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Abstract 

The Ultimate Host Economies (UHEs) of a given country are defined as the ultimate 
destinations of Foreign Direct Investment (FDI) originating in that country. Bilateral FDI 
statistics struggle to identify them due to the non-negligible presence of conduit jurisdictions, 
which provide attractive intermediate destinations for pass-through investments due to 
favorable tax regimes. At the same time, determining UHEs is crucial for understanding the 
actual paths followed by FDI among increasingly interdependent economies. In this paper, we 
first reconstruct the global FDI network through mirroring and clustering techniques, starting 
from data collected by the International Monetary Fund. Then we provide a method for 
computing an (approximate) distribution of the UHEs of a country by using a probabilistic 
approach to this network, based on Markov chains. More specifically, we analyze the Italian 
case. 
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1 Introduction1

Foreign Direct Investment (FDI) is a category of financial cross-border invest-
ments in which an investor (direct investor) of one economy makes an investment
in an enterprise (direct investment enterprise) of another economy that allows
having control or a significant degree of influence on the management of that
enterprise.2 FDI statistics, which provide information on investments between
immediate counterparts in two different countries, are key indicators of coun-
tries’ participation in the global economy; they are usually differentiated into
inward FDI (investments received by an economy) and outward FDI (invest-
ments made by an economy).

However, in a world that is more and more interconnected, such statistics
are not sufficient to reconstruct the investment chains, due to the increasing
presence of multinational enterprises and countries that act as tax havens3 or
investment hubs4. Indeed, investments can pass through the so-called Special
Purpose Entities (SPEs), i.e. enterprises commonly created and registered in
tax havens and investments hubs that allow tax optimization by channelling
investments through economies, before arriving to the final investment recipient
country. Therefore, a large portion of FDI transits in and out of some countries
before reaching their final destination, producing no real economic value in the
crossing country.

This led international organizations and national compilers to consider the
development of extended experimental statistics, such as inward FDI by Ulti-
mate Investing Economies (UIE), i.e. the starting economies of the investment
chains where the first investments are originated, and outward FDI by Ultimate
Host Economies (UHE), i.e. the final recipient economies of the investment
chains. Compiling FDI statistics by UIE and UHE, other than by immediate
counterpart country, in fact, would make the FDI statistics more complete and
useful from a macroeconomic point of view, highlighting who ultimately con-
trols the investments, the ultimate destination, and the financial connections
between economies.

The fourth edition of the OECD’s Benchmark Definition of Foreign Direct
Investment [12] recommends to compile inward investment positions according
by UIE; as of today, only few countries (Italy included5) provide such additional
information as experimental statistics. FDI statistics by UHE belong to the

1We thank Marta Crispino, Valerio Della Corte, Andrea Del Monaco, Silvia Fabiani, Ste-
fano Federico, Fadi Hassan, Giacomo Oddo, Giacomo Romanini, Alfonso Rosolia, Silvia Saba-
tini and Simonetta Zappa for useful discussions and suggestions. The views expressed in this
paper are those of the authors and do not involve the responsibility of the Bank of Italy and/or
the Eurosystem.

2By definition, the direct investor owns 10 percent or more of the voting power in the direct
investment enterprise [12].

3Countries whose economies are (almost) entirely dedicated to the provision of offshore
services. In this paper we consider as tax havens the countries listed in [4].

4Jurisdictions with real economies but that also facilitate transit of investments due to
favourable tax and investment conditions.

5Information on the residency of ultimate investor is collected directly from reporting firms
in the annual FDI survey and then cross-validated with commercial databases (Orbis).
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research agenda of international organizations as the IMF ([7] §1.43) and the
OECD ([12], §672). A specific guidance and methodology concerning the UHE
concept is being developed in the scope of the international statistical manuals’
revision process ([8]), which is still ongoing. Recently, experimental methods
have been developed on that by the FDI statistical community [2, 3], although
no countries have yet published comprehensive statistics on UHE.

In this framework, we propose a model to estimate, for each country, the
distribution of its outward FDI by UHE. The mathematical model is based on
absorbing Markov chains, and it has as input the reconstructed global outward
FDI network.

The data on outward FDI are taken from the Coordinated Direct Investment
Survey (CDIS) database, where the IMF yearly collects, on a voluntary basis,
information about FDI stocks from all the world’s countries. Even though the
process of compiling the FDI statistics can have its own characteristics in each
reporting country, our model is not affected by these differences, given that we
exploit only proportions of outward investments from each country and not the
absolute declared values. Since the reporting countries in the CDIS database
are only 90 over 246 world’s countries, and some of the disseminated data are
kept confidential by the reporting country itself, some imputation methods are
necessary to reconstruct the full network. In particular, we make use of mirror-
ing and clustering techniques. The Markov chain model (inspired by [1]) is then
set up on this reconstructed network, providing, for each country, an estimate of
the percentage of its outward FDI towards each other country as final recipient.

