~ A Service of
’. b Leibniz-Informationszentrum

.j B I l I Wirtschaft
) o o o Leibniz Information Centre
Make YOUT PUbllCCltlonS VZSlble. h for Economics ' '

Birg, Laura

Working Paper
Cross-border or online: Tax competition with mobile
consumers under destination and origin principle

cege Discussion Papers, No. 265

Provided in Cooperation with:
Georg August University of Gottingen, Department of Economics

Suggested Citation: Birg, Laura (2019) : Cross-border or online: Tax competition with mobile
consumers under destination and origin principle, cege Discussion Papers, No. 265, University

of Gottingen, Center for European, Governance and Economic Development Research (cege),
Gottingen

This Version is available at:
https://hdl.handle.net/10419/194182

Standard-Nutzungsbedingungen: Terms of use:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen Documents in EconStor may be saved and copied for your personal
Zwecken und zum Privatgebrauch gespeichert und kopiert werden. and scholarly purposes.

Sie durfen die Dokumente nicht fiir 6ffentliche oder kommerzielle You are not to copy documents for public or commercial purposes, to
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich exhibit the documents publicly, to make them publicly available on the
machen, vertreiben oder anderweitig nutzen. internet, or to distribute or otherwise use the documents in public.
Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen If the documents have been made available under an Open Content
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten, Licence (especially Creative Commons Licences), you may exercise
gelten abweichend von diesen Nutzungsbedingungen die in der dort further usage rights as specified in the indicated licence.

genannten Lizenz gewahrten Nutzungsrechte.

Mitglied der

WWW.ECONSTOR.EU é@“}


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/194182
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

1 ean,

P Cege Discussion Papers
Eu1
G«
Ec

)nomi I) (]1] nt Re rch

Number 265 — November 2015

CROSS-BORDER OR ONLINE - TAX
COMPETITION WITH MOBILE
CONSUMERS UNDER DESTINATION
AND ORIGIN PRINCIPLE

Revised Version March 2019

Laura Birg

GEORG-AUGUST-UNIVERSITAT GOTTINGEN

ISSN: 1439-2305
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Abstract

This paper studies the effect of an online retailer on spatial tax competition with mobile
consumers. Under non-cooperative Leviathan governments, tax treatment of online pur-
chases according to the destination principle mitigates tax competition; tax treatment of
online purchases of online purchases according to the origin principle enhances tax compe-
tition. Cooperation between government eliminates the potential pro-competitive effect of
the online retailer: Under both tax treatments, the online retailer weakens tax competition.
For a sufficiently low tax rate in the country hosting the online retailer, welfare in the online
retailer’s home country is higher under the origin principle, while welfare in the other coun-
try is higher under the destination principle. For a sufficiently low tax differential between

both countries, global welfare is higher under the destination principle.

JEL Classification: F12, H20, L13
Keywords: tax competition, cross-border shopping, online retailer, destination principle,

origin principle

1 Introduction

Tax differentials are one potential determinant of shopping decisions. In particular, cross-
border shopping or buying online may allow consumers to benefit from lower tax rates in other
jurisdictions. For tax revenue maximizing governments, attracting mobile consumers, cross-
border or online shoppers, may also be a goal in tax policy and thus drive tax competition

among governments.

*Department of Economics, University of Gottingen, Platz der Gottinger Sieben 3, 37073 Géttingen, Germany,
laura.birg@wiwi.uni-goettingen.de.



The interaction of mobile consumers and tax competition for mobile consumers is relevant in
Furopean Union: Cross border shopping is a frequent phenomenon in the European single mar-
ket, with the free movement of goods, capital, services, and persons weakening the importance
of national borders. In 2008, 25% of consumers in the European Union purchased goods or
services in other member states (Eurostat, 2009). The extent of cross-border shopping is deter-
mined by country size, geographical location, and the close proximity of neighboring countries.!
With the growth of internet use, online shopping has also become more important (European
Commission, 2010). In 2014, 50% of citizens in the European Union made purchases online
(European Commission, 2015).2 At the same time, autonomous decisions of member states on
tax policy may give rise to tax competition. Member states are free to set value-added tax
rates with a minimum standard tax rate of 15% (Art. 97 Directive 2006/112/EC). Tax rates
vary between high tax countries such as Hungary (27%), Croatia (25%), Denmark (25%), and
Sweden (25%) and low tax countries such as Luxembourg (17%), Malta (18%), Cyprus (19%),
Germany (19%), and Romania (19%). Similarly, in the United States, states may compete for
mobile consumers, which may shop cross-border and/or online.

The tax treatment of cross-border transactions and online purchases may drive the incentives
of consumers to turn their back on their local brick-and-mortar store and to buy at a brick-
and-mortar store in another country or to buy online. Typically, cross-border shopping is tax
treated according to the origin principle. Choosing whether to buy at the local brick-and-mortar
store or at the brick-and-mortar store in neighboring jurisdiction allows consumers to benefit
from tax differentials. If online purchases are tax treated according to the destination principle,
buying online does not allow consumers to benefit from tax differentials. Choosing whether to
buy at the local brick-and-mortar store or online involves paying the same tax rate then, the
tax rate set by the country of residence. If online purchases are tax treated according to the
origin principle, the situation for consumers living in the country hosting the online retailer is

similar. However, in a country not hosting the online retailer, buying online allows consumers to

168 % of consumers in Luxembourg have purchased goods or service in other member states. In contrast,
in countries at the European periphery the prevalence of cross-border shopping is much lower, e.g., 10 % of
consumers in Greece and 9 % of consumers in Portugal and Bulgaria have purchased goods abroad (Eurostat,
2009).

2Consumers show a substantial degree of home bias for online shopping: In 2014, 44% of consumers purchased
online nationally, only 15% bought from an online retailer from another EU country (European Commission,
2015). Cowgill, Dorobantu & Martens (2013) estimate from Google e-commerce data that over the period 2008-
2011, online consumers in the EU were up to 55 times more likely to buy in their own country than in another
EU country. Consumers from smaller countries are more likely to purchase from retailers from other member
states, e.g., 42% of consumers in Malta have purchased from an online retailer from another country vs. 11%
who purchased from a domestic online seller (Flash Eurobarometer 358, 2012).



benefit from tax differentials. The effect of the tax treatment of online purchases on consumers’
shopping decisions, in turn, drives governments’ incentives to engage in tax competition for
mobile consumers. If tax treatment of online purchases according to the destination principle
does not expose consumers buying online to tax differentials, the potential to compete for mobile
consumers is lower; if tax treatment of online purchases according to the origin principle exposes
consumers to tax differentials, the potential to compete for mobile consumers is higher.

For cross-border shopping within the EU, the origin principle applies (Art. 31 Directive
2006/112/EC). For online purchases, also the origin principle applies in principle (Art. 32
Directive 2006/112/EC) unless the recipient is a private household. In this case, the destination
principle applies (Art. 33 Directive 2006/112/EC). If sales are below a threshold of 100,000
Euros, the origin principle may apply (Art. 34 Directive 2006/112/EC). This implies, for the
majority of online purchases by private households, the destination principle applies. In general,
for the supply of services to private households, the origin principle applies (Art. 45 Directive
2006/112/EC). For electronic services such as telecommunications services, supply of software,
and supply of music, films and games, however, the taxation principle has changed, and the
destination principle applies since January 2015 (Art. 5 Directive 2008/8/EC, Art. 58 and
Annex II Directive 2006/112/EC).3

In the USA, most states levy sales taxes, but there is no uniform sales tax on the federal
level. Cross-border shopping is tax treated according to the origin principle. Before 2018, states
usually were only able to collect sales taxes from online stores in other US states, if they had a
"nexus" to the respective state. Typically this required the online retailer to have a (permanent
or temporary) physical presence in the state. If an online store did not have a nexus to the
state, the tax authorities depended on tax declaration by users for tax collection (use tax) (Hu &
Tang, 2014). In June 2018, the Supreme Court of the United States has decided that states may
charge sales taxes based on remote purchases made by sellers from another state which have no
physical presence in the state where the customer resides (South Dakota v. Wayfair, Inc.). After
the Supreme Court’s decision, most federal states that levy a sales tax have started to introduce
laws requiring online sellers to collect sales taxes, even if they have no physical presence in the

state. This requirement is — following the Supreme Court’s decision — usually conditional on

3 According to European Commission (2014), the 2008-amendment implies that "the advantage for companies
to relocate [...] [to member states with a low VAT] for tax reasons is removed". Especially Luxembourg with a
very low standard tax rate of 15% (at this time) might lose its attractiveness for companies such as Amazon,
Skype, and PayPal. It was estimated that this new rule will result in a loss of tax revenues of € 200 million per
year for Luxembourg (Castle, 2007).



the online seller making a minimum revenue of USD 100,000 in the respective sate or having
at least 200 transactions per year in the respective state (Prete, 2018; Rosenberg, 2018). De
facto, this corresponds to the destination principle being applied for online sales subject to a
de minimis clause.

Previous literature on tax competition and cross-border shopping has emphasized the impor-
tance of differences between countries (see e.g., Kanbur & Keen, 1993; Nielsen, 2001), typically
finding that the smaller country undercuts the tax rate of the larger country. In their seminal
paper, Kanbur & Keen (1993) study revenue-maximizing governments in an open economy with
two countries differing in population size. In the non-cooperative Nash equilibrium, the tax rate
of the smaller country is lower than the tax rate in the larger country. Subsequent studies have
also focused on differences between countries, in population size (Trandel 1994; Wang 1999) or
geographical size (Ohsawa 1999; Nielsen 2001, 2002).*

Several empirical studies have stressed the effect of taxes on shopping decisions. Goolsbee
(2000) finds that consumers in high sales tax locations are more likely to buy online. A 1%-
increase in the sales tax increases the probability of buying online by 0.5%. Ballard and Lee
(2007) show that consumers shop online to avoid sales taxes. They also find that consumers who
live close to counties with lower sales tax rates are less likely to shop online. Leal, Lopez-Laborda
& Rodrigo (2010) interpret these findings as cross-border shopping and Internet shopping being
substitutes. Using eBay data, Einav et al. (2014) estimate the impact of sales taxes on online
shopping. They find that a one percentage point increase in a state’s sales tax increases online
purchases by state residents by approximately 2 percent, but decreases their online purchases
from home-state retailers by 3-4 percent. Using data from a retailer that sells through the
Internet and catalogs, Hu & Tang (2014) study the effect of sales tax changes, finding that a
tax cut by 4 percentage points has decreased remote sales by about 15%. Agrawal (2017) shows
that an increase in Internet penetration decreases sales taxes, in low-tax jurisdictions by more
than in high-tax jurisdictions.

Two recent papers have studied the effect of online shopping on tax competition in a spatial
framework following Kanbur & Keen (1993) and Nielsen (2001). Agrawal (2017) compares the
effect of online shopping on tax rates for tax-free online purchases and taxed online purchases

in a spatial framework with perfect competition among physical stores. He assumes that the

4See Leal, Lopez-Laborda & Rodrigo (2010) for a survey on theoretical and empirical studies on cross-border
shopping.



group of online shoppers is not the same as the group of cross-border shoppers. Agrawal (2017)
finds that tax rates fall if online purchases are tax-free and tax rates increase if online purchases
are subject to sales taxes. Bacache Beauvallet (2018) studies the effect of online shopping on
tax competition under the destination and origin principle in a spatial framework with perfect
competition. She shows that online shopping reduces tax competition under the origin principle.
Bacache Beauvallet (2018) assumes that online shopping is subject to fiscal leakage and that
two types of consumers exist, with one type preferring to shop offline, while the other type has
weak preferences for shopping online.

In contrast, this paper uses a spatial framework with two brick-and-mortar stores at the
endpoints of the Hotelling line (as e.g., in Aiura & Ogawa (2013)) to study the effect of an
online retailer on tax competition under destination principle and origin principle. Differences
in the consumers’ location on the Hotelling line then translate to different traveling cost for
purchases at the brick-and-mortar stores. Online shopping involves a fixed cost. With different
traveling cost to brick-and-mortar stores, consumers have different incentives to shop online
instead and pay the fixed cost instead of the traveling cost. This is, other than in Bacache
Beauvallet (2018), the fraction of online shoppers is endogenous in the model. Other than
in Agrawal (2017), consumers located close to the border may be both potential cross-border
shoppers and online shoppers, with online shopping as a way to trade high traveling cost for
fixed cost of online shopping. This is in line with the interpretation of cross-border shopping and
online shopping as substitutes (as in Ballard & Lee (2007). Without additional or exogenous
assumptions about the distribution or cost of online shoppers, this paper can explain how the
tax treatment of online purchases may shape governments‘ incentives to compete for mobile
consumers — mobile in the sense of cross border shopping and online shopping.

