Federico
Sallusti

Researcher

Central Directorate of
National Account,
ISTAT

fsallusti@istat.it

UNITED NATIONS

UNITED NATIONS CONFERENCE ON TRADE AND DEVELOPMENT

UNCTAD Research Paper No. 64
UNCTAD/SER.RP/2021/7

Measuring profit shifting in ltaly
with propensity score matching
and receiver operating
characteristics analysis
(PS-ROC) method

Abstract

Aggressive Tax Planning (ATP) includes a set of practices aimed at
exploiting mismatches and loopholes in the international tax framework in
order to reduce the tax burden of Multi-National Enterprises (MNESs). The
measurement of Base Erosion and Profit Shifting (BEPS) is relevant not
only for monitoring the phenomenon and informing policies aimed at
contrasting it, but also for assessing related illicit financial flows and
adjusting gross domestic product (GDP) in national accounts. The main
contribution of this work is to provide a firm-level estimate of BEPS by
using a bottom-up method relying on the analysis of Italian microdata. In
particular, the PS-ROC method presented here identifies tax avoiding
MNEs and provides a point measurement of the amount of profits they
shift abroad. Results show that about 60% of Italian MNEs use ATP
strategies, under-reporting 32.3 billion euros, about 2% of the Italian GDP.
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1. Introduction

In the last decades, the free movement of capital and labor, the gradual removal of trade barriers, and the
development of communication technologies increased the integration of markets for trade and investments
and boosted the formation of global value-chains. This mixture of legal, technological and organizational
developments enhanced the possibility for multinational enterprise groups (MNEs) to manage the
geographical allocation of production processes along (progressively globalised) value-chains.

The fast development of information and communication technology (ICT), the increasing digitalisation and
the raising relevance of trade in services further increased what Slemrod (2010) defined as mobility,
loosening technical and cost constraints in the geographical allocation of production processes. Such an
increased mobility opened the possibility for MNEs to use their global strategies also as a lever to minimize
the tax burden by identifying and exploiting legal arbitrages, mismatches and loopholes in the international
tax framework.

The opportunity for MNEs to localize production of tangible and intangible goods and manage intra-group
trade and structure of debt in order to shift profits from high- to low-tax countries has been raising several
issues, ranging from the non-optimal allocation of resources to the reduction in market competition (OECD,
2013a, 2013b). Consequently, Base Erosion and Profit Shifting (BEPS) has become a relevant topic in the
international debate, while Aggressive Tax Planning (ATP) is now deeply investigated by national tax
authorities and international bodies (e.g. G20, OECD, UN, and European Commission).

According to the European Commission (2017), ATP refers to a set of (generally legal) practices aimed at
exploiting mismatches and loopholes in the international tax framework in order to reduce the overall tax
burden of MNE groups. In particular, ATP leverages on the geographical allocation of manufacturing plants
and financial headquarters with the aim of adjusting the structure of costs and revenues of the MNE group
in order to make the bulk of income and profits emerge in low-tax countries.

Alongside the definition and the understanding of ATP, also the measurement of BEPS has become a
central topic. Indeed, assessing the magnitude of BEPS is crucial for several reasons, ranging from
monitoring the phenomenon and informing policies aimed at contrasting it (OECD, 2013b), to measuring
related illicit financial flows (as claimed by SDGs indicator 16.4) (UNCTAD, 2018; GFI, 2019) and adjusting
GDP in national accounts (Moulton and Van de Ven, 2018; Ahmad, 2018).

Starting from the early 90’s, several studies approached the issue of assessing the magnitude of BEPS and
its relationships with tax differentials among countries. In particular, two main strands of literature can be
acknowledged.

The first one is rooted in the seminal works of Hines and Rice (1994), and Ghruber and Mutti (1991). Here,
econometric models are used to study how tax differentials among countries affect the distance between
the profits reported by MNEs and theoretical profits estimated based on the application of standard
production and behavioural models, or on the geographical allocation of Foreign Direct Investments (FDls).
Econometric models use both macroz and micro data,® where, according to Heckermeyer and Overesch

! See Dharmapala (2014) and, more recently, Dharmapala (2019) for a survey.

2 Among others, Dharmapala and Riedel (2013) use macro data in order to measure the sensitivity of the behaviour of
MNEs with respect to exogenous changes in tax differentials among countries. Acciari et al. (2015) use instead the
distribution of FDIs to test to what extent the geographical allocation of investments in foreign companies is sensitive to
tax differentials. Finally, using a general equilibrium model, Alvarez-Martinez et al. (2018) use macro data from a large
set of OECD countries in order to estimate the amount of profits that are shifted abroad by MNEs.

