~ A Service of
’. b Leibniz-Informationszentrum

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

Wamser, Georg

Working Paper
The Impact of Thin-Capitalization Rules on External Debt
Usage: A Propensity Score Matching Approach

ifo Working Paper, No. 62

Provided in Cooperation with:
Ifo Institute - Leibniz Institute for Economic Research at the University of Munich

Suggested Citation: Wamser, Georg (2008) : The Impact of Thin-Capitalization Rules on External Debt
Usage: A Propensity Score Matching Approach, ifo Working Paper, No. 62, ifo Institute - Leibniz
Institute for Economic Research at the University of Munich, Munich

This Version is available at:
https://hdl.handle.net/10419/73778

Standard-Nutzungsbedingungen: Terms of use:

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

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

genannten Lizenz gewahrten Nutzungsrechte.

Mitglied der

WWW.ECONSTOR.EU é@“}


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/73778
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

Ifo Institute for Economic Research at the University of Munich

ifo Working Papers

The Impact of Thin-Capitalization Rules on External
Debt Usage — A Propensity Score Matching Approach

Georg Wamser

Ifo Working Paper No. 62

October 2008

An electronic version of the paper may be downloaded from the Ifo website www.ifo.de.



Ifo Working Paper No. 62

The Impact of Thin-Capitalization Rules on
External Debt Usage — A Propensity Score Matching Approach*

Abstract

This paper analyzes how multinational enterprises respond to a restriction on interest
deductions incurred for internal borrowing. The emphasis of the study is on a firm’s
response with respect to external borrowing. The empirical investigation applies
propensity score matching techniques and exploits the 2001 reform of the German thin-
capitalization rule to solve endogeneity problems. The results suggest that restrictions
on internal debt are associated with expansions in external debt finance, indicating a
substitutional relationship. Since multinational enterprises can use internal debt to shift
profits from high- to low-tax countries, this finding implies that policies aimed at
securing corporate tax revenue possibly fail and should be subject to careful scrutiny by
policymakers.
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1 Introduction

Once corporate income taxation is introduced in models of capital structure choice, a
firm can increase its value by using debt instead of equity finance, making use of interest
deductions. This is one essential finding of the corporate finance literature (for surveys,
see Graham, 2003; Myers, 2001). A firm’s capital structure choice, however, involves not
only the debt-equity decision. Some companies also have the choice between internal and
external debt finance. In the context of multinational firms, for instance, this choice entails

complex issues of international tax planning.

Several existing empirical research papers consider both internal and external debt and
find that corporate debt policy reflects differences in international taxation (e.g., Desai
et al., 2004a; Mintz and Weichenrieder, 2005; Ramb and Weichenrieder, 2005). If multi-
national enterprises use internal loans to shift profits from high- to low-tax countries,
high-tax countries lose corporate tax revenue. As a consequence, many governments have
focused attention on countermeasures such as thin-capitalization rules which restrict the
deductibility of interest expenses associated with internal debt. For example, from 1996 to
2005, the number of EU member countries that relied on some form of debt-equity restric-
tion increased from 8 to 17. Only recently, the issue has appeared on the agenda of the
European Commission, as “[...] there is clearly a perceived need for the introduction of a
common thin capitalization rule.” (Dourado and de la Feria, 2008, p.1). It is questionable,
however, whether European countries will agree on harmonizing thin-capitalization rules in
the near future, because a common rule may reduce welfare in some countries (see Haufler

and Runkel, 2008).



In a recent study, Buettner et al. (2008) find that thin-capitalization rules are effective
in restricting internal borrowing. Overesch and Wamser (2008) confirm this result by
investigating a reform of the German thin-capitalization rule. However, whether corporate
tax revenue simultaneously goes up remains unclear. In fact, the analyses of Desai et al.
(2004a) and Ruf (2008) suggest that internal and external debt are substitutes, and thus,
tax revenue may be unaffected. If firms are able to substitute external for internal debt,
they still make use of interest deduction, because external debt is usually not affected by
thin-capitalization rules. While consequences for corporate tax revenues ultimately depend
on the elasticity of substitution between external and internal debt, on interest costs for
external debt and, in the medium term, on firms’ investment response, the goal of securing

the domestic corporate tax base possibly fails in the first place.

This paper investigates how a firm’s external debt usage responds to restrictions on in-
ternal borrowing. Thereby, the analysis also reveals how internal debt generally relates
to external debt. Any investigation of this relationship is challenging, because firms si-
multaneously decide on both internal and external debt. To obtain reliable estimates,
we therefore make use of a more sophisticated identification strategy, where we first ex-
ploit a reform of the German thin-capitalization rule. Second, we adopt a counterfactual
perspective and apply propensity score matching methods. The analysis is based on an
affiliate-level database on foreign direct investment in Germany (inbound FDI), provided
by the Deutsche Bundesbank (the German Central Bank). The findings support the hy-
pothesis that affiliates of foreign multinationals partially substitute external for internal
borrowing if they are affected by a tighter thin-capitalization rule. The estimations imply
that affected firms increase their external-debt-to-capital ratio by approx. 2.5 percentage

points compared to the counterfactual outcome. With regard to the external debt level,



we estimate an average treatment effect on the treated (ATT) that suggests that treated
firms expand their external debt usage by 8%. These findings imply a limited effectiveness

of thin-capitalization rules in terms of shielding tax revenue.