In this framework, the entry of the online retailer increases product market competition
under both taxation principles, but weakens tax competition under the destination principle and
enhances tax competition under the origin principle. Consumers in the center of the Hotelling
line shop online to avoid high traveling cost for purchases at brick-and-mortar stores. Under
the destination principle, buying online involves paying the same tax rate as for purchases
at the local brick-and-mortar stores, shutting down strategic interaction between governments
and thus tax competition. Under the origin principle, consumers located in the country not
hosting the online shop choose between paying different tax rates when choosing between buying

online or at the local brick-and-mortar store. This allows governments to compete for mobile



consumers, with the country hosting the online shop setting a higher tax rate than the other
country. Thus, under the destination principle, the online retailer eliminates competition for
mobile consumers, which is similar to the closed-borders case of Kanbur & Keen (1993). Under
the origin principle, the online retailer shifts competition for mobile consumers to the country
not hosting the online retailer. The smaller country in terms of tax base (which is the country
not hosting the online retailer) undercuts the tax rate of the larger country, which is equivalent
to the result of Kanbur & Keen (1993) and Nielsen (2001) of the smaller country undercutting
the tax rate of the larger country.

For a sufficiently low tax rate in the country hosting the online retailer, welfare in the online
retailer’s home country is higher under the origin principle, while welfare in the other country
is higher under the destination principle. For a sufficiently low tax differential between both
countries, global welfare is higher under the destination principle. A high tax differential under
the destination principle shifts market shares from the brick-and-mortar store in the country
with the higher tax rate to the brick-and-mortar store in the country with the lower tax rate.
Also, the price-tax margin is lower for the brick-and-mortar store in the country with the higher
tax rate. In addition, a high tax differential decreases the profit of the online shop, which sets
a single price but is taxed differently in both countries.

The rest of the paper is organized as follows. The next section presents the model. Section
3 analyzes the effect of the entry of the online retailer on tax competition and welfare. Section
4 studies the role of governments. Section 5 discusses the role of market structure, location

choices, and country size asymmetries. Section 6 concludes.

2 The Model

Consider a Hotelling economy with two countries, j = H, F' (home, foreign) on the line segment
[0,1], with country H extending to the interval [0, 3], country F to the interval [3,1]. In each
country, there is a brick-and-mortar shop i = H, F' located at the endpoint (xg = 0, zp = 1).
An online shop ¢ = 0 is located in country H. Firms sell a single homogeneous product at price
p;. Firms produce at constant marginal cost, which is normalized to zero.

Cross-border shopping is tax treated according to the origin principle; online shopping may

be tax treated according to destination principle or origin principle.



2.1 Consumers

A unit mass of consumers is uniformly distributed on the line segment. Consumers differ in
location y € [0,1]. The utility of a consumer located at y and buying from the brick-and-mortar
store ¢ is given by

Ui=v—dly— x| — pi, (1)

where v denotes the value of the product and d is transportation cost per unit of distance
traveled. Assume that v > 7 = %d so that the market is covered. The utility of a consumer
buying online is given by

U():'U—g—p(), (2)

where 6 denotes fixed cost of buying online. This can be interpreted as cost of going online, de-
livery cost, inconvenience of waiting for the parcel service or opportunity cost of non-immediate
availability of the good purchased online. Assume that 6 < d which ensures that the online
retailer has positive sales if it enters the market.

If the online retailer is not active ("offline equilibrium"), the consumer indifferent between
buying at the brick-and-mortar store in country H and the brick-and-mortar store in country

F' is located at yj;p = % + 22 5 dp HE_ An asterisk denotes variables associated with the offline

equilibrium.
If the online retailer is active ("online equilibrium"), the consumer indifferent between
buying from the brick-and-mortar store in country H and at the online retailer is located

and the consumer indifferent between buying from the brick-and-mortar

0+po—pm .
at ypgo = p?j pHa

d—0—po+pr
d

store in country F' and at the online retailer is located at yor = . The superscript

DP denotes variables associated with the online equilibrium under destination principle; the

superscript OP denotes variables associated with the online equilibrium under origin principle.

2.2 Firms

If the online retailer is not active, demand for both firms is

af = Yirs 40 =1 —Yip (3)

and firms’ profits are

Ty =Py — TH) G T = (PF — TF) @5 (4)



If the online retailer is active, demand for both firms is given as

qH = YHOo, 9 = 1 — Yor, G0 = YoF — YHo- (5)

If taxation follows the destination principle, firms’ profits are given by

DP DP DP\ DP DP DP DP\ DP
TH = (pH —TH)QHJTF :(pF —TF )QF )
1 1
ot = (" —i") <2 - Z/H0> +(pg" —7F") (yop - 2) : (6)
If taxation follows the origin principle, firms’ profits are given by
OP OoP OP\ ,OP _OP OoP OP\ ,OP _OP OP OP\ OP
TH :(pH _TH)qH77TF :(PF - TF )QF » To :(Po —TH)QO . (7)

2.3 Governments

In each country, there is a single revenue-maximizing government, imposing a unit tax at rate
Tj.

If the online retailer is not active, tax revenue is
Ry = Tudy, Ry = pap-
If the online retailer is active and taxation follows the destination principle, tax revenue is
DP DP ( _DP 1 DP DP ( _DP 1
Ry =7t \ag + 5~ YHo y Rpt =75 |qp" + Yor =5 ) |-
If taxation follows the origin principle, tax revenue is
P P OP P P P _OP
RE" =797 (af” +af") s RE" =187 4p".

The structure of the model can be summarized by the following two-stage game: In the first
stage, governments set tax rates; in the second stage firms compete in prices. Stage two results

as well as first stage equilibrium prices and quantities can be found in the Appendix A.1.



3 The Effect of the Online Retailer On Tax Competition

3.1 Offline Equilibrium

Consider first the case without the online retailer. Consumers buy only from brick-and-mortar
stores. Cross-border shopping takes place if a consumer located in country j decides to buy
from the brick-and-mortar store in the other country.

Figure la illustrates the offline equilibrium. The consumer located at ymp is indifferent
between buying at the brick-and-mortar store in country H and the brick-and-mortar store in
country F'. The tax base in country H is equal to the sales of the brick-and-mortar store in H,

the tax base in country F' is equal to the sales of the brick-and-mortar store in F'.

tax base in H tax base in F
qH qr
| | |
| \ \
0 % 1
physical store H YHF physical store F’
country H country F

Figure 1la: Market Structure, Offline Equilibrium.

When setting tax rates, countries trade off the revenue-increasing effect of a higher tax
rate against the revenue-decreasing effect of a smaller tax base. By unilaterally lowering the
tax rate, a country can increase its own tax base at the expense of the tax base of the other
country. Figure 1b visualizes the best response functions for countries H and F. Best response
functions are upward sloping, tax rates are strategic complements. Both best response functions

are monotonically increasing. Therefore a unique Nash equilibrium exists.
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Figure 1b: Best Response Functions, Offline Equilibrium.

In equilibrium, tax rates are

The tax differential is zero (A7* = 7}, — 73; = 0). Tax revenues are

Ry = R: = 2d. 9)

Tax rates and revenues increase in transportation cost d, as higher transportation cost
makes consumers less mobile and less willing to travel to the brick-and-mortar shop in the other

country, i.e., cross-border shop, weakening tax competition.

3.2 Online Equilibrium under Destination Principle

Consider now the case with the online retailer. Consider first that online purchases are taxed
according to the destination principle. Purchases at the brick-and-mortar stores are tax treated
according to the origin principle.

Figure 2a illustrates the online equilibrium under the destination principle. The consumer
located at ypg is indifferent between buying at the brick-and-mortar store in country H and
buying online, the consumer located at yor is indifferent between buying at brick-and-mortar

store in country F' and buying online.
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tax base in H tax base in F

qH q0 qr

| | | \
| \ \ \

|
\
0 % 1
physical store H YHO Yor physical store F’

country H country F

Figure 2a: Market Structure, Online Equilibrium Under Destination Principle.

Buying online is in particular attractive for consumers with high traveling cost, i.e., con-
sumers with a relatively high distance to the brick-and-mortar stores at the endpoints. Consider
a consumer located at some small distance left to the border in country H. This consumer does
not compare the surplus from buying at the brick-and-mortar store in country H and the brick-
and-mortar store in country F' (options with high traveling cost), as in the offline equilibrium.
This consumer rather trades off buying at the brick-and-mortar store in country H and buying
at the online shop.? As consumers do no longer choose between the two brick-and-mortar stores
but between the local brick-and-mortar store and buying online, cross-border shopping does not
take place.

With online purchases being tax treated according to the destination principle, a consumer
located in country H, who chooses between buying from the local brick-and-mortar store and
buying online, is taxed in country H in both cases. Deciding between the local brick-and-mortar
store and buying online implies that consumers choose from which retailer to buy but not by
which government to be taxed.

The tax base in both countries is equal to the sales of the local brick-and-mortar store plus
the sales of the online store to local residents. This implies that only country size’ defines the
tax base. From the perspective of governments, there are no mobile consumers to compete for,

and the tax base does not respond to tax changes.®

®As long as the price difference between the online shop and the brick-and-mortar store in
H plus the fixed cost of buying online 6 sets off the traveling cost incurred when buying at the
brick-and-mortar store in H, this consumer will buy online.

By deciding to buy online instead of cross-border shopping, consumers willingly accept be-
ing taxed only by their respective home government and voluntarily forgo the benefits of tax
competition.

"In this model, country size is equivalent to population size and geographical size.

®Note that the elimination of tax competition depends on the non-existence of cross-border
shopping.
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Governments set tax rates to extract the surplus of the consumers with the smallest surplus.
These are the indifferent consumers located at yro and yor (and all consumers in between).
This yields the best response functions Tgp = 20— %d— %9—7}[;”) and T?P = 20— %d— %0—71{}})
Best response functions are identical and define a set of equilibria.

For this set of equilibria, three conditions have to hold: i) Cross-border shopping does not
take place. ii) All three firms sell non-negative quantities. iii) The online retailer’s profit is
non-negative. This implies that consumers cannot choose where to be taxed, i.e., tax bases are
fixed by country size, and that all three firms are active. These conditions define a maximum
tax differential ’W’ = min{Zv2(d—0), 2% (d+20)} (see Appendix A.1).

For the following, it is useful to define the maximum and minimum tax rates that are

compatible with the maximum tax differential ’ATDP ‘ For i) 6 > 6 = d§+2, the max-
DP9>9

imum tax differential is given as 2v/2(d — ). The maximum tax rate is then T; =

v+ 3 (d (\/§ - 1) —0 (\@—i— 2)), the minimum tax rate is

E)]Pe>0 — % ( ( 1) + 6 (2 — \/i)) Corresponding maximum and minimum tax rev-
L DP0>0

=3 (+3(d(vV2-1)-6(vV2+2))) and
RO~ 1 (oL (d (\f+1)+9(2—f)))~
For ii) Hid‘[

DP,§
enues are R >

2 (d+ 26). The maximum

‘\/7
tax rate is 7']DP9<9 = v, the minimum tax rate is TDf€<9 =v— %d — 39. Corresponding
maximum and minimum tax revenues are RDP9<9 ;v and
DPO<6 _ 1 25 4
Rfj =3 (v 3cl 39).

