89% - 204%
205175x10" 1.95x10 6.95x10° 7
__ 205150x10" 194x10" 6.90x10° e
8 | — 0| 7
U 205125x10 T — 6.85%10
1.93x10 ~ —  -026% ~
2.05100x10" . T~ 680x10” Tz -0.73%
S v .
205075x10 b\ -006% 19210 .o088%  e7sx10’ L ™ 13a%
No q With g No g With g No g With g
444% - 5.62% 9 2.93%
345x10'? X 342x10"
. 340x10'}
@ 340x10 34510°! 338x10
D 335%10°! 336%10
© R Ll ——_ _ 334x10'!
= 330x0' | — - 085%  33x10 O 8% 3pagl T
R - _1 — .. -
3.25%10'" = B S~ 330x10°] ~ 1.03%
L 36% 32x10 oasay X0~ q91%
No g With q No q With g No q With g
Equiweighted Network
Equiweighted Bundle Home Bias Bundle Circular Bundle
q b | @ q b | Q q b [ @

21| 15.52e73  4.13e~¢ 1.2¢71 15.52¢73  4.13e=%  1.2¢7! 15.52e73  4.13e~* 1.2¢71
3—=1 | 16983 198 * 1.79¢~! | 16.89¢~3 1.94e* 1.75e7! | 17.22e73 2.09e~%  1.88e"!
32| 1.35e73 -1.87e~* -1.96e=! | 1.27e73 -1.9e=* -2.0e! 1.59¢=3  -1.78¢~% -1.87¢~!
@ | % [ o o | 2 | o & | % [ o
0.0% 0.0% 8.37% 0.0% 0.0% 8.47% 0.0% 0.0% 8.09%

Note: The low tax economy is represented by the continuous line, the intermediate tax economy by the dashed line, and the high tax economy by the
dashed line with points. The percentage value on the right side margin of each graph represents the percentage change on each variable, except for
the trade balance and the interest rate, where it represents the level of these variables. These estimations are solved assuming 71 = 10%, 79 = 20%,
T3 = 30%, 0, = 3, A\p =7, o, = 0.3, af =03, n, =1/3, ¢, =0, «a =06, 8 =0.25, v =0.1, T =0, 1 = 5%, 2 = 2.5% and ¢¥3 = 1%. The
equiweighted network has wyym = 1/3 Vr, m. The equiweighted bundle has By, = 1/3 Vr, m. The home bias bundle has By, = 0.5 when 7 = m, and
Brm = 0.25 when r # m. The circular bundle has 813 = 1, 821 = 1, and 832 = 1.



Table 4: Competitive Equilibrium Under Different Bundles and an Equiweighted
Network with K

Equiweighted Bundle Home Bias Bundle Circular Bundle
2
037% 10% 16x10 - 568%
4680%10 > 5.05x107 / -
500x10°% f— — — — — 0.09% 15x102 |
o .
8 4.675)(10-3 4.95x10 3 5 ————— 012%
= 490x10"3 14x10
Q X .3
0C 467010 4.85x10 >
3 1.3x10
480x10
T _ I— —
4.665x10 475x10 - 051% 12x10 2 — . -358%
No g With g No q With q No q With q
50x10 3 7.06% 54%10°° 7.16% . 493%
c T~ 697%
S 2
46_ 4.9X10-3 5.2><1073 15x10 /
IS
2 14x10°2
-3 . ;
S 4810 50x10° [~ — — — —  034%
(@]
T 5 13x10 2
8 47x10 S P a8x10°? N
T 086% T 165% 12x10°° T~ 373%
No q With g No q With q No q With q
-1
) T T .0.02% 3.34-5)(10'1 0.01% 3.35x10 T 0.03%
3342x10°
-1
_ 3339x10°! 3340x10 334x10' 1
£ 3336%10° 1
g~ 3335x10°*
@) ] o . — - 005%
3333x10 333x100 |—
333020 [
3330%10} T — — 003%
T T 0% . — - 002% 3310 1= — — — — 002%
No q With q No g With q No g With q
S 123% - 114% - 071%
= 03 T~ 043% 0 —T— — — - 015%
0 Rl 032% 0 L
e :
8 0 - 210
© -2x10 -2x10°
0
2 - 4x10° -4x10
I(—E - 4x10°
610 -6x10°
-bX
-667% - 6x10° -6.09% 71%
No g With g No g With g No q With q
— - — — —_ on% 330x10° - 108%
9.74x10" 9.3x10° 059% -~
- —~
/ e
0 o~
. 0 3.25x10 .
5 973x0 9.2x10 .
S~ L %
5 1.66%
0
9.1x10 0
9.72x10° 3.20x10
~ .
9,0x10° T
9.71x10° ' e 0
X -037% >~ -1.19% 3.15x10 -1.84%
No q With g No q With q No q With q
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Equiweighted Bundle

Home Bias Bundle

Circular Bundle

34x10° f— — — — — — N S 029%  330x10° 1.08%
379% 34 ><10° 311% /
33x10° o ~
3.3x10 3.25x10° ~
~
0 S~
o 32x1° 3.2x10 ~ 166%
3.1x10° 320x10° .
30a0® [~ o >
~.. 3ox10” |~ ~.
~ . — o ~
3.0x10° TLB2% 59000 T -40%  315x10 L -184%
No g With q No q With gq No g With g
0 J [ 0
L 176% 103x10° . 311% 2.00x10
1015x10° / /
. ‘ 0
= . 1.75x1
&) Y . y 5%10
s 0 E 1.02x10 E
< 1010x10 / Y, o
o) , , 150x10
© / /
— 0 . 101x10° .
vy 1.005x10 : . 125x10°
y y 25%10
1.000x10° 0.0% 1.00x10° 0.0% 1.00x10° 0.0%
No q With q No g With g No g With q
6.08%  40x10" 707% 0! 452%
e — — 026% o oow B0 /
3.6x10 * 1
35x10' 36x10
wn -1
g 33x10 34x10t f— —
© _1 - — -2.44%
= 30x0! 30x10 -1
. 3.2x10
27x10°! -1 r1
- — . 25x10°° [— . 3.0x10
o~ 791% T -104% T~ 28E%
No g With q No q With g No q With q
" 2.9% 298%
2.896x10 >
5 2.86%10
297x10
L 2894x102 ,
g , 285x10°
= 2.96X10
& 2892x10'2
T 284x10 2
£ 2890x102 295x10°°
283x10°°
2.888x10 2 294x10 ° 2.82%
No g With q No q With q No g With gq
Equiweighted Network
Equiweighted Bundle Home Bias Bundle Circular Bundle
q b q b Q q b Q
21| 15.52¢73 4.13e~4 1.2¢71 15.52e3 4.13e~4 1.2~ 1 15.52¢73  4.13e=%*  1.2¢7!
31| 23.15e73  -102.81le=*  4.75e~! | 22.22¢73  -89.84e~% 4.27e~! | 24.36e73  5.6e=*  4.72¢7!
32| 7.52¢e73 -107.69¢~* 0.57e"! 6.6e—3 -94.56e~%  0.15e~! | 87373  1.03e* 0.99¢~!
Q| Qs \ @ | 2 | 9 o | % [ 0
0.0% 0.0% 1.38% 0.0% 0.0% 2.43% 0.0% 0.0% 0.0%