The paper is structured as follows: Section 2 contains the description of
how the outward FDI network is fully reconstructed, addressing the problem of
missing data, while Section 3 describes the mathematical model used to estimate
the FDI distribution by UHE for every country. Finally, Section 4 reports the
results of the model in the Italian case and Section 5 presents some conclusions
and future work.

2 The outward FDI network

We consider the bilateral data on outward stocks of FDI by counterpart country
on year 2019, taken from the CDIS database [9]. The data in the CDIS database
are presented according to the Extended Directional Principle ([7], section 6.42):
a direct investment reported by a country A can be inward, representing the
investments made in A by foreign countries, or outward, representing the invest-
ments made by A abroad. Direct investments abroad cover assets and liabilities
between resident direct investors and their non-resident direct investment enter-
prises6. Direct investment in the reporting economy includes all liabilities and
assets between resident direct investment enterprises and their non-resident di-
rect investors. Assets and liabilities between resident and non-resident fellow

6Here we use economy as synonym of country and resident/non-resident to indicate eco-
nomic entities that belong/do not belong to the reporting economy. For more details see
[7]
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enterprises are classified as outward (inward) investment if the ultimate control-
ling parent is resident (non-resident). The data are broken down by financial
instruments (equity and debt instruments)7. The CDIS reporting economies are
primarily requested to provide data on inward FDI, but they can complement
them also providing data on outward FDI.

Our aim is to reconstruct the weighted, directed network of bilateral outward
FDI between the world’s countries and to use it to gain information about the
ultimate hosting economies of each country (in particular, of Italy).

A weighted, directed network is formally defined as a triple pV,E,W q where
V is a set of vertices (nodes), E Ď V ˆ V is a set of links (edges) and W “

twij : pi, jq P Eu is a set of real values that identifies the weight of each link (see
also [15] for reference). In our case, we want to reconstruct the network having
as nodes all the world’s countries (as listed in the CDIS database), a link from
i to j if country i has some outward FDI towards country j, with weight wij

equal to the total outward FDI stocks of i towards j.
This network will be the starting point of the subsequent Markov chain model

that will provide approximated FDI statistics by UHE. The main difficulties in
reconstructing the network using CDIS data can be summarized as follows:

1. not all countries provide data on their outward FDI;

2. some reported amounts are negative,8 while we need positive weights for
the Markov chain model;

3. reporting countries can decide to flag some of their data as confidential,
thus masking the value of the investment.9

In particular, the reporting countries are only 90 over the 246 possible ones and
the confidential data are 12.1% of the available data (25.0% of the nonzero data
available), spread over 39 reporting countries. The percentage of confidential
data varies between countries: it goes from a maximum of 91.8% of confidential
data for Hong Kong to a non-null minimum of 0.8% of confidential data for
Guatemala, and no confidential data for 51 countries (see also Figure 1).

We handled item 2. by considering the absolute value of the negative amounts,
as setting these negative values to zero would have been in contrast with the in-
formation that such link (investment) exists.10 In the next sections we describe
the solutions adopted to handle items 1. and 3.

7Debt instruments refer to debt positions between affiliated enterprises, see §6.26 [7]
8This could happen, for example, when the debt positions from the subsidiary to the parent

company exceed the value of the investment of the parent in the subsidiary.
9This expedient is often used to avoid that individual information are indirectly disclosed

by deduction from reported data. In this case, we know that a link (investment) between two
countries exists but we do not know its weight.

10We tried to consider only the equity part of the outward FDI stocks, thus excluding the
debt instruments component. However, by doing so we observe that we lose information
on the FDI network (around 200 records less), while the percentage of negative amounts
slightly decrease (from 1.8% to 1.5%). Therefore we preferred to keep the highest amount of
information possible, while “paying” the fee of few more negative amounts.
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Figure 1: Percentage of confidential data in the outward FDI database by coun-
try. Only countries with at least one confidential data are displayed.

