ECOMNZTOR

Make Your Publications Visible.

A Service of

ﬂ I I I Leibniz-Informationszentrum
° Wirtschaft
o B Leibniz Information Centre
h for Economics

Ortmann, Regina; Simons, Dirk; Voeller, Dennis

Working Paper

Real effects of an international tax reform for MNEs

arqus Discussion Paper, No. 265

Provided in Cooperation with:

arqus - Working Group in Quantitative Tax Research

Suggested Citation: Ortmann, Regina; Simons, Dirk; Voeller, Dennis (2021) : Real effects of an
international tax reform for MNEs, arqus Discussion Paper, No. 265, Arbeitskreis Quantitative

Steuerlehre (arqus), Berlin

This Version is available at:
https://hdl.handle.net/10419/240190

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dirfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie durfen die Dokumente nicht fur 6ffentliche oder kommerzielle
Zwecke vervielfaltigen, 6ffentlich ausstellen, éffentlich zuganglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfigung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewahrten Nutzungsrechte.

WWW.ECONSTOR.EU

Terms of use:

Documents in EconStor may be saved and copied for your
personal and scholarly purposes.

You are not to copy documents for public or commercial
purposes, to exhibit the documents publicly, to make them
publicly available on the internet, or to distribute or otherwise
use the documents in public.

If the documents have been made available under an Open
Content Licence (especially Creative Commons Licences), you
may exercise further usage rights as specified in the indicated
licence.

Mitglied der

Leibniz-Gemeinschaft ;


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/240190
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

Arbeitskreis Quantitative Steuerlehre

Quantitative Research in Taxation — Discussion Papers

Regina Ortmann, Dirk Simons,
Dennis Voeller

Real effects of an international tax reform

for MNEs

arqus Discussion Paper No. 265
August


http://www.arqus.info/

Real effects of an international tax reform for
MNEs*

Regina Ortmann Dirk Simons Dennis Voeller

Paderborn University ' University of Mannheim* Toulouse Business School$

Working Paper — August, 2021

With multinational enterprises (MNEs) centralizing production facilities,
market countries claim not to receive their fair share of taxes. A reform
of international business taxation that includes new profit allocation rules
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product markets. If national demand resembles characteristics of traditional
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1. Introduction

Cross-border sales have gained increasing attention (see OECD (2018)), because
production of foreign affiliates tripled, recently. Moreover, the major part of outward
production is controlled by multinational enterprises (MNEs) domiciled in just a few
developed countries.! As MNEs often centralize production the only economic activity
in market countries is sales — typically compensated by cost-plus or resale-minus based
transfer prices. From a tax revenue perspective, many market states believe not to receive
their fair share because of transfer prices being prone to profit-shifting.

To ensure a more fair and just allocation of taxation rights a concept for a two-pillar
solution to address global tax challenges has been accepted by the OECD and G 20 in July
2021 (OECD, 2021).3 A detailed implementation plan will be published in October 2021.
If members agree, this reform will be brought into law in 2022, to be effective in 2023. The
OECD concept rests on two pillars: Pillar One aims at sourcing more revenues to market
jurisdictions where goods or services are used or consumed. The OECD envisages a
closer link between the allocation of an MNE's taxable income and the distribution of
sales.* Pillar Two stipulates the introduction of a global minimum tax.

However, an effective reform has to anticipate MNEs’ reactions to a change in the
taxation regime. In terms of production, firms could build up capacities located in
market countries or withdraw from those markets in fear of local tax authorities pushing
for higher tax payments. In this paper, we investigate the impact of an international
tax reform on the (de)centralization of production operations, on sales quantities and
on transfer pricing decisions. We analyze these key decisions based on a two-country
model with a single-product MNE. In a first setting, we model traditional product
markets, where local prices are independent from sales quantities in the other country.
In a second setting, we consider national sales as complements reflecting demand
characteristics of modern product markets, e.g. for social network services. We always
focus on how the MNE anticipates tax measures by adjusting the location of production,
sales and transfer prices.

Our paper is related to two streams of literature: First, our paper responds to
the call for research on tax effects on the business activities of MNEs (Dyreng and
Maydew, 2018). Specifically, we contribute to the growing literature on minimum

IThese countries are the US, the UK, Germany, France, Japan, Switzerland and the Netherlands.

2See, e.g., Merle (2016) or Norris (2013).

3Digital service taxes can be regarded as unilateral attempts to secure taxation rights that would become
superfluous after a global tax reform. See, e.g., Cui and Hashimzade (2019).

*On the importance of a global accord on the applicable tax base, see, e.g., Bunn (2021).



taxation (see, for example, Scot et al. (2020); Li (2018); Best et al. (2015)). Second, by
analyzing the choice between centralized and decentralized production we contribute
to the literature concerned with tax-induced distortions of investment. In line with the
focus of our paper, Marques et al. (2019) assess the extent to which real investment
responsiveness to corporate taxation is affected by cross-border income shifting.
Altering production locations as a reaction to changes in tax regimes replicates this
decision problem in our model. However, our results largely depend on the product
market characteristics above and beyond the installed tax regime. Our paper also
extends Martini et al. (2012) who analyze the impact of different combinations of tax
allocation and managerial accounting regimes on investment and production decisions
under Formula Apportionment (FA). In contrast to them we consider effects of a
minimum taxation regime.

Our results show that the effects of the aforementioned international tax reform
on sales quantities depend on the properties of the underlying product markets. If
national demand resembles characteristics of traditional industries, sales quantities
remain unchanged. Here, the MNE only adjusts its transfer prices reacting to the
introduction of the new taxation regime. On the contrary, sales quantities are affected
if specific demand characteristics of modern business models are assumed. Further,
for traditional industries the tax reform increases tax revenues in the high-tax market
country, and even attracts production facilities. In contrast, applied to modern business
models tax revenues of the high-tax market country can even decrease after the reform.
Finally, our results suggest that the mere threat to be taxed according to a sales formula
results in adjustments of MNEs" production location, sales quantities, and transfer
prices.

The paper proceeds as follows. In section 2 we consider traditional business models
where national sales are independent from global activities, i.e. separability of domestic
and foreign sales is given. After analyzing a pre-tax regime, we consider a regular
corporate taxation regime. Finally, we investigate a minimum taxation regime after an
international tax reform that advances minimum taxation by means of a sales-based re-
allocation of taxable income. Following the same structure, section 3 explicitly considers
complementarities between national sales which are a common characteristic of many
modern business models (see for example Hein et al. (2020)). In section 4 we compare
the results across the settings and discuss potential implications for fiscal policy. Section
5 concludes.



2. Separability of foreign and domestic sales

We consider a multinational enterprise that produces and sells a single product in
two countries i,i € {A,B}. The MNE centralizes decisions on both production
quantities x; and sales quantities s;, We assume a single-stage production process
with production taking place either in country A (centralized production) or in both
countries simultaneously (decentralized production). The applied inverse demand
function reflects characteristics of traditional product markets, i.e., sales in one country
do not affect sales in the other country. The local sales price p;” is determined as:

PP (si) =d;—s; (1)

The parameter d; denotes the maximum willingness to pay and indirectly reflects
market size. Further, we assume constant unit production cost, c;, neglecting fixed costs.
Moreover, in case of goods being exported, transaction costs of ¢t per unit apply. We
consider only profitable sales, i.e. p."(s;) > c; or, if applicable, p;" (s;) > ca + cr.
Transactions costs are borne by the receiving entity B. For ease of presentation we
assume the exporting country tobe A (if necessary), implying that x4 > s4. We exclude
stockkeeping and backorder sales. Thus, the quantity of imported goods, gg = x4 — 54,
added to the domestic production in country B, xg, has to meet the local demand, i.e.,
xg +gp = sp. The total transfer payment, T(gp) for all exported goods, gp, amounts
to T(qp) = tqp, with t reflecting the transfer price per unit.® Thus, the total profit
[1"9%¢P (s 4,5p,qp) in a pre-tax regime reads:

Hna,sep(.) = (dA — SA)SA +tgp —caxa+ (dB — SB)SB —tqp — cBXB — CTY4B

no,sep no,sep
HA ITB

= (dA —SA)SA — CA(SA —|—E]B) + (dB — SB)SB —CpB (SB — qB) —CTqB (2)

Thereby, the first three terms in the upper line of (2) represent the reported profit in
country A, IT*?; the next four terms represent the reported profit in country B, IT,"*?,
with the last term accounting for potential transaction costs. Observe the well-known
effect that in the absence of taxation, transfer prices do not affect the overall profit of the
MNE.

