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1 Introduction

The effects of profit taxation on the corporateitastructure, or corporate leverage, have been
the focus of much theoretical and empirical researdinancial economics and public finance (for
surveys see, e.g., Graham 2003, Auerbach 2002)leWiierest payments on debt lower a
company’s profit liable for taxation no similar degdion exists for the interest yield on equity. §hi
preferential treatment of debt over equity distoctsmpanies’ financial policy. In particular,
companies may excessively rely on debt for taxaessFurthermore, as equity generally does not
constitute an obligation to pay interests on a l@gbasis, high equity ratios serve as security in
distressed economic conditions. Boosting equitgirfeing, however, may be undermined by the tax
advantage of debt over equity through taxation. égsinding to what extent the preferential tax
treatment of debt distorts companies’ decisions genkerates economic inefficiencies is therefore
not only of substantial theoretical interest bgbabf great policy relevance.

Despite extensive research efforts, economists hawk great difficulty providing empirical
evidence that taxes indeed matter for the finarleNsrage of corporations. Estimated tax effects
tend to be rather small, if present at all, an@rmfonly indirectly related to the financial leveeag
(see, e.g., Graham 2003 for a critical evaluatiarich has led financial economists to doubt the
empirical relevance of tax factors in corporatefioing decisions (see, in particular, Myers 1984).
There are two main problems empirical researches vhen trying to identify tax effects. First,
there is often insufficient variation in statutdiax rates either across companies or over time in
cross-section or time series data. Second, dffaative tax rate is used, this tax variable is likely to
be endogenous to corporate financing decisionsocmling tax-related effects in previous studies.

In this paper, we estimate the elasticity of theaficial leverage to changes in the effective
corporate tax rate (ETR) using a comprehensivergéarn data set for the German economy.
Following Gruber and Saez (2002), who applied methodology to the estimation of the personal
income tax elasticity, we control for potential egdneity bias by instrumenting the observed tax
rate by the counterfactual tax rate a corporationld face in a particular period had there be no
endogenous change of corporate debt. This counteda is obtained from a detailed
microsimulation model of the corporate sector basethx return micro data for the years 1998 and
2001. This period saw the introduction of a subisbrtax reform which provides sufficient
exogenous variation in the ETR across corporatiomdentify the elasticity of corporate debt.

Since the German corporate income tax is propatitm taxable inconfe we cannot rely on

the variation in statutory tax rates induced by pinegressivity of the corporate tax schedule to

! The US, the UK and Japan tax corporate incomeginen income brackets at a higher rate, some Earopeuntries
(e.g., Belgium and the Netherlands) provide a ballimvance for corporate income. Overall, therens®e¢o be a
tendency to reduce the “progressivity” of the C$€€, e.g., OECD 2007).
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identify tax effects on corporate leverage. Ratbar,identification is based on the variation of th
ETR which also reflects various other tax shieldgarticular unused loss carry-forward which has
become of major quantitative importance for thepocate sector also in the German econémy.
The huge difference in the amount of used lossydarward and other tax shields across
corporations provides the exogenous variation @EfR for our identification strategy of the debt
elasticity.

The estimation is based on the corporate incomestatistics and the local business tax
statistics that cover all corporations in Germamile the broad coverage and detailed information
on various tax shields are distinct advantagesd#ta set has the drawback that it is not available
as a panel. For the estimation we therefore cortstaupseudo-panel for 1998 and 2001 by
aggregation of the individual-level corporate t&turn data into about 1,000 groups defined by
industry (up to the 5-digit level) and by regiorhi§ pseudo panel allows us to control for observed
and unobserved time-invariant factors, which magdreelated with both the financial leverage and
the ETR, and to derive at an instrumental varifdal¢he potentially endogenous ETR.

Instrumental variable estimation of our preferrp@dfication of the regression model yields a
statistically significant and relatively large pbistimate of the average tax elasticity of corfgora
leverage. This estimate implies that a reductiothef(proportional) statutory corporate tax rate by
10 percent would reduce corporate debt by 5 per€&onpared to previous studies this is a fairly
large estimate of the financial leverage elasticithis elasticity estimate also indicates that the
response of the corporate tax base to changes ieffibctive tax rate in Germany (see Dwenger and
Steiner 2008) is to a large extent driven by changehe corporate leverage. We also find evidence
for the hypothesis that the debt ratio is less arsjve for small corporations, for corporations
facing higher economic risks, and for corporatitingt benefit from various other forms of tax
shields, in particular the amount of unused tag tary-forward and depreciation allowances.

In the next section, we briefly review the empitilierature on the relationship between profit
taxation and corporate leverage. Section 3 descrtdve empirical methodology to identify the
leverage elasticity and the construction of ourugsepanel used for its estimation. Estimation
results for our basic specification of the regr@ssnodel are summarized and discussed in section
4.1. Results for alternative specifications allogviax rate effects to differ by size and risk aid b
the availability of other tax shields are presentedections 4.2 and 4.3, respectively. Section 5

summarizes our main results and concludes.

2 For similar developments in the U.S. see, e.gap@r and Knittel (2006) and Altshuler et al. (2008
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2 PreviousEmpirical Literature

As mentioned in the Introduction, the older empairititerature failed to find plausible or
significant tax effects on the level of debt, io& corporate leverage. There are two main factors
which may have contributed to this failure: fitte limited time-series variation in the statuttay
rate within countries; and second, the endogerditithe effective tax rate in cross-section and
panel studies which achieve identification by mgkiuse of the cross-section variation in effective
corporate tax rates within countries. The subsegeempirical literature has suggested various
approaches to account for these factors. In tHewolg we review this literature with the aim to
make clear the similarities and differences betwé#®n previous literature and our empirical
approach which is described in the next section.

While tax rates usually change little over timehita country, tax rates vary largely between
countries. Rajan and Zingales (1995) make use sf ¢hoss-country variation and compare
financial policies across G-7 countries. They fthdt companies in countries with high corporate
income taxes use debt more excessively and thetebyment a significant effect of corporate
taxes on debt. Focusing on financing decisions wtinationals, Altshuler and Grubert (2002) and
Desai, Foley and Hines (2004), among others, fiodest tax effects of the host country’s tax rate
on the financing of multinationals’ affiliates alwh Similar results were found by Huizinga,
Laeven and Nicodéme (2008) for a large sample obfigan countries, as well as by Mintz and
Weichenrieder (2005) and Buettner et al. (2006 dFerman multinationals.

An alternative identification strategy using cr@gstion or panel data on corporations within a
country is based on the “substitution hypothesigippsed by DeAngelo and Masulis (1980).
According to this hypothesis, other corporate tavelds, such as depreciation allowances and tax
loss carry-forwards, may substitute for debt anasthffect the financial leverage elasticity with
respect to the tax rateThe older empirical literature (see, e.g., Bradigarrell, and Kim 1984,
Marsh 1982, Titman and Wessels 1988, Fischer, Heakd Zechner 1989) could not find
convincing evidence supporting this hypothesis. KladMason (1990) argues that this may be due
to the fact that previous studies analyzed deliwgatvhich cumulate decisions made over many
years, taken under varying circumstances. Insteadsuggests studying incremental decisions to
issue debt, i.e. on the decision to issue new drelsthermore, he argues that the substitution effec
of tax shields should be more applicable to firmshva substantial probability of losing the
deductibility of their tax shields (“tax exhaustibyppothesis”).