2.1 Missing data: mirroring the inward FDI

The CDIS database provides both the bilateral inward and outward FDI statis-
tics supplied by the reporting countries.11 The inward and outward database,
in theory, should be symmetric, as for every countries i and j it should hold:

outward FDI of i towards j “ inward FDI of j from i. (1)

In real data, these two values might not coincide as the one on the left hand side
of p1q is reported by country i, while the one on the right hand side is reported
by country j. Property p1q can nonetheless be of help in (partially) solving
items 1. and 3. listed at the beginning of the section. Indeed, in the inward
database the reporting countries result to be 122 (in the outward database
reporting countries are 90), thus providing many additional data with which we
can enrich the network. We complement the outward database with data taken
from the inward database and not vice versa, because in the model we want to
exploit the outward direction of the investment when looking for the UHEs. In
particular, we use the inward database to:

• impute the confidential data. If the outward FDI of country i to country
j is confidential, we check the inward FDI reported by country j from i:
if it exists and it is different from zero, we substitute the confidential data
with this amount;

• add missing links. If the outward FDI of country i to country j is equal to
zero or it is not reported, we check the inward FDI reported by country j

11All the reporting countries of the outward database are also reporting countries in the
inward database but not vice versa.
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from i: if it exists and it is different from zero, we add a link from i to j
with this amount as weight.12

After these operations, we again consider the absolute values of the negative
amounts that might have been substituted.

This procedure let us impute 682 values over the 1954 starting confidential
data, and it let us add 7771 links (969 links that were reported as zeros in the
outward FDI database plus 5927 extra links referring to non-reporting countries
in the outward FDI database). The final network has 246 nodes (the total
number of CDIS countries) and 14712 links, 3356 of which are still confidential
(22.8% of the total data different from zero)13.

The network results to be strongly connected, i.e. there is a path of outward
FDI from any country to any other country, and sparse (sparsity score=0.76, i.e.
only 24.3% of links over all the possible ones are present14). The next section
describes how we impute the values of the remaining confidential data.

2.2 Missing data: clustering techniques

We propose in this section a second step of imputation, based on the proximity
of countries in the “outward investment space”. More specifically, each coun-
try i defines a real-valued vector v⃗i in a 246-dimensional space, where each j-th
component vji of the vector denotes the amount invested by country i in country
j. All of these components have non-negative values, such that the vectors span
only a very small wedge of the embedding space. In addition, countries are obvi-
ously very different in terms of the total amount invested - which is linked to the
magnitude of these vectors - but useful information on the investment pattern
is contained in the ratios between the components. The underlying assumption
of our imputation strategy is that countries that are close in this space have a
similar investment pattern, such that, if country i has a confidential value for
investments towards a given country j, the average proportion of investment
towards country j from a set of countries which are close to i will function as a
good estimator for the missing value.

For this reason we define an algorithm to study the similarity of the invest-
ment vectors (for a review of proximity measures used for clustering algorithms,
see [6]). We consider the scalar product between the normalized vectors after
having subtracted their means:

ρij “ ⃗̃vi ¨ ⃗̃vj “

246
ÿ

k“1

ṽki ṽ
k
j (2)

12Note: in this case, we also keep the inward FDI data that are confidential, as they signal
the presence of a link that was not reported in the outward FDI database.

13The percentage of confidential data is increased because we have complemented the out-
ward FDI database also with the confidential data from the inward FDI database.

14The sparsity score of a directed network pV,Eq is defined as p1´ |E | { |V |2q, with | ¨ |

the cardinality of the corresponding set.
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where ṽki “
pv⃗i´viq

}v⃗i´vi}
and ṽkj “

pv⃗j´vjq

}v⃗j´vj}
are the standardized vectors, vi and vj are

the mean vectors, and for any vector v⃗ we define its norm as }v⃗} “
“
ř

k v
k ¨ vk

‰
1
2 .

The vectors ⃗̃v belong to the sphere of radius 1 in the 246-dimensional space, so
that σij “ cosα, where α is the angle formed by the vectors ⃗̃vi and ⃗̃vj . Therefore
it holds that ´1 ď cosα “ ρij ď 1.15

Clearly, the existence of missing values will have an influence on the eval-
uation of the proximity score, in that we ignore the portion of the investment
pattern that is hidden in confidential data. If for a given country the number
of confidential entries is too large, we will probably have a distorted representa-
tion of the behaviour of the country. In the evaluation of the proximity score,
neglecting the confidential values altogether would be equivalent to assuming
that no investment is present in these cases. This assumption seems however
unrealistic, in that one would think there are more reasons to have confiden-
tiality on something existing, than on an absent investment. For this reason, to
represent confidential data we choose a small, positive number - for definiteness
fixed at 1.16

The imputation procedure works as follows. Whenever we encounter a con-
fidential value for the investment from country i to country j, we select the
Nclose countries with the highest values of the proximity scores with i having
a non-confidential value for the investments towards j (such that the list of
Nclose countries can be different for any imputed confidential value). In addi-
tion we put a minimum threshold on the proximity score for the country to be
considered as “close” to the one with the confidential value.17 From this set
of neighbour countries, we compute the average avgij of the proportion of the
investments towards country j. If the set of countries selected is empty (for
example, if every country with the proximity score above the chosen threshold
has also a missing value for country j), we impute the confidential value with
a zero value. Otherwise, let Si be the sum of the known values of the outward
FDI from country i (which may come both from the CDIS database and the
mirroring technique), confpiq be the list of countries for which i has confidential
values and

Mi “
ÿ

jPconfpiq

avgij .