The study proceeds as follows. Section 2 provides institutional details about the German
thin-capitalization rule. Some theoretical considerations are presented in Section 3. The
empirical investigation approach is developed in Section 4. Section 5 describes the data.

Section 6 reports and interprets the results. Section 7 concludes.

2 The German Thin-Capitalization Rule

While multinational firms can use their internal capital markets for a number of reasons
— for instance to overcome shortcomings associated with external credit markets (e.g.,
Desai et al., 2004a) — internal financial policies can also support multinationals’ efforts in
reducing their overall tax liabilities. In a very simple scenario, in which a multinational
firm is active in a low- and a high-tax country, we would expect the subsidiary in the high-
tax country to borrow from the subsidiary in the low-tax country. Since interest payments
are usually deductible from the corporate tax base, the difference in national statutory tax

rates determines the potential gain (see, e.g., Buettner and Wamser, 2007).

To secure their corporate tax bases, many countries have introduced some form of debt-
equity restriction. Referring to excessive debt-to-equity ratios, i.e. companies are thinly
capitalized, such restrictions are commonly known as thin-capitalization rules. In Ger-
many, a thin-capitalization rule was first introduced in 1994. After having been subject

to amendments in 2001 and 2004, it was replaced by a so-called earnings-stripping rule in



2008 (see also Section 7). Up to and including 2007, Section 8(a) of the German corporate
income tax law (KStG) limited interest deduction if a firm’s internal-debt-to-equity ratio
exceeded a certain threshold level. The rule applied to two different types of incorporated
affiliates. The first group of affiliates included ordinary corporations that were not clas-
sified as holding companies. For these corporations, interest deduction was allowed up to
an internal-debt-to-equity ratio (equity inclusive of internal debt) of 3:1 before 2001. The
threshold level for holdings — defined as a firm where more than 75% of total assets consist
of shares in other corporations — was even less restrictive at an internal-debt-to-equity ratio
of 9:1. In 2001, the thresholds were significantly reduced to 1.5:1 in the case of an ordinary
corporation and to 3:1 in the case of a holding corporation. Note that if the internal-debt-
to-equity ratio of a firm was in excess of the threshold defined by the thin-capitalization
rule, only interest expenses for the internal borrowing above the allowed threshold were

non-deductible.

3 Theoretical Framework

Corporate financial decisions are a relevant aspect of firm policy affecting the value of a
company (for surveys, see Auerbach, 2002; Graham, 2003). Nevertheless, investigations on
capital structures typically start from the Modigliani-Miller irrelevance theorem. Assuming
a frictionless capital market, Modigliani and Miller’s (1958) result states that the capital
structure is irrelevant for the company value. In the presence of taxes, however, compa-
nies would generally favor debt, because the debt tax shield generated by debt interest

deductions increases the company value (Modigliani and Miller, 1963).

!The irrelevance theorem is no longer valid in the presence of various capital market imperfections (see
Fama, 1978, for a discussion of the Modigliani-Miller assumptions). Kemsley and Nissim (2002) estimate
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The following model considers two multinational enterprises (A and B). Each multinational
has a subsidiary in Germany. The subsidiaries are identical, except that one is affected
by the reform of the German thin-capitalization rule (subsidiary of multinational B), the

other is not (subsidiary of multinational A).

3.1 Multinational Firm A

Consider a multinational firm A which is active in a parent country (country 1) and in

Germany (country 2). The multinational’s after-tax profits are given by

o= f (k) =)+ (k) (1 12) (1)

— e (M) R+ e (M ) k2

Output is given by the production functions f (k’f‘) and f (k:QA), where k{' units of capital
are employed at the parent’s location, and k3 units of capital in Germany. The firm is
subject to the corporate tax rates ¢; and ¢5. The relevant interest rates are given by #; and

1. The second and the third line capture the net-of-tax interest costs related to external

the value of the debt tax shield. Their findings suggest that the debt tax shield is equal to approx. 40%
of debt balances, or 10% of total firm value. Graham (2000) estimates that the tax benefit of debt equals
9.7% of firm value.



debt, where A\{' and \2' denote the respective shares of capital financed with external debt.?
Moreover, let p3' be the share of internal debt provided by the parent firm. If we assume
that Germany is always the high-tax country (¢, > ¢;), the multinational can increase 74
by shifting profits from the high-tax affiliate to the low-tax parent firm. Note that internal
loans are equity refinanced and do not increase external debt. The fourth line captures the
multinational’s cost of equity, where the rate of return on equity is denoted by r#. Finally,
c(A\) and ()3, p3!) are the cost of borrowing.? The cost function is assumed to be convex
in both types of debt.* Furthermore, if the cross-partial derivative is positive, external

and internal debt are substitutes.® The firm chooses A\{ and z4' to maximize profits, which

yields the following optimality conditions

C) (A§7M§> = TA - Z.2 (]- - t2> ) (2)

e (M) = ia(ta—h). (3)

The convexity of the cost function implies that \2' is positive if r4 > iy (1 —t,).5 While
external debt is determined by the local tax rate, the optimal uf is determined by the

tax-rate differential between Germany and the parent country (to — t1).

2Note that Equation (1) implicitly assumes that the firm is not experiencing losses and that debt
interest expenses are fully deductible.