With corporate tax rates 7; € ]0,1[, and T4 # T applied to reported profits, the total

5The applied transfer price could result from cost-plus, i.e., c4 + ¢, or from resale-minus, i.e., pp — ¢.



profit 157 (s 4, s, qp) in the corporate tax regime changes to:

TP () =TT (1 — 1a) + 1P (1 — 1)
= [(da —sa)sa+tqp —ca(sa+qs)] (1 —7a)
+ [(dg — sp)sp — tqp — cg (s — g8) — crqs] (1 — T5) (3)

As there exists no theoretically justified benchmark for transfer prices,® every legally
accepted transfer price is a political compromise reflecting negotiation power, fairness
considerations and current development conditions of the involved countries. In our
model, transfer prices are accepted by the local fiscal authorities whenever the export of
goods or services has non-negative effects on national tax bases, i.e., t € [t t|=[ca,dp —
sg — cr]. We assume that both tax authorities are bound to this range irrespective of
the fiscal regime. This assumption excludes an abuse of a specific fiscal regime, such as
minimum taxation, on behalf of the fiscal authorities.

In the minimum taxation regime the local tax base rests on a sales based allocation
formula. Sales are widely believed to be a good proxy for allocating profits:” First
of all, revenues are less prone to manipulation than profits, total book-value of assets
or employees’ compensation. Second, companies are not discouraged to expand their
property and payroll as these criteria do not enter the tax formula (Andrus and
Oosterhuis, 2017; Goolsbee and Maydew, 2000). Third, sales-based formulas have been
widely accepted in real life.3 Finally, market countries lobby for sales-based allocations
of taxation rights emphasizing the economic value of the customer-base in the current
political discussions (see, e.g., GrantThornton (2019), OECD (2021)).

Accordingly, the minimum required tax base, TB; is:

piSi 1o no
o PiSi o 4 yno 4
1 Pisi‘f‘PﬁiSﬁi( 1 —\z) ( )
Observe that (4) implies TB; = (1 — Pisi:ii;:isﬂi) (IT"° +11"9) for identical

apportionment formulas.” Specifically, country i compares the reported local profit to

®For a technical proof see Alchian and Demsetz (1972).

"For a discussion of the advantages and disadvantages of this factor, see, for example, Radaelli and Klemm
(2001).

8In the U.S., a majority of states heavily relies on sales factors for inter-state profit allocation (Clausing,
2016).

9Focusing on effects of information endowment, we eliminate any confounding effects from applying the
allocation formula. Therefore, we do not allow for different formulas in different countries.



the minimum tax base and potentially adjusts the local profit upwards:

pisi (ITe +1179) i T1/° < TB;

H;ﬂin(.) — ) pisitp-is—i (5)
e it IT' > TB;
Accordingly, the total after-tax profit with minimum taxation reads as follows:
[piny = LT~ b (W + I wA TR —wy) TR0 <TB;
el —5) + 110 — ﬁ (H}“’ + HZ?) T; ifII' > TB;

Lemma 1 shows our results for the pre-tax regime without taxation as derived from
(2).

Lemma 1. In the pre-tax regime, the MINE centralizes production, with x4 = sa + sp, if
Cp > Cp+CT (7)
The optimal sales quantities are:

1

s = L dy ) andsy = { % (dp —ca —cr)  for centralized production

(8)

2 T(dg—cp)  for decentralized production

Proof: See Appendix A.1 and setting a; = 0.

Lemma 2 summarizes our findings for a regime where reported profits are taxed at

tax rates T;, as represented by (3).

Lemma 2. In a regime with corporate income taxation at rates T;, the MINE centralizes
production if

cat+CT f T4 > TB )
(1—\/}_75;‘) dB_\/i_:—g(CA‘f’CT) A < T

The optimal transfer price t* under centralized production is

TA> T
= o for AP (10)
5 (dp+ca—cr)=pp(sp) —cr Tq < Tp

The optimal sales quantities are

3 (dg—ca—cr) for centralized production

(11)

2

1
sh==(da—ca)andsy =
4 (da=ca) P { 1(dg—cp)  for decentralized production



The resulting tax revenues Ty in country A are

1ta(da—c a)? for decentralized production
1 2
= 1Ta (da —
Ta . a4 (2 a—ca) ,1 for centralized production and T > T8
7TA [(dA—CA) —|—(dB—CA—CT) ] Ta < T
(12)
The resulting tax revenues Tg in country B are
178 (dp — c)? for decentralized production
Tp =< Ltg(dp—ca—cr) T4 > Tp (13)

0 for centralized production and {

Ta < TB
Proof: See Appendix A.2 and setting a; = 0.

(11) shows that sales quantities remain unchanged compared to the pre-tax regime.
(9) shows that the location decision remains unaffected as long as 74 > 5. If T4 < 715,
comparing the threshold for the unit production costs cp in the pre-tax case, (7), with
the one of the corporate tax regime, (9), reveals:

1—TA

CA+CT>dB—(dB—CA—CT) 1—TB

S cp+or <dp (14>

The latter inequality is true by assumption. The lower threshold in the corporate tax
regime indicates that the MNE centralizes production more often than in the pre-tax
regime. Thus, country A is able to attract production facilities by ways of a lower tax
rate.

Changing the legal framework and introducing the possibility of minimum taxation
has the following effects.

Lemma 3. If minimum taxation is feasible, let dp < <1 + E—Z) daand cg > ca + cr. Then,
production is centralized.

The optimal transfer price t* is

= CaA (15)
The optimal sales quantities are
f 1 .1
sAzi(dA—cA)andsB:E(dB—cA—cT) (16)



The resulting tax revenues Ty, in countries A and B are

2 .
Toin =1 1ta(da—ca) i z.n country A (17)
118 (dp —ca —c7) in country B

For dg < (1 + E—Z) da and cg < ca + cr decentralized production is optimal. The optimal
sales quantities of Lemma 2 apply.
Proof: See Appendix A.3 with a; = 0

Due to the feasibility of minimum taxation location incentives stemming from the
corporate income taxation regime are nullified as long as dp < (1 + E—Z) da. That is,
compared to the corporate income taxation regime the feasibility of minimum taxation
re-establishes incentives to decentralize production. For 74 < 7, this implies that A
loses production capacities to B. Moreover, tax revenues decrease in country A and
increase in B due to the mere possibility of applying a sales based formula. Note that
here no country actually applies the sales formula to determine its tax base due to the
anticipation of the MNE. Only if the dp-threshold is exceeded, both countries would
determine taxable income based on sales, which is beyond the scope of this paper. Tax
revenues of both countries do not change for 73 < 74 under a minimum tax regime as

long as the dp-threshold is not exceeded.

3. Complementarities between foreign and domestic sales

The previous analyses are based on separable national sales. That is, at least in the
absence of taxes, a change in sales in country A does not affect price and sales quantity
in country B, and vice versa. In this section, we integrate complementarities between
foreign and domestic sales.!”