Note: The low tax economy is represented by the continuous line, the intermediate tax economy by the dashed line, and the high tax economy by the
dashed line with points. The percentage value on the right side margin of each graph represents the percentage change on each variable, except for
the trade balance and the interest rate, where it represents the level of these variables. These estimations are solved assuming 71 = 10%, 790 = 20%,
T3 = 30%, 0, = 3, A\, =7, ar = 0.3, af‘( =03, nr=1/3, ¢, =0, a=0.6, 3 =0.25, vy =0.1, Y =0, k, = 1/3, ¢1 = 5%, ¥o = 2.5% and 3 = 1%.
The equiweighted network has wyy, = 1/3 Vr, m. The equiweighted bundle has By = 1/3 Vr, m. The home bias bundle has By, = 0.5 when r = m,

and Bym = 0.25 when r # m. The circular bundle has 813 = 1, 821 = 1, and 832 = 1.
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Table 5: Competitive Equilibrium Under Different Bundles and an Autarkic
Network without K

Equiweighted Bundle Home Bias Bundle Circular Bundle
0.06% . 02% 108x10 "2 - 492%
-3 3.645x10 ~
34320x1 ) -
& 0x10 3.644x10 3 106x10 2 -
_3 P
. 3643%10 ) ~
O 34315x10 3 _ 2 .
2 3 642x10°3 1.04x10 .
-3
& 34310x10°° 3641x10 - - 006% 1.02x10° 2 \ 129%
3.640%10° - 0.02% , ~
-3 -3 - 002% ,
34305%10 3639x10 ” 100x10 L 352%
No q With q No q With gq No q With q
c 3 4.99% 5.02% . 446%
§ 360x10 o 380x10° 3 o , L~ 381%
B - ' 106X10°
£ 355x10 375x10°3
7 3 i 104x10 2
2 .
c 3.50x10 -3 .
8 3.70x10 1.02x10 2
-3
= 345x10 N 3.65%10°° 1.00x10 2
Q el - -039% Lo — 042% ~
&€ 340x10°3 b — - -085% L = — -085% L~ 43%
No g With q No q With q No g With q
1x10° _ — 09% 1x10° - 091% 1x10° - 09%
o - 044% U .3 =T 4%
o 0 0 - 0
C
5 -1x10° -1x10° - 1x10°
M - 2x10° ~2sa1c® - 2x10”
0
% -3x10° - 3x10° -3x10
0
E - 4x10° - 4x10° -4x10
exag® ™ 403% 482% - 5x10" 51%
No q With g No q With q No q With g
; 1.225x10" 139% . 259%
g |
. 1
1215x10 -
_ 12811x10" e 0 ~
% 12810x10* 1.210x10 4.30x10 -
. 1 T =
12809%10" 10201 T T 036% g ana \ .
1.2808x10" 1.200x10 T~ ' . 072%
1 T R
1.195x10 0
1-2807X101 LN -006% X 4—\g -1.31% 4.20x10 ~. -187%
No q With g No q With g No g With q
4.45% B 6.0% 2.59%
345x10°" 35x10 3.400%10 *
-1 -1
@ 340x10 3410 L 3.375><10_1
2 335x10' " 3350x10
= ssoxaol| o T - 085% 33x0 Y |- T —  115%  332%5xa0t f T U — ..
a U~ 3300x10° " > T Iz
325x10°" >~ 325101 Ny : L ~
™~ 36% " . -4.85% 3275x100 L >, .187%
No g With q No q With g No q With g
Autarkic Network
Equiweighted Bundle Home Bias Bundle Circular Bundle
q b | @ q b [ @ q b | @

21| 15.52e73  4.12e* 1.2¢7 1 15.52e73  4.13¢* 1.2¢71 15.52e=3  4.13¢~% 1.2¢71
31 | 1725¢ 3 1.84e %  1.92e7! | 16.86e 3 1.93e~* 1.74e"! | 17.25¢73  2.1e™* 1.89¢~1
32| 1.62e73 -1.79¢e=* -1.85e~! | 1.24e73 -1.91e~* -2.0le”! | 1.62e73 -1.77e~* -1.85¢~!
1 ‘ Q2 ‘ Q3 1951 ‘ Q2 ‘ Q3 951 ‘ Q2 ‘ Q3
0.0% 0.0% 8.05% 0.0% 0.0% 8.5% 0.0% 0.0% 8.06%

(el

Note: The low tax economy is represented by the continuous line, the intermediate tax economy by the dashed line, and the high tax economy by the
dashed line with points. The percentage value on the right side margin of each graph represents the percentage change on each variable, except for
the trade balance and the interest rate, where it represents the level of these variables. These estimations are solved assuming 71 = 10%, 79 = 20%,
T3 = 30%, 0, = 3, A\p =7, o, = 0.3, af =03, n, =1/3, ¢, =0, «a =06, 8 =0.25, v =0.1, T =0, 1 = 5%, 2 = 2.5% and ¢¥3 = 1%. The
autarkic network has wy, = 1 Vr. The equiweighted bundle has 8y, = 1/3 Vr, m. The home bias bundle has 8,4, = 0.5 when r = m, and Byn, = 0.25
when r # m. The circular bundle has 813 = 1, 821 = 1, and 832 = 1.
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Table 6: Competitive Equilibrium Under Different Bundles and an Autarkic

Equiweighted Bundle

Network with K

Home Bias Bundle

Circular Bundle

037%
7.495x10 2
7.490x10 3
o
o 3
(O 7.485x10
© 3
2 7480x10
7.475x10 3
7.470x10 3
No g With g
80x10 3 7.06%
& 79%10°
]
g' 7.8x10 3
] 3
& 77x10
e}
U 76x103
1
-3
& 75x10 o — 005%
74x10 3 T -086%
No g With g
——— 002%
3342x10° "
3339x10° 1
©
= -1
5 3336x10
©
o 1
3333x10
3330101
T 0%
No g With g
123%
o T — 032%
)
9]
&
T -2x10°
m
GJ
B -axa®
=
- 6x10°
-6.67%
No q With g
6.085x10°
6.080x10°
& 6.075x10°
(@)
6.070x10°
6.065x10°
037%
No g With g