Then:

• if i is a reporting country in the outward CDIS database, we retrieve
from it the total outward FDI of country i towards the rest of the world

15Other proximity measures were tried, as for example the scalar product of the normalized
investment vectors σij “ pv⃗i ¨ v⃗jq{}v⃗i} }v⃗j}, but the results turned to be pretty similar.

16The exact value of this placeholder does not play any role in the clustering, and is exploited
only for bookkeeping reasons.

17The proximity score ρij can assume negative values, so we impose the constraint ρij ą 0,
i.e. a maximum spanned angle of π{2.
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(worldi).
18 Then we impute the value

pworldi ´ Siq avgij
Mi

, (3)

in this way, the sum of the total outward FDI of country i remains equal
to the reported value worldi;

• if i is not a reporting country in the outward CDIS database, we impute
the value

Si avgij
p1 ´ Miq

, (4)

in this way, the imputed value is indeed the avgij% of the final total
outward sum.19

Due to the mirroring, we underline that it may happens that Si ą worldi. In
this case we use formula (4) instead of formula (3) for the imputation. Table
1 provides some examples of the three closest countries in term of proximity
index for four selected countries. These four countries are the ones presenting
the maximum percentage of confidential data.

Table 1: Clustering examples with proximity indices.
Country Clustering (first 3 countries) Proximity score
China, P.R.: Hong Kong China, P.R.: Macao 0.808

Samoa 0.806
Western Sahara 0.806

Malaysia Myanmar 0.814
Grenada 0.800
Nepal 0.798

Japan Canada 0.914
Mexico 0.903
Pitcairn Islands 0.868

Portugal Uruguay 0.826
Venezuela, Rep. Bolivariana de 0.760
Andorra, Principality of 0.687

To test the performance of the algorithm and in order to choose Nclose, we
consider two out-of-sample tests: first, we select a pair of countries and hide
the value of the investment from the first to the second. We impute the hidden
value, and evaluate the difference between the imputed value and the real one.

18In the CDIS database, countries also report data by counterpart macroareas, including
World. This value never appears as confidential.

19In some rare cases it may happen that Mi ą 1. We then use in formula (4) the coefficients
ˆavgij “ γi avgij , with γi “ p% of confidential data of country iq{Mi. This solution fails in

the even more rare case where also all the nonzero data of country i are confidential. We then
impute the values pδ avgijq{Mi, where δ is an arbitrary constant, normally set to 100. The
choice of δ will never play a role, as in the Markov chain model we will make use of ratios.

11



As a second test, we hide 10 outward investments of a single country and impute
them. In this way, for this second test we can evaluate the correlation between
the series of true values and the series of imputed ones.20

With Nclose “ 3, the percentage of zero values imputed, i.e. when the algo-
rithm fails to find a value to impute, is close to 5%. We report some summary
statistics of the error distribution of the imputation process in Table 2. In partic-
ular, the pairwise error is simply the difference between the imputed proportion
of investments toward a given country and the true value, and refers to Test 1;
we excluded the cases in which the imputed value is equal to zero. To have a
comparative measure of these values, the average proportion, corresponding to
the inverse of the number of countries in the network, is 246´1 « 4.1 ˆ 10´3.
The correlation statistics between the series of imputed and true values refer to
Test 2, where we excluded the cases in which the series of true values is com-
posed of zeros only.
Table 2 also reports some summary statistics of the proximity score between
each country and its selected neighbours.

Table 2: Summary statistics of the imputation process results
Mean 25-th percentile Median 75-th percentile

Proximity 0.50 0.28 0.53 0.70
Pairwise error (10´3) -0.39 -0.49 0.00 1.20
Correlation 0.53 0 0.69 0.99

The value Nclose “ 3 is the one chosen for reconstructing the final outward
FDI network. Selecting a higher value for this parameter does not significantly
improve the estimation error of either the pairwise error or the correlation mea-
sure.

3 In search of ultimate host economies

Once we have reconstructed the network, we can proceed to build the model
to estimate, for each country, the distribution of its FDI by ultimate host
economies. We here provide a description on how such model works, that will
be formally presented in the next section.

A multinational enterprise investing from home country i in host country j
could establish an intermediate step through a third country k. This interme-
diate step is merely financial, as in country k no real “productive” investment
takes place, and it is generally qualified as conduit investment. In the model we
allow for a conduit component in each country, representing the percentage of
FDI received passing through the country.