Modern business models such as digital service platforms often generate customer
value because of network effects. This implies that national demand is downward-
sloping in the charged price, but upward-sloping in the number of total users. Thus,

demand can be quantified as:
si(piss—i) = di — pi + ais—, + Bisi (18)

Here, «; (B;) is a scaling parameter indicating the strength of the network effect in

country i from foreign (domestic) sales. Deriving the inverse demand function from

101f not stated otherwise the assumptions and model settings of the previous section hold.



(18) by suppressing factor (1 — p;), which only scales the price impact of local sales,

and re-arranging terms gives:
pi(si,s—i) = di —si + s, (19)

where 0 < a; < 1 is assumed. Thus, the total profit in the pre-tax regime,
[1"9% (s 4,58, qB), reads:

IT"°(-) = (dag —sa +aasp)sa + tqp —caxa

no,co
1_IA

+ (dB —Sg + IXBSA)SB —tqp — cpXp — C1qB

10,c0
1FIB

= (dg —sa+waasp)sa—ca(sa+4gs)

+ (dp — sp +apsa)sg — cg (sp — g8) — cTqB (20)
Analogously, the total profit in the corporate tax regime, I1*°(s 4,55, q5), reads:

T2 () = T4 (1 — 14) + I3 (1 — 1)

[(da —sa+aasp)sa+tqp —ca(sa+qp)] (1—7a)
+ [(dp —sp +apsa)ss — tqp — cp (sp — q8) — crqs) (1 — T8) (21)

Transfer prices are accepted by the local fiscal authorities whenever the export of
goods has non-negative effects on national tax bases, i.e., t € [t t|=[ca,dp — sp + apsa —
cr]. The rules for minimum taxation apply analogously.

3.1. Pre-tax regime

To analyze the effects of complementarities between national sales, our benchmark
regime is a regime without taxes based on profit function (20). Lemma 4 summarizes
the findings.

Lemma 4. The MNE chooses centralized production, with x4 = s + s, if
CB >Ca+cCT (22)

The optimal sales quantities are

z(drc/*)ﬂdwrcf J(&atap) for centralized production
4—(ap+ap)

Sy = 23
4 2(ds 761 H((dBJ:CB))Z(“AMB) for decentralized production (23)
— (XA TA&B




and
Z(dg—CA—CT)+(dA—CA)(D(A+DéB)
47(0&/}4’0&3)2
Z(dB—CB)-i-(dA—CA)(IXA-i-D(B)
4*(06/\4*063)2

for centralized production
5 = (24)
for decentralized production

Proof: See Appendix A.1.

The results show that different from section 2, complementarities in international
sales lead to different sales quantities depending on the firm’s choice of a centralized
or decentralized production process not only in country B, but in the exporting country
A as well.

Comparing the first terms in the numerators of the centralized and the decentralized
production quantities in (24) shows the direct effect of cost differences between
centralized and decentralized production on the sales quantity s3. The second term
in the numerator in (24) shows the indirect (“complementary”) effect of the sales in A

(which depend on dy4,c4 and a4,p) on the sales in B.

3.2. Corporate income tax regime

In this section we assume that reported profits IT;*“’ are taxed at corporate tax rates T;.

By means of transfer pricing the MNE can shift profits between the countries.

Lemma 5. In a regime with corporate income taxation at rates t;, the MNE chooses centralized
production if

cat+cr T4 > TB
1id, — 1-14 _ x4 (aatan) or
cg > > (da—ca) (lXAl_TB —i—lXB) +dp — sp == f -
/(4= 2a40p) (1= Ta) (1= T5) — 0 (1= 7a) 2 — o} (1 — 75) 2
(25)
The optimal transfer price t* under centralized production is
" CA Ta > TB
t = (1—0(3)(2+D(A+DCB)CA-‘r(D{B—txA)dA-‘—(z—D(i‘—D(AtXB)(dB—CT) for (26)
(waA*DLB)(2+lXA+lXB) TA < TB
The optimal sales quantities under centralized production for T4 > Tp are
Z(dA — CA) + (dB —Cp — CT) ((XA + “B%:I,?‘)
Sy = (27)

2
4_ (lXA 17TA +0€B 1*1’3)

17TB 17TA



and

2(dp —ca—cr)+(da—ca) (IXB +aq tz;‘)

5 = ) (28)
1- 1—
4 — (D(A 17:_’; +«p 172)
The optimal sales quantities under centralized production and T4 < Tp are
N 2dA—CA)+ dp—ca—cr) (g4 +ap
o2 ( 1) (a-+ ) 29
4— (xp+ap)
" 24 )+ —ca) (ea +20)
x B—¢ca—cr)t(da—ca)laatap
Sp = 2 (30)
4 — ([XA + lXB)
The optimal sales quantities under decentralized production are
17TB
. 2(dp —ca)+ (dp —cp) (le—f-(XBl_TA) (31)
SA - 2
4= (way/ 2 +ap [ 12)
and
i} 2(dB—CB)—|—(dA—CA) <DCB+DCA%:_TF‘;>
SB - - : 2 (32)
-1, —T
4- (DCA 1—1'2 + B 1—Ti>
Proof: See Appendix A.2.
For 13 > T4, country B realizes no tax revenues (73 = 0) under centralized

production. In contrast, country A generates strictly positive tax revenues (74 > 0).

The results in (26) show that the MNE also chooses a transfer price at the lower
end (if T4 > 7g) or the upper end (if T4 < 7g) of the legally accepted interval if
complementarities between national sales exist.

Next, we look at the optimal sales quantities under centralized production. Compared
to the pre-tax case, the implementation of corporate taxation does not have an impact on
s’ and s} in both countries if T4 < 7. In contrast, under 74 > 75 the implementation of
corporate taxation changes the optimal sales quantities in both countries. For simplicity
reasons we again assume symmetric complementarities in both countries, x = a4 = ap.
For the optimal sales quantity s’ holds that it increases with the implementation of

corporate taxation.!! The optimal sales quantity s} is higher under corporate taxation

Under centralized production, the optimal after-tax sales quantity s% is higher than the pre-tax

. . . - . v - .
sales quantity under 74 > Ttp if the following condition holds: ap < Hﬂ#. Since
214+ TATB—TA—TB

e > 1, this condition is always fulfilled.

10



Figure 1: Comparison of optimal s4 and sg

SA SB
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Panel A: Comparison of optimal s 4 and sp under central production and 74 > 73

SA SB
400 ¢ 400 ¢

300 [ 300

200 ¢ 200

100 F 100 ¢

0 * * * * L@ 0 * * * * '@
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
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Panel B: Comparison of optimal s 4 and sg under decentral production and 74 > 13

The figure illustrates the choice of the optimal sales quantities s’ and s} contingent on a. Panel A shows
optimal sales quantities under central production and 74 > 7. Panel B exhibits sales quantities under
decentral production. Both panels are based on the following parameter assumptions: d 4 = 200, dg = 80,
ca =10, cr =20, T4 = 0.5, T3 = 0.01. In addition, Panel A assumes that cg > 30 which warrants central
production. Panel B assumes cg = 19.

compared to the pre-tax regime if & exceeds a certain threshold.!> This threshold
increases in 7, cT,d 4 and decreases in dp. Thus, the after-tax sales quantity s} can (but
does not have to) be higher than the pre-tax sales quantity if complementarities between
national sales are high. Panel A of Figure 1 shows a numerical example for the optimal
sales quantities s and sy in the pre-tax and corporate tax regime in the centralized
setting depending on a.

12The exact threshold is provided in (93) in Appendix A.4.
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Under decentralized production, the implementation of taxation impacts the optimal
sales quantities in both countries as well. In country A the implementation of corporate
taxation results always in a higher optimal sales quantity s’ compared to the pre-

tax case.ld

In country B the optimal sales quantity s; always increases after the
implementation of corporate taxes if T4 < 7p. For 73 < 74, the optimal sales quantity s}
under corporate taxation exceeds the one under the pre-tax regime if x meets a certain
threshold.’* This threshold increases in 13, cp,d4 and decreases in c4,dg. Panel B of
Figure 1 provides a numerical example for the optimal sales quantities s’ and sy in the
pre-tax and corporate tax regime depending on a if decentralized production is chosen.