¥ Dammon and Senbet (1986) point out that an iser@@investment-related tax shields does not secigslead to a
decrease in debt. They argue that besides theitstibst effect an income effect must be considerigher
investment may lead to both higher output and agswhich turns interest deductions more valuableva shields.
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Focusing on incremental financial decisions andimeging a probit model, MacKie-Mason
shows that, in the US, companies with high taxldeiand a high probability of facing a zero tax
rate are indeed less likely to finance by debt. |z, Trezevant und Wang (1992) and Trezevant
(1992) also find that non-debt tax shields suchcelerated depreciations lead to a lower deld rati
if companies face a large risk of a tax rate ofozdrhis result was also replicated by Cloyd,
Limberg and Robinson (1997) as well as by Ayersy@land Robinson (2001).

There is a potentially severe endogeneity biasnpigcal estimates relying on the variation of
after-financing tax rates across corporations &miifly tax effects on financial leverage. This bias
occurs because corporations with substantial dm karge interest deductions, which reduce their
taxable income and their after-financing tax rateere have been various attempts in the literature
to account for this spurious correlation and ttseiteng endogeneity of the effective tax rate.

Shevlin (1990) and Graham (1996) use company spesimulated marginal tax rates to
identify tax rate effects on corporate leverageeylbalculate simulated tax rates based upon the
forecasted future stream of taxable income andhtbeal tax-code formulas. Also using simulated
before-financing tax rates, as implied by theoryalam, Lemmon and Schallheim (1998) for the
first time document a positive relation betweentdetels and the corporate tax rate. Alworth and
Arachi (2001) follow the Graham-Shevlin simulatiorethodology and provide evidence on the
relationship between corporate taxes and debt ysangl data on incremental financing decisions
of Italian companies.

Using a difference-in-difference estimator and ation induced by the progressivity of the
corporate tax system in the U.S., Gordon and L8681 Restimate an average elasticity of debt with
respect to corporate taxation of about 0.15. Idieation of tax effects is based on the strong and
non-testable “common trend” assumption, i.e. unotegktime varying factors affecting corporate
debt must not differ between corporations affedtgdhe reforms. Furthermore, these estimates are
specific to the analyzed reforms and it is not rcledether they can be generalized to other
situations.

Gordon and Lee also find that tax effects for battall and large firms are significantly larger
that for medium-sized companies, for which thenested leverage elasticity is not significantly
different from zero. Furthermore, the elasticitydsbt may also vary with economic risk because
the asymmetric treatment of profits and gains disage borrowing if companies face larger risks
(see, e.g., MacKie-Mason 1990, Auerbach 1985, Slkaely 2007), which in turn may also affect
estimated tax effects on corporate leverage. Thutheé estimation of tax effects on financial
leverage it seems important to account for botheth@ogeneity of the effective tax rate and the
potential interactions between tax effects andsthe of corporations as well as the economic risks
they face.



3 Empirical M ethodology

3.1 ldentification and estimation

We want to estimate the elasticity of the finantealerage with respect to the average effective
tax rate, ETR. The financial leverage will be meaduby the ratio oflebt to total equity. Our
measure of the ETI the ratio of thecorporate income tax assessed to Earnings Before Interest,
Taxes and Depreciation (EBITD) in a given year. EBITD thus measures profit liatlecorporate
income taxation before the use of various tax diidle. before the deduction of interest payments,
of tax losses carried forward or carried back, befibre the deduction of depreciation allowances.
EBITD can be calculated from our tax return dataaldging interest payments and depreciation
allowances to Adjusted Gross Income (AGI), see AppeA2*

For our analysis, a relatively broad measure ofifpr® important to take interdependencies
between different tax shields into account whenyainag tax effects on corporate leverage. For a
given level of current profits, corporations witxtloss carry-forward, for instance, may face very
different ETR compared to those corporations tlaindt possess a stock of previously accrued
losses. As we show below, it is of great importatecaccount especially for the use of loss carry-
forward in the calculation of the ETRThe variation in the amount of used loss carryvéod
across corporations also provides one importantceoof exogenous variation in the ETR for our
identification strategy. Other sources of variatiame interest payments and depreciation
allowances.

The main methodological problem is that the el@gtf financial leverage with respect to the
ETR is unlikely to be identified by a simple regnes of log(debt ratio) on log(ETR), for two
reasons. First, unobserved time-invariant factongckv may be correlated with both the financial
leverage and the ETR could confound the elastestymate. These factors may include firm-size
effects (see, e.g., Lemmon, Roberts and Zender)2808 persistent inter-industry differences in
leverage ratios as already documented by, e.gdI®&raJarrell and Kim (1984). Second, spurious
correlation between the debt ratio and the ETR maynduced by the relation of the corporate

income tax assessed and the amount of used taxc&sgforward. Furthermore, depreciation

* We do not have to add a potential tax loss carwdrds as the Adjusted Gross Income is the poefiore the use of
tax losses carried forward.

® Bach and Dwenger (2007) show that the volumeedfupused losses from the past in the German catsector
has increased from Euro 128.3 billion in 1992 tadE880.2 billion in 2001, which amounts to abou%3 of
corporate profits in 2001. Similar results for tH&€ are reported by Cooper and Knittel (2006) wrsm akport that
large stocks of net operating losses have beerrgfexen the US in this period which are highly centrated over a
relatively small number of companies.
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allowances not only affect the corporation’s tazessed, but may also be correlated with its debt
ratio, thereby inducing spurious correlation betwtee corporation’s debt ratio and its ETR.

Whilst it seems therefore impossible to identifg financial leverage elasticity with respect to
the ETR on the basis of a single cross sectionakgee that this elasticity can be identified by
taking advantage of the pseudo-panel structureupttorporate tax return data and changes to the
corporate tax system introduced by the Tax Relief &euerentlastungsgesetz) in the period
1998-2001. Our data come from corporate tax retangsfrom local business tax returns covering
this period. Since these data are only availabkrage cross sections, we construct a pseudo-panel
for the estimation, as described in Section 3\&/&.control for potential endogeneity bias by, first
accounting for fixed effects and, second, by imeenting the ETR following the methodology
which Gruber and Saez (2002) proposed for the atithm of the personal income tax elasticity.
Our identification strategy consists of instrumegta corporation’s ETR for 2001 by the simulated
ETR thecorporation would face in 2001 if its debt ratiodhaot changeandogenously between
1998 and 2001. Thereby, we only use changes itathiaw and macroeconomic effects exogenous
to the individual corporation to identify the ela#lyy of debt with respect to the effective taxeat

The Tax Relief Act significantly reduced the statytcorporate income tax rate: In 1998, the
corporate income tax in principle amounted to 4 @et for retained earnings and to 30 percent for
distributed earnings while the tax rate was geheratluced to 25 percent in 2001t changed the
taxation of dividends from the tax credit methouinfutation method”) to the half-income method
and thereby also affected personal income tax&tibme reform also broadened the tax base by
lowering depreciation allowances, by introducing tequirement to reinstate original values, and
by cutting the use of a tax loss carry-back. Astéxereform did not affect corporations equally, we
observe substantial variation in the change of thiéective tax rates, due to the following factors

First, every year a share of 20 percent of Gernoaiporations use a tax loss carry-forward or a
tax loss carry-backward to offset current profithese corporations do not pay any corporate

income tax and thus have an effective tax rateeod zvhich remains unaffected by changes in the

® If fixed assets may be used as collateral fot,c#gpreciation allowances and the debt ratioikedyl to be positively
correlated since the amount of depreciation allmgarand the value of fixed assets are positivaiyetaied.

