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Abstract In this paper we analyze the impact of consistency upon the accuracy of
corporate values estimates provided by multiple-based valuation methods. Based on
a sample with more than 6000 firm years from German firms we find consistent
multiple definitions outperform in most cases inconsistent ones. The first layer
consistency requirement of properly matching entity figures and equity figures in-
creases the valuation accuracy in all cases. In a deeper analysis with respect to
consistent enterprise value definitions, in the majority of cases consistent definitions
still outperform inconsistent ones. We find that consistent treatment of financial
leases, pensions and minority interest generally increases the valuation accuracy.
However for balance sheet variable accounts payables we find mixed evidence: the
inclusion results in a higher valuation accuracy for all enterprise value multiples,
whereas under our hypothesis it should only do so for the EV/sales multiplier. For
investments in associates and joint ventures, an inconsistent treatment also results in
a higher valuation accuracy. Within the class of consistently defined multiples
EBITDA multiples have the highest valuation performance followed by EBIT, net
income and sales based multiples.
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1 Introduction

Corporate valuation based on multiples is very popular among financial analysts (for
equity analyst reports, see Asquith et al. 2005). Thus practitioners and scientists
alike are interested in the accuracy of the estimates provided by this valuation
method. Research on the accuracy of multiple-based valuation covers processes to
select appropriate groups of comparable firms (see, e.g., Herrmann and Richter
2003; Henschke and Homburg 2009), methods to aggregate single multiples
calculated for the comparable firms into one estimator to be applied upon the value
drivers figure of the target firm (see, e.g., Kaplan and Ruback 1996; Dittmann and
Maug 2008) and the application of estimated future value driver figures compared to
realized ones (Kim and Ritter 1999; Schreiner and Spremann 2007). Additionally
researchers were interested which of the many different combinations of value
drivers and market prices that constitute a multiple produces the most accurate
valuation results (see, e.g., Alford 1992; Schreiner and Spremann 2007; Liu et al.
2002 and 2007).

Multiples used in valuation relate a figure reflecting corporate value (equity,
enterprise or firm value) to a value driver figure measuring the surplus being earned
by the firm (as e.g. sales, EBITDA, EBIT or EBT). Value and value driver
definitions need to be aligned in their components with respect to the accounts and
corresponding cost of capital on these. We use the term “consistency” to describe
this requirement and analyze the impact of consistency upon the accuracy of value
estimates derived by multiple-based valuation methods. Despite the huge variety of
potential combinations of value driver figures and market prices not all multiples
make sense. Some inconsistent combinations can easily be detected by “borrowing”
theory from related DCF-valuation models: Obvious cases are confusing equity- and
entity models, e.g. by relating an entity before-interest value driver figure as
EBITDA to an equity value variable as the market capitalization. Some authors
directly address the consistency requirement: Schreiner and Spremann (2007) point
out that the entity/equity consistency requirement is quite often violated by
multiples used in practice (p. 7) and analyze in general the performance of entity
and equity multiples. They also compare the accuracy of earnings-based against
cash flow based multiples (Schreiner and Spremann 2007 p. 16, see also, Liu et al.
2007). Our analysis goes beyond the straight entity/equity consistency requirement
covered by other studies: We investigate the consistency requirement and its impact
of several other, not straightforward debt positions such as pension reserves, non-
interest bearing debt, finance leases, minority interests as well as investments in
associates and joint ventures. Conversations with financial analysts support the view
that there is considerable degree of disagreement on the proper treatment of these
positions in multiple-based valuations. Borrowing some theory from DCF models,
we apply the rule of thumb distinguishing entity and equity based multiples upon the
debt positions mentioned above: if the (explicit or implicit) cost of capital for this
debt position is not yet deducted from the value driver figure, then the
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corresponding debt position itself is still part of the (net) debt definition of this
multiple. Applying this rule yields some surprising insights on well-known multiple
definitions: the implicit cost of capital on accounts payables are higher prices for
goods and services delivered by suppliers reflected in higher cost of goods sold.
Consequently multiples based on revenues have to take accounts payables into
account as a part of their net debt definition if the consistency requirement shall be
met. In contrast, for multiples based on EBITDA cost of goods sold and thus the
implicit cost on accounts payable is already deducted and therefore the value of
accounts payable is not part of the debt/net debt definition. To the best of our
knowledge none of the empirical studies takes this requirement into account.

In order to analyze the impact of consistency upon valuation accuracy we employ
a standard hold-out routine to produce value estimates. Comparing these estimates
against observable market values allows to calculate the deviation between the two
and to derive different error measures. Dittmann and Maug (2008) have pointed out
to potential biases stemming from inappropriate combinations of error measures and
aggregation methods applied upon the comparable firms’ multiples. Taking this
potential bias into account we combine four different multiple aggregation methods
(arithmetic mean, harmonic mean, median and geometric mean) with two different
error measures (log-scaled error and absolute log-scaled error).