We now want to simulate the investment process on the FDI network fol-
lowing the investment from the investor to the final recipient. Starting from

20For the first test we simulate the imputation of all 2462 investment values on the network.
For the second test we hide a total of 106 values.
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country i (the origin of the investment), we know from bilateral data the dis-
tribution of the investments of i towards its immediate counterpart countries
(the out-neighbours of i in the network). If wij represents the magnitude of
the outward FDI of country i towards j, and si “

ř

j wij is the total outward
FDI of country i, we can say that an investment made by i has a probability of
πij “ wij{si to be invested in country j. Suppose now that the investment has
been indeed made towards country j: it either stays there (country j behaves
as a non-conduit jurisdiction) and the investments chain stops making j the
UHE of i, or country j behaves as a conduit and the investment passes through
towards another country. The investment will pass from country j to a country
k in the network according to the probability πjk computed from country j’s
FDI bilateral data.21 Again, either the investment stops there, making k the
UHE of i, or country k behaves as a conduit and the investment passes through
towards another country. Eventually, the investment will stop in some final
recipient economy, that is the UHE.

What we have just described is the behaviour of a random walk on (a mod-
ified version of) the FDI network. In the next section we provide the rigorous
mathematical framework of this model.

3.1 The Markov chain model

Consider the FDI network and suppose for each country/node i to be split into
its conduit component ic and its non-conduit component inc, thus producing a
total of 246¨2 “ 492 nodes. To each country j we associate a probability condpjq

to act as a conduit: how we estimate this parameter for every country will be
addressed in the next section. Here we underline that we are making the strong
assumption that the percentage of passing-through investments of a country
j does not depend on the country from which it receives the investment: this
assumption comes from the scarcity of the available data, as will be explained
in the next section.22 We now proceed to define a (discrete-time) Markov chain
process on such augmented network.

A Markov chain is identified by a set of states ts1, . . . , snu and a set of
probabilities tpiju called transition probabilities. A Markov chain is a process
that starts in one the states and moves successively from one state to another: if
the chain is in state si, it will move at the next step to state sj with probability
pij . An initial probability distribution η on the states specifies the starting
state23. For more formal definitions in the framework of Markov processes we
refer the reader to [11].

In our case, the states of the Markov chain are the nodes iλ, λ P tc, ncu, of
the augmented network. We now need to define the probability piλjµ that the

21In principle it is not guaranteed that conduit investments will follow the same distribution
πjk as non-conduit ones. Being unable to estimate the particular distribution of conduit
investments, we make an uninformative assumption and conflate the two (in principle different)
distributions.

22A generalized model where such probabilities depend also on the investing country will
be object of future work.

23I.e. η is an entry-wise nonnegative vector of lenght n whose entries sum up to 1.
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Figure 2: Visual representation of the Markov chain.

Markov chain moves from state iλ to state jµ, in other words the probability that
the investment passes from node iλ to node jµ. We remind that πij represents
the percentage of outward FDI from country i to country j. For each pair of
nodes piλjµq, λ, µ P tc, ncu, we set:

• pincinc “ 1 and hence pincjµ “ 0 for all jµ ‰ inc.
This represents the fact that country i act as a non-conduit, so the in-
vestment remains in such country and does not pass through to any other
country.

• picjc “ πij ¨ condpjq.
This represents the fact that i is acting as a conduit letting the investment
passing to j, and j will also let the investment pass through (acts as a
conduit).

• picjnc
“ πij ¨ p1 ´ condpjqq.

This represents the fact that i is acting as a conduit letting the investment
passing to j, while j does not let the investment pass through (acts as a
non-conduit), i.e. it is the final recipient.

See also Figure 2 for a graphical representation of the Markov chain. The non-
conduit states inc in the literature are called absorbing states, because once the
investment enters that state it cannot leave (no outgoing links but a selfloop).
All the states that are not absorbing, the states ic in our case, are called tran-
sient. We can arrange all the above probabilities in a matrix P “ rpiλjµs of
dimension 492 ˆ 492 where both the row and the column indices are ordered
first by the absorbing states and then by the transient ones. The matrix P will

14



then have the following structure:

P “

„

abs trans

abs I 0
trans R Q

ȷ

, (5)

where I is the 246ˆ246 identity matrix, R represents the transition probabilities
picjnc

from transient states to absorbing states, and Q represents the transition
probabilities picjc between transient states.

A Markov chain with at least one absorbing state that is reachable from any
other state is called an absorbing Markov chain: the Markov chain defined by P
in (5) is indeed absorbing. If we want to model the investment chain originating
from a given country i, the starting distribution η will have all zero entries but
ηic “ 1. This initial condition on transient states is a mere modeling expedient
to ensure that the investment moves towards another country in the first step (as
otherwise it would never leave an initial absorbing state inc). This is crucial in
the model as we are considering foreign direct investments, which by definition
are directed towards countries different from the country that originated them.