/ 1.04%
81x10°3
gox10? | T T 0.0%
79x10 3
7.8x10 3
7.7x10°3
76x10 3
75%10 3 - 0%
No q With g
7.02%
85010 >
825x10 3
800x10° |— — — — — _047%
7.75%x10°°
750x10°3 T — .
L 171%
No q With g
0,
335x10L |——— 002%
-1
3.340%10
-1
3335x10
-1
3330x10° ! f— — _
— — .004%
3325x10 ! l— o — - — - 002%
No q With g
- 112%
. T - 04T%
- 2x10°
- 4x10°
- 6x10° -5.92%
No q With g
sox10® - 0.0%
. A 0
/ 1.02%
5.8x10°
5.7x10°
56x10° [~ _
.
~ -
55x10° ~ 17%
No q With q

81

2 6x10°2 o eT%
- — -

-
24x10 2

—— 055%
22x10 2
20x10 2

T —  308%
No q With q
26x10 2 - 5.95%
- - -

—~ 6.59%
24x10°° /
22%10 2
2.0%10 2

T 413%
No q With q
335%10°

T 004%
334x10° "

.~ 006%
333x10°% |
332x10 |— — — — — 002%
No g With g
- 07%
~2x10°
-ax10°
-6x10°
717%
No q With q
2.06x10° —= 151%
-
0 ~
2080 |~
0 ~
2.02x10 .
\ .
2.00x10° N
C221%
198x10°
-1.98%
No q With q



Equiweighted Bundle

Home Bias Bundle

Circular Bundle

ol — — — — -0.02% . — — - 06% 0 151%
2.06x10
2.15x10 2_2)(100 487% X
2.10x10° 3.56% 0
21510° 2.04x10
2.05x10° " ~
0 0 202x10° -
o 200x10 2.0x10 02x10 “ N
0 ~ ~
1.95x10 19510° 20010 |
1.90x10° - ~. 221%
. 0 [— ~
-~ 1.8x10 - 0 .
185x10° - . 1.98x10 -
T 448%  17x10° T 59T% -1.98%
No g With gq No g With g No q With g
176% o 355%  200x10°
1.015x10° / 1.03x10° /
. ‘ 0
= . 1.75x10
g_ / /
< 1010x10° / 102x10° ya 0
o v , 1.50x10
- . .
E 0 / 0 /
vy 1.005x10 , 1.01x10 , 125x10°
1.000x10° 0.0% 1.00x10° 0.0% 1.00x10° 0.0%
No q With g No g With g No g With q
6.08% 40x10' " 7.36% 38x10°! 4.06%
= 2% — ———— — — .002% /
3.6x10 * 1
35%10° 1 3.6x10
¥ 33x10°!
0N . 34x100 [
g 30x10! 30x10 T~ 252%
32x10'!
27x10 | 25x100 .
— - 30100 |
o~ 791% T -1128% T — . 214%
No g With q No q With g No q With q
2.9% 3.0% 2
2:896x10 2 300102 285x10
-2
L 2894x102 299x10 2 28410
2 .
- P 2.83x10
& 2892x10'2 298x10
= -2
(] 5 282x10
£ 2890x102 297x10
, 281x10°2
288810 2 296x10
K X
_ , 2.80x10 2 o 28%
No g With gq No g With q No q With g
Autarkic Network
Equiweighted Bundle Home Bias Bundle Circular Bundle
q b Q q b Q q b Q
21| 15.52¢73 4.13e~4 1.2¢71 | 15.52¢73 4.13e~4 1.2e71 | 15.52¢73  4.13e7 %  1.2e7!
31| 23.15e73  -102.81e=*  4.75e~! | 21.91e73 -85.73e% 4.12¢7! | 24.36e=3  5.6e=*  4.72¢7!
32| 7.52¢7%  -107.69e~* 0.57e"! | 6.29¢73  -90.39e~* 0.02¢7! | 87373  1.03e* 0.99¢~!
Q| Qs | 9 @ | 2 | 9 o | % [ 0
0.0% 0.0% 1.38% 0.0% 0.0% 2.78% 0.0% 0.0% 0.0%
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Note: The low tax economy is represented by the continuous line, the intermediate tax economy by the dashed line, and the high tax economy by the
dashed line with points. The percentage value on the right side margin of each graph represents the percentage change on each variable, except for
the trade balance and the interest rate, where it represents the level of these variables. These estimations are solved assuming 71 = 10%, 790 = 20%,
T3 = 30%, 0, = 3, A\, =7, ar = 0.3, af‘( =03, nr=1/3, ¢, =0, a=0.6, 3 =0.25, vy =0.1, Y =0, k, = 1/3, ¢1 = 5%, ¥o = 2.5% and 3 = 1%.
The autarkic network has wy, = 1 Vr. The equiweighted bundle has By, = 1/3 Vr, m. The home bias bundle has By, = 0.5 when r = m, and
Brm = 0.25 when r # m. The circular bundle has 813 = 1, 821 = 1, and 32 = 1.



Table 7: Competitive Equilibrium Under Different Bundles and a Home Bias
Network without K

Equiweighted Bundle Home Bias Bundle Circular Bundle
0.06% 0.29% o 424%
N 21980010 2336x10°° 68x10 > P -
8 219775x10°° 2334x10°> 6.7x10 > P
—_ - -3 :
$ 2.19750x10 3 2332x10° 3 6.6x10 \
0.04% : -0.94%
& 519725%x10° 3 2330103 |€ - ° 65x10°> ™o ’
. e~ . -3
219700x0° & L T~ 007%  64x10° L . 315%
No q With q No q With gq
c 3 4.98% 3 515%
S 230x10 244x10
Q. 228x10°2 242x10°3
£ 226x10° 240x10°3
8 2524x1073 2-38><10';
8 2.22)(10-3 2.36x10 3
— -3 234x10
T 220x10 o — 6.4x10 3
(] - T T - -03% . 3 — = — -051% : ~
@ 218xw03 L — - Topdy 23200 [ = B3k L T~ a02%
No g With q No g With q No q With q
1x10° o~ 09% 1x10° - 091% 1x10" .~ 09%
" - 044% T 0ad% =T 0d4%
o 0 i 0 . 0
C
8 -1x10° -1x10° -1x10°
B - 2x10° 0 -2x10°
R -2x10 x
0
'% -3x10° -3x10° -3%10
0
= -4’ - ax10° - 4x10
sxi® b N A% gy 484% - 5x10° -5.08%
i i i
No With No With No With
0, 0,
X ) 098% €.80x10° - 215%
2.0006x10 1.90x10 . P
20004x10" ) 6.75x10 -
6 20002x10" 189x10 — 670x10° |~
20000%10" 1.88x10" L T 0% gm0 \
~. E -0.73%
1.9998x10" y T 6.60x10° — ’
LN -006% 187x10 . -096% L 145%
No q With g No g With g No q With g
4.44% . 5.7% . 2.86%
345x10 ! ’ 35x10°* ° 3.42><1071 o
‘ ] 340x10'}
@ 340x10 34x10 1 g.gzxig_l
o -1 .36%
@ 30 L LIS ——_ _ 338x10" [
= 330x10 1 = — —- -085% 3.3x10 T~ — -109% 332x10° ! -
: ) i1 ~ T~ 0.96%
325x10"1 - IS 3.30x10 =~ - -n
L 3% 32x10°* ap1% 32X [ T~ gy
No g With q No q With g No q With g
Home Bias Network
Equiweighted Bundle Home Bias Bundle Circular Bundle
q b | @ q b [ @ q b | @