" Corporations are also liable to the local busiriasgGewerbesteuer). This tax is levied on an adjusted profit measure
(including a share of interest payments on longitdebt) at a rate which varies across municipalifier details, see
Bach et al. 2008, Fossen and Bach 2008). In genillocal business tax paid by a corporation @eductible
expense. Since there was no change in the localduasstax between 1998 and 2001 and the munigipsdiecific
rates hardly changed in this period (German Fed&dlstical Office 1998, 2001), we have not takento account
in our ETR simulation.

8 Unfortunately, we do not have any information abau corporation’s shareholders. We neither knowirthe
participation quota nor do we have any knowledgeuabther sources of income or about their persimtaime tax.
As personal income taxation in Germany is highlggpessive (see, e.g., Bach, Corneo and Steiner) 2048 as
taxation partly depends on the participation quia lack of information prevents us from includipgrsonal
income taxation into our analysis. To simplify @nealysis we do not include the solidarity surchampéch amounts
to 5.5 percent in 1998 and 2001. As the solidaitscharge is a proportional surcharge on the catpancome tax
assessed, omitting the surcharge should not infkienr results.
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statutory tax rate. Note that the use of tax |l@ssyeforward is not at the corporation’s discretion
because unused tax loss carry-forward has to beffsatthe full amount against current profits.

Second, the statutory and effective tax rate irB98s dependent on the ratio between retained
and distributed earnings: A corporation which cosbglly abstained from the distribution of
earnings was taxed at the corporate tax rate gfeféent; whereas a corporation which distributed
its whole profit was subjected to a corporate inedax rate of 30 percent only. The splitting of the
tax rate is a specific feature of the tax credithud, which was abolished by the Tax Relief Act;
since 2001, the tax rate on corporate income ifoumiand does not depend on a corporation’s
payout ratio’ This implies that the reduction in the effectie trate was much larger for those
corporations which retained most of their earnitings for the corporations distributing their whole
profit.

Third, some corporations were subject to reducatliglry corporate income tax rates in 1998.
Mutual insurance societies, private foundations] bosiness enterprises of a public corporation
benefited from a reduced tax rate of 42 percerit9®8. At the same time a flat tax of 25 percent
applied to different sources of foreign income. Tfex Relief Act, by contrast, does not provide
any reductions in statutory tax rates but equapplias the tax rate of 25 percent to every
corporation. As a result, the reduction in thewttaly and in the effective tax rate between 1998 an
2001 was smaller for all those corporations whiehdfited from reduced taxation in the past.

Fourth, the change in the effective tax rate akpedds on the asset structure. This means, for
instance, that corporations with large real investta in both years saw their tax base broadened in
2001 because of lower depreciation allowancesédar acquired goods compared to 1998.

And fifth, corporations with a fiscal year diffegrfrom the calendar year only switched to the
half income method and the lower tax rate in 20822001, they were still taxed under the tax
credit method and had to pay a tax rate of 40 perddiis means that the reduction in the effective
tax rate for these particular corporations was nmarohller than for the ones taxed according to the
half income method in 200,

Simulated tax liabilities and effective tax rate® a&omputed using the business taxation

microsimulation model BizTa¥ First, EBITD and all income related componentsthe 1998

® Under the tax-credit method the tax burden ondtmporate level is only meant as a mean to ensation of
capital income and is credited against the persimgaime tax of the shareholder. Under the half imeanethod the
corporate income tax is definite. Half of the detidis are additionally subject to personal income ta

% Some corporations even saw their tax rate risbyerators of merchant ships in the internationalidm of water
were liable for a reduced rate of 22.5 percent9@8lt in 2001, the universal tax rate of 25 peregmuiied.

1 Blasch and Weichenrieder (2007) present the tianai rules and analyse whether listed corporatialign their
fiscal year to the calendar year due to this rule.

12 BjzTax is a microsimulation model for businessation in Germany based on official tax return ddg¢aeloped at
DIW Berlin in cooperation with the Federal Ministoy Finance (see Bach et al. 2008). In additioa ttetailed local
business tax module, it also contains a CIT sirmtatnodule which replicates the corporate inconxeatssessed by
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cross section are aged to 2001 values using a abrgmowth rate which is exogenous to the
individual corporation. There are 13 different atibn parameters for different sources of income
(profits and losses, dividends and income fronrede differentiated by financial and non-financial
corporations)? Using BizTax we then simulate the corporate taRility according to the corporate
income tax law 2001 based on the inflated incommpmments. The simulated ETR for 2001 is
obtained by relating the simulated tax liability 2001 to the inflated EBITD of 1998.

One might be concerned that this simulated ETR as aompletely exogenous for those
corporations which offset part (or the whole) adithprofits in 1998 against losses from the past or
from 1999 (loss carry-back) because the amountrafitp that can be offset against losses from
other periods is a function of the tax rules. Thex TRelief Act broadened the tax base and
consequently increased profits liable for taxafibithis had two implications: first, a rise in the
effective tax rate, and second the need of a largkemime of losses from other periods to offset a
higher profit. The ability to offset a higher profesulting from the tax reform could be related to
unobserved factors which may also influence the datipv. To address this potential endogeneity,
we inflate the amount of profits which is offsetaatst losses from other periods in 1998 and use
this amount as an upper limit for the profits thah be offset against losses in our simulation of a
corporation’s ETR for 200% In a similar vein, we use the inflated amount lfveable deductions
that are effectively used in 1998 when we simullagecorporation’s ETR for 2001.

In Germany, 40 percent of all corporations repomemative AGI, and this share slightly
decreased between 1998 and 2001 (see AppendixQAB)tax return data unfortunately do not
contain information which would allow us to moddiese losses. We therefore restrict our
regression analysis to corporations with positivel And try, in an alternative model specification,
to control potential selection effects by includitige change in the share of corporations with
positive profits within groups in the observaticripd.

In the estimation we also control for other factatsch might be correlated with both the debt
ratio and the ETR. First, we estimate the regressb log(debt ratio) on log(ETR) in first
differences allowing for group-fixed effects whiamay be correlated with the ETR. Second, we

control for time-varying factors including the nuemlof corporations within a group and the share

tax authorities for more than 99 percent of alpooations; these corporations account for more g®apercent of the
overall corporate income tax revenue. BizTax carubed to simulate the corporate income tax ligbiif each

corporation under past regulations, under the otitesv as well as under different tax reform scasarCurrently the
model does not predict behavioral responses of aamep which may be triggered by tax reforms, ehgnges in
financing and investment decisions or entries atiid ef firms.

13 These parameters were computed in such a wayirfated profits and interests reflect the changeshe
corresponding aggregates in the national accounatshee Bundesbank corporate balance sheet statistic

1% Profit refers to Adjusted Gross Income which is fiofit liable for corporate income taxation befdhe use of tax
losses carried forward.

15 Since our microsimulation tax model does not idelta switching rule between loss and profit, a cation
reporting a profit in 1998 is assumed also to dsz001.
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of corporations still taxed under the tax creditimoe in 2001. These variables should also control
for changes within groups in the observation penduich could affect the efficiency of our
estimates, in particular the standard error ofestenated elasticity of the debt ratio.