An absorbing Markov chain is characterized by the fact that, independently
on the starting state, it will eventually end up in one of the absorbing states (and
remain there forever) with probability 1. The following theorem provides the
long-run distribution of transition probabilities on an absorbing Markov chain.

Theorem 1 (Theorems 11.3-11.5 in [5]). The limiting distribution of an ab-
sorbing Markov chain with transition matrix as in (5) is given by:

P˚ “ lim
nÑ8

Pn “

„

abs trans

abs I 0
trans pI ´ Qq´1R 0

ȷ

. (6)

Moreover, if the chain starts from the transient state ic, the i´th component of
the vector t “ pI ´ Qq´11 represents the expected number of steps before the
chain enters an absorbing state, where 1 is the all-ones column vector. We call
it the expected time of absorption.

The interpretation of the limiting matrix P˚ is the following: for any country
that acts as source of the investment (the rows of the matrix), the process will
end up, after a sufficiently large number of investment steps, with probability
1, in one of the UHE, modeled as absorbing states (the columns of the matrix).
In particular, if we want to retrieve the FDI distribution by UHE of a country i,
we just need to take the i´th row of the fundamental matrix pI ´ Qq´1R: this
is the FDI distribution by UHE over the (non-conduit version of the) world’s
countries. In other words, the share of FDI from country i that ends up in
country j as final recipient is P˚

ic,jnc
, i.e. the entry of P˚ on row ic and column

jnc; this is equivalent to perform the vector-matrix multiplication ηJP˚, with
ηic “ 1 and all its other entries equal to zero. Consequently, the i-th entry of
the vector t defined in Theorem 1 represents the expected number of countries
the investment originated in country i crosses before arriving in its ultimate
host economy.
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3.2 Estimation of the conduit parameters

We here describe, for each country i, how we estimate the parameter condpiq i.e.
the probability that an investment arriving in i would pass through it heading
to another country.

As we have already mentioned in the introduction, most conduit investments
in the world take place through a limited set of jurisdictions that act as global
hubs. These hubs can be divided into two groups:

(a) tax havens: small jurisdictions whose economy is entirely, or almost en-
tirely, dedicated to the provision of offshore financial services;

(b) investment hubs: countries that have a substantial real economic activ-
ity but also act as conduit jurisdictions due to their favourable tax and
investment regimes.

We consider as tax havens 38 countries,24 as listed by the European Commission
in the Balance of Payments vademecum [4], plus 4 other countries25 identified
by Casella [1]. Note that we consider Hong Kong and Singapore belonging to
group (b) instead of group (a), despite appearing in the Balance of Payments
vademecum, due to their relevant size in term of population, comparable to
other investments hubs such as Luxembourg. Since tax havens act fully as
conduit jurisdictions, we associate to them a probability condpiq “ 1.

Regarding the investments hubs belonging to group (b), some countries re-
port their FDIs made by Special Purpose Entities (SPEs) on an annual basis
[13]. These data can be used to compute the conduit probability of country i as
the ratio between the inward FDI through SPEs of i and its total inward FDI:

condpiq “
Inward FDI of i in resident SPEs

Total Inward FDI of i
. (7)

In particular, as conduit probability we take the average of the above ratio on
the years 2017-2019.26 In (7) we consider inward FDIs beacuse we are trying
to estimate the percentage of investments made to country i that will pass
through it towards other countries, relative to the total investments received.
The computed conduit probabilities of these self-reporting countries are reported
in Table 3. To them we add four countries, namely United Kingdom, Ireland,
Hong Kong and Singapore, where we consider as conduit probability the values
estimated by Casella [1], through a regression method based on GDP27. The

24Andorra, Anguilla, Antigua and Barbuda, Aruba, Bahamas, Bahrain, Barbados, Belize,
Bermuda, Cayman Islands, Cook Islands, Curaçao, Dominica, Gibraltar, Grenada, Guernsey,
Isle of Man, Jersey, Lebanon, Liberia, Liechtenstein, Marshall Islands, Mauritius, Montserrat,
Nauru, Niue, Panama, Philippines, Saint Lucia, Saint Vincent and the Grenadines, Samoa,
Seychelles, Sint Maarten, St Kitts and Nevis, Turks and Caicos Islands, Vanuatu, British
Virgin Islands, U.S. Virgin Islands.

25Malta, Monaco, Netherlands Antilles, San Marino.
26If some annual data are missing, we consider the average on the years with available data.
27Since Casella uses the outward FDI to compute such probabilities, for each country i

we correct the values by the coefficient (Total Outward FDI of i/Total Inward FDI of i).
Singapore does not report its outward FDIs, so we used the sum of the imputed values.
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countries listed in Table 3 are the countries that we consider belonging to group
(b).