Our main finding is that in most cases consistency is increasing the valuation
accuracy of multiple-based valuation. Moving from inconsistent multiple definitions
mismatching entity- and equity-figures to consistently defined multiples reduces the
median absolute log-scaled valuation error between 2 and 14 percentage points. For
sales—and net profit—based multipliers definitions meeting the highest consistency
requirements display the highest valuation accuracy. However for EBITDA- and
EBIT—based multiples we find two out of five consistency adjustments (adjusting
net debt for accounts payables and investments in associates/joint ventures) to yield
a lower valuation accuracy. Our results also support the findings of Dittmann and
Maug (2008) and provide evidence on biases for different combinations of error and
aggregation measures. Arithmetic mean aggregation still being the most common
aggregation in practice produces significantly upwards biased results: mean log
errors are above 50 % for many (consistent and inconsistent) multiples." Combining
log-scaled errors with geometric mean aggregation of peer multiples provides
unbiased estimates. Additionally we are interested in the accuracy of the multiples
within the consistent group, especially on the comparison between enterprise value
based multiples against equity value based multiples. We find that consistently
defined EBITDA multiples have the highest valuation accuracy followed by EBIT,
net income and sales based multiples.

Transferring market price relations from observable markets to other, not
regularly traded assets, multiple based valuation in general relies on the assumption
that there are no systematic deviations between market prices and the respective
intrinsic values. A general critique on this valuation procedure is thus, that potential
over- und undervaluations on these markets is transferred to other segments by

! Mean percentage errors are well above 100 % in many cases; results on percentage errors are not shown
in this study, but are available from the authors on request.
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applying the market multiples on earnings figures of not traded assets and pricing
them. As our analysis aims to reproduce market prices and measures accuracy by
the deviation between value estimates and prices, it rests on the same assumption.

The rest of the paper is organized as follows: Sect. 2 analyzes consistency
requirements and their impact upon multiple definitions. Section 3 gives an
overview over other issues related to accuracy of multiple-based valuation and
Sect. 4 discusses some measurement problems. Our database will be described in
Sect. 5, whereas our results are presented in Sect. 6. Section 7 concludes.

2 Consistency in multiple-based valuation
2.1 General consistency requirements

General requirements with respect to consistency can be recognized by borrowing
theory from the discounted cash flow valuation method. As such, we define the
enterprise value as being the value of equity plus gross debt minus financial assets
(thus reflecting the value of the operating assets) and the firm value being the value
of equity plus gross debt (thus reflecting the value of all firm assets). The distinction
between entity and equity models can be transferred into multiple definitions: value
drivers reflecting the operating surplus of the firm shall be related to enterprise
values as the value of the operating assets. Entity values or firm values (gross debt
and equity) shall be combined with value driver figures reflecting the surplus of all
(financial and operating) assets before interest expenses. Finally, equity values shall
be related to value driver figures after interest expenses. Table 1 gives an overview
over consistent and inconsistent multiple definitions following these rules:

As can be seen, some quite popular multiples already display inconsistencies on
this general level: equity value to sales multiples combine operating surplus with
equity values thus being distorted either by additional financial assets being part of
the equity value (whereas interest income not being reflected in the revenues) or by
corporate debt generating interest expense not being deducted from the revenues
(whereas equity reflects the net of debt wealth of the shareholders).

2.2 Consistent enterprise value definitions

Beyond the general consistency requirements there are additional requirements
which relate to different net debt definitions in enterprise value calculations.
Benchmark case is the simplest version netting out interest bearing debt against
cash&equ. holdings providing interest income. As follows we analyze whether
certain liabilities/financial assets shall be included into the net debt definition (i.e. be
added to debt or cash&equ.). Starting point to tackle this question is again the
distinction between equity and entity discounted cash flow valuation models: if the
cost of capital for the particular funding source have not yet been deducted from the
cash flow or earnings figure, the market value of the liability, as present value of the
future cost and the redemption attached to it, has to be deducted from the
enterprise/firm value to get to the equity value. Applying this rule of thumb upon
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Table 1 Consistent and inconsistent multiple definitions

Asset base/value
Earnings measure

All
assets = Debt + Equity
Firm value

Operating

assets = Enterprise

value = Debt + Equity —
Cash

Equity
Equity value

Sales/revenues

Operating profits
(without financial
earnings)

EBITDA

EBIT or NOPLAT

EBIT + Financial
earnings

NOPLAT + Financial
earnings

Earnings before taxes

(EBT)

Earnings after taxes
(EAT)

Inconsistent: value/asset
base includes financial
assets, profits do not
include financial
earnings

Inconsistent: value/asset
base includes financial
assets, profits do not
include financial
earnings