(Minimum) Tax rates and revenues are higher than tax rates and revenues in the offline
equilibrium (r?0%7% > %, T’BPM  RPPO20 S RE RPPOSY S Ry,

Figure 2b visualizes best response functions for countries H and F' under the destination
principle for the cases 6 > 0 and 0 < 0. Best response functions are downward sloping, i.e.,
tax rates are strategic substitutes. Vertical and horizontal dashed lines indicate maximum and

minimum tax rates.
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Figure 2b: Best Response Functions, Online Equilibrium Under Destination Principle.
The set of tax rates and revenues, respectively, is given as

2 4 2 2
T7BP 7BP ¢ (7DP L ;PP — 9y — §d — 59} N {’ATDP‘ < mm{gx/ﬁ(d -0), 3 (d+20)}} (10)

and

1 1
RﬁPZRﬁ?P: 2T§P: QTEP. (11)

The tax differential may be zero, positive or negative. (ATP” = 2P —70P = (maz{-23v2(d—0), -2 (d+
min{3v2(d —0),2 (d+20)})).
The elimination of tax competition under the destination principle with tax bases corre-
sponding to country size is similar to the closed borders-case of Kanbur & Keen (1993). As
the tax base does not respond to tax changes, governments can extract consumer surplus via
(excessive) taxes. Other than in the Kanbur & Keen (1993)-framework, governments are not
independent in their taxing decisions. The online shop’s price depends on both tax rates and
thus links governments’ decisions on tax rates.
Proposition 1 summarizes the effect of the entry of the online retailer on tax rates under the

destination principle.

Proposition 1 Suppose that taxation for online purchases follows the destination principle.

13



Then i) taz rates and tax revenues are higher than in the offline equilibrium, and ii) the taz

differential may be zero, positive or negative.

3.3 Online Equilibrium under Origin Principle

Assume now that taxation for online purchases follows the origin principle.

Figure 3a illustrates the online equilibrium under the origin principle. The consumer located
at ypo is indifferent between buying at the brick-and-mortar store in country H and buying
online, the consumer located at yor is indifferent between buying at brick-and-mortar store in
country F' and buying online. As under the destination principle, in both countries, consumers

choose between buying from the local brick-and-mortar store and buying from the online shop.

tax base in H tax base in F'
90 q0 qr
| \ \ \ |
| \ I I \
0 % 1
physical store H YHO Yor physical store F’
country H country F

Figure 3a: Market Structure, Online Equilibrium Under Origin Principle.

With online purchases being tax treated according to the origin principle, a consumer lo-
cated in country H, who chooses between buying from the local brick-and-mortar store and
buying online, is taxed in country H in both cases. However, a consumer located in country F,
who chooses between buying from the local brick-and-mortar store and buying online, decides
between retailers with different tax rates.

Governments compete for mobile consumers in country F' who decide between buying from
the brick-and-mortar store in country F' and buying online.

Compared to the offline equilibrium, where governments compete for mobile consumers as
cross-border-shoppers, this competition for mobile consumers is different in two dimensions:
First, the presence of the online retailer facilitates the choice of which tax to pay in country
F. Consumers located at some distance from the border in country F do not have to travel

all the way to the brick-and-mortar store in country H but can buy online instead to benefit

14



from the tax differential. Second, as the tax base in country H is equal to the sales of the local
brick-and-mortar store plus the sales of the online store, while the tax base in country F is equal
to the sales of the local brick-and-mortar store only, there is an asymmetry between countries,
with the government in H taxing online purchases of consumers located in F'. Countries are
asymmetric not in geographical size or population size but in tax base size.

Figure 3b illustrates best response functions. Best response functions are upward-sloping,
tax rates are strategic complements. Both best response functions are monotonically increasing.

Therefore a unique Nash equilibrium exists.

TF

TH

d—26 34 3d
2(11d—20)
15

Figure 3b: Best Response Functions, Online Equilibrium Under Origin Principle.

Tax rates are given as

op_2(11d=20) op _ 2(Td+20)

T 5 (12)
The tax differential is negative (AT9F = 7QF — 79F < 0).
11d — 260)* 7d + 20)
R%P - g, RIQP - u (13)

135d 135d

Compared to the offline equilibrium, in the online equilibrium under the destination princi-

ple, taxes and revenues are lower (T%P < T T%)P <Tp, R%P < Ry, Rgp < R},).
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This implies, the entry of the online retailer enhances tax competition, with the country
which does not host the online retailer undercutting the tax rate of the online retailer’s home
country. This corresponds to the result of Kanbur & Keen (1993) and Nielsen (2001), with the
difference that country H is not larger in geographical or population size but has a larger tax
base as online purchases are taxed in country H.

Proposition 2 summarizes the effect of the entry of the online retailer on tax rates under the

origin principle.

Proposition 2 Suppose that tazation for online purchases follows the origin principle. Then
i) tax rates and tax revenues are lower than in the offline equilibrium, and i) the tax differential

18 megative.

Under the origin principle, tax competition is stronger than under the destination principle,

which is reflected in lower tax rates and revenues under the origin principle ( P < TDP0>9
< DP6<0 op < T DP6>0 op < T DP6<0 ROP < RDP0>9 ROP < RDP¢9<9 ROP <

R?f’be, ROP

< R?P’kg). As prices increase in tax rates, also prices are lower under the origin
principle (p§f < pB?, p@F < pPP pOF < pbP).

Under the origin principle, country F' undercuts the tax rate of country H. This translates
to a lower price for the brick-and-mortar store in F' vis-a-vis the online store and the brick-and-
mortar store in H, resulting in a competitive advantage for the brick-and-mortar store in F'.
Compared to the destination principle with a sufficiently high tax differential A7PF = TIQP —
7D the quantity of the brick-and-mortar store in F' is higher (qu > ¢BP if ArPP > ATqDHP )
and the quantities of the brick-and-mortar store in H and the online shop are lower under the
origin principle (qu < qE,P if ATPP > AT?HP, qOP < qDP) If, however, THP >> 7' , i.e., the
tax differential ATPP = TIQP EIP is sufficiently low, then under the destination principle, the
quantity sold by the brick-and-mortar store in H is much lower than the quantity sold by the
brick-and-mortar store in F'. A change to the origin principle (with a lower asymmetry in taxes

and quantities) then increases the quantity of the brick-and-mortar store in H and decreases

the quantity of the brick-and-mortar store in F.

3.4 Welfare Analysis

This subsection compares firms’ profits, tax revenues, consumer surplus, and welfare between

the tax treatment according to the destination principle (for given tax rates) and the tax
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treatment of the online shop according to the origin principle. Welfare in country H is given as
Wy = CSy + w7 + mg + Ry welfare in country F' is given as Wp = CSp + 7mp + Rp.

For all three stores, the extent of tax differential A7PF = Tgp — T?IP under the destination
principle determines which taxation principle yields higher profits: For the brick-and-mortar
store in country H, profits are higher under the destination principle if the tax differential A7PF
is sufficiently high (79F < 7D, if ArPP > A/TED ). For the brick-and-mortar store in country
F profits are higher under the origin principle if the tax differential A7PF is sufficiently high
(ﬂ'gp > W}QP, if ATPP > A/T-E)). For the brick-and-mortar store in country H, the price-tax
margin and the quantity sold increase in the tax differential; for the brick-and-mortar store in
country F', the price-tax margin and the quantity sold decrease in the tax differential. A high
tax differential under the destination principle shifts market shares from the brick-and-mortar
store in the country with the higher tax rate to the brick-and-mortar store in the country with
the lower tax rate. Also, the price-tax margin is lower for the brick-and-mortar store in the
country with the higher tax rate.

For the online retailer, profits are higher under the destination principle if the tax differential

—

ATPP = 7DP _+DP ig sufficiently low (7§F < #PF, if ATPP < ‘AT?OP ). Under the destination

principle, the online shop sets a single price pg while its sales are taxed with different rates in
both countries. In both countries, the online shop competes (with the same price pp) against
the local brick-and-mortar stores whose sales are only taxed in the respective countries.

DP

Consider the change from an equilibrium with symmetric tax rates 7 = T}QP to an asym-

metric equilibrium with TIQP >> Tgp . This is equivalent to an increase in the tax differential

— Tgp . A decrease in the tax rate T?IP and increase in the tax rate TIQP increases

ATPP = 7PP
the price-tax-margin of the brick-and-mortar store in country H and decreases the price-tax-
margin of the brick-and-mortar store in country F'. For the online shop, the price-tax-margin for
sales in country H increases, the price-tax-margin for sales in country F' decreases. In country
H | the change in tax rates shifts market shares from the online retailer to the brick-and-mortar
store; in country F', the change in tax rates shifts market shares from the brick-and-mortar
store to the online retailer. This implies that for the online shop, sales in the country with
the high margin (country H) decrease and sales in the country with the low margin (coun-
try F) increase. The profit of the brick-and-mortar store in country H increases, the profit

brick-and-mortar store in country F' and the profit of the online shop decrease.

For both governments, tax revenues are higher under the destination principle (Rgp <
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Rgp , Rgp < Rgp ). Under the destination principle, governments do not compete for mobile
consumers, as cross-border shopping does not take place and thus consumers are not exposed
to different tax rates. This allows governments to extract the surplus of the consumers with
the lowest surplus, i.e., the indifferent consumers located at yro and yor (and all consumers in
between).

In both countries, consumer surplus is higher under the origin principle (CS?IP > CSEP,
C’Sgp > CSII? Py, as tax competition for mobile consumers prevents excessively high tax rates
(and prices) under the origin principle.

For a sufficiently low 75 (or equivalently, a sufficiently high 72F), welfare in country H
is higher under the origin principle, and welfare in country F' is higher under the destination
principle (WGP > WEP if rHF < 7'/271;{ , WRF < WRP if 7D < % ). Global welfare is
higher under the destination principle if the tax differential A7PF is sufficiently low (WOF <
WPFP if ‘ATDP } < @3 ). With tax revenue being higher under the destination principle
and consumer surplus being higher under the origin principle, the impact of tax differentials
on firms’ profits under the destination principle determines the welfare effect of tax treatments
substantially.

Proposition 3 summarizes the welfare effect of the two taxation principles.

Proposition 3 For a sufficiently low tax rate in country H, welfare in country H is higher
under the origin principle, while welfare in country I is higher under the destination principle.
For a sufficiently low tax differential between both countries, global welfare is higher under the

destination principle.

4 The Role of Governments

This section discusses alternative roles of governments. So far, this paper has assumed non-
cooperative revenue-maximizing governments. Governments could also be thought of cooperat-
ing and/or maximizing welfare. The superscript C' denotes variables associated with equilibria
with cooperation among governments; the superscript W denotes variables associated with

equilibria with welfare-maximizing governments.

4.1 Cooperative Leviathan Governments

Consider the case of governments cooperating in setting tax rates and maximizing joint revenue.
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4.1.1 Offline Equilibrium

In the offline equilibrium, joint tax revenue is given as

3d(7’}"c+7'gc)— (T}}’C —TEC)Q

C C . . .
R*C = RZ’, + R;’ = . Joint tax revenue increases in tax rate 7; as
long as 7; = 7_;. In order to increase joint tax revenue, governments do not compete for mobile

consumers and set tax rates to extract the full surplus of the indifferent consumer located yrq

and yor. Cooperatively set tax rates are given as

. 3
Th’,c =7 =0 — §d. (14)

1 3
R = RV = 5 <v — 2d> : (15)

*,C * *,C *
D> T RYT > RY).

Tax rates and revenues are higher than under no cooperation (7 j

4.1.2 Online Equilibrium under Destination Principle

In the online equilibrium under the destination principle, joint tax revenue is given as RPP¢ =

DP DP DP DP DP, DP, . . .
Ry ¢ + Ry C — TH ’C% +75 ’C% = % (TH ¢ +75 ’C). Joint tax revenue increases in both
tax rates.

This case is equivalent to the one discussed in 3.2. The set of equilibrium tax rates and

revenues is given as

2 4 2 2
7oPC T PPC e (7DP 4 7DP = 2v—§d—§9}ﬂ{\ATDP| < mm{gx/ﬁ(d —0),5 (d+20)}} (16)
and
DP,C ppc 1 ppc 1 ppe

Compared to the offline equilibrium with cooperation, (minimum) tax rates and revenues

DP,0>0,
e >

DP,H<8, DP,6>0, DP,§<0,
; 2O pDPOSOC S 1€ RPPOZOC S R2C RPIOSOC S RYC),

are higher ( i i

4.1.3 Online Equilibrium under Origin Principle

In the online equilibrium under the origin principle, joint tax revenue is given as ROPC =
P, P, 27 p (d+20)+27 1 (5d—20)—5(tp—711)* . . .
R?I s Rg O = 2rp(d+20)+ TH(Hd )=5(r="u)"  Joint tax revenue increases in tax rate T; as

long as 7; = 7—;. Similar to the offline equilibrium, governments do not compete for mobile

consumers and set tax rates to extract the full surplus of the indifferent consumer located ygq
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and yop.