Financial leverage may also depend on corporate aizl on the economic risks corporations
face. We control the effect of corporate size mariicial leverage by the average amount of capital,
which we measure at the start of our observatisiogen order to avoid the potential endogeneity
of this variableWe measure economic risk by the variation coefficad sales. This risk measure is
calculated using sales information from the valdéeal tax (VAT) statistics of the German Federal
Statistical Office from 1998 to 2005. Sales infotimia is available at the same level of aggregation
as the one used for the construction of our pseguash@l data. Descriptive statistics of the variation
coefficient and other control variables are corediin Appendix A3

Using the pseudo panel described in the previowsiope and taking first differences of
equations for the two cross sections in log-levals,basic estimating equation is given by:

debt ratio ET
(1) Iog(—_ 9’2001J =a+p Iog(—Rg ’2001] + Yz, + IDX, +U,
debt ratioy ;e ETR,; 1005

whereg indicates the industry/region groug,is a constantg is the elasticity of debt we want
to estimate,yand o are column vectors of regression coefficiemjscontains our measures of
corporate size and economic risk as defined abaveAxy is a column vector composed of first
differences of the time-varying control variablasduy = Ug 200mUg 1998 IS a first-differenced error
term, which may or may not be serially correlated.

Assuming thes coefficient can be consistently estimated by amdyression based on equation
(1), it measures the elasticity of corporate debithwrespect to the ETR, i.e.

3 =(Adebt ratio/ AETR)x(ETR/debt ratio). 4=0 implies that the debt ratio does not react to

changes in the effective tax rate at A1 indicates that a decrease in the effective a#ex of one
percent decreases the debt ratio by one percentwilVenot only estimatef for the whole
population of companies but also estimate sepatagticities by size, by risk and by charactersstic
that may be related to other tax shields, sucheasrgsity of depreciation allowances or the amount
of unused tax loss carry-forward.

Since the ETR is not under the direct control ofgbgernment, the elasticity of the financial
leverage with respect to thetatutory tax rate (7), which is under its direct control, is the more

interesting quantity from a policy perspective. Tleiasticity is related tg3 by the relation

18 We use the coefficient of variation rather thae tariance of sales to account for differencefinvolume of sales
across industries. For the purpose of a more imtuinterpretation of our estimation results, wemalize the
coefficient of variation by its standard error retestimation.
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Neexratior = B*Nerm, » Where e, =(AETR/AT)*(7/ETR). If deductions and allowanc& were

proportional to EBITD with factor of proportionality and in the absence of loss carry-forward and

loss carry-backi=TR = (1-d)x7and /., =1. Thus, a given percentage change in the statutary ta

rate would translate into a proportional changdedit with the factor of proportionality given Iy
which needs to be estimated econometrically. e ckgluctions are not proportional to EBITD, or

in the presence of loss carry-forward and loss yeaack, an estimate of the elasticity
Newe =1+, ., with 7, , =(AD/A7)x(7/D), is also required; this elasticity can be obtaibgd

microsimulation.

3.2 Data

3.2.1 Construction of a pseudo-panel from cor porate tax return data

The German corporate income tax return data antbtda business tax statistics we use in this
study are provided by the German Federal StatisBéfice every three years. The latest year
currently available is 2001. We restrict our analyte the period 1998-2001. Although tax return
data are also available for 1995, there was noreéform between this year and 1998 affecting
corporate taxation which we could use for our asialyThe year 1992, the only other year for
which micro data on tax returns is available, coolat be included in our analysis because
classification of industries was changed betweed21&nd 1998, and it turned out impossible to
classify industries in the data set for 1992 coraplyrto those used in 1998 and 2001, which is a
requisite for the construction of the pseudo palagsh.

The micro data on corporate tax returns represé#nto@porations subject to the German
corporate income tax, which means nearly 740,000sfin 1998 and about 810,000 in 2001. The
data are constructed from all tax returns file@ igiven year and provide information on more than
100 items that are relevant for calculating thepocate income tax. Information on tax loss carry-
forwards and on the corporate income tax assessatso part of the dataset. In the dataset the
amount of equity capital is recorded at the indimaldcorporate level as the sum of retained earnings
since 1977 and contributions to capital as farhey toccurred after the company was founded.
Furthermore, it records information on firms’ chamistics such as industry, region, and legal

form.

" Individual data have been made anonymous. Resaarbave access to the data through the researsesef the
Statistical Offices (www.forschungsdatenzentren.8eme information in English on these data islaiséé under:
http://www.destatis.de/jetspeed/portal/cms/Sitestaies/Internet/EN/Navigation/Statistics/Finanzengtrn/Steuern/
Koerperschaftsteuer/Koerperschaftsteuer.psml

http://www.destatis.de/jetspeed/portal/cms/Sitestatis/Internet/DE/Content/Statistiken/Finanzeu&te/Steuern/Ge
werbesteuer/Aktuell,templateld=renderPrint.psml
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Information about interest on long-term debt is @aoailable in the corporate income tax
statistics but can be derived from the local bussnax statistics which cover the same population
of corporations and are available for the samesyaarthe corporate tax statistics. Similarly to the
corporate income tax statistics, the local busitassstatistics are constructed from all tax resurn
filed for local business taxatidf.The data set includes information on fixed assets, most
importantly for our analysis, information on intsrgpayments on long-term debt as half of these
interest payments is liable to the local businags The definition of long-term debt is quite broad
including debt which is not paid back within 12 nfws1and debt which is taken out to improve
business operations or to expand.

Tax return data offer several distinct advantagesypared to accounting data. First, they
provide a broad coverage of the corporate sectecor®l, they record the corporate income tax
actually assessed, together with information orstdiglds such as depreciation allowanceEhird,
they also contain certain components importanthercalculation of the effective tax rate like the
actual and potential amount of loss carry-forwa@h the other hand, there are also some
disadvantages of these data. In particular, weoo#nuse the 1998 and 2001 cross-sections for our
purpose and these data are currently not availabla panel. We, therefore, had to construct a
pseudo-panel data set based on these two crossrse@nd, even more important for our analysis,
we do not observe corporate income tax assessededrdvithin one single tax statistic. Since the
two statistics cannot be matched at the micro Iewelhave used our aggregation scheme and
additionally information on profit deciles to imguinterest payments from the local business tax
statistics.

For the construction of the pseudo-panel dataveethave grouped corporations according to
their industries and the regional affiliation oethheadquarters, where the lowest level of reggon
defined at the level of the 16 German federal st@Beindeslaender). We chose these criteria
because both a corporation’s industry and headguare supposed to remain unchanged over a
short time horizon, i.e. their location decisionmnist likely to be influenced by the tax reform we
analyze here. Grouping by industry is also natbesdlause some of the variation in taxation rules
takes place at the industry level.