Finally, we look at the location decision of the MNE. (25) shows that this decision
remains unaffected compared to the regime without taxes if T4 > 7p. To analyze the
impact of taxation on the company’s location decision if T4 < T3 we compare the
threshold for centralized production under corporate income taxation, CA%, (see (25)),
with the pre-tax case, ¢p (see (22)). We further assume symmetric complementarities
in both countries, & = a4 = ap.'> We find that

OC(Z—TA —TB) (dA —CA)
= +dp —2ca —2c
2(1-13) BostA T AT (33)
| GG Con—nl) (1 4 g)es —ads — dg +c)
2(1—a) (1— 1)

+

The threshold, that the production cost in country B must exceed to trigger a
centralized production, increases (decreases) compared to a pre-tax regime if (33)
takes on a positive (negative) value. Contrary to our finding in the absence of
complementarities (see (14)), the impact of corporate taxation on the threshold
is not clear-cut. Figure 2 shows that it depends on different factors whether the
threshold for cp increases or decreases compared to a pre-tax regime. While no
or low complementarities in sales always lead to a lower cp-threshold (and thus
increased incentives for centralized production), the threshold may even increase if high
complementarities in sales exist.!® Panel B shows that this effect is even stronger for low

3In the decentralized setting, the optimal after-tax sales quantity s* is higher than the pre-tax sales

quantity if ag < ;W. This condition is always fulfilled, see FN'1.

14The exact threshold is provided in (94) in Appendix A 4.

15This implies that the increase in customers’ willingness to pay caused by a higher number of customers
in the other country is independent from the customers’ location (in country A or B).

16Note that negative values for the cp - threshold under corporate taxation indicate that the MNE would
prefer a centralized production even if production costs would be zero in country B since the fiscal
advantages from centralized production overcompensate the cost differences between both countries.

12



Figure 2: Determinants of the MNE ’s location decision

Panel A: The impact of taxes and complementarities in sales on firm location

Panel B: The impact of market size and complementarities in sales on firm location

The figure illustrates the effect of different factors on the threshold for cp that has to be met to warrant
centralized production. Both panels show thresholds under a pre-tax regime and under corporate taxation.
Panel A shows the effect of varying complementarities in sales (with « = a4 = ap) and of a variation in
the tax rate 73 (for a constant value 74 = 0.1) on the threshold for cg. The red area refers to the threshold
under corporate taxation, and the brown area refers to the threshold before tax. Panel B illustrates the
impact of complementarities in sales and of the market size dg. Here, the green area refers to the threshold
under corporate taxation, and the brown area refers to the threshold before tax.

levels of dp, that is, if the margin in country B would be relatively low in the absence of

complementarities.
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3.3. Minimum taxation regime

Lemma 6. If minimum taxation is feasible, let dp < %17 and cg > ca + cr. Then, production
is centralized.
The optimal transfer price t* is
t" =cy (34)

The optimal sales quantities under centralized production are

Z(dA — CA) + (dB —Cp — CT) (CKA + ap 1_TB)

* 1*TA
AT 1-1 1—1 2 (35>
4 — (IXA ﬁ'{'ﬁég 1*Ti>
and
Z(dB —CaA — CT) -+ (dA — CA) (D&B + DLAi:Z:)
5= (36)

1-1 1—1 2
4— (‘XA 1—72 +ap 1—T§)
For dg < % and cg < c4 + cr decentralized production is optimal. The optimal sales
quantities of Lemma 5 apply.
Proof: See Appendix A.5.

For 74 > 73, the location decision of the MNE, t*, and s} are not distorted. Thus, T4
and 7p remain the same compared to the corporate tax regime. For 7p > 74, Tp increases
due to the implementation of minimum taxation. Depending on the parameter setting
T4 decreases or increases compared to the corporate tax regime.!®

With regard to the location decision of the MNE, our previous result (see Lemma 3)
based on the separability of sales is confirmed. Specifically, centralized production is
chosen if cg > c4 + cr as long as dj falls short of a certain threshold.!” Thus, minimum
taxation reinstates the pre-tax cost threshold for the MNE'’s production decision. As
described above, this means that the location decision of the MNE is identical to the one
under corporate taxation if T4 > 7. If T4 < 7p the incentives to choose a centralized
or decentralized production process change compared to the corporate taxation regime.
However, the direction of this change is not clear-cut and depends on different factors
such as dg and «.2°

17For the exact threshold see (95) in Appendix A.5.

18 An illustration of this tax revenue effect is provided in Appendix A.6.

19Note, however, that the specific value of this threshold and therefore the likelihood of a unilateral
application of minimum taxation changes.

20For dg > g the sales formula is applied by both countries under minimum taxation. For an analysis of a
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As for & = 0, a unilateral application of minimum taxation leads to a transfer price
of ca. If T4 < 7B, this implies a reduction of the transfer price from the upper to the
lower end of the allowed continuum, i.e. from pp — cT to c4. However, considering
complementarities in sales (x4 and ap > 0) we find that the implementation of
minimum taxation not only leads to an adjustment of the transfer price but also changes
optimal sales quantities for 73 > T4. In case both countries determine taxable profits
according to the sales formula, adjustments in sales occur as well.

4. Discussion

Our analysis shows that the implementation of a minimum taxation regime can have an
impact on optimal sales quantities and on the production location of the MNE, but also
on the transfer prices and tax revenues of both countries. Thereby, our results suggest
that real effects of taxation depend on the characteristics of the product markets. Table 1
provides an overview of the findings.

Our results show for independent local demand, see section 2, that local sales
remain unchanged - both under corporate taxation and under minimum taxation given
unaltered location decisions. In contrast, when we allow for complementarities between
national sales in section 3, optimal sales quantities are affected by the fiscal regime. For
T4 > Tp, optimal sales quantities change under corporate taxation compared to a pre-
tax regime. As shown in Figure 1 in section 3, the optimal sales quantity in country A,
s%, under corporate taxation exceeds the one of the pre-tax regime. The sales quantity
in country B, 5%, decreases or increases compared to the pre-tax regime, depending on
the extent of the complementarities in sales and on further parameters, namely tax rates,
transaction costs, and the size of the respective markets. Under minimum taxation, sales
quantities remain the same compared to the corporate tax regime if T4 > 5. If T4 < 73,
optimal sales quantities do not change under corporate taxation compared to the pre-
tax regime. Under a minimum tax regime however, sales quantities in both countries
are adjusted.

While taxation does not affect the location decision of the MNE as long as T4 > 7, it
changes incentives for centralized or decentralized production if T4 < 7p. Specifically,
minimum taxation reinstates the cost parameter threshold from the pre-tax regime if
T4 < 1. Compared to the corporate tax regime this leads to a relocation of real activity
in form of assets and labor from the low-tax country A to the high-tax country B. In

complete tax base allocation via formula apportionment, which is beyond the scope of this paper, see,
e.g. Martini et al. (2012).
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contrast, the effect of a corporate taxation regime depends on the characteristics of
the product market. In the absence of complementarities, corporate taxation always
provides incentives to centralize production in country A (see section 2). For high
complementarities in sales, corporate taxation can even provide incentives to produce
decentrally, as illustrated by Figure 2 in section 3.2.%!