Equilibrium tax rates are

Tax revenues are

ROP’C _ (5d — 29) (U — %d — %0) ROP’C _ (2d + 40) ('U — %d — %9)
= 6d o 12d '

(19)

Compared to the online equilibrium under the origin principle with no cooperation, tax rates

are higher (T%P’C > 79F, Tgp’c > 79P).
Compared to the offline equilibrium with cooperation, tax rates are higher (TJ-OP’C > T;’C).

Tax revenue for country H is higher, tax revenue for country F' is lower (R?IP’C > RBC,
RgP’C < R}’C). Cooperation among governments eliminates competition for mobile consumers,
thus increasing tax rates compared to the case in 3.3. The asymmetry in tax bases under the
origin principle creates an asymmetry in tax revenues.

Cooperation among governments changes the effect of the online retailer on tax competi-
tion: Both under the destination principle and the origin principle, the online retailer weakens
tax competition. The presence of the online retailer increases the surplus of the indifferent con-
sumers: It increases competition among retailers and decreases prices and it shifts the indifferent
consumers closer to the endpoints (as compared to the offline equilibrium) and decreases trav-
eling cost. This allows governments to extract more surplus from these consumers, translating
to higher tax rates in the online equilibria.

Proposition 4 summarizes the effect of cooperation between governments.

Proposition 4 Suppose that governments cooperate and mazximize joint tax revenue. Under

both the destination and origin principle, the online retailer weakens taxr competition.

4.2 Benevolent Governments

Consider now the case of non-cooperative governments setting tax rates to maximize welfare,

given as the sum of consumer surplus, firms’ profits, and tax revenue.
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4.2.1 Offline Equilibrium

Welfare in countries H and F, respectively, is given as

*, W *, W *, W *, W
«W *, W * W «W 1 —9d2+4(TF’ —Ty )(3d+7’F‘ +27y )
Wy~ =CSy" +mg +Ry =30+ 72d and
—9d?2—4(r5W W 3d+T*’W+2'F*’W .
W;DW = CS}‘;W 4 W?W + R’;_:W = %v + (% H72)d( i 1 ) In both countries,

welfare decreases in the tax rate of the respective country and increases in the tax rate of the

8W*,W 8W*,W aW*,W BW*,W
other country ( 5 - <0, 5 - <0, 5 L >0, 5 Lo
T TH

Vi <0, 2y >0).

A unilateral increase in TZ}W would increase the price of the brick-and-mortar store in H and,
by strategic response, to a lesser extent also the price of the brick-and-mortar store in F'. This
induces some consumers located in H to buy at the brick-and-mortar store in country F. The
increase in prices decreases consumer surplus; the decrease in the price-tax-margin and decrease
in quantity decreases the local brick-and-mortar store’s profit. However, the increase in TEW
increases tax revenue. By symmetry, a unilateral increase in T}}’W results in similar effects in
country F'. The profit of the local brick-and-mortar store in H decreases in the tax differential,
while the profit of the local brick-and-mortar store in F' increases in the tax differential. Thus,

there is an incentive for one country to undercut the tax rate of the other country.

Equilibrium tax rates are

Tax revenues are

Ry =REY =o. (21)

Compared to the offline equilibrium under Leviathan governments, tax rates and revenues

*,W * *,W £
Do< T RYT < RY).

are lower (7

4.2.2 Online Equilibrium under Destination Principle

Welfare in countries H and F', respectively, is
2842 —176d0+11202~9 (72" 70 PW) (44804507 _570 P W)

DPW _ ~qDPW , _DPW , _DPW  p,DPW _ 1
Wy =CSy" "+ 4wy +Ry = zv+ 3880
and

DP,W DP,W DP,W DP,W

DPW _ ~agDPW . _DPW , oDPW _ 1. 12d2416d0—-160%—3(rp"" -7 ) (4d—8043r2 " —3r ")

WF = C’SF +7TF +RF = E'U* 96d .
. DP DP
Best response functions are 7; W 2(d—20)+ g W and

T?P’W = TZRW —% (d — 20). Best response functions are upward-sloping, tax rates are strategic

complements.

The presence of the online retailer creates an asymmetry between countries: The online
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retailer’s profit is part of the welfare of country H, but its sales are taxed — according to the
country of residence of customers — in both countries.
A unilateral increase in TZRW increases prices of all three stores and shifts market shares

from the brick-and-mortar store in country H to the brick-and-mortar store in country F. Sales

of the online retailer are independent of tax rates, an increase in 7 "W shifts the indifferent
. . _DPW __.
consumers located at ygo and yor by the same amount. The increase in 75 raises tax

revenue (the tax base does not respond to tax changes), decreases consumer surplus (prices
increase), and decreases the local brick-and-mortar store’s profit (the price-tax-margin and
quantity decrease). Vice versa, a unilateral increase in T?P’W has the same effect on tax
revenue in country F', consumer surplus, and the local brick-and-mortar store’s profit. The
welfare-maximizing tax rate is the tax rate that balances these three effects, the increase in tax
revenue and the decrease in consumer surplus and the brick-and-mortar store’s profit.

In country H, the negative effect on consumer surplus and local brick-and-mortar store’s

. . . . DP, DP, - . .

profit increases in the tax differential ATPPW = 7 P W I ’W, providing an incentive to
Sy . DP,W . .

match a potential increase or decrease in the tax rate 7 . Similarly, in country F, the

negative effect on consumer surplus and local brick-and-mortar store’s profit decreases in the
tax differential ATPPW . Thus, tax rates are strategic complements. Moreover, country F
has an incentive to undercut TZP’W, as undercutting TﬁP’W increases the brick-and-mortar
store’s profit by raising the price-tax-margin and quantity. Similarly, country H, however, has
an incentive to undercut T?P’W to increase the profit of its brick-and-mortar store. However,
as the online shop’s profit decreases in the tax differential (see 3.4) the incentive is lower for
country H if 0 is sufficiently low. Thus, in equilibrium, country H sets a higher tax rate than
country F'if 4 is sufficiently low.

Equilibrium tax rates are

2 . 1
£(d—20) if0< sd
TgP’W = 5 ( ) 2 , }QP’W =0 (22)
0 if 6 > %d
Tax revenues are
2 . 1
= (d—20) iff < =d
RhPW 10 ( ) > RPY =0 (23)
0 if 6 > %d

Compared to the online equilibrium under the destination principle and Leviathan govern-

ments, tax rates and revenues are lower (for 0 < %d: TgP,W < T?]P’0>0, T?IP’W < 7'?]]-3’9<9;
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DP,W DPO>0 pDPW DP,0<0 1, _DPW DPO>0 _DPW DP,0<0.
Ry < R_j , Ry < R_j , for 8 > id' T <71 y Tor < 72 ;
DP,W DP0>0 _DPW DPO<0. nDP,W DP0>0 DPW DP0<0 ,DPW DP,0>0
Tp <775 s T <775 s Ry <R7j , Ry <R7j , R <R7j ,

DP,W DP,0<0
Rp™™" <RZ;7T).

Compared to the offline equilibrium under benevolent governments, the tax rate and revenue

in H is higher for sufficiently low 6 and the same for sufficiently high 6 (if 6 < %d: Tgp’w > T*h’,W,

DP,W W . 1; DPW _ _«W pDPW _ pxW . .
Ry > Ry 5 if 0 > 5d g =714 , Ry = R};" ), the tax rate and revenue in F is

DPW _ _«W pDPW _ pt,W
the same (7" =715 , Rp =R;").

4.2.3 Online Equilibrium under Origin Principle

Welfare in countries H and F', respectively, is

OPW OPW OPW oOPW OPW
Wy =CSy + 7y + 7y + Ry

1 28d%-176d0+11202+52dr'2 0" +44dr Y — 400700V 560700 + (120 —r 0P (19705 1101057

=2V 288d
OPW _ ~oOPW OP,W OP,W
and W =CSp +7p + Ry

1 4(3d—20)(d+20)+12dr 0" +20d7 57" +80r 07 4007 OV +5(r 00V 2 OPW) (3700 45795V
v — .

2 96d
‘ OPW _ 22, 284, 41 _OPW OPW _ _24 49 _
Best response functions are 7; = 7014 — 1010 + 1017 F and 7, = -3 =0
%T%P’W. The best response function T%P’W is upward sloping, the tax rate T?P’W is downward

sloping. Tax rates are strategic complements for country H and strategic substitutes for country
F.

A unilateral increase in T?IP’W increases all three prices and shifts market shares from the
brick-and-mortar store in H and the online shop to the brick-and-mortar store in F. Profits
of the brick-and-mortar store in H and the online shop, consumer surplus, and tax revenue
decrease, with the negative effect on profits and consumer surplus increasing and the negative
effect on tax revenue decreasing in the tax differential A7OPW = TgP’W —T%P’W. In country F,
a unilateral increase in TgP’W decreases the profit of the brick-and-mortar store and consumer
surplus but increases tax revenue; all three effects decrease in the tax differential. As profits of
the brick-and-mortar store in H and the online shop increase in A7?PW | profits of the brick-
and-mortar store in F decrease in A79PW | there is the incentive to undercut the tax rate of
the other country. For country F', this incentive is stronger than for country H.

Equilibrium tax rates are

2(11d-140) ;p o ~ 114
Tgp,w _ 101 14 7_gP,W —o. (24)

. 1,
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Tax revenues are

2(11d—140)(75d—2260) - 11
OP,W 10201d if 6 < 1zd
RH ==

,ROPV . (25)
0 if > 11d

Compared to the online equilibrium under the origin principle and Leviathan governments,
tax rates and revenues are lower
(for 0 < %d: TZP’W < T%P; Rgp’w < R?IP; for 6 > %d: T%P’W < T%P; T?P’W < T%P;
ROPW < RGP ROPW < ROP).

Compared to the offline equilibrium under benevolent governments, the tax rate and revenue
d: TgP’W

in H is higher for sufficiently low 6 and the same for sufficiently high 6 (if 6 < % >

T*ﬁW7 R?IP’W > R*H’W; if > La: T?IP’W = T)BW, RgP’W = RZ’,W), the tax rate and revenue in

OPW _ _«W pOPW _ W
F — , .R = RF ).

F is the same (7 T P

Under benevolent and non-cooperative governments, the effect of the online retailer on taxes
is country-specific: Under both the destination principle and the origin principle, the online
retailer may increase the tax rate in country H for sufficiently low 6 and has no effect on the
tax rate in country F. Under both the destination and origin principle, the presence of the
online retailer limits the incentive for country H to undercut the tax rate of country F.

Proposition 5 summarizes the effect of benevolent non-cooperative governments.

Proposition 5 Suppose that governments maximize welfare non-cooperatively. Then under
both the destination principle and the origin principle, the presence of the online retailer may
increase the tax rate in country H for sufficiently low 0 and has no effect on the tax rate in

country F, creating a negative tax differential At for sufficiently low 6.

4.3 Cooperative Benevolent Governments

Consider now the case of cooperative benevolent governments setting tax rates to maximize

global welfare.

4.3.1 Offline Equilibrium

, 9d242(7 WO W02
Global welfare is W*W:¢ = W}}’W’C + W;’W’C = v — ( F36d i) . Global welfare

decreases in the tax differential, so governments set the same tax. The set of equilibrium tax
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rates is defined by

O € (T = ). 26)

Taxes are welfare-neutral, as long as tax rates in the two countries are the same. Taxes shift
rents from consumers and producers to governments. A tax differential induces cross-border
shopping and therefore inefficiently high traveling cost which reduce global welfare. Therefore,

cooperative benevolent governments set identical tax rates.

4.3.2 Online Equilibrium under Destination Principle

DP,W,C _DP,W,C\2
 4d*+112d0-800°+9(7p -7y )
144d :

Global welfare is WPPW:C = wPWC L ywDBWC —
Global welfare decreases in the tax differential so that governments set the same tax.

The set of equilibrium tax rates is defined by

DPW,C _DPW,C DPW,C DPW,C
Ty T ey =T (27)

Similar to the offline equilibrium, tax rate differences induce online shopping and therefore
inefficiently high cost which decreases global welfare. Therefore both governments cooperatively

set identical tax rates.