21| 15.52e73  4.1le* 1.2¢7 1 15.52e73  3.93e=*  1.23e7! | 15.52¢73  4.13e~* 1.2¢71
31| 16983 1.72¢7%  1.79¢7! | 16.88¢™3  1.89¢=*  1.75e~! | 17.23e™3  2.09¢~*  1.89¢7!
32| 1.35e73  -1.92¢e~* -1.96e~! | 1.26e=3 -2.1le”* -1.99e~! 1.6e=3 -1.78¢=%  -1.86e~!
& | o Qs o | 2 [ o @ | % [ o
0.0% 0.0% 8.37% 0.0% 0.0% 8.47% 0.0% 0.0% 8.08%

Note: The low tax economy is represented by the continuous line, the intermediate tax economy by the dashed line, and the high tax economy by the
dashed line with points. The percentage value on the right side margin of each graph represents the percentage change on each variable, except for
the trade balance and the interest rate, where it represents the level of these variables. These estimations are solved assuming 71 = 10%, 79 = 20%,
T3 = 30%, 0, =3, A\r =7, a, = 0.3, af =03, n,=1/3,¢, =0, a=0.6, 3 =0.25v=0.1, T =0, ¢1 = 5%, Y2 = 2.5% and 93 = 1%. The network
with home bias has wyr = 1/2 Vr and wym = 1/4 Vr # m. The equiweighted bundle has By, = 1/3 Vr, m. The home bias bundle has B, = 0.5
when 7 = m, and Byy = 0.25 when r # m. The circular bundle has 813 = 1, 821 = 1, and B32 = 1.
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Table 8: Competitive Equilibrium Under Different Bundles and a Home Bias
Network with K

Equiweighted Bundle Home Bias Bundle Circular Bundle
037% 3 1.02% - 59%
3 52x10 ‘
4.800x10 / L6102 -
44444 0.07% —
-3
o ) 51x10 2
O 4795x10°° 15x10 -021%
@)
© X 5.0x10 3 14x10° 2
o 4790x10
s 49x10 3 13x10 2 I
4.785%10 - - —
T 054% — . 367%
No g With g No q With g No q With q
_3 7.06% 7.14% S . 515%
c 5.1x10 . 16x10 P 6.89%
o 54%10 //
=
g— 5.0%10 3 15x10°2
2 52x10 3
5 49x103 - = — —  0371% 14x10 2
o 5.0x10 3
o .0x10 ,
® ] .
o 48x10° ————" oo5% L 13x10°° |
o~ 086% 48x10° T 16T% T~ 382%
No g With g Noq With q No q With q
-1
LT o 3345x10 ! |———— 002% 3307 (—— 3%
3342x10°
1 -1
_3339x10 3340x10 334x10° !
©
= -1
=3 3336x10 3335x10'1 Lo
- - —_— » ]
© 333301 333x10! |—
3330x100 F— _
3330x10} — — -0.03%
T T 002% . 1|
— 3325x10 L = — 0.02% 332x10'" — = — . 002%
No q With q No g With q No g With q
S 123% - 114% - 0%
032 T~ 044% 0 |« —— — — - 015%
0 Pl 032% 0 o o
g :
& 0 - 2x10
© - 2x10 -2x10°
0
g 4510° - 4x10
© -4x10 4x10°
© _
|_
0 -6x10°
- 6x10 5
6.67% - 6x10 -6.06% 711%
No g With g No g With g No q With q
0 T - 00%% 0 1 117k
9.50%10 0 321x10 -
9.1x10 0.67% -
/ 0 > 7
3.18x10 .
9.49x10° 9,0x10° ~
— 0 o~
a 3.15x10 N
o . 8.9x10° L77%
9.48x10 3.12x10°
gax1d® |- - .
0 - 3.09x10
9.47x10 ~_
037% 8.7x10° ~ -1.28% -187%
No q With g No q With q No q With q
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Equiweighted Bundle Home Bias Bundle Circular Bundle

0
—————— -0.1% 34x10° f— — — — — — - 036% 1.17%
33x10° ’ * X 43,; 321x10° °
K (]
/ 259% 33x10° / O g
0 3.18x10 -
32x10 32510 -
315x10° N
[a 0 '
31x10° 31x10 S 177%
30X100 3.12)(100 = AN
- ~
30x10° [ - 0 |- 0 RN
. 29x10 - 3.09x10 -
29x10° T 35% 28x10° T -435% . -187%
No g With q No q With g No g With g
1.76% 0 . 32%  200x10°
: 1.03x10 ;
1.015x10° / /
L ‘ 0
= : 1.75%10
Q 7 o /
2 101000 ' 10210 :
Ko} K / 1.50x10°
Jé 0 / 101x10° /
vy 1.005x10 , - ; 12510
1.000x10° 0.0% 1.00x10° 0.0% 1.00x10° 0.0%
No q With g No g With g No g With q
608%  40x10" 3% oo 4.42%
—_ —  — 026% — = — — — 007% ' /
36x10' 1 1
35x10'* 36x10
wn -1
g 3310 34x10t - —
g 2o 3010 —  246%
01 32x10°}
-1 _
27x10°° [ 25x10° " [— 30x10°?
o~ 791% T — . 1058% T — . 26%%
No g With q No q With g No q With q
" 29% 298% =
2.896x10 298x10 2 2.86x10
£ 28907 29751072 285x10°2
—
A 2 2
4 2892x10 2965102 2.84x10
v .
Q
+—~ 5 o
£ 2890x10 5 2.83x10
295x10
2.888x10 2 2.82x10 2 2.82%
No g With q No q With q No g With gq
Home Bias Network
Equiweighted Bundle Home Bias Bundle Circular Bundle
q b x Q q b Q q b Q