Based on a simulation, Figure 3 illustrates how the MNE's location decision depends
on the respective fiscal regime for 74 < 7g. In Panels A — C a minimum tax rate of
15% in the low-tax country is applied. In each panel, the figure on the left assumes
« = 0 and the figure on the right assumes oy = ap = 0.5. The red areas indicate
that decentralized production is optimal under all three fiscal regimes. The green areas
indicate that decentralized production is optimal for the pre-tax and the minimum tax
regime, while centralized production is optimal for the corporate tax regime. The blue
areas suggest centralized production under all three fiscal regimes. Sections 2 and 3
allow for sales re-allocations due to a direct application of the sales formula by both
countries. While a detailed analyses of the resulting optima is beyond the scope of this
paper, the grey areas in Figure 3 indicate parameter settings where both countries would

apply the sales formula under a minimum taxation setting.

21Tn these cases, a minimum taxation regime always entails an application of the sales formula by both
countries. If an MNE chooses centralized production its after-tax profit under minimum taxation can
never be higher than its after-tax profit under corporate taxation (if not, the MNE would have chosen
this optimum under corporate taxation in the first place). Therefore, a minimum taxation regime will
never make centralized production more attractive compared to decentralized production.
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Panel A of Figure 3 shows that even for small tax rate differentials between country A
and B a specific unit cost range in country B (for a given cost parameter c 4 ) exists where
a minimum tax regime changes the location decision of the MNE. Comparing Panels A
and B confirms that this range increases the higher the tax rate differential between A
and B, and comparing Panels C and D reaffirms that not only the amount of the tax
rate differential, but also the levels of the respective tax rates matter. For the demand
functions assumed in sections 2 and 3 we also show that changes in the MNE'’s location
decision after the introduction of a minimum taxation regime (as indicated by the green
area) are more likely the greater the market size of country B, dg. Comparing the left
and the right figure in each panel illustrates that complementarities in sales affect the
likelihood that both countries apply the sales formula if a minimum tax is feasible. This
outcome which typically involves a change of the optimal sales quantities compared to
the pre-tax setting is denoted by a grey area.

Finally, we analyze the impact of taxation on the tax revenues in both countries.
Thereby, we investigate the difference between fiscal revenues under a corporate income
tax and a minimum taxation regime. For 74 > 7p, the tax revenues in both countries
remain unchanged. If 74 < 7p, the tax revenue for the high-tax country, 7p, increases
under minimum taxation for both types of product markets. In contrast, the tax revenue
of the low-tax country, T4, decreases for traditional product markets, but might even
increase under certain parameter settings if complementarities in sales exist.
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Figure 3: Location decisions under different fiscal regimes

Panel A: 74 = 0.15; 173 = 0.16 Panel B: 74 = 0.15; 73 = 0.5
ap=0g =20 aq =ag =05 aqg=ag =0 aqg =ag =05
Panel C: T4 = 0.15; 13 = 0.25 Panel D: 74 =04;13 =05
DCA:tXB:O tXA:tXB:O.5 D(AZDCBZO D(A:tXBZOB

The figure provides an overview of the MNE’s location decision under the three fiscal regimes. The red area
indicates that decentralized production is optimal under all three fiscal regimes. The green area indicates
that decentralized production is optimal for the pre-tax and the minimum tax regime, while centralized
production is optimal for the corporate tax regime. The blue area suggests centralized production under
all three fiscal regimes. The grey area indicates that both countries would apply the sales formula under a
minimum taxation setting. In the simulations we use the following parameters: d4 = 135,c4 = 40,ct = 10
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5. Conclusion

In this study we theoretically analyze an MNE’s decision about the location of its
production facilities, about its sales quantities, and about the transfer price in a two-
country setting. We compare a pre-tax regime, a common corporate taxation regime,
and a minimum taxation regime. In the latter regime countries can unilaterally
determine taxable income based on the distribution of sales. Moreover, we analyze
different types of inverse demand functions: Firstly, we assume that national sales are
fully separable and do not affect each other. Secondly, we allow for national sales acting
as complements, which is typical for social network services. Hereby, an increase in
sales in one country results in a higher sales price in the other country.

Our results show that the implementation of an international tax reform that includes
new profit allocation rules as well as the introduction of minimum taxation triggers
re-locations of production facilities. Regularly, minimum taxation restores the MNE'’s
location decision from the pre-tax regime. Moreover, the fiscal regime affects optimal
sales quantities for modern business models. Independently from the characteristics of
the product market, the implementation of a minimum taxation regime causes the MNE
to adjust the reported transfer price significantly compared to a corporate tax regime.
Thus, besides impacting transfer prices an international tax reform affects real activities
such as sales and production location. Whereas the tax revenue effect in the low-tax
country depends on market characteristics, minimum taxation increases tax revenues
in the high-tax country for both traditional and modern product markets.

The results of our study have to be interpreted against the background of the model
assumptions. For instance, we base our analysis on a linear cost function without
fixed costs. Moreover, our paper considers a sales formula as a means to determine
the allocation of taxable income. In practice, different proposals to determine taxable
income in an international tax reform are currently discussed. Nevertheless, our
study provides fundamental insights about the real effects of an international tax
reform. Policy makers should consider these insights in the development of a future
international minimum tax regime.

Our study also provides a theoretical basis for future empirical studies on the real
effects of minimum taxation. For example, empirical analyses could test whether the
implementation of a minimum taxation regime actually leads to more decentralized
production structures. Moreover, they could investigate the impact of product market
characteristics on the development of fiscal revenues.
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A. Proofs

A.1. Proof of Lemmas 1 and 4

We start with determining optimal sales quantities, s% and s}, under both a) centralized
and b) decentralized production. We then c) compare the resulting profits and

determine the threshold for centralized production.

a) With centralized production, i.e, x4 = s4 +sp and qg = sp, the total profit
function (20) simplifies to:

Hno’CO(SA,SB) = (dA —SA +DCASB)SA —ca(sa +SB> + (dB — Sp +DCBSA)SB — CTSB
(37)

Equalizing the first partial derivatives of (37) to zero gives:

STTnoco (.
5() =dsg—cp—284+aasg+agsg =0
o4 (38)

1
& 54 = E[dA —Ca +SB(¢XA +DCB)]

and

STImoco (.
(5() =dp—ca—cr—2sp+aasa+apsa =0
5 (39)

1
& s = 5 [dB —Ca —CT+SA(“ASA +D‘B)]

Simultaneously solving (38) and (39) gives the optimal sales quantities s¥ and sj:

Z(dA —CA) + (dB —CA —CT) (OCA —|—1XB)

Sa = 4— (g +ap)? (10)
SE _ 2(dB—CA—CT)+(dA—CA)<D¢A+“B) (41)

4— (aq+uap)?

(40) and (41) display maximizers as can be inferred from the Hessian. It is

negative definite indicating a strictly concave function.

FIT) - SI) 5w ia

os SA0SB - A B

H(SAI SB) = 521—1”13(-) 82110 () = ( aa -+ ) ) (42)
Ssadss 0% ATEB
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b) Under decentralized production, i.e., x; = s;Vi, the total profit function (20)

becomes:
Hno,co(.) — (dA —SA +0‘ASB — CA)SA + (dB — SB —I—DCBSA - CB) SB (43)

Equalizing the first partial derivatives of (43) to zero yields:

STToc0 (.
5() =ds—cp—254 +assp+apsg =0
4 (44)

1
&S5 = E [dA —CA +SB(0CA "’“B)]

STTMoco/.
(5() =dp—cp—2Sg+as54 +agsy =0
5B (45)

1
& sp = E [dB —CB +SA(DCA +DCB)]

Simultaneously solving (44) and (45) yields the optimal sales quantities s% and
Sp:

2(da—ca)+ (dp —cB) (aa +ap)

W= 46
°A 4 — (wq +ap)? (46)
. 2(dp—cp)+ (da—ca) (s +ap)
B = 4— (ay+ap)? )
(46) and (47) display maximizers as the Hessian is negative definite.
-2 apA+ ap
H(sa,s8) = 48
(54,55) ( ap+ ap -2 ) (48)