4.3.3 Online Equilibrium under Origin Principle

_R002 442 —8(d— _ 2
Global welfare is WOPW.C — WI?P,VI/]C+W1?P,W,C _ 112408007 +4d>~8(d lziﬁc(lfp i)+ 13(rp—)®

Ifo > %d, global welfare decreases in the tax differential and governments set the same tax rate.

The set of equilibrium tax rates is defined by

OPW,C _OPW,C E{ OPW,C _ OP,W,C}
Ty TR Ty =Tr .

Ifo < id, global welfare decreases in the tax differential

GWoP,W,C

ATOPW.C — T?RW’C — TZP’W’C if A7OPW.C g sufficiently high (78AT0P,W,C < 0 if A7OPW.C >

OPW,C _ _OPW,C 4
= =Tp — 13 (d —40) and

2 (d — 40)). Best response functions are 7
TgP’W’C = 1%, (d —40) + T%P’W’C. Best response functions are upward-sloping, tax rates are

strategic complements. The set of equilibrium tax rates is defined by

4
TgP,W,C’ TgP,W,C c {T?P’VV’C _ Tgp,w,o < 3 (d — 46)}. (29)
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The set of equilibria under the origin principle depends on the competitiveness of the online
retailer as reflected in the fixed cost of online shopping 6. If 6 is sufficiently low (6 < %d), welfare

OPW,C oP,W,C

increases if 7, > Ty . If 0 is sufficiently high (6 > 1d), competition for the indifferent

consumer is inefficient as it results in inefficiently high cost of online shopping. Therefore welfare
decreases if T?P’W’C > T%P’W’C.
Under cooperative benevolent governments, the presence of the online retailer may limit the
incentive of country H to undercut the tax rate of country F' under the origin principle.
Under cooperative benevolent governments, equilibrium tax rates are only restricted by

the condition of equal tax rates (or sufficiently similar taxes) in H and in F' under both tax

treatments. Therefore, the effect of tax treatment on tax competition cannot be identified.

5 Discussion

This section addresses assumptions of the model and their implications for the analysis.

5.1 Market Structure

So far, the model has assumed that the brick-and-mortar stores are local monopolies and that
all three retailers have pricing power. Assuming perfect competition among firms would result
in marginal cost pricing and effective consumer prices equal to the (respective) tax rate.

For the model, however, a crucial assumption is that the cost of buying at the brick-and-
mortar stores is location-dependent, i.e., other than in the Kanbur & Keen (1993)-framework,
consumers do not "live above a store". Then the choice between buying at a brick-and-mortar
store and buying online involves trading off location-dependent traveling cost and fixed cost of
buying online. If there was perfect competition among a continuum of brick-and-mortar stores
along the Hotelling line, consumers would not buy online for positive fixed cost of shopping
online. If there were no fixed cost of buying online, consumers would buy at the retailer with
the lowest price, giving rise to equilibria where all consumers buy online or consumers split
between both as they are indifferent.”

Consider a scenario with perfect competition among brick-and-mortar stores located at the

endpoints of the Hotelling line and perfect competition among several online shops, where

 Agrawal (2017) notes that in the perfect competition framework a uniform distribution of both
(potential) cross-border shoppers and online shoppers would not affect equilibrium tax rates.
Similarly, introducing perfect competition with a uniform distribution of stores into my model
would be equivalent to this case described by Agrawal (2017) and yield the same result.
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retailers set prices equal to marginal cost. Under destination-based taxation, this would imply
that the online retailer charges an average price of the two tax rates or sets country-specific
(and tax rate-specific) prices.

In the offline equilibrium, assuming perfect competition among brick-and-mortar stores
yields tax rates

TEPC = T}’PC =d, (30)

which are lower than under market power.

In the online equilibrium under the destination principle, equilibrium tax rates are

7DPPC _ [DPPC _, g (31)

which are lower than maximum tax rates under market power and higher than minimum tax
rates under market power.

In the online equilibrium under the origin principle, equilibrium tax rates are

oppc 2d—0 oppc d+0
7-H - 3 aTF - T?

which are lower than tax rates under market power.
The scenario of perfect competition among brick-and-mortar stores and online shops while
keeping the location of brick-and-mortar stores at the endpoints of the Hotelling line yields

qualitatively similar results: Under the destination principle, the entry of the online retailer

mitigates tax competition and results in higher tax rates in the online equilibrium (Tgp’PO >

* PC

«,PC. _DP,PC
7'F > TF

T ). Under the origin principle, the entry of the online retailer enhances

tax competition and results in lower tax rates in the online equilibrium (T?IP’PC < T;}PC;

OP,PC _ % PC
T ).

<Tp@

5.2 Location

As discussed above, a crucial assumption of the model is that buying at brick-and-mortar stores
involves location-dependent cost.

Brick-and-mortar stores, however, do not have to be located at the endpoints of the Hotelling
line but could be located closer to the center. In the Hotelling economy, both stores have an

incentive to move to the center to lower competitive pressure. For the brick-and-mortar store
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in country H, a location at xy > 0 would create a segment of captive consumers between 0 and
xp, weakening competition among firms.

If physical stores are located sufficiently far away from the center of the Hotelling line, i.e.,
the border, cross-border shopping would not take place, and the effect of the online retailer
on tax competition would be similar. If physical stores are located sufficiently close to the
border, online shopping would be attractive for consumers with high traveling cost, which are
now the consumer located near the endpoints. Cross-border shopping would take place. Then
governments would compete for mobile consumers under both taxation principles. Under the
destination principle, governments would compete for cross-border shoppers; under the origin
principle, governments would compete for cross-border shoppers plus the consumers deciding
between buying at the brick-and-mortar store in country I’ and buying online.

The effect of the online retailer on tax competition is independent of its location: Under the
destination principle, the taxation of online sales is independent of the online shop’s location.
Under the origin principle, the online retailer could choose where to be taxed by locating in one
country or the other. Therefore, tax competition arises. However, for symmetric countries, the
equilibrium is also symmetric with one country hosting the online retailer. If countries would
strategically compete for the location of the online retailer, this could affect the results, but

normally countries do not compete for the location of firms by sales taxes.

5.3 Country Size Asymmetries

So far, the model has assumed symmetric countries. For the offline equilibrium, country size
is irrelevant as the tax bases of both countries only depend on the location of the indifferent
consumer yrpg. Similarly, in the online equilibrium under the origin principle, tax bases of
both countries only depend on the location of the indifferent consumer ygr. For the online
equilibrium under the destination principle, however, an asymmetry in country size could give
rise to cross-border shopping, e.g., if country F' is relatively small and consumers from country
H which are located close to the border prefer to buy at the brick-and-mortar store in country
F' rather than buy online. In this case, the online equilibrium under the destination principle
would be similar to the online equilibrium under the origin principle, with all online purchases

being taxed by country H and countries competing for mobile consumers.
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6 Conclusion

This paper has studied the effect of an online retailer on spatial tax competition with mobile
consumers.

For non-cooperative Leviathan governments, tax treatment of online purchases according to
the destination principle mitigates tax competition; tax treatment of online purchases of online
purchases according to the origin principle enhances tax competition. Cooperation between
government eliminates the potential pro-competitive effect of the online retailer: Under both
tax treatment according to the destination principle and the origin principle, the online retailer
weakens tax competition.

Under non-cooperative Leviathan governments, the choice of the taxation principle shapes
the effect of the online retailer on tax competition. In the European Union, the destination
principle applies to online retailers with sales to private households and with sales above the
threshold of 100,000 Euros, suggesting that the entry of online retailers has mitigated tax
competition. Similarly, in the United States, the Supreme Court’s decision allowing for the
tax treatment of online sales according to the destination principle for a threshold of USD
100,000 or 200 transactions per year can be expected to have a similar effect. Higher Internet
penetration and lower cost of online shopping may enhance the effect of the online retailer on
tax competition, suggesting that further growth of online shopping increase the competition-
mitigating impact of online retailers over time.

For a sufficiently low tax rate in the country hosting the online retailer, welfare in the online
retailer’s home country is higher under the origin principle, while welfare in the other country
is higher under the destination principle. For a sufficiently low tax differential between both
countries, global welfare is higher under the destination principle. This does not imply that
there is a conflict between both countries with respect to the choice of the taxation regime if side
payments are feasible, as global welfare is higher under the destination principle. The member
states of the European Union have agreed on the destination principle, which this model may
explain with welfare maximizing governments or tax revenue maximizing, but tax competition
avoiding governments.

This model has considered commodity tax competition so far. An issue of increasing rele-
vance in the European Union is the taxation of profits of online retailers, especially with respect

to the question which member states may tax online retailers. This question is left for further
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research.
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Appendix

A. 1 The Effect of the Online Retailer

Offline Equilibrium

In the second stage, firms maximize 7}, = (p}; — 7};) (% + pF;de> and

=g — ) (1- (5 + 22t )).

3d 2 3d+27% +7% .
Equilibrium prices are pj; = % and p}, = % Quantities are
%« _ 3d+TR—Ty % _ 3d—TR+TY . s gk x _ Bd+TR—TH
7 =47 L and qp = —5—. The tax base in country H is by = q = — &1, the
. 3d—TR+TyH
tax base in country F'is by = qp = —¢—".

. . 3d * *
In the first stage, governments H and F' maximize tax revenues R%, = 7% STETTH and R: =
ge, g H H 6d F

% 3d—THp+TY : x _ 3 1, % * _ 3 1% T
Tr—ag; . Best response functions are 73; = 5d + 575 and 7 = 5d + 57 Equilibrium
tax rates are 73; = 75 = 3d. The tax differential is zero
(AT* =7}, — 13 = 0). Tax revenues are R}; = R}, = %d. Equilibrium prices are p}; = pj = 4d,
quantities are ¢3; = ¢p = % Equilibrium profits are 73, = 7% = 1_T6d.

Consumer surplus in countries H and F, respectively, is
1

3 1

CSy=[(w—py—de)de =CSp = [(v—pp—d(l—2z))de =3 1v——d Welfare in countries

0 ;
Wp =

H and F, respectively, is W}, = CS; + 7 + R} = 21) — —d —|— . Global welfare is

W*=Wg+ Wi =v-Td4 1.

Online Equilibrium under Destination Principle

DP _ DP) <9+poD P —p2P>
d 9

(pH_H

DP DP DP d—0—pP T +p
TF :(pF - TR )(1——°d £ ), and

In the second stage, firms maximize 7y

7P = DP 0+pg " =" pp _ _pp\ (d=9-pf"+pR" 1
= (" —h )(2 d + (0" —11") d — 2
2d+40+3(3rLFP 0P 2d+46+3 37.DP+TDP
Equilibrium prices are pPf = (12H £ ), pRf = (12F ), and
2d—29+3(r P+TDP) . 2d+46+3<7— _TDP) 2d+40_3(7.DP_7_DP)
DP __ F H DP __ H DP __ F H
Dy = 5 . Quantities are g5 = 50 QR = o 7

and q(])JP = 2(?’;0). The tax base in country H is bID{P = quP + (% — w) = %, the
tax base in country F is bgp = q?P + (% — %) = % Tax revenues are given as
RIEP = 17DP and R = T?P Tax bases are fixed by geographical size and do not respond
to tax changes. This implies that governments do not compete for mobile consumers.

Governments set tax rates to extract the full surplus of the indifferent consumers. The surplus

of the consumer located at ygq is
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UPP (ymo) =v —ng —dygo =v— %d— %9 — %TIQP — %Tgp; the surplus of the consumer located
at yor is

(Yor) = v — p}QP —d(1—yop) =v— %d — %0 — %T}QP — %Tgp. This yields best response

7P
functions Tgp =2v — %d — %0 — T?P and T?P =2v — %d — %9 — Tgp, which are identical and
define a set of equilibria.

For this set of equilibria, three conditions have to hold: i) Cross-border shopping does not take
place. ii) All three firms sell non-negative quantities. iii) The online retailer’s profit is non-
negative. This implies that consumers cannot choose where to be taxed, i.e. tax bases are fixed
by country size, and that all three firms are active.