3 Among others, Egger et al. (2010) use microdata about European foreign and domestic manufacturing plants to test
to what extent their geographical allocation is connected with strategies aimed at reducing the tax burden. In a similar
vein, Huizinga and Laeven (2008) use commercial micro databases to estimate the semi-elasticity of BEPS with respect
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(2013), macro analyses tend to involve an overestimation of the BEPS-tax differential relationship. In this
context, the tax differential-profit gap elasticity may provide indicators about the magnitude of BEPS at
national level and may shape the cross-country distribution of the shifted income.*

The second strand is rooted in accounting literature and uses different variants of the formulary
apportionment developed by Avi-Yonah (2010) and Fuest et al. (2007) to measure the amount of BEPS.
Structural variables such as sales and compensation of employees (or a composite of them) are used to
determine if, and to what extent, the income declared by MNEs is coherent with their economic structure. In
this context, BEPS can be assessed by exploring possible inconsistencies between the economic structure
and the declared income of business units belonging to the same MNE group.5

In both strands of literature, the use of microdata in empirical studies has been severely limited by the lack
of a complete and reliable worldwide firm-level information (Acciari et al., 2015). Indeed, though new
commercial databases (e.g., Bureau Van Dijk) have attempted to fill this informative gap in recent years,
issues related to microdata availability are far from being completely solved.

This work presents an innovative method to provide point firm-level estimates of BEPS using microdata
related to only domestic (MNEs and non-MNEs) business units.6 The method allows to overcome the
aforesaid informative gap, since data about domestic enterprises are generally available at national level for
National Statistical Offices, National Tax Authorities and, though with some administrative burden, for
scholars.”

From a methodological point of view, the hereby presented PS-ROC approach moves away from both
model-based methods and formulary apportionment. It jointly applies propensity score matching (PS), which
has already been used in the exploration of this topic (Finke, 2013), and the receiver operating
characteristics analysis (ROC), which has not been used as yet, though not constituting an absolute novelty
in economics (Costa et al., 2019a, 2019b).2

The PS-ROC method conceptually grounds on the idea that ATP strategies tend to produce an “abnormal”
set-up of structural and economic variables of MNEs with respect to the “normal” behaviour of similar
enterprises, where the distance between the normality and the declared set-up can be, at least partially,
traced back to a measure of BEPS. In particular, the method exploits the information coming from a double
comparison: “between” MNEs and non-MNEs (which is coped with by using PS matching) and “within” MNEs
(which is dealt with by using ROC analysis).

This method represents a relevant innovation in the measurement of BEPS. Indeed, firm-level point
estimates of BEPS relying on microdata, which are generally available at national level, can be used in
several contexts, ranging from the adjustment of GDP in national accounts to the measurement of illicit
financial flows. Furthermore, the possibility to assess BEPS at micro level based on structural, organizational
and behavioural characteristics of business units may also represent a relevant information for contrast

to tax differentials. More recently, Reynolds and Wier (2016) use microdata about South African corporations to estimate
profit and debt shifting, using taxation as explicative variable in modelling firms’ behaviours, while Barrios and d’Andria
(2016) used worldwide firm-level data to account for BEPS coming from the geographical management of intangibles.

4 See Clausing (2016) and Dowd et al. (2017) for USA.

5 In particular, Dyreng and Markle (2013) use sales to adjust the income declared by business units belonging to MNE
group headquartered in USA, Guvenen et al. (2017) use for the same goal an average of sales and compensation of
employees, while Bruner et al. (2018) use the number of workers.

6 The database will therefore include resident headquarters and affiliates but will exclude non-resident headquarters and
affiliates. In other words, if a group headquartered in Italy have two affiliates, one in Italy and one in another country, only
the headquarter and the Italian affiliate will be included in the database.

"In ltaly, the National Statistical Office (Istat) allows scholars and researchers to access microdata on request by using a
secure platform for accessing data.

8 Indeed, ROC analysis has been used to define the export threshold for Italian firms (Costa et al., 2019a, 2019b), in the
credit risk literature (Khandani et al., 2010), and to measure under-reporting of SMESs in Italy (Sallusti and Cavalli, 2019).
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authorities and policy makers, by providing them with the possibility of profiling ATP behaviours and defining
risk indicators.

The rest of the work is organized as follows. Section 2 describes the dataset used for the analysis and
stresses the role of MNEs in Italy. Section 3 presents the methodology. Section 4 summarizes the results.
Section 5 comes to the conclusions.