We aggregated the micro data into groups by appliie following sequential procedure (see
Appendix Al): First, we assessed the number of@atpns within each industry at the two-digit

level in the 2001 cross section data. For groupl aiarge number of corporations at this level we

'8 The local business tax statistics also includeinoarporated firms that we dropped from the data s

9 Information on depreciation allowances is purdistiaal information (form ST) and not necessary forporate
income taxation. Unlike variables important to té@, items in form ST are not verified by fiscalthorities. We
therefore check the statements upon plausibilitgluele implausible values, and impute depreciaitbowances for
corporations which did not fill in form ST. We imigd depreciation allowances on the basis of oureaggion
scheme which will be introduced in the followingdamhich we additionally differentiated into prodieciles.
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checked the number of corporations at the thregdewgel. If there were more than 50 corporations
at this level, we checked whether the industry ddag disaggregated to the three-digit level given
the requirement that there are at least 50 corposatvithin the resulting grougS.If this was not
the case, we kept the group at the two-digit lelethis vein, we proceeded to the five-digit level
As it turned out, some groups are quite large exehe five-digit level, including several thousand
of corporations. In that case we used regionaliafbn as subordinate classification criterion and
further differentiated the groups between Eastewh Western Germany, and if possible between
federal states as well. By this procedure eacharatipn was attributed to one of 1,137 groups. The

same classification of groups was applied to tH#8190ss sectioft.

3.2.2 Financial leverage and the effective tax rate

We measure thitnancial leverageby a corporation’s ratio of debt to total capitebtal capital
is calculated as the sum of debt, equity and tgal leninimum deposit which amounts to 25,000
euros for private limited liability companies ara%0,000 euros for public companfésAs we do
not have information on debt in the corporate inedax statistics we impute the information from
the local business tax statistiésThe imputation takes place on the aggregation tefveur pseudo-
panel which we further differentiate into profitales to take differences in size into account.
Using the debtatio is appropriate in our study because we consideroaporations and do not
restrict our analysis to those that issue new (febt discussion see Graham 1999).

Our measure of theffective tax rateETR, is calculated for each corporation as the ratithef
corporate income tax assessed to its EBITD as efgfim Section 3.1 It differs from the statutory
corporate tax rate by the difference between EBHAMd Taxable Income, which is driven by
different tax shields. In case the EBITD equal®©zt#re ETR is also set equal to zero. Corporations

with a negative AGI in a particular year are exelddrom the following analysis. The reason for

20 As a robustness check we also constructed a pgeuts with a minimum group size of 40 and 45, eesipely. We
find that, while the number of groups slightly ieaases with a lower minimum group size (plus 28 2rgtoups,
respectively), our results remain unchanged.

2L We thereby took into account that the classifaratof industries was partly changed between 19982001 by
matching the old industry identifier to the new o8ece this was not always possible, we rearraagiesv groups in
a way to make the data sets for the two years cabfm We exclude those observations for whichitlkdestry is
unknown or obviously erroneous. Revealing the itgus compulsory but leaves taxes for a given ocafion
unchanged; it is unlikely that there is any systitneoncealment of the industry and therefore didicg those
observations should not bias our results. We atep dll private households in the dataset becausg were only
partly included in the 1998 dataset and are nofdbes of the present study.

2 We do not have information on initial deposits. dase initial deposits exceed the legal minimumodip we
underestimate total capital.

% The local business tax statistics contain inforomaon interest payments for long term debt. Usingrage interest
rates for firm credits, this allows us to infer ¢pterm debt.

% Since our measure of EBITD is based on tax inféienaand does not include earned interest, it it faty
congruent with the usual measure which is deduoath torporate balance-sheet data and also coffiectarned
interest.
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excluding these cases is that the tax return daieide no information on the determinants of
current losses which could be used to predict &utasses. As mentioned earlier we control for
potential selection effects by including the chamgeéhe share of corporations reporting positive
profits. The ETR is calculated at the individuatdefor 1998 and 2001 and then aggregated to the
group level of the pseudo-panel structure describedhe previous sub-section, where the
aggregation takes into account differences in gone.

Appendix 3 shows that the average level of debbdsscall corporations increased from about
1,230 to 1,405 thousand €, which amounts to ab8yttetcent between 1998 and 2001, but only by
about 5 percent for corporations with non-negah@l. In the same period, average equity
declined by almost 5 percent for all corporations &nly by 3 percent for companies reporting a
non-negative AGI. For these latter corporationsawerage debt ratio increased slightly form 0.567
to 0.575. At the same time, the ETR for corporaiwith non-negative AGI declined from 15.2 to
9.5 percent, compared to a drop of the statutoryate of 20 percentage points (from 45 percent in

1998 to 25 percent in 2001) for most corporations.

4 Estimation Results

4.1 Average tax effects on financial leverage

Table 1 reports OLS and IV regression results f@rage tax effects on financial leverage
based on equation (1) in Section ¥ .0 account for heteroskedasticity due to diffeemnrelated
to group size and possibly also serial correladberror terms we report robust standard errors of
estimated coefficients in all regressions.

As shown in column (1), the simple correlation bloges in the corporate capital structure,
measured by the debt ratio, and the ETR betweeB &88 2001 is negative and significant (two-
sided testt-value of -2.6). This correlation simply reflectsetfact, mentioned in the previous
section, that the debt ratio slightly increasedlevthe ETR declined in the observation period. The
negative correlation between these two variableies even stronger if control variables are
added.

For the reasons mentioned in section 3.1, we woatexpect OLS regressions of the change in
debt ratio on the change of the ETR to identifyekasticity of debt. In fact, standard Hausman-Wu

endogeneity tests strongly indicate that ETR iadogenous variable and OLS estimates of the

% Since the ratio of long-term debt is zero evethatgroup level in a few cases, which we coulda¥éused in the
estimation of the specification given above, we ehaapproximated logbt ratiog,go/debt ratiog9e9 and
109(ETR;,200/ETRy1909 by, respectively, [ebt ratiog,qordebt ratiog, gg9/.5(debt ratiog,,gotdebt ratiogigeg] and
[(ETRg,200-ETRg,1009/ . 5(ETRg,2001tETRg11009)]- A Sensitivity check shows that restricting ts@mple to groups with
positive a debt rati@nd estimating the log-log specification given abawes not significantly change estimation
results.

13



elasticity are inconsistent. In particular, inctusiof the residual from a first-stage regression of
l0g(ETRg,200/EGRg,1909) 0N the control variableAxy in the structural equation yieldstaalue of
-5.7; alternatively, a standard Hausman test obgadeity of the ETR in equation (1) turns out
significant at the 1 percent-levgl-yalue=0.000).

Before we comment on the IV estimation results abl€ 1, we report the results of the first-
stage regression with thpeedicted ETR as our instrument for the ETR actually obsérve2001.
As shown in Appendix A4, the simple correlationvbe¢n the relative change in the ETR actually
observed and the one obtained by instrumenting EOW in this expression by the simulated ETR
for 2001 is quite strong. In the first-stage regies including all control variables, tf# is almost
0.32 and the coefficient of our instrument hastatistic of about 14. To explicitly test for the
relevance of the instruments in our multivariatdiisg, we calculate the Parti& regarding our
instrument as suggested by Shea (1997) and God®9®), which yield a Partid? of about 0.15.
This clearly shows that our instrument is indeeghhyi correlated with the change in the actually
observed ETR and that our IV estimation is notljike suffer from the ubiquitous weak instrument

problem (see, e.g., Stock et al. 2002).