Condition i) and ii) imply that ypo € [0, 1] and yor € [%, 1], indifferent consumer ypy is located
in country H and indifferent consumer yor is located in country F. All three stores sell a
non-negative quantity and in both countries, all consumers buy either at the local brick-and-
mortar store or at the online retailer. This defines a maximum tax differential: For ypo € [0, 3],
TP <7PP + 2 (d+26) and

rOP > PP _ % (d—0). For yop € [3,1], 7HF < 7BP + % (d—0) and 7P > 72F % (d+ 20).

e . —16d0+802+8d2—9(rRP —rDP)? .
ondition 111) requires at = =~ U. € online snop sets a
Condit q that " 36d<F ) > 0. The online shop set

single price pg while part of his sales are taxed in country H and part of his sales are taxed in
country F'. At the same time, he competes with the same price pg against the brick-and-mortar
store in H whose sales are taxed only in country H and against the brick-and-mortar store in
F whose sales are taxed only in country F. A high tax difference would result in a positive
margin in one country and a negative margin in the other, with more sales occurring in the
country with the higher tax, which is the country with the negative margin. The online shop
would therefore run losses.

Conditions i) - iii) define a maximum tax differential

‘ATDP‘ = min{2v2(d - 0), % (d+20)}, with 0 < (>)0 = d¥2=L, 22 (d - 0) > (<)2 (d +20).

For low cost of online shopping 6 < 5, the maximum tax differential is

‘ATDP 79<5‘ = % (d + 20); for high cost of online shopping 6 > 5, the maximum tax differential
is ‘ATDP70>5‘ = 2/2(d—0).

The set of equilibria in the online equilibrium under the destination principle are defined by
TP RP e (rHP + 7PP =20 — 2d - %9} N{ATPP| < min{3v2(d—0), 2 (d+20)}}.

Assuming the maximum tax differential yields the maximum and minimum tax rates 70F PP,

For i) 0 > 0= dg;;, the maximum tax differential is given as
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‘ATDP,9>§‘ — 22(d—6). For T?P9>9 = DP0>9 + 2V2(d — ), the maximum tax rate is

?P’bg % (d (\@ — 1) -0 (\f + 2)) and the minimum tax rate is
l_)]P9>9 — % ( ( 1) +40 (2 — ﬂ)) Corresponding maximum and minimum tax rev-
DP9>§

enues are R

1 (v—i— (d(\/ﬁ—l)—ﬁ(\/i+2))) and
RPPID L (0= 1 (d (V2+1) +0 (2 - V2))).

—J

Minimum tax rates and revenues are higher than tax rates and revenues in the offline equilibrium

(FPPO0 e Ld(V2+10) +0(2-v2)) >0,

—J J

RPPO>0 _ Ry =14 (v—3(d(vV2+10) +6(2-v2))) > 0).

J

<

For ii) 6 < 0 = d¥2=1 the maximum tax differential is given as

V242’ T
7 DP,6<0 DP,6<0 . .
‘ATDP19<0‘ = §(d+20). For 7; < =7 arh <04 %(d—I—ZG), the maximum tax rate is
TJ»DP’9<9 = v, the minimum tax rate is TDJ-P9<9 = v — % — %0. Corresponding maximum

DP,6<0 DPO ()
and minimum tax revenues are R < ;v and R” <V = % (v — %d — %9).

Minimum tax rates and revenues are higher than tax rates and revenues in the offline equilibrium

(r 1_3]”9<9 5 =v— 1 (11d +46) > 0, RDP"<9 R —% — 1(11d + 40) > 0).

. 2d-+40+3(T 2d+40—3(r2P —7DP))?
Firm’s profits are given as bt = (2-+40+ (142[ ) , 2P = (2+ (1121 ")) , and

8(d—0)>—9(rRP —rDP . . L

7T0DP _ 30 §6 v TH ) . Consumer surplus in countries H and F' is given as CS]L;,)P =
YHO %
[ (v=phF —dz)dz+ [ (v—pHT —0)dx

0 YHO

1 4(11d—20)(d+20)+60drRT +84dr HF —3(rRF —+ D) (8043(rRP —7HF))
=2v— 283d and

Yor 1
CSEP = 1l (v—pé)P—H)dx—i— S (v—pgp—d(l—x))daz
% YoF
4(11d—20)(d+20)+84dr B +-60dr P +3(r2F —7HF) (803 —rhFP . .

= %U _ X Je26) t8adTy” + 7%8; (TP”=75")( (TR” -7 )) Welfare in countries H and
F', respectively, is

DP DP DP DP DP 1 28d%—176d6+11202—9(rRF —7DHP) (4d—80+5(rRF—rH7))
Wyt = CSyg" +mg" +my" + Ry = 5v+ F ey e

12d2+16d6—166%—3 - 4d—86+3 -
and WRP = OSRP +nRF + RRF = éu— i (B =ria") (=80 +5(72"=77) - opal
2
DP DP pp _ , _ Ad’+112d0-800°+9(rR"—7}")

welfare is W57 = Wit + Wi TIAd .

Example: Symmetric Equilibrium

In the symmetric equilibrium, tax rates are Tgp’s = T?P’S =v — 3d — 26. The tax differential

. DP, DP,

is zero (ATPPS = 7.7% — 777° = 0). Tax revenues are
DPs _ pDPs _ 1 1 2 P . DPs _ DPs __ 1 1

Ry 7" =Rp " =3 (v —3d— 6). Equilibrium prices are py; " = pp' " = v — 5d — 30 and

2

pODPS = v — f, quantities are qDPS = qus = d*—% and qDPS = (d 9 Equilibrium profits are
DP;s _ _DPs _ (d+20) DP _ 2(d—6)?

T =Tp = gy and mp = T
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Consumer surplus in countries H and F, respectively, is
1

YHO 2
csptr = f (v —pP — dm) de+ [ (v — P — 0) dx
0 YHO
YoF 1
—CcSpr = f <v — b — 0) de+ [ <v —pptt —d(1 - m)) dr = %. Welfare in coun-
1 Yor

2
. DPs DP,s DP s DP;s DP;s _ 36vd—44d0-+2860°+17d>
try His Wy ° =CSy "+ +7my T+ Ry = Tod :

Welfare in coun-

. 342 2 .
try F is W;,?P’S = CSDP’S + ?PS + R}QP’S = 12uwd 3d24d4d9+49 . Global welfare is WPPs =

DP,s DP;s _ 36vd—d?— 28d9+2092
Wy "+ Wg = 36d

Compared to the offline equilibrium, prices are higher

(ngs - Py = ngs Py = U — —d — 10 > 0), quantities of the physical stores are lower
(qus a5 = qus —qp=— (d 0) < 0), taxes and revenues are higher
(Tgp’s TH—T?PS Th=v—2d—260 >0, RgP’S—R}I:RgP’S—R}:%v—gd—%0>0).

Online Equilibrium under Origin Principle

.. 0 P
In the second stage, firms maximize 7TOP (p % T%P ) (%),

OP _ (,OP _ _OP d—0—p§ " +p2" OP _ (0P _ _0OP\ (d=0—pQT+pQ"  04p§"—pG"
el = (v —TF)(l_ d ,and 767 = (pf’” — 75") d - d :
2d+40+79F +1179F 2d+40+77QF +579F
Equilibrium prices are p@f” = e T QP = 5" and
op __ 2d—20+7QF +579F " OP _ 2d+40+79F —79F  o5p  2d+40-57QF +579F
Py = & - Quantities are ¢y = ———7—, qp' = 97 2 and

orP _ 2d729+TgP772P
0o - 3d '

In the first stage, governments H and F' maximize tax revenues

2d+40+79F —79F  2d—204-79F —+OF 2d+40—579F +579F
RGP = 7P (Mt i T ) and RQP = QP (MHSE ) pest

response functions are T?IP =d— 2(9 +3 1 OP and T?P = %d+ %9 + %T%P . Equilibrium tax rates

are TOF = % and 7@F = 2(%;29). The tax differential is negative (A79F = 7QF —79F =

8(d 0) . opP _ (11d—20)2

< 0). Tax revenues are R = 5=~ and

op _ (1d+20) b : OP __ 143d+100 , OP __ 17(7d+20)
Ry" = 357 Equilibrium prices are pp;" = =550~, pfpr = —(5—, and

OP _ 77d—230. _ 11d+340 _OP _ 7d+20 OP _ 22(d—0) Tihr
Py = g ; quantities are q = “Soq » 4p = g7 and ¢z = . Equilibrium

or _ (11d+340)> _op _ (7d+26)? oP _ 242(d—6)*

profits are 7% = “gygoq > Tp = ~mgaq > and Ty = “5u5g

onsumer surplus in countries H an respectively, is
C pl t H and F, respectively,

1
op _ opP 7 OP 1 115662 —13 739d2—3212d6
CSy’ = [ (v—pg" —dz)dz+ [ (v—0p§ —9)d$:§U+ 16 200d and
0 YyHo
op _ " oP ; oP 1, 4 2062-2527d% 6526
CSGP = [ (v—pFT —0)de+ [ (v—p%F —d(1—2))dz =30+ 35404 Welfare
% YoF

. . 2959d? —10 868d6+8100vd-+588462
in country H is Wg CSOP + 7r Lt 7rOP + ROP ( 162004 ) Welfare
. . 540vd+5202 —287d%+100d6 .
in country F' is WFOP = C’SIQP + ng + Rgp = ( 10504 ) Global welfare is
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OP _ yyyOP OP _ 8100vd+33320° —673d>—4684d0
W55 =Wyt + Wg 51004

Compared to the offline equilibrium, in the online equilibrium under the origin principle, prices

and quantities are lower (p?lp —py = w < 0,
OP _ _ 241d-340 oP _ _17(d-0 OP _ _d-0
Prp —Pp = — 55 <0,q —qy=— 45d)<0’QF —qp = — %7 < 0), taxes and
revenues are lower (TOP — Ty = 23d+49 <0, 7‘ —Tp = 31d 40 <0,
OP _ px __ _ 163d2+88d0—86> or * _307d2—56d9—892
Ry Ry = 704 <0, Ry — Ry = —=—57—— <0).

Compared to the online equilibrium under the destination principle, in the online equilibrium

under the origin principle, prices are lower

45(rRP+37HF ) —8(32d—50) 45(3rRP +rPP)—8(26d+0)

OP _ _ DP _ OP _ ,DP _
Py —prg =-— 180 <0, pp" —pp" = - 180 <0,
45(7PP+rDP)—4(31d—460 . . . .
p§f — pPf = — (77 +TH90) ( ) < 0). For a sufficiently high tax differential A7PP =
gp 0 H , the quantity of the brick-and-mortar store in H is lower and the quantity of the

brick-and-mortar store in F' is higher

(@9 — P = S80S CE 1) _ i ADP o ADP — _8-0)
Q}QP —qpt = —8d789+§é;F7TH) > 0 if if ATPP > ATqDHP = —78((39)), the quantity of the online
h is 1 OP Dp _ _8(d-9) T d 1 OP DP,G>0 _
shop is lower (g5’" — ¢’ = — =7~ < 0). Tax rates and revenues are lower (7% -7 =
—(v—15(d(5v2+27) -0 (5v2-6))) <
IQIP TDf79<9:_(v_7(2d+0))<0
or DP9>9 o
L e e (R A (5f+19)+9(14 5v2))) <
DP<0
TP =7 = — (v -8 (d+0)) <
o DPO>8 1 d?(45v/2+287)—df(45v/2—2) 486>
Ry —RZ;7 = <2” )270d( ) <0,
DP,0<0 1 332d2+92d6+802
RGP — RZ; = (i” A ) <0,
) do 02
ROP _ Rf)f’9>9 _ <%U | d?(45v/32+143) 270(d45f 146)+8 > <0,
DP,o<0 2 2
RIQP ~ R”! <6 _ _ (%v _188d +227306dde+89 ) <0).