To determine the threshold cp that has to be exceeded to warrant a centralized
production we compare the resulting profits under centralized and decentralized
production.?? For this comparison, let s% s} . denote optimal sales quantities

under centralized production and s} ;,, sz, optimal sales quantities under

22We assume that production is decentralized if cg = c4 + c7.
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decentralized production. Then, centralized production requires

(da—shc+aasp,)she—ca(sic+5pe) + (dp —spo +aBSh ) S — CTSB,
> (da —shg+ansgy—ca)sig+ (dp—spy+apshy—cB)Spy
(49)

Solving for cp yields

(dA — sjgld + lXAS;;,d — CA) sj‘w + (dB — SE,d + ast\,d>

cg > "
5B,d

(50)
(dA — s’;\,c + ocAs};,C — CA) Sz,c + (dB — sglc + "‘BSZ,c —Cp — CT) SE,C

*
SBd

Replacing s7 . and sj . with the optimal sales quantities from (40) and (41),
and s} ; and sp ; with the optimal sales quantities from (46) and (47) yields the
threshold that must be met to warrant centralized production:

CB >Cp+cCT (51)

A.2. Proof of Lemmas 2 and 5

We start with determining the optimal transfer price, t*, occurring under centralized
production. The first partial derivative of the total profit function, (21), with respect to
the transfer price ¢ yields

(SHtax,co ( )

5r =B (T8 — 7a) (52)

(52) indicates that the MNE's after-tax profit is strictly increasing (decreasing) in ¢ if
15 > (<)t4.% Thus, the MNE always chooses a transfer price t* at the upper (lower)
end of the interval that is accepted by the fiscal authorities.

CA for T4 > 1B

= (53)
py (sp) —cr =dp —sp +apsy —cr forty <t

Thereby, pj (s}) and s} indicate the optimal sales price and the optimal sales quantity
in country B. t* depending on the relation between 74 and 73 shows that the MNE
engages in profit shifting.

Z3We do not consider the case of T = T4 since no fiscal incentives for profit shifting would exist.
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Since the optimal transfer price t* in (53) depends on the relation of tax rates, we
distinguish 1.) T4 > 1 and 2.) T4 < Tp. Within these cases we further distinguish a)

centralized and b) decentralized production.

1. Let T4 > 7, then the optimal transfer price becomes c4 under centralized

production.

a) Assume centralized production, i.e., x4 = s4 + sg and gp = sg. The total
profit function (21) becomes:

Htax,co(sA,SB) =5y (dA —SA+&ASE — CA) (1 — TA)

(54)
+ S (b‘lB —Sgp+AapSa —Ca — CT) (1 — TB)
Equalizing the partial derivatives of (54) to zero gives:
5Htax,co .
58() = (dA — 254+ aaSp —CA) (1 — TA) + apsp (1 — TB) =0
A (55)
1 1— 18
S sa==|da—ca+sp|aa+ag
2 1—1a
(5Htax,co .
(SSB() = ASA (1—TA) —|—(dB—|—lXBSA — 25 —Cyx —CT) (1—1’3) =0
1 1—14
&sp=|dp—ca—cr+salap+an
2 1—13
(56)
Simultaneously solving (55) and (56) yields:
2(da —ca)+ (dp—ca—cr) (“A + “B%:Ei)
5 = (57)

2
1 -
4-— <06A o +ap TB)

T 1—14

and

2(dp—ca—cr)+(da—ca) (DéB —f-(XAi:;‘;)
5 = (58)

2
1-1 [1—1
4_<a! ﬁ—i_“B 173)

(57) and (58) display maximizers as the Hessian is negative definite. That is
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b)

the case for all reasonable tax rate combinations of 74 and Tz:

—2(1—TA) XA (1—TA)+DCB (1—TB)

Hisase) = ( aa(1—1a) +agp(1—1p) —2(1 =)

(59)
Assume decentralized production, i.e., x; = s;, Vi and gg = 0, then the total

profit function (21) becomes:

me’co(SA,SB) — (SA (dA — 54+ IXASB) - CASA) (1 — TA)

(60)
+ (sg (dp —sp +apsa) —cpsg) (1 — 13)
Equalizing the first partial derivatives of (60) to zero yields:
STTtaxco(.
(55<> = (da —2sa+aasp—ca) (1 —7a) +apsp(1—13) =0
A (61)
1 1-— TB
Esp = = dA—CA+SB XA+ a
2 1-— TA
5me .
Js 0 _ aasa (1 —7ta)+ (dp —2spapsa —cp) (1 —15) =0
B (62)

1 1—1y4
S sgp==|dp—cg+salag+aa
2 1—1p

Inserting (61) and (62) in each other yields the optimal sales quantities. For
s% it holds:

. 2(dp —ca)+ (dp —cp) (wA—i—(XB%:;i) (63)
SA - )
4= (way /T2 +apy /122 )

T 1—T4

For s3 it holds:

2(dp —cp)+ (da —ca) (DCB + (XA%:;;‘)
5 = (64)

2
1-1 1-1
4— (“A 1—T2 +ap l—rf;)

The Hessian is identical to case 1a.

Finally, comparing the resulting profits under centralized and decentralized

production we determine the threshold that cg has to exceed under corporate

25



taxation to warrant a centralized production process. Analogously to
Appendix A.1, let s} , sp . denote optimal sales quantities under centralized
production and s’ ,, sj, optimal sales quantities under decentralized

production. Then, centralized production requires

[(da —si.+aaspe)sac—ca(She+5pe) +caspe] (1—1a)

+ [(dp — s+ aBSh,) S — €Sy, — CT5p,] (1 —T8)

. . (65)
> (da— Sud T XASE g — ca) sua(1—1a)
+ (dp — Spa+ ABSy g — cp) sg,qa (1 —TB)
Solving for cp yields
(dA—sj‘qld—l—ocAsj;ld—cA) sia(1—1a) ; . .
CB> Sgrd(l—TB) +( B_SB,d+“BSA,d)
- (dA —8h . taasp, — CA) S e (1—1a) (66)
Sz,d (1 — TB)

* * *
(dB —Sp. T apSy, —Ca— CT> SB.c

*
5Bd

Replacing s} . and s3 . with the optimal sales quantities from (57) and (58),
and s}, ; and s ; with the optimal sales quantities from (63) and (64) we find

that centralized production is beneficial whenever

Cp > Cp+cT (67)

2. Let T4 < 1B, implying that the optimal transfer price (53) becomes t* = pj (s}) —
cr whenever production is centralized.

*

a) Assume centralized production, then inserting t* = pj(s}) —cr and x4 =
sa + sp into (21) yields:

1% (s4,58) = [pasa + (P (s3) — cr)sp —ca (sa +58)] (1 — Ta)
+ [dpsp — (pp (sp) — cr)sp — crsp] (1 — T5)
= ((dA — S84+ DéASB)SA) (1 — TA)

+ [(dp —sp —cr +apsa)sg —ca (sa+sp)] (1 — 5)

(68)
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b)

The partial derivatives of (68) with respect to s4 and sp are:

5Htax,co
5 :(dA—ZSA—{—aASB—{—aBSB—CA)(1—TA):0
oA (69)

1
Ssa=5 [da —ca+sp(aa +ap)]

5Ht{1x,co
5 = (aasa +apsa+dp—2sp—ca—cr)(1—7T4) =0
°B (70)

1
< Sgp = E [dB —CA— CT—I—SA(DCA —I—IXB)]
Simultaneously solving (69) and (70) and yields:

Z(dA —CA) + (dB —CA —CT) (IXA +(XB)

A= 4— (wq+ap)? ’ )
v Z(dB—CA—CT)+(dA—CA) (DCA+[XB)
Sp = I— (aq tap) . (72)
Thus, p}(s}) equals:
pe(sp) =
Z[dB +ca +CT] — ((XA — DCB)(dA — CA) — ((XA + OCB)[(XAdB + DCB(CA +CT)]
4— (ap+ap)?
(73)

The Hessian remains the same as in 1a.
For a decentralized production calculations and results from 15 hold.