21| 15.52¢73 4.13e~4 1.2¢71 | 15.52¢73 4.13e~4 1.2e71 | 15.52¢73  4.13e7 %  1.2e7!
31| 23.15e73  -102.81e=*  4.75e~! | 22.16e72 -89.0le™* 4.24e~! | 24.36e73 5.54e~%  4.7le”!
32| 7.52¢7%  -107.69¢~* 0.57e"! | 6.53¢73  -93.71le”* 0.13¢7! | 873e73  0.83e*  1.0e”!
Q| Qs | 9 @ | 2 | 9 o | % [ 0
0.0% 0.0% 1.38% 0.0% 0.0% 2.5% 0.0% 0.0% 0.0%

Note: The low tax economy is represented by the continuous line, the intermediate tax economy by the dashed line, and the high tax economy by the
dashed line with points. The percentage value on the right side margin of each graph represents the percentage change on each variable, except for
the trade balance and the interest rate, where it represents the level of these variables. These estimations are solved assuming 71 = 10%, 790 = 20%,
T3 = 30%, 0, = 3, A\, =7, ar = 0.3, af‘( =03, nr=1/3, ¢, =0, a=0.6, 3 =0.25, vy =0.1, Y =0, k, = 1/3, ¢1 = 5%, ¥o = 2.5% and 3 = 1%.
The home bias network has wy, = 1/2 Vr and wym = 1/4 Vr # m. The equiweighted bundle has By, = 1/3 Vr,m. The home bias bundle has
Brm = 0.5 when » = m, and By, = 0.25 when r # m. The circular bundle has 813 = 1, 821 = 1, and B33 = 1.
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Table 9: Competitive Equilibrium Under Different Population Sizes without K

n, 710%-andn, =7W6r% n, 740% and n, = 4Q %, ny 7 10% and n,=10%%
20x10 3 230x10 3 ' 20x10 3
% 19x10°3 225%10 > 19%10 3
O 18x10° 220x10° 3 18x10°3
ks 17x10°° . 515%10 3 17x10°3 .
o 1ex103 T T T T T 00%%  ox1o3 16x10° | T T T T 0.04%
-3 ) -3
15x10 3 1.5%10
029% 205x10° [ . . 0.04% _ ... —_ -007%
No q With g No q With g No g With q
[ —_— s — s — . —  -051% 5.15% 5.15%
.© 20x10°3 * 24103 —
e 1.9x10 3 — 20x10 3
E T, 23%10 3 - T — - 051%
3 18x10 Lx10?
C 17x103 22x10°3 :
§ v }
Ohaexig | — — — — — -087% 10 ? 16x103 I —— — — — 0.87%
@ 15x10° S 1% '
o T — — . 081% qayglle—— -051%
No g With g No g With g No q With g
1x10° _— 091% 1x10° _ — 091% 1x10° - 091%
@ - — T 044% - T 0% = .- 044%
y 0 = 0 = 0 -
C
L -1x10° ~1x10” -1x10°
A _2x10° ~2x10° -2x10°
[
9 -3x10° -3x10° -3x10°
= -ax1’ - ax10° - ax10°
~5x10° N 484% g0 S A84% 5f S -4.84%
No q With g No g With g No q With g
0.98% L === — -028% — 0969
30x10" 2.15><1o1 o 30x10" 0.96%
210x10
28x10" L 28x10"
= e 028% 2.05x10 Pl -028%
QO 26x10 200x10" 26x%1
24x10" 1.95x10" 24x10"
1 1 0.98% 1
2.2x10 ) {/:/
. . — 096% 1.90x10 L -0.96% 2.2x10 0.98%
No q With q No g With q No q With g
1 5.69% 1 5.69% 1 5.69%
35x10 35x10 35x10
¥ 3ax10? 34x10°" 34x10°!
(o)
0 - = — — — — = —
= 330l — — 109%  33x10° T - 109%  33x10°t T -109%
32x10°? 6% 32x10°t ~ 6% 32x10' ! 6%
No g With q No g With q No q With q
Home Bias Network and Bundle
Small Size Low Tax Intermediate Size Low Tax Large Size Low Tax
q b Q q b Q q b Q
21 | 15523  4.13e~* 1.2e71 | 15.52¢73  4.13e7%  1.2¢7! 15.52e =3 4.12¢* 1.2¢~1
3—1 | 16883 193¢ % 1.75e7! | 16.89e73 1.94e=% 1.75e~! | 16.88¢73  1.93¢™*  1.75e¢7!
32| 1.26e73 -1.9le % -2.0e! 1.26e=3  -1.9¢=* -2.0e”! 1.26e=3  -1.94e~* -2.0le”!
o | 2 | 0 @ | 9 [ a9 @ | 9 | o
0.0% 0.0% 8.48% 0.0% 0.0% 8.47% 0.0% 0.0% 8.48%

Note: The low tax economy is represented by the continuous line, the intermediate tax economy by the dashed line, and the high tax economy by the
dashed line with points. The percentage value on the right side margin of each graph represents the percentage change on each variable, except for
the trade balance and the interest rate, where it represents the level of these variables. These estimations are solved assuming 71 = 10%, 790 = 20%,
T3 = 30%, 0, =3, A\ = 7, oy = 0.3, 045 =03,¢ =0, a=0.6, 3=0.25~v=0.1, T =0, ¢ = 5%, o = 2.5% and ¢3 = 1%. The network with
home bias has wyy = 1/2 Vr and wym = 1/4. The home bias bundle has By, = 0.5 when r = m, and Bry = 0.25 when r # m.
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Table 10: Competitive Equilibrium Under Different Population Sizes with K

ny =10%and ny =70% s W 4% ny = T70% and i, =%
45x10 475103
.3 -3
4.4x10 5.1x10
a S, 450x10°3
0O 43«10 R
o -3 >0x10 425x10°3
E 4.2x10 . — 007% N 0.07%
& 3 49x10 3 .
41x10 N 4.00x10° 3
-3 T T 054%
4.0x10 Lo 48%10° 3 375x10° 5
39x10 3 e el 0.07% — - — - . -054%
No g With g No q With gq No g With g
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Note: The low tax economy is represented by the continuous line, the intermediate tax economy by the dashed line, and the high tax economy by the
dashed line with points. The percentage value on the right side margin of each graph represents the percentage change on each variable, except for
the trade balance and the interest rate, where it represents the level of these variables. These estimations are solved assuming 71 = 10%, 790 = 20%,
T3 = 30%, 0, =3, A\ =7, a,r = 0.3, a71‘< =0.3,¢ =0, xa=0.6, 3=0.25,vy=0.1, Y =0, kp = 1/3, Y1 = 5%, 92 = 2.5% and ¢¥3 = 1%. The home
bias network has wy, = 1/2 Vr and wyp, = 1/4. The home bias bundle has By, = 0.5 when r = m, and Bym = 0.25 when r # m.
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Table 11: Competitive Equilibrium Under Different Capital Allocations
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Note: The low tax economy is represented by the continuous line, the intermediate tax economy by the dashed line, and the high tax economy by the
dashed line with points. The percentage value on the right side margin of each graph represents the percentage change on each variable, except for
the trade balance and the interest rate, where it represents the level of these variables. These estimations are solved assuming 71 = 10%, 790 = 20%,
T3 = 30%, 0, =3, \p =7, oy = 0.3, a£< =0.3,nr =1/3, ¢, =0, a =0.6, 8 =0.25, vy =0.1, T =0, ¥1 = 5%, 2 = 2.5% and 3 = 1%. The home
bias network has wy, = 1/2 Vr and wyp, = 1/4. The home bias bundle has By, = 0.5 when r = m, and Bym = 0.25 when r # m.
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Real Consumption Real GDP