30n the one hand, these costs may be associated with financial distress (Kraus and Litzenberger, 1973;
Scott, 1976). Agency cost models, on the other hand, introduce costs which relate to conflicting interests
between debt and equity owners (Jensen and Meckling, 1976; Myers, 1977).

4 — _Oc — _Oc — _Oc — 9% — 9%

C/\IA = oA >0, C>\2A = oA > 0, c“zA = Bua > 0, C)\xl4>\14 = oAz > 0, C)\;l)\;’l = iz >
= 7826

0, Cupug = puaz > 0.

5 — d%c
Expup = aagougx > 0

For notational simplicity, ¢y and ¢, refer to the first derivatives of the cost function with respect to
A and pd.



3.2 Multinational Firm B

We observe a second multinational with a subsidiary in Germany. Multinational B is
identical to firm A, except that the German subsidiary of firm B is affected by the reform
of the thin-capitalization rule. Thus, it is restricted in the use of internal debt.” In
fact, thin-capitalization rules imply that interest expenses above a certain threshold of the
internal-debt-to-equity ratio are no longer deductible for tax purposes (see Section 2). The

profit function for B can then be written as

7P = F(RP) (1= t) + £ (k) (1= t2) (4)
— [n\PRP] (1= 1)
— AR (1 - 1)

+ [fn5'k5| (82 — t1 = ot2)

— [(1=AP) kP + (1= AF) KPP

— :c (/\13) le—Fc()\QB,,L@B) k;ﬂ .

The share ¢ of interest expenses associated with internal debt is not deductible and there-
fore does not add value to the debt tax shield of the multinational (see line four).® Although
Equation (4) implies that there is a reduced benefit from using internal debt, interest ex-

penses for external debt remain fully deductible.

"Note that all notations and assumptions from above apply also for multinational B.

8The non-deductibility is captured by ¢ (iop% k5't5), where we assume 0 < ¢ < 1. The actual ¢ depends
on the thin-capitalization threshold and on the firm’s internal-debt-to-equity ratio. The empirical analysis
exploits the exogenous variation of the threshold.



The multinational’s first-order conditions are then given by

Cx ()\ga Mf) = P =iy (1—1ty), (5)

Cu <)‘§7 Mf) = da(ta =t — Pla). (6)

Equation (6) suggests that the incentive to use internal debt is partially offset, because the
marginal benefit of using internal debt is reduced by the thin-capitalization rule. As long
as the tax-rate difference is sufficiently large, however, there is an incentive to use internal

debt to shift profits.

Recall that the German subsidiaries of the multinationals A and B are identical, except
that the subsidiary of B is affected by the reform of the thin-capitalization rule. If the
subsidiaries choose p and A simultaneously, and if 74 is similar to r”, the assumptions
about the functional form of ¢(\, u) imply that \5* < A\P*) because ug* > uP*. This
means that, as a consequence of a tighter thin-capitalization rule, subsidiary B is inclined

to use additional external debt, whereas subsidiary A is not.

Prediction: A subsidiary that is affected by a tighter thin-capitalization rule increases

external debt usage compared to a non-affected subsidiary.

4 Empirical Investigation Approach

This section describes the empirical identification strategy. As noted previously, the basic

goal of this study is to investigate how firms respond to a change in the thin-capitalization



threshold with respect to their external debt usage. Thereby, the analysis also reveals how

internal debt generally relates to external debt.

To address the research issue, we do not use standard regression techniques, because exter-
nal and internal debt are determined simultaneously. Hence, we cannot consider exogenous
variation of one variable and simply regress external on internal debt or vice versa. Since ex-
clusion restrictions are also difficult to justify, even instrumental variable techniques are not
convincing and may result in biased estimates and misleading inference. We shall choose a
research design that sufficiently takes into account endogeneity issues by using both a pol-
icy reform (the 2001 reform of the thin-capitalization rule) as a quasi-experimental setting

and propensity score matching techniques.

Our data contains information on the capital structure of foreign subsidiaries in Germany,
including information on internal borrowing. We can use this data in combination with
information about the German thin-capitalization threshold level @ to identify firms for
which interest deduction is denied because the thin-capitalization rule is binding. Accord-
ing to the evaluation literature we refer to these firms as the treatment group (see, e.g.,
Blundell and Costa Dias, 2002). The change in the outcome variable due to the treatment
is called the treatment effect. If subsidiaries are not subject to treatment, they are assigned
to the control group. The treatment status of firm j is indicated by the binary variable T3,

defined as

j—‘vj =1 if Qth < Q_t—l and 0]‘715 > Q_ta

er =0 if Qjﬂg < gt—l and Qj,t < @_t.

The year t refers to the reform year 2001. We look at a single firm j that can be affected



by the legal thin-capitalization rule 6. # corresponds to the allowed internal-debt-to-equity
ratio (equity inclusive of internal debt), and 6, is the internal-debt-to-equity ratio of the
firm.? Note that above definition implies that, although a treated firm would have been
below the pre-reform threshold (f;_1) level in ¢, it is above the post-reform threshold. Using
this definition, we ensure that a firm is affected by an exogenous reform. We allow 6, the
German thin-capitalization rule, to differ according to the legal form of the firm, because
different threshold levels apply (see Section 2; note, though, that we abstract from using
an index for the legal form, for the sake of simplicity). With respect to the theoretical
model, Equation (4) refers to cases where 7' = 1. If #; is sufficiently low, then Equation

(1) applies and 7' = 0.