Welfare Analysis

For the brick-and-mortar store in country H, profits are higher under the destination principle

if the tax differential ArPT = 7DF — 7DF ig gufficiently high

oP pp __ 32(d—0)(13d+320)+2700( R -7 5P ) (d+20)+2025( R ngP) 0
(rfy — 7Ty =-— 32400d <Y,
— 8(d—9) —_—= — — =
if ATPP > ArDP = ~ %0 with |ArRP| < |ArPPOSH|, |ArRP| < |ArDPO>0)),

For the brick-and-mortar store in country F' profits are higher under the origin principle if the

tax differential A7PF is sufficiently high
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2

(ng B ﬂgp _ 32(d—0)(5d+460)+108(7RF —r D) (d+20)—81(rRF —rHT)

: DP _ A-DP _ 8(d—9)
= 15564 >0, if AT55 > ATt T

with ‘AT?FP’ < ‘ATDP79<9

Jif 0 < £d and ‘@3‘ < ‘W’),

For the online retailer, profits are higher under the destination principle if the tax differen-

. . . 832(d—0)2—2025(7 2P —7DP)? o | D7
tial ATPP is sufficiently low (7§¥ — ¥ = — (@-9) 8100(dTF ) < 0, if ‘AT{TDOP <
4% 13(d — 0), with ‘ATT?OP’ < ‘ATDP79<9’, ‘AT?OP‘ < ’ATDP’9>9‘.
For both governments, tax revenues are higher under the destination principle (Rgp - REIP =
1_DpP _ (11d—26) . pOP _ pDP _ _ (1_DP _ (7d+20)
_<§TH —15q ) <O Rp" —Rp" = —(37F" — 135 ) <0)-
In both countries, consumer surplus is higher under the origin principle
opr pp _ —32(1408d%—~161d0—320%)+2700d(57 PP +7r 5 ) —675(rRF —r D) (8043(rRP —7HT)) _
(CSg™ —CSy" = 64800d >0

a(cs9P —cshp , _ -
(csg 2F) > 0if 7BP < 2(7(1;20) +7BP; for 7DP = tPPO>0 and +DP = ;DPO>D CSOP —

87—H
2 2 ~
pp _ 1., d*(225v247207)—0°(450v/2-97)+d6(225v/2+1606) ) DP _ _DP0<d DP _
CSyt = 5v 1004 > 0; for 7" = T and 75" =
DPO<6 _ OP DP _ 1 68126244462+ 14 63942 )
Tj =v, CSy" —CSy" = qv — 16 200d > 0;
C'SOP _ (1GDP _ —8128d%+992d0—64002+540d(7r P +57 57 ) +135(rRF —rDP) (80—3(rRP —75HP)) )
F F = 12960d >0;

a(Csgr—csRr)
oTR

CS9P — CSPP =

DP _ _DPO<0 orP _ DP _ 1
TR =T , CSE CSp™ = 3v

> 0, if TR < 2(7d+20) + 757, for 7HY = 7PPO>0 and 7RP = 7PPO>0

1 d?(45v/241331)—0%(90v/2—125)+d0 (45v/2+326)
2V~ 1620d

> 0; for 7RF = 7DPO<0 and

_ 1372d6+700024-2707d?
3240d > 0).

Welfare in country H is higher under the origin principle if Tgp is sufficiently low (WgP —

2
WDP — 5536d%—3872d0—166462+8100( 7R —7DHP ) (d—20)+10125(rRF —rHF) S0
H 64800d ’
. DpP 2 \/51/ —652d0+20360% —979d2+2d—49 . C g
if TgP < TZ,IID/VH = TIQP + 45 v = ). Welfare in country F' is higher

under the destination principle if T?IP is sufficiently high
2

(WOP _ WDP — _608d%—1120d9+5126%+540(1 2" —7 ") (d—20)+405(r X 7 5) <0
F F = 4320d ’
— 1 2_ 2
§oDP - DPT _ op 2(d-20+ 5 v/51/100d9+520° 1072
H HWp = TF 3

Global welfare is higher under the destination principle if the tax differential A7PF is sufficiently

low

2
(WOP _WDP — _ 1792d?—6464d0+46720% —2025(rRF —r D) <0
- 32400d ’

it [ArPP| < ArRP = £ /(38— 730) (= 0), with | A7fP
if § < (—gV4T+ 551) ).

< ‘ATDP,0<0)’
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A. 2 Role of Governments
Cooperative Leviathan Governments

Offline Equilibrium In the offline equilibrium, joint revenue of both governments is R*¢ =
RBC+RPC _ 3d(T*F’C+T}} ) (T*FC 720)2

o . Joint revenue increases in both tax rates but decreases

in the tax differential. Joint revenue increases in tax rate 7; as long as 7; = 7_;.
Governments set tax rates to extract the full surplus of the indifferent consumer. The surplus

of the consumer located at y}‘q(}’; is
U~C (yur) = v — —dyj =v—pp© —d (1 - ?/;ﬂc’) = v —§d - §73° — 373, yielding

response functions T}}C =2v—3d — T}}ic and T?C =2v—3d — 7';[0.

By symmetry, equilibrium tax rates are T;}C =7 FC =v— fd The tax differential is zero

(Ar*C = 73¢ — %€ — 0 = Ar*). Tax revenues are RjC = Ry = 3 (v — 3d). Equilibrium

1 - *,C *C _ 1
prices are pH = pF =0 — §d. Quantities are g =47 = 5-

Compared to the offline equilibrium with no cooperation, tax rates and revenues are higher

(5 =7 = —rh=v—2d>0, R — Ry = RpC — R = 1v— 2d > 0).

Online Equilibrium under Destination Principle
The online equilibrium under the destination principle with cooperation of governments is equiv-

alent to the online equilibrium under the destination principle with no cooperation. Joint tax

DP,C

RDPC + Ry =7p3+7r3 =3 (7r+ 7). The joint revenue increases

revenue is RPPC =
in both tax rates.

Equilibrium tax rates in the online equilibrium under the destination principle are defined by

¢ TP e (rBP 4+ 1RP = 20 — 2d — 40} N {|ATPP| < min{2v2(d - 0) , 2 (d+20)}}.

Compared to the symmetric online equilibrium under destination principle with no cooperation,

tax rates and revenues are the same.

Compared to the offline equilibrium with cooperation, tax rates and revenues are higher (Tgp’c’sf

*,C DP,C,s *C 7d 460
Ty =Tp —Tp > 0;

T = (7~ 2\/5) —0(4-2v2)) >0, 72700 — ¢ = 1 (5d — 80) > 0;
RIEP,C,S _ REC _ RIQP’C’S _ R;C 7d 49 >0,

R 01208 ~0(4-23) >0 R 500> 0)

Online Equilibrium under Origin Principle

In the online equilibrium under the origin principle, joint revenue of both governments is
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— — —_— 2 . . . .
ROPC — Rgp,c + Rgp O 27p(d+20)+27H (ir’g g 20)-5(Tr—7H)" The joint revenue increases in both

tax rates but decreases in the tax differential. The joint revenue increases in tax rate 7; as long
as Tj = T—j.

Governments set tax rates to extract the full surplus of the indifferent consumer. The surplus

of the consumer located at yOPC

yorc (ygg,c) =v—pg— dyOPO =v— %d— %9— %T?P’C — %TZP’C, the surplus of the consumer

located at yOPC

yoPC <y§§70) —v—pp—d <1 _ OPC) =y — 7d 0 — %Tgp,c — %T2P7C. Best response

functions are T?IP’C = Qv — %d 9 — 1 OPC OPC =6v—2d—40 — 57_OPO Equilibrium tax

OP,C orC _ d

rates are 7, = Tp 29. The tax differential is zero

5d—26)(v—%d—26
0). Tax revenues are ROPC ( )(6 7 ),

orcC _ _OPC OPC __
(AT =75 —Tg =

2d+40)(v—1d—20 e .
RgP,C _ ¢ )(;;dg 3 ) Equilibrium prices are ng,C = ng,C v — 7d 19 and pOPC

v — . Quantities are qo C quc = d+29 and qopc (C;l;;a)-

Compared to the online equilibrium under origin principle with no cooperation, tax rates and

revenues are higher (TZP’C — T%P =v— 7d 9 > 0,

OP,C oP _ 4 OP,C oP __ 45v(5d—20)—317d%—32d0+526>

opr.C orP __ 45v(d+20)—113d2—116d6—6892
Ry — Ry = 370d > 0).

Compared to the offline equilibrium with cooperation, tax rates are higher

(1 gpc TEC = Tgp’c — T};’C = 7d 40 > (). Tax revenue for country H is higher, tax revenue
. opr,C *,C _ 120(d—0)+17d%2—16d6+-860
for country F'is lower (R, "~ — R = 364 >0,
OP,C «C _ 120(d—0)—25d2+8d0+862
Ry — Rp™ = — 364 <0).

Benevolent Governments

Offline Equilibrium

(3d+’r}’ —T}‘{W) W <3d—T;W+TEW)2

. *W *
In the second stage, profits are given as 7} = 54 and 75 = 5d
Consumer surplus in countries H and F' is given as
1
2 *, W =, W
*W * W 1 15d+417 " +8714
CSy —{(v—pH —d:c)dx—iv— 7 and
1 *, W *, W
W * W 1 15d+87 7" +41y . .
Csp’ = if (U —pp —d(1— a:)) dr = 5v— ST . Tax revenues in countries H and
3
*W _ xW 3d+T;Z —T;IW *W _  xW 3d—7’}’W—|—TBW . .
Fare Ry’ =7 —Ffe—t— and Rp" = 75 —F—%—. Welfare in countries H and
F', respectively, is given as
—9d?%4+4 W W 3d+T*’W+2T*’W
WiV = sV w7V R = Lo+ (o )it 2r) g

41



—9d%4+4 W W 3d+T*’W+2T*’W .
W;’W = CS}';’W + W?W + R}’W = %v + (5 F72?i( Lt £ ) In both countries,

welfare is decreasing in the tax rate of the respective country and increasing in the tax rate of the

*, W *, W
other country (% = —ﬁ <12d — 47’}’W + 16775 > <0, aBW* - = 72d <12d + 167’ _ 47.2W> <
owyp"
0. ot = i (3d+2TF +rh ) >0,
*, W
% = 18d (3d + 7' W 27 ) > 0). Equilibrium tax rates are T;}W = T}’W = 0. The tax
H
differential is zero (AT*W = T}W T W = 0). Tax revenues are RBW = R;’W = 0. Equilibrium
prices are p;}W = pPW = d. Quantities are qEW = q}w %

Compared to the offline equilibrium under Leviathan governments, tax rates and revenues are

lower (75" — % =" — 15 = —3d <0, Ry — Ry =R — Ry = -3d <0).

Online Equilibrium under Destination Principle

2
. 2d+460+3 TDP w_ DPA,W
In the second stage, profits are given as ng’w = ( ( ST ")) ,

2 2 DP,W __DP,W)2
DP. 2d+40—3(r2PW _DEW DP, 8(d—0)“—9 ’
T w_ (7 ) , and g W S0 0(rr 55d ) . Consumer surplus

in countries H and F' is given as

CSI?P’W = yofo (v — ngW dx) dr + } (v — pé)PW 9) dx

YHO
1 4(11d—20)(d+20)+60dr " +84dr " —3(r 2PV —r W) (80437 W —3r )
= z0— and
2 ) 288d
YoF
DPW DP,W DPW
Sy = ( -1 Q)d:v—i— i ( Pp d(l—x))dm
% YoF
11d—20)(d+20)+84d7 " +60dr " 43 (v RV —r W) (8937 RV 13- W .
=Ly — A X ) (7r it 'F ) Tax revenues in
2 288d
countries H and F' are RDPW DPWl and RDPW TDPWI Welfare in countries H and
T F

F', respectively, is given as

DPW DPW , DPW , DPW DP,W
Wy =08y 4w + TRy =
H Ty o H
2 2 DP,W__DP,W DP,W DP,W
%U+ 2842 —176d0-+1120%—9(7 ) 25&1 )(4d—80+5r2 " —5r ") and

WwDPW _ CSJJ?P,W DPW_I_RQP,W _ év 12d%+16d9—160%—3(r. " T%ZC’IW)(ZLCI 89+3r W 3T§P’W).

F +7E

Governments maximize welfare. Best response functions are

gPW = 2(d—20) + T?PW and TDPW = TZP’W — 2(d—20). Equilibrium tax rates are
2 - 1
ppw | 5(d—20) iff<3d DPW
TH = and 7 = 0. Tax revenues are
0 if 0 > 1d
2 : 1
= (d—20) if6<3d
RI?IP,W _ 10 ( ) 2 and R?P,W = 0.