Capital

CPI

Table 12: Competitive Equilibrium Under Different Global Supply of K
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Note: The low tax economy is represented by the continuous line, the intermediate tax economy by the dashed line, and the high tax economy by the
dashed line with points. The percentage value on the right side margin of each graph represents the percentage change on each variable, except for
the trade balance and the interest rate, where it represents the level of these variables. These estimations are solved assuming 71 = 10%, 790 = 20%,
T3 = 30%, 0, =3, \p =7, oy = 0.3, a£< =0.3,nr =1/3, ¢, =0, a =0.6, 8 =0.25, vy =0.1, T =0, ¥1 = 5%, 2 = 2.5% and 3 = 1%. The home
bias network has wy, = 1/2 Vr and wyp, = 1/4. The home bias bundle has By, = 0.5 when r = m, and Bym = 0.25 when r # m.
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Table 13: Competitive Equilibrium

under different tax differentials without K
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Note: The low tax economy is represented by the continuous line, the intermediate tax economy by the dashed line, and the high tax economy by the
dashed line with points. The percentage value on the right side margin of each graph represents the percentage change on each variable, except for the
trade balance and the interest rate, where it represents the level of these variables. These estimations are solved assuming 71 = 10%, 6, = 3, A\, = 7,
a, = 0.3, cxf.( =03, nr=1/3, €, =0, a=0.6, 3=0.25,v=0.1, Y =0, 1 = 5%, ¥2 = 2.5% and 3 = 1%. We assume a network with home bias

with wpr = 1/2 Vr and wypm = 1/4. We assume a home bias bundle with B,y = 0.5 when r = m, and Bym = 0.25 when r # m.




Table 14: Competitive Equilibrium under different tax differentials with K
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No q With g No g With g No q With g
1
- ——— 33 . ———— 3% 4.0x10 7.13%
. ° 375%10! I ———— — —  007%
36x10° .
3.50x10 355101
-1
& 33x10 325%10°
g 1
= 30x10" 3.00x10°* 30x10
-1
1 2.75%10
2.7x10 -1
. 25x100
25010 [ -
24x10 T — - — 144% T — . 426% C . -1058%
No g With g No g With g No q With g
3.09% 3.05% , 298%
298%10°
3.004x10 2 3.044%10 2
49 -2 2
o 5 3.042x10 297x10
= 3.003x10
g7 2
o , 3040x10 29610 2
O 3002x10 .,
£ 3.038x10
2.95x10 2
3091x10 2 3036x10
No g With q No q With q No g With q
Home Bias Network and Bundle
Tax gap of 2% Tax Gap of 5% Tax Gap of 10%
q b Q q b Q q b Q

21| 10.34e 3 -2.84e* -0.86e~! | 15.52¢3 4.13¢~4 1.2e71 | 25.86e73  19.66e*  5.24e”!
31| 14.61e3  09le™?  0.84e~! | 22.16e73 -89.0le™* 4.24e~! | 30.21e™3 -67.84e % 7.6e~1
32| 524e3 -0.4e~4 -0.4e~1 6.53¢=3  -93.7le=* 0.13e~! | 2.09¢73  -7891le~* -1.81le”!
o | 2 [ o o [ 2 | 9 @ | 2 | 0
0.0% 0.0% 0.0% 0.0% 0.0% 2.5% 0.0% 0.0% 15.46%

Note: The low tax economy is represented by the continuous line, the intermediate tax economy by the dashed line, and the high tax economy by the
dashed line with points. The percentage value on the right side margin of each graph represents the percentage change on each variable, except for the
trade balance and the interest rate, where it represents the level of these variables. These estimations are solved assuming 71 = 10%, 6, = 3, A\, = 7,
a, = 0.3, aff =03, n,=1/3, ¢, =0, a =0.6, 3 =0.25, vy =0.1, Y =0, kp = 1/3, 1 = 5%, o = 2.5% and 3 = 1%. We assume a network with

home bias with wy,r = 1/2 Vr and wym = 1/4. We assume a home bias bundle with B,,, = 0.5 when r = m, and By, = 0.25 when r # m.
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Table 15: Competitive Equilibrium under different ¢y without K

2335103 0z 230’ | P, =2% 02% Y =1% _ o1e%
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O 233200 2332x10 233240
Q 2331x0° 2331x10°7 _ — oo 2P0 =] 0o
. : -3
= 2330x10° 001%  2330x10°2 _ 233010 o
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q q q q q q
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_ch:_ 250x10 5 450103 2425%10 3
g 245%10 3 2.425x1o'§ 2400x10°3
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g 240x10° 3 7m0 2375%10°3
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© —_—— -3 —_
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(O] 0 = — — — 052% 0 =" — — = 027% 0 0.07%
)
C 0
© 0 -1x10
< -2x10 0
© - 2x10
oQ 0 - 2><100
Q - 4x10 o
2 . - 4x10° -3x10
~ -6x10
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LN 784% . 6x10 -6.01% -4.5%
No g With g No q With g No g With g
190010} 0.79% 1.900510" 0.74% 1.900x10" 0.7%
' 1
1.895%10" 1.895X101 1.895x10
1
T 1.890x10" 1.890x10" 1890x10
1
O 1g85x10t — 1.885x10" T = — 016% 1.885x10 -0.09%
o T ! o ' 1880x10"
1.880x10 o 1.880x10 o 880%
. - 1875x10" ‘ 1875x10"
L875x100 | > 7% 0.73% L -075%
No q With g No g With q No q With q
451% 4.22% 1
34510 ! 345x10"" 345x10
-1
¢ 340x10' 340x10°! 340x10
1] -1
2 335x10°! 335x10" | 3.35x10
T — B <. T — — 0630 -1
= 330x0! T — — 107%  330x107 ~ 063%  330x10
325x10' ! S 325x10'} -~ 325x10°*
> -343% -359% 371%
No g With g No q With q No q With gq
Home Bias Network and Bundle
Y =3% P =2% ¥ =1%
q b Q q b Q q b Q
21 | 1345e=3  9.44e~*  2.3%9e~! | 12.4le"® 8.0le”*  2.95e~! | 11.38¢ 3 4.86e~* 3.53e"!
31| 15.34e3 10.34e=*  3.1e7! 15.34e=3  9.15e~*  4.1le”! | 15.34e73 5784 5.1le” !
352 | 284e 3  -568c% -1.84e ! | 284e3  -1.78* -0.86e~1 | 2.84e73  0.13e=* 0.14e !
@ | o | o & | % [ o o | Qs
0.0% 0.0% 7.69% 0.0% 0.0% 6.69% 0.0% 0.0% 5.7%