We define the outcome variable as the change in the share of external debt A\, calculated
as Aiy1 — A.10 We expect that affected subsidiaries are adjusting their capital structure
during the period after the shock. In particular, we expect a positive treatment effect,

indicating that treated firms increase external debt usage compared to non-treated firms.

The optimal setting to investigate the effect of the reform is described by the counterfactual
framework (Heckman, 2005; Heckman, 2008). A real counterfactual would require observ-
ing each subsidiary in both states (with and without treatment). Since this is not possible,
the aim is to choose the control group such that control units are as similar as possible to
the treatment group. A perfect control group would only differ in terms of the treatment

status. Whether a company is affected by a stricter thin-capitalization rule, however, is not

9A thin-capitalization rule of 3:1 translates into an internal-debt-to-equity ratio 6 of 0.75. The post-
reform ratio of 1.5:1, hence, corresponds to § = 0.6.

10Since the empirical analysis is concerned with the 2001 reform, A\ refers to Aago2 — A20o1. The intuition
for this definition is that the exogenous shock is at the beginning of 2001; from 2001 to 2002, the firms
may adjust their capital structure. The share of external debt A is defined as external liabilities relative
to total capital. The latter consists of nominal capital, capital reserves, profit reserves, and total debt.

10



random. Since both groups presumably differ also without treatment, comparing the mean
values of the change in external debt between treated and non-treated firms would bias
the results. For instance, financially constrained or financially distressed firms may have
a higher probability to be treated, because they potentially depend on internal loans from
the parent company (Gopalan et al., 2007) and may only have limited access to external
debt. A strategy for overcoming this problem is to find a group of non-affected companies

that is similar to the treated firms in relevant pre-treatment characteristics X.

4.1 Propensity Score Matching

Rosenbaum and Rubin (1983, 1984) describe how one can bundle firm characteristics in
a single-index variable, the propensity score. On the basis of this propensity score we
can match treated and non-treated firms such that they are comparable with respect to
relevant observable characteristics. One advantage of this non-parametric approach is that
it is a very intuitive way to estimate treatment effects, because we determine treated firms
by a set of observable variables, and then compare firms to appropriate matches (firms
which are not affected, but similar in other respects). Formally, the propensity score can

be described as the probability of receiving a treatment given pre-treatment characteristics

p(X)=Pr{T =1|X} = E{T|X}.

T = {0,1} is the treatment variable as defined above and X is the multidimensional vector
of pre-treatment characteristics. If the exposure to treatment is random within cells defined

by X, it is also random within cells defined by the values of the mono-dimensional variable
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p(X). Then, the Average effect of Treatment on the Treated (ATT) can be estimated as

= E{E{AN; — AX;|T; = 1, p(X;)}}

= E{E{AN;|T; = 1,p(X;)} — E{AX;|T; = 0, p(X;) }HT; = 1},

where the variable A)\y; denotes the counterfactual outcome. Note that the real counter-
factual outcome for treated firms is not observed; we do not know how the firms would
have chosen their financial structure without treatment. Yet we can use the control group
as a substitute and condition on the propensity score. However, we need two additional
assumptions to obtain the result for the ATT. First, pre-treatment variables of the two
groups have the same distribution given the propensity score (balancing property). If this
assumption holds, the treatment is considered to be random. The second assumption is
called the unconfoundedness assumption. It requires that, given the propensity score, po-
tential outcomes are independent of treatment assignment (see the Appendix, Lemma 1

and Lemma 2, for more details on the assumptions).

Estimating the AT'T using propensity score matching involves a two-step procedure, where
we predict the probability of being affected by the 2001 reform of the thin-capitalization
rule in a first step (using a probit or logit regression). The binary dependent variable
corresponds to 7 as defined above. In a second step, we match treated and control units
and estimate the treatment effect. If we were observing exactly the same propensity score
for two firms, we could simply compare these two observations. However, the propensity
score is a continuous variable and the probability of observing the same value for two firms

is infinitely small. For this reason, we do need methods to match comparable firms.

12



4.2 Matching Methods

We make use of four different matching methods: nearest neighbor matching, radius match-

ing, stratification matching, and kernel matching.!!

Nearest neighbor matching matches
to each treated company the control unit with the closest propensity score. Untreated
firms can be used more than once as a match. Subsequently, the difference in the outcome
variable between matched units is computed to obtain the ATT. Note that one match is
assigned to every treated firm, no matter how close propensity scores actually are. This
can result in a rather unsatisfying matching quality. We can overcome this problem, to
some extent, when we use radius matching. This method matches treatment units with
control units only if the propensity score falls into a certain range. The smaller we define
the radius — the tolerable distance within which units are matched — the better is the
quality of the matches. The stratification method splits the sample according to the value
of the propensity score into intervals. Within each interval, treated and control units have
on average the same propensity score. We obtain the ATT by calculating the difference
between average outcomes of the treated and the controls within each interval. However,
we possibly lose observations if we do not find comparable firms within one interval. Ker-
nel matching, finally, does not only use some of the control observations. Rather, this
matching estimator constructs the counterfactual outcome by using weighted averages of

all controls. The weights proportionally decrease with an increasing distance between the

propensity scores of treated firms and controls.