Table 3: Conduit probability of self-reporting SPEs and estimated hubs (%).
Country condpiq
Luxembourg 94.08
Netherlands 68.79
Hungary 57.22
Switzerland 20.39
Austria 19.86
Denmark 18.90
Spain 7.66
Sweden 7.30
Belgium 6.85
Portugal 5.83
Norway 4.95
United States 4.35
Iceland 4.17
Lithuania 3.78
Finland 3.19
Estonia 2.77
Poland 0.92
South Korea 0.41
Hong Kong 78.94
Ireland 60.31
Singapore 24.72
United Kingdom 20.16

To all the countries that belong neither to group (a) nor to group (b) we
assign a conduit probability of 0, thus implying that they always act as final
recipient.

4 The Italian case

4.1 Results

The weighted FDI network reconstructed in Section 2 and the conduit probabil-
ities computed in Section 3.2 are all the ingredients we need to run our Markov
chain model (Section 3.1). We here focus on the Italian case although we re-
mind that our model provide results on the FDI distribution by UHE for every
country.

Figure 3 and 4 compare the Italian bilateral data on outward FDI from the
CDIS database (presented as percentage over the total outward FDI) with the
results we obtain from the model in terms of UHE (percentage of outward FDI
towards the final recipient countries).
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Figure 3: Comparison between the Italian bilateral FDI from CDIS and the
estimated distribution of Italian FDI by ultimate host economies, sorted in
decreasing order by bilateral data. Only values over 1% are displayed.
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Figure 4: Comparison between the Italian bilateral FDI from CDIS and the
estimated distribution of Italian FDI by ultimate host economies, sorted in
decreasing order by ultimate host economies. Only values over 1% are displayed.
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Figure 5: Difference between the estimated distribution by ultimate host
economies and the Italian bilateral FDI. Only differences over 0.5 in absolute
value are displayed.

We can notice that countries such as The Netherlands and Luxembourg,
which are ranking respectively first and fifth according to Italian bilateral data,
often let these investments pass through to other destinations: indeed, in the
Italian FDI distribution by UHE, their ranks drop respectively to the sixth
and 22th position. This result was somehow expected, as both countries are
characterized by favorable tax regimes and by the presence of a large number
of SPEs in their territory. These countries are also the ones that show the
biggest (absolute) percentage difference between the model output by UHE and
bilateral data (Figure 5).

Contrarily, countries such as the United States, Germany and France show
the opposite behaviour: the volume of Italian investments that they receive
as ultimate recipient is larger than what is reported in bilateral data. This
means that some investments originated in Italy have been channeled through
investments hubs and/or tax havens before ending up in these countries. Figure
4 shows that the main Italian partners in terms of UHE are the United States,
Germany, Spain and France (first four positions), while ranking respectively
3rd, 4th, 2nd and 6th when considering bilateral data.

It is also interesting to observe that Italy itself appears as an Italian UHE:
the results indeed show that a small percentage of Italian FDI (around 0.5%)
returns to Italy, highlighting the presence of round-tripping phenomena.28 Fi-
nally, the results obtained at the country level, in particular for Luxembourg,
The Netherlands and USA, are reflected in the aggregation across main areas
(Figure 6).

By computing the vector t in Theorem 1, the expected number of passing-
through countries that an Italian investment visits before reaching its final des-

28Round-tripping refers to capital that leaves the economy and then goes back to it, see
also §6.46 [7].
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Figure 6: Comparison between the Italian bilateral FDI from CDIS and the
estimated distribution of Italian FDI by ultimate host economies for main areas.

tination turns to be around 1.3. In other words, we expect an Italian investment
to be channelled through one or (sometimes) two investment hubs before ending
up in its ultimate host economy.

For robustness purposes, we also relaxed the hypothesis in Section 3.2 by
allowing for a (small) conduit probability to every country that belonged neither
to group (a) not to group (b), i.e. to which it was initially assigned a conduit
probability condpiq “ 0. In this way we take into account both the fact that
some countries do not report data on their SPEs, and that some economies
might witness some small passing-through investments regardless the presence
of SPEs on their territories. In particular, we performed two tests by choosing
respectively condpiq “ 10´3 and condpiq “ 10´4 for such countries. These
values were chosen as we wanted them to be positive but being at most of
the same order of magnitude of the smallest values in Table 3. The model
outputs showed that, in the final Italian FDI distribution by UHE, each value
was changing at most of, respectivey, 10´3 and 10´4 as order of magnitude,
thus being negligible for the main Italian UHE partners. The same applies to
the expected time to absorption: the entry of the vector t increases at most of
10´3 order of magnitude, thus being negligible with respect to its value.