Note: The low tax economy is represented by the continuous line, the intermediate tax economy by the dashed line, and the high tax economy by the
dashed line with points. The percentage value on the right side margin of each graph represents the percentage change on each variable, except for
the trade balance and the interest rate, where it represents the level of these variables. These estimations are solved assuming 71 = 10%, 790 = 20%,
73 = 30%, 0, =3, A\p =7, ap = 0.3, a,{( =0.3,n,=1/3, ¢ =0, a =0.6, 3=0.25, v = 0.1, and T = 0. We assume a network with home bias with

wpr = 1/2 Vr and wym = 1/4. We assume a home bias bundle with By, = 0.5 when 7 = m, and Byn, = 0.25 when 7 # m.



Table 16: Competitive Equilibrium under different @) with K
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5.8x10 3 10.34%
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m
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©
= 0
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8.80x10° / 068%
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E 0
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8.60x10° >~
~ .
- -0.88%
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53x10 3
L — 019%
52x10 3
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50x10°3 ——— 0%
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8.69%
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54x10 3
_ _ — o088%
52x10 3
50x10% [T
- 221%
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1
3.340%10
333x10° | — — — — — 001%
-1
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e — - 001%
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0
0.69%
-25x10°
-5.0x10°
0
- 75x%10 -7.75%
No g With g
8.85x10° T — — .015%
0
8.80x10 / 042%
8.75x10°
8.70x10°
8.65x10°
\ .
8.60x10° ~ .
~ N
855x10° N -104%
No g With q
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== 02%
No g With g
7.04%
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51x10 3
50x10% | T — . o3
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o 001%
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-1
3335010
————— -0.0%
33325%10° "
33300x10°}
33275x10 | — - — . 001%
No g With g
- 074%
0 fe= L _
0 T - 061%
-1x10
-2x10°
-3x10°
- 4x10°
-5x10°
-6x10° -6.0%
No q With g
gasx10® | T — —
: — - 029%
8.80x10°
ol 0x%
8.75x10
8.70x10"
865x10°
\ -
8.60x10" ~.
0 o~ -
8.55x10 ~ 116%
No g With g



o =3%  oz% Y =2% . o19% — b =1% oo
0 0 0
3.2x10 3.2x10
3.2x10 / 293% / 25% / 211%
31x10° 3.1x10° 3.1x10°
a
3.0x10° 3.0x10° 3.0x10°
T~ . 0 ~— 0 ~ .
0 - —
29x10 ~ » 2.9x10 S 29x10 -
™~ -333% 337% -335%
No q With g No q With g No q With g
1020x10° . 207% o 092%  200x10°
/ 1.008x10° ya
. : 0
_ 0 . : 1.75x10
O 1015x10
S . / 1.006x10° /
- / / 0
o 0 . , 15010
5 1010x10 : 1.004x10° ,
© / /
D 1005x0” | Loo2xad® | 125x10°
1000x10° |————— 00% 1.000x10° 0.0% 1.00x10° 0.0%
No q With g No q With g No q With q
. 6.04% 558% 511%
375%x10 © [— — = — _001% - — = - —  017% — — = = — - 032%
36x10 ! 36x10° !
35010 *
© 325710 33x10'" 33310t
g s
(]
= 300x10°! 30%10° ! 30x10' "
-1
27510 | 27310 | 27510t |
1 I — =
230x10 T 824% —. -786% —~ . 744%
No g With g No g With g No g With q
2765x10" 2 277% 2.75% 2.74%
N 2748x10 2 2.7370x10 2
Q _2 -2
-E' 2_755x10’2 2.745%10 2.7365%x10
—
-2
B 2750x10°7 2742%10° 2 27360x10
—
a -2 2.7355x10 2
£ 2.745%10 27305102
2.740x10 2 , 2.7350%10
, 2.736X10°
273510 27345x10
No q With q No g With q No q With q
Home Bias Network and Bundle
P =3% P =2% ¥ =1%
q b q b Q q b Q
21 | 1345¢=3  9.72e~*  2.36e"! | 12.41e 3 8.09e 4 2.94e~1 | 11.38¢ 3 4.77e~*  3.5e7!
31| 20.7le=3 -7491e?* 5.7le”! | 20.62e73 -79.24e=% 6.78e¢~! | 20.37e=3 842e~% 7.09¢~!
352 | 82le3  -93.62e~ % 0.3le ! | 8123 -92.15e % 1.37e" ! | 7.87e73 215 % 2.14e7!
% Q0 | ™ Q@ | o S Qs
0.0% 0.0% 1.62% 0.0% 0.0% 0.73% 0.0% 0.0% 0.0%

Note: The low tax economy is represented by the continuous line, the intermediate tax economy by the dashed line, and the high tax economy by the
dashed line with points. The percentage value on the right side margin of each graph represents the percentage change on each variable, except for
the trade balance and the interest rate, where it represents the level of these variables. These estimations are solved assuming 71 = 10%, 790 = 20%,
T3 = 30%, 0 =3, \p =7, oy = 0.3, a71‘< =03, n, =1/3, € =0, a =0.6, 3 =0.25, vy =0.1, T =0, and k,, = 1/3. We assume a network with home

bias with wyyr = 1/2 Vr and wym = 1/4. We assume a home bias bundle with By, = 0.5 when 7 = m, and Byn, = 0.25 when 7 # m.
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Table 17: Competitive Equilibrium under different o without K
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2 . 0.04% _3 03% 2330x10 3 '
2.330%10 _ 2.330x10 5 ~
= -007% = -007% 2329x10 ~ -0.06%
No g With g No g With g No q With q
S L asox1o? 557% 4.96% , 248%
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10, 0, 0,
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-1 = — -1 T — T —
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>~ ° =~ ° 330x0'! >~ °
1 . - e
32x10° -1
* ™ .492% 32x10 -447%  325x10° -2.46%
No q With q No g With q No g With q
Home Bias Network and Bundle
a=1 a=0.5 a=0.1
q b Q q b Q q b Q
21 | 16.67e 3  5.54e~*  1.67e ! 15.0e73  3.37e™*  0.99¢7! 8.33¢7%  -5.76e~* -1.68e"!
31| 16.89e73  2.04e=*  1.75e~! | 16.89¢73  1.88e~*  1.75e~! | 14.51e=3  0.74e~* 0.8¢~1
352 | 1263 -246e~* -1.99¢~1 | 1.26e73 -2.06e=* -1.99¢~! | -1.12¢e73 -221e=* -2.95¢"1
@ | % [ o o | 2 [ o @ | % [ o
0.0% 0.0% 9.68% 0.0% 0.0% 7.86% 0.0% 0.0% 0.0%