To evaluate different matching methods, we need to take into account the trade-off between

quantity and quality of matches. Whereas more information can improve the efficiency

HFor more details about matching algorithms, consult, for example, Morgan and Harding (2006), Dehejia
and Wahba (2002).
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of the estimates, a higher matching quality can reduce the bias. Radius matching, for

example, rather avoids bad matches compared to nearest neighbor matching.

5 Data and Descriptive Statistics

The empirical investigation relies on the M1D1 (Microdatabase Direct Investment) database
collected by the Deutsche Bundesbank. Two aspects of M1DI are particularly noteworthy:
first, according to the German Trade and Payments Act (Aulenwirtschaftsgesetz) in con-
nection with the Foreign Trade and Payments Regulation (AuBenwirtschaftsverordnung), a
German affiliate held by a foreign investor is obliged to provide balance-sheet information.
Hence, above a minimum reporting threshold, we observe all foreign affiliates in Germany.
Second, MiDI1 does not only provide information about the affiliates’ total debt, it also
includes information about internal borrowing. The corresponding question in the FDI
stock survey asks the participants to report liabilities to affiliated enterprises linked with

the party required to report through participating interests (Lipponer, 2007).

Table 1 provides a list of the investor countries, including means of affiliate characteristics
as well as the total number of subsidiaries in a country. All statistics refer to the year 2001.
Due to data protection, we only report countries with at least 5 investments. To avoid
any conflicting participation interests (e.g., Desai et al., 2004b), we exclude all minority
holdings. The Netherlands, Switzerland, and the United States are the most important
investor countries. However, the country of the foreign investor may not always be the
ultimate parent country. This explains the large number of observations from the Nether-
lands and also from Switzerland, because both countries are frequently used to establish

intermediate holding companies (see Weichenrieder and Mintz, 2008).
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Table 2 reports summary statistics. The treatment variable 7', which is analyzed in a
first-step binary model (see Section 6 and the Appendix for further details), indicates that
approx. 15% of all subsidiaries in the estimation sample are affected by the reform of the
thin-capitalization rule. T is determined by several explanatory variables: first of all, we
expect that tax-rate differentials have a positive impact on the propensity to be treated.!?
Moreover, we expect that the subsidiary’s sales positively relate to the probability of being
treated, because sales capture the size of a firm (e.g., Graham and Harvey, 2001). Another
helpful variable to predict treatment is the binary variable loss carry-forward. The variable
is one if the firm carries forward any losses, and zero otherwise. If firms are in a loss
situation, the incentive to engage in tax planning is reduced (see MacKie-Mason, 1990).
Therefore, we expect firms with losses to be less frequently treated by the reform of the
thin-capitalization rule. Finally, we control for the tangible-to-total assets ratio of firms
(tangibility). Higher tangibility may be associated with better access to external credits,
because tangible assets can be used as collateral. Since a high level of external liabilities
implies that the probability to be treated is low, we may expect a negative coefficient for

tangibility.

6 Results

We use a binary choice model to obtain the propensity score. Corresponding first-step
estimation results and also tests for the balancing property are reported in the Appen-
dix (Tables 6 and 7). Concerning the inclusion of control variables in the binary model,

we closely follow the existing literature on the capital structure choice of multinational

12Equation (3) motivates the inclusion of the tax-rate differential (to — t1).
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Table 2: DESCRIPTIVE STATISTICS

Variable Mean Std. Error Min. Max.
Tax-Rate Differential (ty — t1) .050 057 -.029 .392
In(Sales) 10.33 1.42 °) °)
Loss carry-forward 333 AT71 0 1
Tangibility .363 2.16 °) °)
Treatment (7) 151 358 0 1
Share of Internal Debt .240 228 ©) °)
Share of External Debt .362 277 °) °)

Source: MIDI. 3,309 observations. ©) confidential information. Treatment (T') defined as described in Section 4. Tax-rate

differential defined as (tGermany — tForeign)' For further variable definitions, see the Appendix.

enterprises (see, e.g., Overesch and Wamser, 2008). Note that we implicitly control for
macroeconomic factors in Germany, because all foreign investors are exposed to the same
economic situation in the destination country. According to the results of the binary-
choice models, a higher tax-rate differential is associated with a higher propensity to be
treated, because the incentive for the German subsidiary to use internal debt finance is
higher if the tax-rate difference is higher. Note that the variation in the foreign statutory
tax rate is crucial to identifying an effect of the tax-rate differential. While the coefficient
shows the expected sign, the effect is not statistically significant. The subsidiaries’ sales
relate positively to the propensity to be above the threshold level. The existence of a loss
carry-forward reduces the incentives for tax-planning activities, and therefore reduces the

probability of a treatment. We do not find a significant impact of the tangibility variable.
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6.1 Results for External Debt

Table 3 presents the results for the change in the external-debt-to-capital ratio. Since
different matching algorithms imply a trade-off between bias and efficiency, we report
the results for the different procedures. As expected, standard errors are higher in the
case of the nearest neighbor matching. However, the findings are robust and treatment
is significantly related to the change in the share of external debt in all specifications.
The findings confirm theoretical expectations: there is evidence for a positive average
treatment effect on the treated. Estimates are in the range of .023 to .027, depending on
the matching method. A coefficient of .027 implies that a treated subsidiary increases its

external-debt-to-capital ratio by 2.7 percentage points.