Tablel: Regression resultsexplaining therelationship between changesin financial leverage and the
effectivetax rate
Dependent variable: lodébt ratiog,o00/debt ratiog,1g9g)

OLS v

€] 2 3) (4) 5)
l09(ETRy,200/ETRg, 1908 -0.115 -0.182 0.463 0.463 0.540
(0.044) (0.043) (0.120) (0.131) (0.145)
share of corporations under the tax credit 0.112 -0.307 -0.534
method i (0.178) i (0.233)  (0.269)
change in the number of corporations in the 0.177 0.146 0.118
group i (0.048) i (0.054)  (0.057)
dummy indicating groups which exclusively -0.053 -0.076 -0.073
contain firms located in Western Germany i (0.024) i (0.029)  (0.030)
variation coefficient of sales / standard -0.057 -0.071 -0.070
deviation of the variation coefficient i (0.011) i (0.017)  (0.019)
log(equity, 1069 i 0.055 i 0.001 -0.008
: (0.010) (0.016) (0.018)
change in the share of firms reporting non- -0.736
negative AGI i i i i (0.310)
constant -0.039 -0.813 0.132 0.209 0.347
(0.016)  (0.144) (0.035) (0.260)  (0.291)

R 0.014 0.108 - - -
Number of observations 1,029 1,029 1,029 1,029 024,

Note: The instrument for l0g{TRy,200/ETRy,1009 iS I09(PETRy,200/ETRy,1999 With PETRy,200:the simulated ETR as
described in the text. Heteroskedasticity-conststebust (Huber-White) standard errors are repoited
parentheses.

Sources:  Own calculations based on German Federal StatigDffice and Statistical Offices of the Landesrmorate
income tax statistics 1998 and 2001, value addedttdistics 1998 to 2005, local business taxstesi 1998
and 2001.
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As a benchmark, column (3) reports IV estimatiosutes without further control variables. The
estimated elasticity of corporate debt now becopuestive, with a point estimate of .46, which is
statistically different from zero at the 1 percéntel (two-sided test-value of 3.86). Adding the
control variables to this regression leaves thatpestimate of the estimated elasticity in coludn (
virtually unchanged but slightly increases its restied standard err6.In column (5) we report
estimation results with the change of the shammqgborations with non-negative AGI within groups
included as an additional variable. This varialileudd control the potential selection bias resgltin
from the exclusion of corporations with negative IA@ the estimation. If this selection is
determined by fixed group effects only, our firgffetence estimation controls for it. However, it
cannot be ruled out that the factors affecting Hakection have been changing in the observation
period. Since we do not observe factors which migghtorrelated with time-varying selection we
cannot control for this by a formal selectivity maation, i.e. by the standard Heckman selection
procedure. We can, however, approximate the sefe¢éirm by the average probability of non-
negative AGI in a particular group, i.e. by therghaf corporations that report a non-negative AGI
in a given year. Estimation results for this speatfon in column (5) show that this variable is
significant but hardly affects the elasticity esdtey the point estimate increases to .54.

As discussed in section 3.1, from a policy perspedhe elasticity of the financial leverage

with respect to the statutory tax rg#, which is related t@ by the relationyy, i, = B*Mer .+ 1S

of special interest. Since deductions are not ptapwl to EBITD, and because of the importance
of loss carry-forward, an estimate grr; IS required. Using our corporate tax microsimalati
model BizTax we findjerr ; = 0.983% Therefore, we may conclude that, on average, siimate
of B is virtually the same athat for the elasticity of the financial leverag&hmespect to the
statutory tax rate. Thus, our IV estimates do ssg@erelatively large average elasticity of the
corporate leverage, as measured by the debt tattax changes with a point estimate of about 0.5
and a 95% confidence band of 0.25-0.83.

This is a large effect also relative to the effawftshe other economic variables included in the
model. Whereas the size of the average corporati@m industry/region group has no significant
effect on financial leverage, an increase in theatian of sales by one standard error reduces the

debt ratio by about 7 percentage points. Given thet change means a doubling of our risk

% Using the lagged ETR as an instrument insteadlyiat-statistic of about -3.89 for its coefficient inetliirst-stage
regression including all control variables; fRfeof this regression is .21 and the Parfategarding this instrument is
about 0.015. For specification (5) in Table 1, fhmnt estimate for the3 coefficient using the lagged ETR as
instrument for the change of the ETR is .378 witheay large standard error of .529. Thus, the ldgggdue of the
ETR seems to be a rather weak instrument.

2" The simulations assume that any response of mtaxchange is already accounted for by our estithalasticity of
corporate debt.
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measure (the sample mean of this variable is abosge Appendix A3) and given that the average

debt ratio is about 57 percent in the sample,ishisrelatively modest effeé}.

4.2 Tax effects by corporate size and risk

Following the reasoning in the empirical literaturesee section 2 — the financial leverage
elasticity may differ by firm size and the economigk a company faces. In the following we
present estimation results from alternative speafiibns of our regression model which account for
these factors.

Table 2 summarizes IV regression results baseduompieferred specification (5) in Table 1
estimated on separate samples split by, respegtithed average size of corporations within groups
and our measure for economic risks. Given theivelgtsmall size of our pseudo panel, we simply
differentiate between “small” and “large” corpomatisize defined by the median of the average
amount of capital measured at the start of ourrelbsien period. Likewise, we split the sample into
a group with the variation coefficient of salesdvel(“low risk”) and above the median (*high
risk”).

Dividing the sample into sub-samples with averaggital, respectively, below and above the
median we find that the leverage elasticity for up® with relatively large corporations is
substantially larger (point estimate of 0.78) coregato the one for the sub-sample with relatively
small companies (0.27). This difference is stataly significant at the 10% levet-yalue=1.73).
This result is consistent with the hypothesis 8ratll corporations with relatively little capitahme
only take limited tax advantage of debt financimgduse of credit constraints, whereas large firms
do not face this constraint and can make full athga of debt financing for tax purposes. Gordon
and Lee (2001), by contrast, do not find a sigaificeffect of the firm size on the elasticity of
corporate debt. Their estimate for the elasticftgebt is between 0.14 and 0.21 for the largest and
the smallest firms.

Splitting the sample into industries by the levélesonomic risks yields a slightly higher
leverage elasticity for corporations with a belovei@age risk level compared to those with a
relatively high level, but this difference is naatstically significant. The direct effect of thisk

measure on the corporate debt ratio is now onligsstally significant in the sub-sample with a

% There are two qualifications to this result, hoee\First, because the variation coefficient oesak derived from
the VAT statistics 1998 to 2005, it excludes expavhich are not liable to VAT. Since the VAT sttitids the only
data source available at a level of aggregatiomired to match the variation coefficient to our yde panel, we
cannot adjust the variation coefficient for expgitares. This data limitation should not matteraasaf export shares
have not changed between 1998 and 2005. Secoms, isapost-reform years are also used to calcwalaterisk
measure, which may induce correlation with the reteom in the regression equation. To account feasarement
error or potential endogeneity bias we have almased the regression without the variation ceéfit of sales and
found that the estimated tax elasticity remainsffented whether we include the variation coeffitier not.
Estimation results for this specification are aaflié on request.
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below-average risk level. This corroborates thelifig that firms in risky industries are more

conservative in the use of debt (Graham 2000).