4.2 Results on different years

The results showed in the previous section where making use of the bilateral
CDIS data of year 2019. The same exercise can be performed on different
years; we here focus on the period 2013-2020 as before 2013 the data used
to be compiled according to a different methodology. For the computation of
the conduit probabilities we proceed as described in Section 3.2. In particular,
for the self-reporting SPEs countries, their conduit probability at year X is
computed by taking the average of (7) on the years X, X ´ 1 and X ´ 2
(moving average). For some countries the SPEs’ time series 2013-2020 was not
fully available, as some data were missing. In that cases, we either averaged on
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Table 4: Conduit probabilities of self-reporting SPEs and estimated hubs for
different years (%).
Country 2013 2014 2015 2016 2017 2018 2019 2020
Luxembourg 93.62 94.60 94.46 94.56 94.06 94.82 94.08 85.68
The Netherlands 82.70 80.15 74.86 70.33 68.53 68.69 68.79 58.89
Hungary 58.75 56.46 55.96 59.12 61.69 58.88 57.22 59.61
Switzerland 12.89 12.89 14.60 16.23 18.07 19.92 20.39 18.80
Austria 37.01 35.73 33.88 29.06 26.57 19.86 19.86 19.86
Denmark 11.68 16.11 19.86 23.12 23.14 24.74 18.90 11.91
Spain 1.62 1.58 1.55 3.12 4.83 7.09 7.66 7.54
Sweden 8.33 8.39 8.33 8.00 7.72 7.34 7.30 7.11
Belgium 10.87 10.79 8.91 6.33 3.73 6.24 6.85 7.40
Portugal 14.34 12.54 11.00 9.93 8.76 7.20 5.83 4.24
Norway 1.25 1.02 1.13 1.17 1.59 3.40 4.95 6.17
United States 4.35 4.35 4.35 4.35 4.35 4.35 4.35 4.32
Iceland 37.28 33.03 32.18 28.43 20.08 11.32 4.17 4.12
Lithuania 3.51 3.51 3.51 3.51 2.57 2.24 3.78 9.37
Finland 3.08 3.08 3.08 3.08 3.08 3.30 3.19 2.94
Estonia 1.07 1.07 1.78 2.62 2.75 2.85 2.77 2.48
Poland 3.08 1.53 1.04 1.01 0.92 0.92 0.92 0.92
South Korea 1.10 1.10 0.77 0.58 0.39 0.36 0.41 0.36
Hong Kong 71.39 76.71 76.54 75.65 75.28 74.60 78.94 82.02
Ireland 85.08 96.77 66.57 66.23 60.63 59.50 60.31 58.69
Singapore 29.56 26.56 29.02 32.64 30.69 26.49 24.72 27.73
United Kingdom 23.49 18.21 22.05 21.23 21.22 19.70 20.16 20.19

the available data or, if all the data on years X, X ´ 1 and X ´ 2 were missing,
we imputed the value by taking the one of the closest available year. Table 4
reports the computed conduit probabilities for each year and country.

Figure 7 shows the model outputs in the Italian case for selected countries
among the main Italian partners. We can see that the model behaves quite
consistently through out the years, and the sign of the difference between the
UHE outputs and the CDIS data is maintained by all the four countries. Overall,
the main Italian UHE counterpart countries remain the same during the whole
period. The expected time to absorption presents a small but negative trend,
starting from 1.39 in 2013 and reaching the lowest value of 1.23 in 2020 (Figure
8).

5 Conclusions and future work

In this paper we first presented a methodology on how to reconstruct the full
outward FDI network starting from the (incomplete and with confidentiality
issues) CDIS database. Second, we proposed a model to estimate the FDI
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Figure 7: Italian bilateral FDI from CDIS and estimated distribution of Italian
FDI by ultimate host economies for selected countries, at different years (% on
the total Italian outward FDI).
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Figure 8: Expected number of passing-through countries that an Italian invest-
ment visits before reaching its UHE.
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distribution by ultimate host economies for any given country. The results of
the model in the Italian case show that some of the main Italian partners in
terms of bilateral FDI receive much smaller volumes of investments as final
recipients.

Future work would involve further testing the model for the different as-
sumptions that were made by possibly validating it with other experimental
FDI statistics by UHE. At the moment, we are not aware of any FDI statistics
by UHE publicly available.

Moreover, it would be of interest to refine the model by considering conduit
probabilities that depend also on the country making the investment, and not
only on the receiving country. Also the search of newer techniques to compute
the conduit probabilities would make it possible to extend the list of invest-
ments hubs and provide more reliable estimates. Finally, we plan to perform a
deeper analysis on the FDI network in terms of connectivity, resistance to shock
propagation and centrality measures [10].
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