Findings in Table 3 confirm that firms substitute external for internal debt if we consider the
debt-to-capital ratios. The analysis presented in Table 4 investigates whether the positive
treatment effect is still identified if we define the outcome variable as the level of external
debt. To be specific, the outcome variable is calculated as the change in the natural
logarithm of the liabilities to external creditors (In(external liabilities;;;) - In(external
liabilities;)). The results show that treatment by the 2001 reform of the thin-capitalization
rule is related to more external debt. Except for the nearest neighbor matching with
bootstrapped standard errors, the coefficient is always significant. The ATT of .078 implies

that an affected subsidiary expands its external liabilities by approx. 8%.
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Table 3: PROPENSITY SCORE MATCHING, SHARE OF EXTERNAL DEBT
OUTCOME VARIABLE: CHANGE IN THE SHARE OF EXTERNAL DEBT

Nearest Neighbor Matching

Average Effect of Treatment (Std. Err.) 027 (.010)***
(Bootstrapped Standard Errors) (.011)**

Number of Treated Firms: 500
Number of Control Firms: 438

Radius Matching (radius=.1)

Average Effect of Treatment (Std. Err.) 023 (.006)***
(Bootstrapped Standard Errors) (.006)***

Number of Treated Firms: 500
Number of Control Firms: 2,725

Radius Matching (radius=.001)

Average Effect of Treatment (Std. Err.) 023 (.006)***
(Bootstrapped Standard Errors) (.007)***

Number of Treated Firms: 489
Number of Control Firms: 2,648

Stratification Matching

Average Effect of Treatment (Std. Err.)
(Bootstrapped Standard Errors) .026  (.006)***

Number of Treated Firms: 500
Number of Control Firms: 2,725

Kernel Matching (Epanechnikov kernel, bandwidth=0.06)

Average Effect of Treatment (Std. Err.)
(Bootstrapped Standard Errors) 024 (.005)***

Number of Treated Firms: 500
Number of Control Firms: 2,809

Coefficient (Std. Dev.). Propensity score based on probit estimation (see Appendix, Table 6).
Calculations are based on the statistical software provided by Becker and Ichino (2002). Standard
errors (in parentheses). (***) (**) (*) indicate significance at the (1%) (5%) (10%) level. Outcome
variable: change in the share of external debt, defined as At+1 — A¢, where A is defined as external
liabilities relative to total capital. The latter consists of nominal capital, capital reserves, profit
reserves, and total debt.
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Table 4: PROPENSITY SCORE MATCHING, LEVEL OF EXTERNAL DEBT
OUTCOME VARIABLE: CHANGE IN THE LEVEL OF EXTERNAL DEBT

Nearest Neighbor Matching

Average Effect of Treatment (Std. Err.) .084  (.050)*
(Bootstrapped Standard Errors) (.062)

Number of Treated Firms: 500
Number of Control Firms: 438

Radius Matching (radius=.1)

Average Effect of Treatment (Std. Err.) 074 (.033)**
(Bootstrapped Standard Errors) (.031)**

Number of Treated Firms: 500
Number of Control Firms: 2,725

Radius Matching (radius=.001)

Average Effect of Treatment (Std. Err.) .078  (.035)**
(Bootstrapped Standard Errors) (.036)**

Number of Treated Firms: 489
Number of Control Firms: 2,648

Stratification Matching

Average Effect of Treatment (Std. Err.)
(Bootstrapped Standard Errors) 078 (.037)**

Number of Treated Firms: 500
Number of Control Firms: 2,725

Kernel Matching (Epanechnikov kernel, bandwidth=0.06)

Average Effect of Treatment (Std. Err.)
(Bootstrapped Standard Errors) 076 (.029)***

Number of Treated Firms: 500
Number of Control Firms: 2,809

Coefficient (Std. Dev.). Propensity score based on probit estimation (see Appendix, Table 6).
Calculations are based on the statistical software provided by Becker and Ichino (2002). Standard
errors (in parentheses). (***) (**) (*) indicate significance at the (1%) (5%) (10%) level. Outcome
variable: change in the level of external debt, defined as the change in the natural logarithm of the
liabilities to external creditors, In(external liabilities¢+1) - In(external liabilitiest).
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Table 5: PROPENSITY SCORE MATCHING, SHARE OF INTERNAL DEBT
OUTCOME VARIABLE: CHANGE IN THE SHARE OF INTERNAL DEBT

Nearest Neighbor Matching

Average Effect of Treatment (Std. Err.) -.050 (.011)***
(Bootstrapped Standard Errors) (.011)**

Number of Treated Firms: 500
Number of Control Firms: 438

Radius Matching (radius=.1)

Average Effect of Treatment (Std. Err.) -.043  (.008)***
(Bootstrapped Standard Errors) (.009)***

Number of Treated Firms: 500
Number of Control Firms: 2,725

Radius Matching (radius=.001)

Average Effect of Treatment (Std. Err.) -.042  (.008)***
(Bootstrapped Standard Errors) (.008)***

Number of Treated Firms: 489
Number of Control Firms: 2,648

Stratification Matching

Average Effect of Treatment (Std. Err.)
(Bootstrapped Standard Errors) -.045  (.008)***