As for the setting with 74 > 7, we finally compare the resulting profits
under centralized and decentralized production to determine the threshold
for cp. Again, let s, ,sp . denote optimal sales quantities under centralized
production and s} ;, sy, optimal sales quantities under decentralized
production. Then, for 74 < Tp centralized production requires

[((da—sh.+aasp.—ca)sih.+ (dp—sp.+apsih, —cr—ca)spe] (1—1a)
> (da —Shq+aaspy—ca)sha(1—Ta)
+ (dp — s+ apshy — cg) spq (1 — 1)

(74)
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Solving for cp yields

* * *
(dA — Syt aasg, — CA> Shd (1—14)
cg >

* *
+ (dB - SB,d + DCBSA,d —CpA — CT)

Sz,d (1 — TB)
(dA —S) .t aasg, — cA> she(1—1a)
SE,d (1 — TB)

<dB —Sp.tapsy, —cr— CA> Spe (1= TA)

sg,d (1—18)

(75)

Replacing s} . and sj . with the optimal sales quantities from (71) and (72),
and s} ; and s ; with the optimal sales quantities from (63) and (64) we find
that centralized production is beneficial whenever

1 1-—
CB>(dA—CA)( TA+DCB>+dB

«
2 A1 -1 (76)
—w [2 (dB —CA— CT) + (DCA +0€B) (dA — CA)]
with
V(4= 20a08) (1-74) (1= T5) — a4 (1 - 74) 2 — 0 (1 - 75)2
w =
2y2—ay —apy2+as+ap(l—1p)
Since

w[Z(dB —cqg—cr)+ (g +ap)(da fCA)]

*2\/4— (IXA-I-OCB)z
( )

=35
B 1—TB

*\/(4_2“A“B)(1_TA)(1_TB)_0‘34 (1-7a)2—af(1-15)2

(77)

(25) follows.

For centralized production, tax revenues 74 in country A and 7p in country B

are calculated by inserting optimal transfer prices and sales for the considered tax
scenarios in 74 = T4 (pasa+tsp—ca(sa+sp)) and T = tgsg(pp —cr —t). For
decentralized production, tax revenues are calculated by inserting optimal sales into

Ta = 7tasa (pa —ca) and Tp = 18sp (pB — CB)-
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A.3. Proof of Lemma 3

As seen before, minimum taxation applies only if production is centralized. Since
minimum taxation is only applied if the reported profits in one country fall short of
the taxable profit according to the formula, we first determine whether the calculated
optima in the corporate tax regime miss the threshold. We again assume a4 = ap = 0
and differentiate between T4 > Tg and 74 < Tg. We focus on the relevant cases where
the high-tax country initiates minimum taxation. Note that throughout the paper we
consistently assume that both countries accept a tax payment that results from the most
favorable transfer price (from their respective perspective) within the allowed interval
(t € [ca,dp — sp + apsa]). Since a transfer price of c4 (pp — cr) is already chosen under
corporate taxation if T4 > Tp (T4 < Tp), there is no reason to apply the minimum tax
formula for country B (country A) if they are the low-tax country.

1. If T4 > 7B, the optimal transfer price under corporate income taxation is t* = c»
and optimal sales quantities are s% = % (da —ca) and s} = % (dp —ca —cr).

Thus, the reported profit in country A equals
o 1 1 1
HA = dA—*(dA—CA) *(dA—CA)—}—CA*(dB—CA—CT)

2 2 2 (78)

1 1 1
—Ca (2 (dA—CA)+2(dB—CA—CT)> ZZ(dA—CA)Z

An application of the sales formula according to (4) would lead to the following
profit allocated to country A:

(di‘ — Ci) [ZCA (CA +oer—dag— dB) +di + (e — dB)z}
4 [di‘ +d3 — (cater) — cﬂ

(79)

Comparing (78) and (79) we find that the reported profit in country A is lower
than the the profit according to the formula if

dy > (1 + CT) ds (80)
ca

Consequently, country A applies the formula if this condition is fulfilled. As long

as country B continues to accept the reported profit as a basis of taxation the
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following profit function holds:

(da—sa)sa

1= (ds —sa)sa+tsp—ca(satsp) - (da—sa)sa+ (dg —sg)sp

TA

1
~[(dA—SA)SA+(dB—SB)SB—CA (SA —|—SB)—CTSB] (8 )
+ [(dB — SB) sg — tsgp — CTSB] (1 — TB)
The first derivative with regard to the transfer price ¢ yields
oIl
W = SBTB (82)

The profit of the MNE strictly increases in the transfer price t as long as a unilateral
minimum taxation in country A is applied. Thus, one potential optimum could be
reached by increasing t to pg — cr. Since pp — cr is the most favorable transfer price
for country A within the allowed interval this transfer price would be accepted by
country A even if an application of the sales formula would lead to an even higher
taxable income.

[(dA —SA) SA+1tsp—ca (SA —|—SB)] (1 — TA)
=+ [(dB — SB)SB — tsgp — CTSB] (1 — TB)
>

(da —sa)sa
da—sa)sa+ (dp —sg)ss

[(da—sa)sa+ (dp —sg)sp —ca(sa+sg) — crsp]

=+ [(dB — SB) sg — tsgp — CTSB] (1 — TB)

(dA—SA)SA+tSB—CA(SA—|—SB)—( TA (83)

From the MNE's perspective, the reported optimal after-tax profit for any given
transfer price t always equals or exceeds the optimal after-tax profit if the formula
is applied. Therefore, the MNE would have no incentive to deviate from the
optimal sales quantities derived in Lemma 2 for a transfer price of pp — cr as long
as country B would accept the reported profit based on a transfer pricet = pgp —cr
as well.

To test whether such a solution with a transfer price at the upper end of the
allowed interval would be accepted by country B, we compare the reported profit
in country B with t = pg —cr,s% = 5 (da —ca) and s} = 1 (dgp — ca — c7) with
the profit allocated to country B according to the formula.
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no * * *
5 = pSg — (pp —cr)sp —crsp =0
PBSE

A B

Thus, a unilateral minimum taxation in country A is never an optimal solution if
Ta > T8. As country B would not accept the reported profit resulting from that
solution, the sales formula is applied in both countries.

. If T4 < 7B, the optimal transfer price under corporate income taxationis t* = pp —
cr and optimal sales quantities are s, = 3 (da —c4) and s = 1 (dg — ca — 7).
Thus, the reported profit in country B equals

o 1 1

5 = (dp—5(ds—ca—cr))5(dp—ca—cr)

1 1
—(dB—(dB—CA—CT)—CT>(dB—CA—CT)

2 2 (85)
1
—cry (dp—ca —cr1)
=0
e < — PB%B (o 4 rpmoy st s > 0 (86)

pasy + pesy

Since the reported profit in country B is always lower than the profit allocated to
B according to the formula, minimum taxation is applied.

Let’s assume that minimum taxation is applied unilaterally in country B. Then,
the following profit function holds:

I1 = [(dA —SA) sa+tsp—ca (SA +SB)] (1 —TA)
(dp —sB) sB
da —SA)SA + (dB —SB) SB

[(dA — SA)SA + (dB —SB) Sp—Cap (SA +SB) — CTSB]

+ [(dg — s) sp — tsp — cTsp] — ( T3 (87)

The first derivative with regard to the transfer price ¢ yields

o1l

W — —SBTA (88)

The profit of the MNE strictly decreases in the transfer price f as long as a unilateral

minimum taxation in country B is applied. Thus, one potential optimum could be
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reached by choosing the minimal t = c4. Country B always accepts t = c4 as it
is the most favorable transfer price for it within the allowed interval. If country
A would accept the reported profit based on a transfer price t = c4 as well, the
MNE would have no incentive to deviate from the optimal sales quantities derived
in Lemma 2 for this transfer price.