Note: The low tax economy is represented by the continuous line, the intermediate tax economy by the dashed line, and the high tax economy by the
dashed line with points. The percentage value on the right side margin of each graph represents the percentage change on each variable, except for
the trade balance and the interest rate, where it represents the level of these variables. These estimations are solved assuming 71 = 10%, 790 = 20%,
T3 = 30%, 0 =3, Ar =7, oy = 0.3, aﬁ{ =0.3,n,=1/3,¢, =0,8=0.25,v=0.1, T =0, ¥1 = 5%, o = 2.5% and 3 = 1%. We assume a network

with home bias with wy, = 1/2 Vr and wyqm = 1/4. We assume a home bias bundle with 8,y = 0.5 when r = m, and By, = 0.25 when r # m.



Table 18: Competitive Equilibrium under different o with K
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/ /
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36%10
35x10 35x10'!
9 33x10'!
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‘g" 30x10° 30x10° ! 30x10'?
-1 1 27x10° !
25x10° [~ 25x10 " [—
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3.0% 5 298% 295%
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1 297102 2960x10 2 5
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D 5g6x10°2 2.955x10°
c - .2 2
2.950%10 294410
2.95x10 2 "
2.945%10 5
2.942x10
No g With q No g With q No g With q
Home Bias Network and Bundle
a=1 a=0.5 a=0.1
q b Q q b Q q b Q
21| 16.67¢~3 5.7¢~4 1.66e~ ! | 15.0e=3 3.43e~4 1.0e~ 1 8.33¢73  -5.76e™% -1.68¢"!
31| 22.34e 3 -72.32¢e7%  4.24e ! | 22.06e73  -97.22¢=%  4.24e! | 14.51e73  0.74e* 0.8e~1
352 | 6723 -77.19¢e % 0.2e7! 6.44e=3  -101.86e~* 0.08¢~! | -1.12e73 -2.21e=* -2.95¢"1
o | 2 | 9 o Qs | 9 o | 9 [ o
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Note: The low tax economy is represented by the continuous line, the intermediate tax economy by the dashed line, and the high tax economy by the
dashed line with points. The percentage value on the right side margin of each graph represents the percentage change on each variable, except for
the trade balance and the interest rate, where it represents the level of these variables. These estimations are solved assuming 71 = 10%, 790 = 20%,
T3 = 30%, 0, =3, A\ =7, oy = 0.3, af,< =03, n, =1/3, ¢ =0,8=0.25~v=0.1,T =0, k., = 1/3, 1 = 5%, 2 = 2.5% and ¥3 = 1%. We

assume a network with home bias with wy, = 1/2 Vr and wyy, = 1/4. We assume a home bias bundle with 8y, = 0.5 when r = m, and By = 0.25

when r # m.
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Table 19: Competitive Equilibrium under different § without K
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Note: The low tax economy is represented by the continuous line, the intermediate tax economy by the dashed line, and the high tax economy by the
dashed line with points. The percentage value on the right side margin of each graph represents the percentage change on each variable, except for
the trade balance and the interest rate, where it represents the level of these variables. These estimations are solved assuming 71 = 10%, 790 = 20%,
T3 = 30%, 0 =3, A\ =7, ar = 0.3, ozf‘( =0.3,nr=1/3, ¢, =0, a=0.6,v=0.1, Y =0, ¢¥1 = 5%, o = 2.5% and ¢3 = 1%. We assume a network

with home bias with wy, = 1/2 Vr and wym = 1/4. We assume a home bias bundle with 8,y = 0.5 when r = m, and By, = 0.25 when r # m.
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Note: The low tax economy is represented by the continuous line, the intermediate tax economy by the dashed line, and the high tax economy by the
dashed line with points. The percentage value on the right side margin of each graph represents the percentage change on each variable, except for
the trade balance and the interest rate, where it represents the level of these variables. These estimations are solved assuming 71 = 10%, 790 = 20%,
T3 = 30%, 0, =3, A\ =7, oy = 0.3, af,< =03, n, =1/3, ¢ =0,8=0.25~v=0.1,T =0, k., = 1/3, 1 = 5%, 2 = 2.5% and ¥3 = 1%. We

assume a network with home bias with wy, = 1/2 Vr and wyy, = 1/4. We assume a home bias bundle with 8y, = 0.5 when r = m, and By = 0.25

when r # m.
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Table 21: Competitive Equilibrium under different v without K
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Note: The low tax economy is represented by the continuous line, the intermediate tax economy by the dashed line, and the high tax economy by the
dashed line with points. The percentage value on the right side margin of each graph represents the percentage change on each variable, except for
the trade balance and the interest rate, where it represents the level of these variables. These estimations are solved assuming 71 = 10%, 790 = 20%,
T3 = 30%, 0 =3, A\ =7, ap = 0.3, osz =03, nr=1/3,¢, =0,a=0.6,3=0.25,T =0, ¢1 = 5%, Y2 = 2.5% and 3 = 1%. We assume a network

with home bias with wy, = 1/2 Vr and wym = 1/4. We assume a home bias bundle with 8,y = 0.5 when r = m, and By, = 0.25 when r # m.
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Table 22: Competitive Equilibrium under different v with K
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Note: The low tax economy is represented by the continuous line, the intermediate tax economy by the dashed line, and the high tax economy by the
dashed line with points. The percentage value on the right side margin of each graph represents the percentage change on each variable, except for
the trade balance and the interest rate, where it represents the level of these variables. These estimations are solved assuming 71 = 10%, 790 = 20%,
T3 = 30%, 0r =3, Ap =7, ar = 0.3, aX = 0.3, n,, = 1/3, ¢, =0, @ = 0.6, 8 = 0.25, T = 0, ky = 1/3, ¢1 = 5%, ¥2 = 2.5% and ¥3 = 1%. We

assume a network with home bias with wy, = 1/2 Vr and wyy, = 1/4. We assume a home bias bundle with 8y, = 0.5 when r = m, and Bym = 0.25

when r # m.
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