Number of Treated Firms: 500
Number of Control Firms: 2,725

Kernel Matching (Epanechnikov kernel, bandwidth=0.06)

Average Effect of Treatment (Std. Err.)
(Bootstrapped Standard Errors) -.043  (.007)***

Number of Treated Firms: 500
Number of Control Firms: 2,809

Coefficient (Std. Dev.). Propensity score based on probit estimation (see Appendix, Table 6).
Calculations are based on the statistical software provided by Becker and Ichino (2002). Standard
errors (in parentheses). (***) (**) (*) indicate significance at the (1%) (5%) (10%) level. Outcome
variable: change in the share of internal debt, defined as pt+1 — pt, where p is defined as internal
liabilities relative to total capital. The latter consists of nominal capital, capital reserves, profit
reserves, and total debt.
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6.2 Results for Internal Debt

In addition to the analysis concerning the share of external debt, we examine the effective-
ness of the thin-capitalization reform with respect to internal debt. Table 5 contains results
where the outcome variable is defined as the change in the share of internal debt.*? If firms
are affected by the thin-capitalization reform, we expect a negative treatment effect. In
other words, treated affiliates reduce their internal-debt-to-capital ratios, because interest
deduction is no longer possible. A coefficient of -.05 implies that treatment by the reform
of the thin-capitalization rule is associated with a 5 percentage point lower internal-debt-
to-capital ratio. If we consider both the treatment effect for the change in the share of
internal debt and the change in the share of external debt, we find that the affected firm
can substitute external debt for approx. 55% of the reduction in its internal-debt-to-capital

ratio (using the averages of the estimated ATTs in Tables 3 and 5 for this evaluation).

7 Conclusion

The empirical literature on corporate taxation and multinational companies provides ex-
tensive evidence that multinationals are mobile in various aspects and can avoid taxes (see,
e.g., Devereux and Maffini, 2007). Policymakers who value adequate tax revenue, there-
fore, feel inclined to restrict tax-planning opportunities. In recent decades, for instance,

various forms of debt-equity restrictions have been imposed in several countries. Germany

13The analysis confirms empirical findings of earlier research (see Buettner et al., 2008; Overesch and
Wamser, 2008; Weichenrieder and Windischbauer, 2008).
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and many other countries apply so-called thin-capitalization rules which limit the amount

of deductible interest payments to affiliated companies.

This paper has exploited a reform of the German thin-capitalization rule in order to exam-
ine how subsidiaries of multinational firms adjust their capital structure after being affected
by a stricter rule. The findings suggest that firms, to some extent, are able to substitute
external for internal debt. In particular, a treated subsidiary increases its external-debt-
to-capital ratio by approx. 2.5 percentage points relative to the counterfactual outcome.
In terms of the stock of external borrowing, treatment is associated with approx. 8% more

external debt.

Governments presumably pursue a twofold aim when introducing thin-capita-lization rules:
to defend the domestic corporate tax base and to reduce discrimination against purely do-
mestic companies (because domestic firms are not able to shift profits).'* Concerning the
first goal, the results imply that thin-capitalization restrictions aimed at avoiding adverse
consequences for corporate tax revenue are not necessarily rewarding. With respect to
the second goal, thin-capitalization rules may be considered as being appropriate, because
excessive thin capitalization no longer provides an opportunity to shift profits. Yet, though
both domestic and multinational firms are unrestricted in the use of external debt, multi-
national firms may also have better access to external debt finance (and interest payments

to external lenders are usually deductible).

In 2004, Germany responded to the Lankhorst-Hohorst judgment of the European Court

of Justice by extending the scope of application of its thin-capitalization rule to loans

4By contrast, some countries may strategically remove thin-capitalization restrictions to attract FDI
(see Haufler and Runkel, 2008).
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from resident companies (see Korner, 2004). More recently, the 2008 corporate tax reform
replaced the thin-capitalization rule by a so-called earnings-stripping rule.'® In view of
the findings of this investigation, this recent reform of the rule seems to be sensible. And
yet, to evaluate the medium- and long-term impact on the economy, policymakers should
consider the effect of the new earnings-stripping rule on firms’ cost of capital and therefore
on real investment: a general non-deductibility of interest expenses is comparable to an
additional tax that would risk driving productive capital, rather than tax bases, out of

high-tax countries.

The central insight of this analysis is that any policy that urges multinationals to report
income locally rather than shifting it to low-tax countries requires careful consideration.
As to future research, additional work is needed to understand the role of internal debt
which is not related to profit shifting. This is probably a significant share and must not
be affected by thin-capitalization rules. Moreover, to develop a deeper understanding of
substitution possibilities in a dynamic context, future research should aim at testing how

costly it is for companies to adjust their capital structure.

Appendix

The estimation of the average treatment effect relies on two assumptions. First, the bal-
ancing property has to hold. This assumption is testable. Results are displayed in Table

7. Second, unconfoundedness given the pre-treatment characteristics X and given the

15Under the new interest barrier (Zinsschranke), interest deductions are limited to 30% of earnings
(EBITDA). The new interest barrier rule includes several exceptions and additional requirements (escape
clause, single business exception, exemption limit; see, e.g., Miiller-Duttiné and Scheunemann, 2007).
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propensity score p(X) has to be satisfied. The unconfoundedness assumption refers to
the assignment to the treatment. Rosenbaum and Rubin (1983) formulate Lemma 1 and
Lemma 2, where p(X) is the propensity score, T' the treatment and X is the vector of

pre-treatment characteristics:

Lemma 1 (Balancing Property): T 1 X |p(X).