Consistent: value/asset
base includes financial
assets, profits include
financial earnings

Inconsistent: value/asset
base incl. debt, profits
are after interest
expenses

Consistent: operating
surplus relate to
enterprise value

Consistent: operating
profits relate to enterprise
value

Inconsistent: value/asset
base without financial
assets, profits include
financial earnings

Inconsistent: value/asset
base incl. debt, profits are
after interest expenses

Inconsistent: value/
asset base
excludes debt,
profits include
interest expense

Inconsistent: value/
asset base
excludes debt,
profits include
interest expense

Inconsistent: value/
asset base
excludes debt,
profits include
interest expense

Consistent: value/
asset base
excludes debt,
profits after
interest expenses

interest bearing debt is straightforward: as the interest expense on debt has not yet
been deducted from sales, EBITDA, EBIT etc., the debt value itself (as the present
value of future interest and redemption) is still part of the enterprise value and thus
its market value has to be deducted from the enterprise value to calculate the value
of equity. We will now apply this rule upon different balance sheet items in order to
analyse the consistency requirement.

2.2.1 Non interest—bearing debt

Applying the rule of thumb from above upon non-interest bearing debt, the true “cost”
of those categories of debt have to be determined. As the cost of capital of those
liabilities is not directly reflected as interest expense in the profit and loss statement, one
has to derive the implicit cost of the funds reflected by these liabilities.

— Advance payments: Customers make advance payments and by doing so provide
the firm with credit; the redemption of this credit happens by netting the amount
against the revenues when realized. Of course the customer credit is not costless,
despite the fact that its costs are not directly reflected in the profit and loss
statement: a customer required to make an advance payment, will charge a
discount on the price. Thus, the implicit costs of advance payments are foregone
revenues: the firm would have realized higher prices and revenues without
advance payments.
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— Accounts payable: A similar argument applies for suppliers’ debt; if the firm’s
suppliers of goods and services have to wait for their money, they will charge
higher prices. The implicit cost of accounts payables are reflected in higher
expenses for raw materials, services and thus in higher cost of goods sold in the
firm’s profit and loss statement.

Applying the rule of thumb upon advance payments, we find that for any
operating earnings measure to be related to enterprise values, advance payments
should never be part of the net debt. As the calculated multiples rely on the revenues
the firm realizes under an advance payment regime, the cost of capital as foregone
revenues has already been deducted from the sales, EBITDA, EBIT, or cash flow
figure. For accounts payables the answer is not that simple: as the cost of capital are
part of the cost of goods sold in the profit and loss statement, the result of the rule of
thumb application depends on the operating earnings measure related to enterprise
values:

— For enterprise value/sales multiples the implicit cost of accounts payable as part
of the cost of goods sold are not yet deducted from the sales. Consequently the
debt and net debt definition to be applied has to include the value of accounts
payable.

— For enterprise value/EBITDA-, enterprise value/EBIT- and enterprise value/
NOPLAT multiples cost of goods sold and thus the implicit cost on accounts
payable is already deducted. For these multiples the value of accounts payable is
not part of the debt/net debt definition.

Therefore there is no unique definition of debt or net debt in enterprise value
based valuation. The appropriate debt/net debt definition depends on the operating
earnings measure and the corresponding enterprise value multiple chosen.”

2.2.2 Pension reserves

As German corporate law does not require firms promising pension payments to
separate pension assets and liabilities from its balance sheet, the firms are directly
liable for the pension and allowed to keep the funds on corporate level. Besides the
mandatory insurance against bankruptcy with the Pensions-Sicherungs-Verein
Versicherungsverein auf Gegenseitigkeit there is no restriction for the firm with
respect how to use the funds.® Therefore corporations in Germany can use pension
reserves as a financing tool. As under this regime pension reserves are a liability of
the firm, the question arises whether it is part of the debt/net debt definition for the

2 In contrast to our approach Sommer and Wéhrmann (2013) include accounts payable in their debt/net
debt definition for all enterprise value definitions independent of the operating earnings measure. (see,
Sommer and Wohrmann 2013 p. 9).

* Some German firms as Siemens and EON moved a part of their pension liabilities and a corresponding
amount of financial assets into a separate fund and by doing so partly adopted a regime for the funding of
pension liabilities similar to the one in the US and the UK. As there is no funding of the firm, the
outsourced part of the pension liability is not debt of the firm.
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enterprise value-based valuation. Applying again the rule of thumb from above, the
answer depends on whether the cost of capital on the pension reserves are already
deducted from the operating earnings measure used. This, in turn, requires a closer
look on the cost of pension reserves and pension obligations of the firm: the profit
and loss statement shows interest cost and service cost as expenses directly related
to the pension obligation. The service costs in general represent the annualized
amount of funds the firm has to set aside in order to cover future pension payments.
Unfortunately, it is difficult to properly estimate the “true” costs of pension
obligations (see on this problem, e.g., Drukarczyk 1990; Schwetzler 2003a). These
costs depend on how much cash wage is substituted by the service cost as the
current expense to cover future pension payments of the firm. The most convenient
assumption for financial analysts is a 100 % cash wage substitution: In this case, the
service cost is completely financed by the employee via substituted wage and thus
the pension payment is not a “gift” from the firm. Under this assumption the
pension reserve is a long term credit fully financed by the employee; the costs for
this credit equal the interest costs in the profit and loss statement.*