Table2: 1V regression resultsexplaining therelationship between changesin financial lever age and

the effectivetax rate by sizeand risk

Dependent variable: lodgbt ratiog,200/debt ratiog,1999)

by size by risk

small large low risk high risk

1) 2 3) (4)

l09(ETRy,200/ETRg, 1999 0.274 0.776 0.572 0.516
(0.201) (0.210) (0.264) (0.162)

share of corporations under the tax credit -0.212 -0.738 -0.621 -0.526
method (0.313) (0.472) (0.348) (0.412)
change in the number of corporations in 0.256 -0.026 0.019 0.198
the group (0.075) (0.101) (0.092) (0.073)
dummy indicating groups with firms 0.045 -0.216 -0.004 -0.134
located in Western Germany only (0.032) (0.061) (0.027) (0.052)
variation coefficient of sales / standard -0.063 -0.084 -0.029 -0.056
deviation of the variation coefficient (0.026) (0.030) (0.077) (0.025)
log(equity 1969 -0.007 -0.022 0.009 -0.017
: (0.0412) (0.033) (0.020) (0.027)

change in the share of firms reporting 0.075 -1.570 -0.806 -0.691
non-negative AGI (0.378) (0.539) (0.524) (0.385)
constant 0.183 0.650 0.114 0.437
(0.571) (0.525) (0.350) (0.427)

Number of observations 515 514 514 515

Notes:  “Size” is measured by the average capital stodkk™by the standardized variation coefficient afes. The
instrument for 10gETR,200/ETRy,1909) 1S [09PETRy,200/ETRg,1999 With PETRg,200: the simulated ETR as
described in the text. Heteroskedasticity-consistebust (Huber-White) standard errors are repoited

parentheses.

Sources. Own calculations based on German Federal Statigbffice and Statistical Offices of the Landesrporate
income tax statistics 1998 and 2001, value addedttdistics 1998 to 2005, local business taxsttasi 1998

and 2001.

4.3 Tax effects by other tax shields

As suggested by the “substitution hypothesis”, ottwgporate tax shields, such as depreciation

allowances and tax loss carry-forwards, may sulistifor debt and thus affect the financial

leverage elasticity with respect to the tax ratee(section 2). In the following we test for

differences in tax effects on financial leverageghwiespect to the availability of depreciation

deductions and unused tax loss carry-forwards. @easure of the availability of depreciation

allowances is the ratio of depreciation allowantesfixed assets. Table 3 summarizes the

estimation results for these alternative specificet of our basic regression model. As before all

specifications start from the specification witle tull set of control variables as given by column

(5) in Table 1. To avoid the potential endogenaifychanges in the ETR and our measure of

heterogeneity, these variables are all measurdtbattart of our observation period in 1998. Given

the relatively small size of our pseudo panel, waima simply differentiate between groups below

and above the median of our heterogeneity variable.
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Estimation results accounting for differences ia éivailability of depreciation allowances show
that the elasticity of the debt ratio is lower fimdustries that already benefit from generous
depreciation allowances. For them, the estimatesults imply a leverage elasticity of about .15,
which is not statistically significant even at th€% level, compared to a large and statistically
significant elasticity of .72 for industries witeds generous depreciation allowarféeshus, our
estimation results confirm the substitution hypstlevith respect to depreciation allowances acting
as an alternative tax shield to debt.

Table 3: 1V regression resultsexplaining therelationship between changesin financial leverage and
the effective tax rate by the availability of other tax shields
Dependent variable: lodgbt ratiog,,o04/debt ratiog,1999)

ratio of depreciation ratio of tax loss carry-
allowances to equity forward to equity

(in 1998) ... median (in 1998) ... median

below above below above

1) (2) 3) (4)

(0.273) (0.102) (0.252) (0.190)

share of corporations under the tax credit -1.068 0.314 -1.231 0.006
method (0.517) (0.294) (0.526) (0.269)
change in the number of corporations in the -0.030 0.273 0.091 0.129
group (0.107) (0.054) (0.103) (0.064)
dummy indicating groups which exclusively -0.132 0.013 -0.147 0.033
contain firms located in Western Germany (0.055) (0.021) (0.050) (0.037)
variation coefficient of sales / standard -0.083 -0.010 -0.105 -0.002
deviation of the variation coefficient (0.029) (0.021) (0.035) (0.020)
log(equity, 1069 -0.025 0.043 -0.010 0.003
9(€qUI.100 (0.031) (0.013) (0.029) (0.023)
change in the share of firms reporting non- -1.158 -0.158 -1.214 -0.288
negative AGI (0.562) (0.259) (0.654) (0.336)
constant 0.652 -0.555 0.542 0.025
(0.527) (0.209) (0.482) (0.367)

Number of observations 514 515 515 514

Note: The instrument for l0g{TRy,200/ETRy,1009 iS lI09(PETRy,200/ETRy,1999 With PETRy,200:the simulated ETR as
described in the text. Heteroskedasticity-conststebust (Huber-White) standard errors are repoited
parentheses.

Sources:  Own calculations based on German Federal StatigDffice and Statistical Offices of the Landesrmorate
income tax statistics 1998 and 2001, value addedttdistics 1998 to 2005, local business taxstesi 1998
and 2001.

As the estimation results in columns (3) and (4 alble 3 show, the substitution hypothesis is
also confirmed with respect to the amount of unusedloss carry-forwards: tax changes have a
much stronger effect on the financial leveragectmporations with unused tax loss carry-forwards

below the median (.83) than for those with reldyivarge tax loss carry-forward (.30); for the éatt

29 A formal statistical test on the pooled samplddgd at-statistic of -1.97 g-value = 0.049) for the interaction term
between the tax variable and a dummy variabletertivo groups, where all other control variablesenateracted
with this group dummy.
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sub-sample the leverage elasticity is not stasiificlifferent from zero even at the 10% le?®We

would expect that financial leverage in industiwaigh substantial tax loss carry-forward is less
responsive to changes in the ETR than those withocih a tax shield for two reasons. First, tax
loss carry-forwards can be used without time limit are not interest bearing, which implies that
they are devaluated over time. The prospect ofbeaig able to use the whole of tax deductions
provided by interest payments should cause cornposato limit their leverage. Second, a tax loss
carry-forward already establishes a tax shield Wwinkmders debt less attractive as a tax shield.

5 Conclusion

In this paper we have estimated the elasticityneffinancial leverage, as measured by the ratio
of debt to total equity at the corporate level hwigspect to the effective corporate tax rate, EO/R,
the basis of tax return data for the German cotpa@eactor and an instrumental variable approach to
control for the endogeneity of the ETR. An impottadvantage of the tax return data used in this
study is that they allow us to calculate the ETKnig into account various other tax shields, in
particular loss carry-forward which has become ajanquantitative importance for the corporate
sector also in the German economy. As our instrarfeanthe observed ETR we have used the
counterfactual ETR a corporation would face in dipalar period had there be no change of the
corporation’s capital structure within that period@ihis counterfactual is obtained from a
microsimulation model of the corporate sector basedax return data for 1998 and 2001. This
period saw the introduction of a substantial tafoma, which provides sufficient exogenous
variation in effective tax rates across corporaida identify the elasticity of corporate debt.
Statistical tests strongly indicate that our instemt is highly correlated with the change in the
actually observed ETR and that the well-known wesstrument problem does not invalidate our
instrumental variable estimation.

Our preferred specification of the relationshipwe#n the financial leverage and the ETR
yields an average elasticity of about 0.5. Thisveste implies that a reduction of the (proportignal
statutory corporate tax rate by 10 percent wouttlice corporate debt by 5 percent. Compared to
previous studies estimating tax effects on corgocapital structure, this indicates fairly stroag t
effects on the corporate leverage. Our averagéi@tasestimate also indicates that the response of
the corporate tax base to changes in the effetdieate in Germany, as obtained in recent work by
Dwenger and Steiner (2008), is to a large extemedrby changes in corporate leverage.