0 if 0> 1d

Compared to the online equilibrium under the destination principle and Leviathan governments,

tax rates and revenues are lower
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(for 0 < 1d: 7" — 707 = — (v — L (11d - 20)) <0,

i U G n) ~0(5v2+2)) <

J

e = o S a1 0) <

for 0 > 3d: 77" — 7P = — (v—Ld - 3‘9) <0

T = (o= § (@ (V24 1) 0 (2 vE) <0,
gt =P = — (v 2a—40) <0,

FPPW _2DPs — _ (y— 14— 2¢) <0,

= i Gt 1 WE+1) )+9(2_@))<0,
T?P,W_T?f76<9:_(v_7d 9)

Ry™" = RZP™T = —§ (v - 5 (d(5v2+11) =0 (5v2+2))) <
REPW _ RPPOSD _ _ (L, — 4 (244 0)) < 0;

for 0 > 1d: Rp"W — R = —1 (v—1d - 29) <o,

RDPW _ gPPo>0 d(V2+1)+60(2-v2))) <0;

(=3
ROPW _ RPPO<O _ _1(y 24— 49) < 0; RRPW — PP = _L (y— La— 20) <,
1
2
(

1
2
_ 1
H —j =3
DP,W DP,0>0

R —RZY = —(
1

2

(d(V2+1)+60(2-v?2)))) <0,

. _1
—j 3
v— %d %9) < 0).

DP,W DPO<0
Ry —R” j =
Compared to the offline equilibrium under benevolent governments, the tax rate and revenue in

H is higher for sufficiently low 6 or the same for sufficiently high 6 (if 6 < %d: TgP,W ;{W

2(d-20)>0, Ry"" — R} = 2(d-20)>0

w DPW
*, _0 R )

if 6 > %d: TfIP’W -7 =0, Ry — RBW = 0), the tax rate and revenue in F' is the same

DPW  _«W _ DP,W W
(t% -7 =0,Ryp - R;7 =0).

Online Equilibrium under Origin Principle In the second stage, profits are given as

2 2
OPW __ (2d+40+7-2pw OP’W) OPW _ (2d+49 571?PW+57-2P’W) d
> = 144d J’ o = 144d ) an
P 2d— 20479V _OPW . . .
OPW ( e ) . Consumer surplus in countries H and F' is given as
1
YHO 2
orPWwW OP,W OP,W
csy = (v—pH dw) dr+ [ (v—po 9) dx
0 YHO
1 4(11d—20)(d+20)+20d7 27" +124dr Y — (7 0PV 7 9PV (8047 05V 2 OF W)
= zv— and
2 288d
opw Yo OP,W ! OP,W
s _f( —pg o) de+ [ (v-pg™ —d(1-2))dz
5 YoF
4(11d—20)(d+20)+44dr 27" +100dr 7Y 45(7 9PV 2 OPWY (80—57 QW 457 9PW
= 1y — ( X ) E (7 It 12! ) Tax revenues
2 288d
2d4 404, OPW _ OPW 2d—204,7O0PW _ OPW
in countries H and F are RgPW = TZP’W TFle —Tu + F3d i and
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ROPW _ _OPW [ 2d+40— 5700V 5, OPW
F =Tf oa .

Welfare in countries H and F, respectively, is given as

OPW _ ~qOPW |, _OPW , OPW oP,W
Wy =CS; " +7y " +m + Ry,
_ 1, 28d2—176d0+1120%+52d7 2" +44dr) "V —40070" —5607 W 4 (20 0PV ) (197 00W 11017557
=2 288d

P P P, P

and WPV = 0sPPW 4 7 OPW 4 ROPW
1, 4(3d—26)(d-+20)+12d7 27" +20d7 0" 480720 —a00r W 15(r 0PV 7 0P (3020 15700
2 96d .

Governments maximize welfare. Best response functions are

OPW _ d 0 1

T%P’W 220 a1 OPW — 3 OPW . Equilibrium tax rates are

= 101 1019 +101i7TF and 75

2(11d—140) . 11
oPW _ 101 if 0 < qzd
T =

0 if > 11d

orP,W

and 75, = 0. Tax revenues are

2(11d—146)(75d—220) . 11
OP,W 10201d if0 < qzd
Ry =

0 if 0 > 11d

Compared to the online equilibrium under the origin principle and Leviathan governments, tax

and RgP’W =0.

rates and revenues are lower

P, 4(473d+46 P, 2(11d—26
(for 0 < Hd: TO W —79F = —% < 0; for 6 > 11d: TO W —79F = —% < 0;
OP,W oP _  2(7d+260) 11 OP,W op _ (1011571d4%-100004d6—42 35662) _
T —Tp == <0;for 0 < {;d: Rp; Ry =— 13771354 0;
11 oP,WwW oP _ (11d729) . pOPW oP _ _ (7d+20)
for 0 > zd: Ry " — Ry — 3 <0; Rp" — RpP = — 457 < 0).

Compared to the offline equilibrium under benevolent governments, the tax rate and revenue

oP,W W

in H is higher for sufficiently low ¢ and the same for sufficiently high 6 (73 - Ty =
w >0 R?IP’W — R;{’W = 2(11d7136;)(§172d7220) > 0), the tax rate and revenue in F is the
same (TgP’W — T;}W =0, ROPW — R}’W =0).

Cooperative Benevolent (Governments

Offline Equilibrium

2 *, WC’_T* w,C
Global welfare is W*W-:C = WZ’W’C + W;’W’C = v — 94 +2(r 364 H ) . Global welfare

decreases in the tax differential. Governments set the same tax. There is a continuum of

equilibria T*ﬁW’C, T*FWC € {TEW’C = T*FWC}

Online Equilibrium under Destination Principle
IIE)IP,W,C)Q

WDPW.C _ yyDPW.C |y DPW.C _ 4d®+112d0—-8002+9 (7 7" —
=Wg F

Global welfare is =v— 144d

Global welfare decreases in the tax differential. Governments set the same tax. There is a

continuum of equilibria 757V FREWC ¢ {tH DEW.C _ 7DEW.CY
q TH TF TF .
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Online Equilibrium under Origin Principle

Global welfare is

80024442 —8(d— _ 2
WOPW.C _ WOPWC WI?P,W,C — y — 112d0-800°+4d>—8(d 14357,7 T)H13(rr=T)® 1t g > %d

global welfare decreases in the tax differential. Governments set the same tax. There is a

continuum of equilibria TOPWC OPWC e{ry OPW.C _ TIOTP’W’C}.

If o < %d, global welfare decreases in the tax differential A7OPW:C = T?P’W’C — T%P’W’C if

oW Or,wW,C (26(1p—7 1) —8(d—46)) <0if

ATOPW.C g sufficiently high (8ATOPWC =- 144d

ATOPWC > 4 (d—40)). Best response functions are T?IP’W’C = T?P’W’C — 4 (d—40) and

T?BWO = &5 (d—46) + Ty. There is a continuum of equilibria

OPW,.C _OPW.C OPW,.C _OPWC _ 4
TH y TR —TH Sl—s(d—49)}.

e{rp

A.3 Discussion
Market Structure

Offline Equilibrium

,PC,P PC,P PC,P PC,P " .
Equilibrium prices are py; GPO - T CPC and = CPC — T CPO. Quantities of all brick-
d *, PC *, PC
and-mortar stores in both countries are Q* PO.PC WTTH and
d— *PC+*PC . . d *PC __x,PC
}Z’PC = %. The tax base in country H is b}‘{’P ZPC JFTFTTH, the tax
«PC _ ~xPC _ d—1p"%4r3"C

base in country F'is by~ = Q7 ~ = 5d

In the first stage, governments H and F' maximize tax revenues

R5PC TZPCdJrT;P sd—szlp © ond R:FC T}PCd g’ §d+r’;IP <

Best response functions are T;}P = 1d —|— T PC and 77 PC 1d + T PC. Equilibrium tax
rates are TEPC = T?PC = d. Tax revenues are R* PO — R* ,PC 1d Tax rates and revenues
are lower than under market power (TZPC — Ty = T*FPC h = —2d < 0, R} PO _ Ry =

RyPC — Ry = —d <0).

Online Equilibrium under Destination Principle

DP,PC DP,PC _DP,PC DP,PC

Equilibrium prices are p; =Ty , Dp =Tp , and
pOD PPC _ % br.pC + 5 1 DP pc . Quantities of all brick-and-mortar stores in both countries and
DPPC _ 20470 —r " Ipppc _ 20-rp"TC4r Pt S DPPC _ 420
all online stores are Q; 5d , Qp 5d , Qo = 7.
DP,P DP,P
The tax base in country H is by ¢ = % the tax base in country F'is bp ¢ = % Tax

DP, PC DP PC DP,PC DP,PC
Ry 1 and Ry + 1

revenues are glVGIl as Ty =Tp 5

Governments set tax rates to extract the full surplus of the indifferent consumers. The surplus
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of the consumer located at ygq is

DP,PC 1_DPPC 1

UPPPC (yrrg) = v — T —dygo =v—0—57p — inIP’PC; the surplus of the consumer

located at yop is

UDP,PC( DP,PC —d(1—yop) =v—0 — 1 DPPC 1 _DPPC

YoF) =V —Tp 5Th 5TH . This yields response

DP,PC __ — 20 —920— 7_DPPCa dr DPPC

functions 7, =20 —20— TDP PC For the online retailer to

have non-negative profits, 750 T¢ = TDP’PC By symmetry, equilibrium tax rates are 7277¢ =
g p y TH =TF - DBy sy Y, €q H
T?P’PC = v — f. Tax revenues are given as RDP P RDP Pe 3 (v —0). Tax rates are lower

than maximum tax rates under market power and higher than minimum tax rates under market

DP,PC _ _DP0>0 DP,PC__DPg>0
power (7,777 —T; e z—%(ﬂ—l)(d—9)<07 T_j’> =1 (V2+1)(d-0) >
0. 7PPFPC _ TjDP,G<0 __g<o0,

T?P’PC - T?f’9<0 = 1(2d+0) > 0). Similarly, tax revenues are lower than maximum tax

revenues under market power and higher than minimum tax revenues under market power
DP,PC DP,0>0 1
(R - R; =—t(V2-1)(d-0) <0,

] —_—
RPPPC _ pDPO>0 (\/§~|— 1) (d—6) >0, RJDP,PC’ B R]DP9<9 10 <0,

J i R
DP,P DP,O<0
RPP.PC _ pDPO<0

1
6
S =3 (2d+6)>0).

Tax rates and revenues are higher than in the offline equilibrium without market power (7 f)P PO _
TP =y —0—d>0,RIPPC - RO =L(w—0-d)>0).
Online Equilibrium under Origin Principle
E OPPC _ _OPPC  OPPC _ _OPFPC OP,PC _ OP,PC -

quilibrium prices are pg; T , Dp TR , and pg . Quantities
of all brick-and-mortar stores in both countries and all online stores are QOP pc % OP PC
09— OP,PC OP,PC d—20 OP,PC _ OP,PC . .

i d+ 1 , OOP’PC = tTE v . The tax base in country H is bgP’PC =
d— OPPC__OPPC ) ' 9_ OP.PC__OP,PC
e 7 T , the tax base in country F'is b}[,)P = F d+TH
In the first stage, governments H and F' maximize tax revenues
d—0 OP,PC _ OP,PC 0— OP,PC OP,PC

R?IP’PC = TOPPC tTF 7 TH and RgP’PC = OPPC Tk d+ i . Best response
functions are T%P PC _1 5d— 6—1—1 OPPC and TOP pc 19+ L OP pC . Equilibrium tax rates are

OP,PC (2d 0% . nd ROPPC (d+6)*

OP,PC __ 2d—0 OP,PC __ d+46
TH =5~ and 7, =53 . Tax revenues are Ry 9d 9d

3

Tax rates and revenues are lower than under market power

(TOP,PC _ Tgp _ (12d+0) <0, 7 OP PC Tgp _ (9d 0) 0,
OP,PC orP _ _61d2+16d071192 OP,PC OP __ _ 34d%—2d0—1162
Ry w7 — Ry = 135d <0, Ry - Rp" = 135d <0).
. . e . OP,PC
Tax rates and revenues are lower than in the offline equilibrium without market power (75 —
T*HPC (d+9) <0, 7 OP PC 7_?PC _ (2d 0) <0,
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2 —202 OP,PC PC 2_4d0—262
RIO{P,PC_REPC_dJrsde 20 <0, R9" — RS __ 7d>—4do—26 <0).

18d F F - 18d
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