2. Italian business system and the role of MNEs

The PS-ROC method is aimed at measuring the amount of BEPS connected with the adoption of ATP by
Italian MNEs. The method relies on a bottom-up approach and uses firm-level data collected by Istat and
referred to 2015.

Starting from 2014, Istat produces the Structural Business Statistics (SBS) archive Frame-SBS (Luzi and
Monducci, 2016), which integrates administrative and survey data, and contains economic and structural
information for the whole population of about 4.4 million of Italian firms.

Coherently with the goal of this work, Frame-SBS has been further integrated with two other databases. The
firstis COE-TEC database, which contains micro information about imports and exports of ltalian firms by
product and country of origin/destination. The second is the ASIA-group register (the Italian version of the
European Group Register), which includes information about the role of Italian firms within MNE groups (with
Italian or foreign headquarter).

Business units Sz Turnower Value added = Bparts imparts
industry NACE rew? divisons
Mumber  Composion YOI G gion  Averoge per G gion  Averoge per Averageper  Compasitbn  Averageper  Compasitbn  Averageper  Compasition
anit perindutey wnit perindustey anit perindustey anit perindustey unit perindustey unit perindusiry
o507 0209 124, oo 53 01 1424 01 52 01 =3 a1 =3 01 os on
wn 250 1 23 771 41 0 27 192 12 194 70 129 53
1 FLES o 58 o7 1295 oz 09 oz 185 os a7 1z 124
1 £ o 50 1z |E 10 =32 10 12z os 118 iz Er 22
13 o os fREL] 10 10 150 o 2 51 123
o oz w10 oz L oz 153 os 75 os 123
a1 EE oz 2174 os 25 os 9 o2 206 1z 2232 14
o 40 os w27 os a1 os s os 52 os a7 -7
a1 =3 oz an os os o 44 Y} = o
oz EE} o7 1904 13 25 1z 70 10 403 42 195 20
-7 45 o7 FEEEY oz E-E] os 180 a7 193 20 41 os
a1 13 oz 270 oz 545 os EEE] o 950 3 82 40
1 = iz 1220 a7 459 45 0s 1= E 54
a1 oz 442 [k} 528 o4 57 o 1 120 o3
o os 1423 o7 476 o7 1 o Y} 1z0 1
os El 15 fREL] 5 51 = o 14 =3
oo 1 o 9313 os 555 o4 2 1 431 a
Ofher Fanspan aquipment on El 01 131 oz 259 [} 7] o oz 1m0 o
Furnimre os 1 oz 1 os e os 1 o o 48 oz
o o a1s os 04 o7 171 o 11 21 1
10 1 e 11 ECE] 15 129 11 40 o 13 o
o = o ) o 555 15 259 1 o os
1 10 a1 El Eet] w3 s Er o . o oz
= El 1 45 9 15 157 1
a1 '} 1= a4 EE} =3 m 19 1 =0 4
123 121 1271 1 3 =7 149 ) 12 Y} =
22 34 iz 1oz iz w7 15 120 1z 01 01 oz oz
Wamhauzingand pastal services a m 13 20 15 344 o 1 o 1 os oz o
Hols 55 ITEs 10 44 1z TEE 1z 361 13 125 15 on on oz 01
Restumns 5 112895 58 15 21 500 a7 124 45 =3 15 oo oo 01 01
oz 13 oz o4 a2z 1 57 o2 1 a1 o 01
1z 12 17 11 EET] o 0s 17 [:} 01 a 01
4z 15 El 1z ETE ] a3 a1 on 01 01
1= 12 m El XS 13 20 161 o3 oz 01 o
435 55 518 11 45 41 14z 40 o3 oz oz oz
14 1 4 5 7 m ms 1 o1 o1 o1 o
1000 15 1000 1094 1000 337 w00 204 1000 70 1000 4z 1000
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For each ltalian firm (MNEs and non-MNEs), therefore, this integrated database includes comprehensive
structural and economic information, the characteristics of its international trade network and, where
relevant, its position within MNE groups.

In order to include in the analysis only relevant business units and industries, firms with a value added or
turnover lower than — or equal to — 0, or employing less than 1 worker were excluded, as well as business
units operating in industries characterized by regulated markets such as tobacco, coke and refined
petroleum products, and financial intermediaries.

The final database for the analysis contains 3.6 million firms, where about 400 thousand are internationalized
(they export and/or import) and 61.706 belong to MNE groups. In particular about 41% of MNEs belongs to
slightly less than 12 thousand MNE groups headquartered abroad in 121 countries, while roughly 59%
belongs instead to slightly more than 8 thousand MNE groups headquartered in Italy with affiliates in 125
countries.