Our estimation results regarding the availabilityther tax shields provide strong evidence for

the substitutions hypothesis: the financial leveraf corporations with less generous depreciation

% 1n a pooled regression with all variables intezddby the group dummy, the value of thstatistic for the interaction
term between the tax variable and a dummy variavléhe two groups is -1.6p{value = 0.096).
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allowances or with a low level of unused tax loagy:forward is more responsive to tax changes
than for corporations that can take more advant&gjeese various other tax shields. Our estimation
results are also consistent with the hypothesis$ tia debt ratio is less responsive for small
companies which may have less opportunity to ude de a tax shield due to capital market
restrictions. However, although the financial laga seems to be higher in industries with more
stable sales, we could not find evidence supporthgy hypothesis that tax effects are more
important in less risky industries.

Overall, our empirical results clearly show, foretlisermany economy, that the corporate
income tax affects the capital structure of corpores, and that tax effects differ by corporateesiz
and the availability of other tax shields. The magie of our elasticity estimates suggests that
recent tax reforms which reduced statutory corgoratome tax rates may have led to a less
distorted capital structure in Germany. Althougheitnains unclear to what extent these results can
be generalized to other countries, the empiricdtality estimates provided in this paper could als
be used to evaluate inefficiencies caused by teeped tax treatment of debt over equity finance
(see Weichenrieder and Klautke 2008).
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Appendix

Al:  Sequential procedurefor construction of pseudo panel

2-digit level |

> 50 firms inI each group

If <50 firms in one group, group is defined onigidievel

3-digit level <

> 50 firms inI each group

If <50 firms in one group, group is defined onigidlevel

4-digit level (¢
T
+ If <50 firms in one group, group is defined onididievel
5-digit level | grodp. group
T
¢ If < 50 firms in one group, group is

5-digit level and differentiation in East / Westr@any defined on 5-digit-level

A

+ If <50 firms in one group, group is

Hini . s defined on 5-digit-level with
5-digit level and differentiation along federaltst differentiation in East / West

Germany

A2:  Components of the corporate income tax assessed

Sales

- deductions such as interest payments and degimcallowances
- (..)

Profit as shown in tax balance sheet

+/- correcting entry concerning valuation (adjustment
of values of balance sheet items, non tax dedeckilsises and non tax relevant gains etc.)

+  correction of activities that are related to shalders (declared profit distributions and corttve dividends,
repayment of capital or capital increase, hiddartrdoution and other deposits under company law)

+ non-deductible operating expenses (eapeci
taxes paid, 50 percent of payment to members ofupervisory board, penalties)

+/- non tax relevant domestic increases and dsesemn net worth (inter-company dividends, investireubsidies
etc.)

+/- corrections related to double taxation agre@s)dax legislation relating to non-residents, ischl units
= Total Revenue

- allowable deductions for agriculture and fongstr

- deductible donations and contributions

+/- income generated by fiscal subsidiaries

=  Adjusted Gross Income

- loss carry-over and loss carry-back

= NetlIncome

- allowable deductions for non-incorporated firmsl #or commercial cooperatives
= Taxable Income

*  statutory tax rate

- tax credits for foreign-source income

= Corporate income tax assessed
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A3: Descriptive statistics

1998 2001 A %A
Debt in 1,000 € (average)
all corporations 1,230.07 1,405.32 175.25 13.32
P (10,696.66) (9,765.67)  (8,845.35) :
. . . 1,281.24 1,351.94 70.70
corporations with non-negative AGI (10,514.73)  (9.919.06) (8,896.48) 5.37
Equity in 1,000 € (average)
all corporations 3,981.04 3,793.33 -187.71 483
P (28,018.80) (18,917.80) (15,031.98) '
. . . 3,641.49 3,530.76 -110.73
corporations with non-negative AGI (27,609.76) (19,224.58) (13.907.14) -3.09
Debt ratio (average)
. . . 0.5666 0.5750 0.0083
corporations with non-negative AGI (0.173) (0.188) (0.128) 1.47
Adjusted Gross Income (AGI) in 1,000 € (average)
all corporations 321.21 265.21 - 56.00 -19.16
(2,205.67)  (1,402.41) (1,423.36) '
. . . 488.60 386.56 -102.04
corporations with non-negative AGI (3.415.64) (1,923.79) (2.354.43) -23.43
. . . 0.554 0.560 0.006
Share of corporations reporting a positive AGI (0.098) (0.098) (0.076) 1.08
Effective Tax Rate (average)
. . . 0.1520 0.0953 - 0.0567
corporations with non-negative AGI (0.0534) (0.0338) (0.0294) -46.69
Potential tax loss carry-forward in 1,000 € (agefa
all corporations 674.75 700.44 25.69 3.74
(2,647.89)  (3,465.48) (2,201.18) '
corporations with tax loss carry-forward at  1,245.92 1,466.15 ) )
the beginning of the year (6,391.15) (6,953.57)
Share of corporations under the tax credit 1.000 0.065 -0.935 -273.34
method (0.000) (0.051) (0.051) '
Share of groups which exclusively contain 0.217 0.217 0.000 0.00
firms located in Western Germany (0.413) (0.413) (0.000) '
. : . 0.938 0.905 0.032
Share of corporations reporting a positive AGI (0.053) (0.075) (0.050) -3.58
variation coefficient of sales normalized by its  0.985 i ) i
standard deviation (1.000)
ratio depreciation allowances to equity 0.356 i ) i
(average in 1998) (0.460)
ratio tax loss carry-forward to equity 0.215 i ) i
(average in 1998) (0.272)
. - 641.61 714.68 73.06
Number of corporations within each group (995.65) (1,120.32) (262.27) 10.79
Number of corporations
all corporations 701,971 809,641 107,670 14.27
corporations with non-negative AGI 436,439 519,856 83,417 17.49
corporations with positive AGI and without 243.364 280.155 36,791 14.08
tax loss carry-forward
corporations with tax loss carry-forward at 354,471 404,524 50,053 13.21

the beginning of the year

Notes:

is calculated as difference between logs, i.AAGI=I0g(AGlyp1)-10g(AGl1g99)-

Source:

income tax statistics 1998 and 2001, local busitesstatistics 1998 and 2001.
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A4: First stageof thelV regression
Dependent variable: lod€bt ratiog o0/ debt ratiog 1999

) 2
. 1.873 1.598
simulated l0gETRy,200/ETRy,1999 (0.122) (0.118)
share of corporations under the tax credit method - (8122)
change in the number of corporations in the group - (8322)
dummy indicating groups which exclusively contamb i 0.018
located in Western Germany (0.020)
variation coefficient of sales / standard deviatibthe i 0.029
variation coefficient (0.009)
log(equity, 1069 : 0.073
g q )6,199 (0006)
. , . . 0.727
change in the share of firms reporting a positival A - (0.155)
constant 0.521 -0.715
(0.054) (0.113)
R? 0.188 0.319
Number of observations 1,029 1,029
F-Statistic 237.59 68.31
Partial R? - 0.153

Notes:  Standard errors are reported in parentheses. @titmg of the Partial R? are described in Shea{1L88d
Godfrey (1999).

Sources. Own calculations based on German Federal Statigbffice and Statistical Offices of the Landesrporate
income tax statistics 1998 and 2001, value addedttdistics 1998 to 2005, local business taxsttesi 1998
and 2001.
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