To test whether such a solution would be accepted by country A, we compare
the reported profit in country A with t = c4,8% = 3(d4a—ca) and s =
3 (dp — ca — cr) with the profit allocated to country A according to the formula.
As shown in (78), the reported profit in country A would be 411 (da—c A)z. (79)
shows that the profit allocated to A according to the sales formula would be

(di — Ci) [ZCA (ca+cr—dg—dp) +di + (er — dB)z}
4 [di —|—d% — (CA +CT)2 — Ci}

(89)

The reported profit in A equals or exceeds the profit allocated according to the

formula if
g < (1 + CT) d, (90)
CA
Thus, if dg < (1 + ﬁ—;) da country A taxes the reported profit with t = cy4,s% =
3(da —ca)andsy = 3 (dg — ca — cr). Country B uses minimum taxation, forcing
the MNE to adjust the transfer price from pg — cT to c4 compared to the corporate
tax regime. If dp exceeds this threshold, the sales based formula is applied in both

countries.

To determine the impact of minimum taxation on the location decision of the MNE
we compare the resulting after-tax profits under minimum taxation (IT"") and
under decentralized production (I19°¢) that is based on the optimal sales quantities
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under decentralized production derived in Lemma 2).

[pmin _ dec
— {[dA—;(dA_CA)] %(dA_CA)_%CA (dA_CA)} (1—1a)
+{-dB—;(dB—CA_CT)_CA_CT:| ;(dB_CA—Cﬂ}(l_TB) (91)
— { :dA_;(dA_CA)_CA} ;(dA—CA)}(l_TA)

- { :dB_;(dB—CB)_CB} ;(dB—CB)}(l_TB)

Solving for cg shows that

[T > T1% for cg > ca +cT (92)

Thus, a centralized solution under a unilateral minimum taxation regime in

country B is preferred to decentralized production if cg > ca + cr.

Tax revenues 74 and 7p in country A and B for an optimal transfer price t* = c4
can be inferred from (12) and (13) for centralized production and for the tax rate
differential T4 > 3.

A.4. Proofs of Section 3.2

Under centralized production, the optimal sales quantity s} after the implementation of
corporate taxation (see (30)) is higher compared to the pre-tax regime (see (24)) if the
following condition holds:

1
Z(TA+TB—2) (CA_dA) * |:(TA_TB) (CA—dB—i—CT)_i_\/@} <a
with
¢ = (ta— )" (cr — dp)’ (93)

+2ca [(TA — TB)2 (CT — dB) —8d4 (TA — 1) (TA + 1B —2)]

+C34 (3TA + TB —4)24—86131 (TA — 1) (TA + 1B —2)

Under decentralized production, the optimal sales quantity s; is higher after the

implementation of corporate taxation (see (32)) compared to the pre-tax regime (see
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(24)) if the following condition holds:

1
Z(TA+TB—2)(CA_dA)*[(TA—TB)(CB—LIB)+\/Z:| <

with (94)
{ = —16c4dy (TA - 1) (TA + 15 — 2) + (TA — TB)2 (CB - dB)z
+82% (ta —1) (Ta+ 78 —2) +8d% (tTa —1) (Ta + 8 — 2)

A.5. Proof of Lemma 6

The analysis of a minimum taxation regime with complementarities between national

sales (a; > 0) follows systematically the same procedure as for a4 = ap = 0.

1. If T4 > 73, the optimal transfer price under corporate income taxation is t* = c4
and optimal sales quantities are given by (27) and (28). Country A applies the
sales formula if reported profits in A (i.e., (pa —ca) *sa) are lower than taxable
profits according to the formula (i.e. % * IT"). We insert both t* = c»
and the optimal sales quantities to determine the threshold that has to be exceeded

to warrant an application of the formula by country A.

dp >g (95)
with
n=uap(l—1)ca[(l1+aa)da(1—7a)—2(1—18)cT]

+apg(1—18)cr[wada (1 —7a) — (1 — 18) CT]

—ap (1 —18)c% (2— T4 — T8)

+(1- TA)ocAci 24+aa—(14+a4) T4 — TB]

—(1—7a)calaa(l—714) — 218+ 2] (dg — apcT)

—(1—7a) (1 —1B)cr (2da — wacr)

+ag (1—15)* (da —ca) (ca+ecr)
and

0=rcy [ai‘(l—TA)z—(Z—WA—ucAaB)(l—TA)(l—TB)—sz(l—TB)Z}

+cr (1—18) (aa (1 —74) —ap (1 —18))
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As shown in (82), the MNE has incentives to increase its transfer price as long as
country A unilaterally applies minimum taxation. Therefore, a potential optimum
could be a situation where a transfer price t = pp — cr is chosen,which would be
accepted by country A because it represents the highest price within the allowed
interval. However, (84) shows that a transfer price of pp — c7 is not accepted by
country B since its taxable income would be zero. Therefore, for any positive sales
quantities sp country B is better off when it applies the sales formula. The sales
formula is thus always applied in both countries for 74 > 73 if the condition in
(95) is fulfilled.

2. If T4 < 1B, the optimal transfer price under corporate income taxationis t* = pp —
cr and optimal sales quantities follow from (29) and (30). Since for the applied tax
rate differential the reported profit in country Bis zero I’ = 0 (as shownin (85)),
country B would always apply minimum taxation. The profit of the MNE strictly
decreases in the transfer price if unilateral minimum taxation is applied in country
B (see (88)). Thus, as shown for a4 = ap = 0, one potential optimum could
be reached by setting t = c4. Country B always accepts that transfer price. By
comparing the reported profit in country A under t = c4 with the profit allocated
to country A according to the formula we test whether country A would accept
such a solution. We thereby insert the optimal sales quantities for t = c4 known
from (27) and (28). As shown in (95), country A accepts the transfer price and
does not apply the formula as long as dj is below or equal to the threshold .
In this case, the implementation of minimum taxation results in an adjustment
of both the transfer price and the sales quantities. Under corporate taxation, the
optimal sales quantities were given by (29) and (30). After the implementation
of minimum taxation they are given by (27) and (28). This adaptation in sales
quantities is unique for a setting with complementarities in sales (i.e. x4 > 0 and
ap > 0). If the condition of (95) is fulfilled, the sales based formula is applied in
both countries.

A.6. Proof of Section 3.3

To show that the tax revenue 74 can both increase or decrease under minimum taxation
compared to a corporate taxation regime we assume 74 < Tp and a4 = ap = «a.
Moreover, cp is supposed to be sufficiently high to warrant centralized production under
both a corporate tax and and a minimum taxation regime. Specifically, we assume the
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following parameter setting:
da —2,000;cq4 — 11,7 — 30; T4 — 0.15; 173 — 0.3;& — 0.5

To calculate the tax revenue T4 under a corporate income taxation regime, we insert the
optimal transfer price t* = pp — cr and the optimal sales quantities s7 (see (29)) and
sy (see ((30)).

Ta=7Ta(pasa+t'sp—ca(sy+sp)) (96)
= 0.05d% + 95.35d 4 193,813

Equivalently, for a minimum taxation regime we insert the optimal transfer price t* =
ca and the optimal sales quantities s% and s} from equations (35) and (36). The tax

revenue 7, yields as:

Ta=7Ta(pasa+tsp—ca(sy+sp)) (97)
= 0.0013d3 + 52.7429dp + 20,2749

Equalizing (96) and (97) shows that tax revenues in A under the minimum tax
regime are equal to the ones under a corporate income tax regime if dg = 174.828. If
dp < 174.828 (dp > 174.828), tax revenues T, decrease (increase) under a minimum
taxation regime compared to a corporate income tax regime. The condition in Lemma
6 is fulfilled as long as dg < 10,475. Thus, both an increase or a decrease of 7, are
possible depending on the specific parameter setting.
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