Considering this dataset, the Italian business system is confirmed as being characterized by a strong
predominance of small firms: the average size is 2.6 workers (only about 11 thousand enterprises employ
more than 100 workers, while more than half of the population is under 2 persons employed). The average
turnover is roughly 100 thousand euros, while value added per unit is about 33 thousand euros and average
profit per worker (proxied by the Earnings Before Interests and Taxes (EBIT)) is 20 thousand euros.
Considering internationalization, Italian firms export 7.0 thousand euros and import 4.8 thousand euro per
unit on average.
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Source: Author’s elaboration on Istat data

As Figure 1 shows, the role of MNEs in the Italian business system strongly varies across industries. In
seven sectors, mainly in manufacturing, MNEs represent more than 10% of firms (22.7% in chemical and
pharmaceutics, 18.6% in motor vehicles and 14.6% in energy, water supply and waste management). On
the other hand, the weight of MNEs is lower in construction (1.0%) and services (lower than 6%), where the
presence of MNEs is particularly weak (lower than 1%) in retail trade, transportation, restaurants,
professionals and personal services, which account for about 2 million business units (i.e. roughly 60% of
the population under analysis). In all sectors, furthermore, a prevalence of MNE groups with Italian
headquarters is found.
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Notwithstanding MNEs represent less than 2% of firms, they play a relevant role in the Italian business
system. Indeed, as Figure 2 displays, MNEs account for 22.4% of the workforce, generate a sizeable share
of value added (41.6%) and turnover (48.3%), and they have a leading role in the interaction with
international markets, generating 71.4% of exports and 75.3% of imports.

75.3
71.4
48.2
41.6
22.4
Value added Turnover Exports Imports Persons
employed
Source: Author’s elaboration on Istat data
85.6
34.9
26.1
20.1 18.9 20.5

I I 7-0 I 6-7

Labour productivity Value added-to-  Expoort-to-turnover |mport-to costs ratio
turnover ratio ratio

= MNEs non-MNEs

Source: Author’s elaboration on Istat data

Considering economic and performance indicators as in Figure 3, it is possible to pin down some relevant
heterogeneity between the characteristics of MNEs as compared to those of non-MNEs. In particular, MNEs
show a higher export-to-turnover and import-to-costs ratios (respectively, 18.9% vs. 7.0%, and 20.5% vs.
6.7%) and they are strongly more productive than non-MNEs (labor productivity is more than double in
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MNEs, 85.6 vs. 34.9 thousand euros). The value added-to-turnover ratio is instead lower in MNEs (20.1%)
than in non-MNEs (26.1%).°

3. Methodology

This section presents the PS-ROC method, which is composed by two phases: the identification of tax
avoiding MNEs, and the measurement of the related amount of BEPS.

The identification of tax avoiding MNEs grounds on the idea that ATP strategies tend to produce an
“abnormal” set-up of economic variables of MNEs with respect to the “normal” behaviour of similar
enterprises. This is true with respect to both similar non-MNEs that cannot freely manage the geographic
allocation of their manufacturing and financial bases (“between” comparison), and other MNEs that do not
use ATP strategies (“within comparison”).

The PS-ROC method uses the information provided by both types of comparison, where PS matching is
used in the “between” comparison in order to define the most efficient control group of non-MNEs to be
compared with the given MNE, and ROC analysis is used in the “within” analysis in order to compare MNEs
with each other.

The measurement grounds in turns on the idea that the amount of BEPS is connected with the distance of
tax avoiding MNEs from the threshold of “normality” based on which business units have been classified in
the identification. In this context, the estimate of BEPS is obtained, for each tax avoiding MNEs, by
calculating the amount of profits that they should have had to declare in order to being classified as non-tax
avoiding.

The identification is composed of two steps, which respectively exploit the “between” and the “within”
comparison in order to classify MNEs into tax avoiding and non-tax avoiding.

In the first step, the comparison between MNEs and non-MNEs is used to identify a proxy for possible
“abnormal” behaviours by MNEs. In particular, this proxy is obtained by comparing the EBIT-to-turnover ratio
of the given MNE with the average one calculated over a control group of domestic firms, which is defined
by using PS matching.

In the second step, starting from the proxy, and using a set of indicators that are intended to capture

economic and strategic behaviours of MNEs as well as possible ATP levers (i.e. royalties, R&D, imports and
exports, tax differentials), ROC analysis is performed to define the threshold of “normality” based on which

tav Aunidina MNIEa Ara finalhs idantifind amanna tha uihala nanilatinn Af MNIEA~

TR EER, Fe RS HHEA 4RI T :

https://www.yunbaogao.cn/report/index/report?reportld=5 8618