Lemma 2 (Unconfoundedness): Yi,2Yo LT | X.

Y, LT | p(X).

Table 6: PROBABILITY OF TREATMENT

Probit Logit
Tax-Rate Difference 016 (.584) 048  (1.02)
In(Sales) .040  (.020)** 074 (.036)**
Loss carry-forward -163  (.059)*** =302 (.110)***
Tangibility ~.029  (.044) ~.063  (.094)
Sector 2 _521 (A417) _907  (.779)
Sector 3 082 (.228) _145  (.388)
Sector 4 -.376  (.156) -.677  (.265)**
Sector 5 502 (.217)* ~927  (.393)**
Sector 6 -.598  (.267) -1.11 (.503)**
Sector 7 -171 (\157) -.308  (.267)
Sector 8 -359  (.327) _.647  (.598)
Sector 9 -.637  (.208) -1.17  (.386)***
Sector 10 =572 (.192)*** -1.05  (.346)***
Sector 11 699 (.274)" 1.28  (.531)
Sector 12 -.789  (.516) -1.45  (1.06)
Europe _553  (.262)* S962  (.426)*
America -.679  (.275)** -1.19  (.453)***
Asia _452  (.283) _766  (.466)*
Observations 3,309 3,309
Log-likelihood -1,372.92 -1,372.71
Pseudo R-sq .023 .023

Source: MID1. Considered are only majority-owned affiliates. Robust standard errors (in parentheses). (***) (**) (*) indicate
significance at the (1%) (5%) (10%) level. Sector dummies are defined according to Table 8. Dependent variable: Treatment
(T). Regarding the regional dummies, ‘Rest of the World’ is the reference group.
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Table 7: BALANCING PROPERTY

Mean Mean Bias Bias reduc-
Variable (Treated) (Control) in %  tionin %  t-value p-value
Tax-Rate Diff. .052 .050 2.9 9.1 .46 .645
In(Sales) 10.519 10.597 -5.6 65.0 -.92 .359
Loss carry-f. .28 .288 -1.7 87.1 -.28 779
Tangibility .292 .289 1 97.0 14 .888
Sector 2 .004 .012 -11.7 -497.0 -1.42 .156
Sector 3 .03 .032 -1.3 83.1 -.18 .855
Sector 4 42 .402 3.6 47.5 .08 .063
Sector 5 .026 .018 4.6 19.6 .86 .389
Sector 6 .012 .016 -3.2 51.8 -.54 591
Sector 7 378 374 9 95.9 13 .896
Sector 8 .008 .012 -4.3 -218.5 -.64 .025
Sector 9 .028 .034 -2.9 81.1 -.55 .085
Sector 10 .042 .052 -4.4 59.9 -.75 .456
Sector 11 .01 .008 1.6 82.9 .33 .738
Sector 12 .002 0 3.4 33.0 1.00 318
Europe 778 776 5] 46.0 .08 .940
America 13 134 -1.1 88.7 -.19 .852
Asia .076 .07 2.4 72.1 .36 716

Source: MIDI. 3,309 observations, 500 treated observations, 2,809 untreated observations. The
balancing property is tested by using the software pstest provided by Leuven and Sianesi (2003).
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Table 8 VARIABLE DEFINITIONS

Internal-debt ratio (u) | Definition: Liabilities to shareholders/affiliated enterprises
linked with the party required to report through
participating interests divided by total capital
consisting of nominal capital, capital reserves, profit
reserves, and total debt.

Source: MiD1

External-debt ratio (A\) | Definition: Borrowing from external creditors divided by total
capital consisting of nominal capital, capital reserves,
profit reserves, and total debt.

Source: MiD1
Sales Definition:  Affiliate-specific sales.
Source: MiD1
Loss carry-forward Definition:  Binary variable. If a firm carries forward any losses,
the dummy variable is 1.
Source: MiD1
Tangibility Definition: Ratio of fixed assets to balance-sheet total.
Source: MiD1

Tax-Rate Differential Definition: Difference in statutory tax rates between Germany

and investors’ home countries (tGermany — tForeign)-
Source: Statutory tax rates are taken from the International

Bureau of Fiscal Documentation (IBFD) and from
tax surveys provided by Ernst&Young, Pricewater-
houseCoopers (PwC), and KPMG. Tax rates take
into account restrictions on interest deductibility.

Sector Definition

Sectors are defined according to the following clas-
sification: Agriculture (Sector 1); Mining (Sector
2); Metal Working Industry (Sector 3); Manufac-
turing (Sector 4); Electricity and Water Supply,
Sewage Disposal, Telecommunication, Transport and
Post (Sector 5); Construction (Sector 6); Retail and
Wholesale Trade (Sector 7); Hotels and Restaurants
(Sector 8); Other Services (Sector 9); Financial Inter-
mediation and Financial Services (Sector 10); Com-
puter, Research and Development (Sector 11); Gov-
ernment, Social Security, Social Care, Private House-
holds, and Nonprofit Organizations (Sector 12).
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