Finally, the consistency requirement for pension reserves depends on where the
interest cost is included in the firm’s profit and loss statement. Under US-GAAP,
interest costs on pension obligations are seen as part of the labour costs and
represented in the cost of goods sold of firms’ profit and loss statements. Under
IFRS, interest costs on pension obligations are either part of the firm’s cost of goods
sold or financial earnings. Under the current German GAAP, interest costs on
pension obligations are part of the financial earnings. Before the introduction of the
Bilanzrechtsmodernisierungsgesetz, companies could either report the interest cost
on pension obligations as part of the cost of goods sold or financial earnings.
Assuming the interest costs on pension obligations are reported as part of the
financial earnings, the consistent treatment of pension reserves takes them as part of
the debt definition for enterprise value-based multiples: the interest cost of pension
reserves is not deducted from operating earnings figures that are commonly used for
enterprise value-based multiples (revenues, EBITDA, EBIT or NOPLAT).5

2.2.3 Finance lease

Financial theory suggests that lease contracts have cash flow and risk properties
similar to a long term debt contract. Thus IAS 17 requires finance lease contracts in
the annual statement of the firm to be treated like a purchase of the corresponding
asset being fully financed by an amortising loan. The lease payments are split into
interest payments and the repayment of capital. The payment obligation is shown as
liability on the balance sheet. The assets leased are getting depreciated as other

4 The wage substitution is not directly observable. Any assumption of a wage substitution lower than
100 % makes it difficult to estimate the implied costs of the pension reserve. The remaining part of the
service cost not covered by substituted cash wage is an additional cost of the firm, being interpreted as a
discount on the employeés credifs nominal value (see Schwetzler 2003b pp. 425).

5 If the firm adopts US GAAP, then consistency would again require a differentiation depending on the
multiplés definition. As the interest costs are treated as labour costs and thus deducted as part of the
COGS, pension reserves consistency requirement would be comparable to the accounts payable case.
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assets on the balance sheet would be depreciated. As the interest part of the lease is
separated from the operating profit figures as Sales, EBITDA and EBIT, the finance
lease obligation on the balance sheet is to be considered as debt for the purpose of
calculating consistent multiples. Around 48 % of our sample’s firm years apply to
IFRS as accounting standards. For the about 31 % of our data relating to German
GAAP (HGB) the treatment of finance lease is less clear: Commentaries to the
standards recommend also separating the interest component from lease payment
into interest expenses. We assume this to be the case for the majority of our cases
and proceed like in the IFRS case, adding financial leases to debt in our enterprise
value definitions.

2.2.4 Minority interest

If a company has a direct and indirect shareholding of less than 100 % in another
company, but has control over decisions/voting rights, the parent company has to
fully consolidate its subsidiary company. As a consequence, the parent company
accounts for 100 % of the subsidiary’s profit and loss statement financials as well as
net debt, but only for the shareholding of its equity stake. Therefore, the parent
company is required to account for the minority interest, which is the remaining
equity value over which the company has control but not the ownership. As usually
multiple-based valuation rests on consolidated annual statements all value driver
figures used relate to the group’s total liabilities (and thus equity) figures, whereas
the resulting equity value shall reflect the majorities equity position.

As a consequence, minority interest in subsidiaries has to be included to net debt
for enterprise value multiples whenever consolidated profit and loss financials are
used for the calculation of multiples.

2.2.5 Investments in associates and joint ventures

When calculating multiples, usually the starting point for calculating the enterprise
value is the market value of equity. The commonly used market capitalization
reflects the equity value for the entire company and therefore includes the equity
value of all the company’s financial assets. If the firm holds a non-controlling stake
in another firm’s equity as associate and/or joint venture, this stake is not
consolidated, but shown “at equity” as a financial asset on its consolidated balance
sheet. The income from associates and joint ventures is treated as financial income
and included in the profit and loss statement below the operating income. The firm’s
equity stake in associates and joint ventures thus has to be treated as financial asset
and to be included into the net debt definitions when deriving the firm’s enterprise
value.

2.3 Consistent multiple definitions

Table 2 below gives an overview over consistent multiple definitions for different
enterprise value and equity value-based multiples:
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Table 2 Consistent multiple definitions

Multiple Appropriate nominator definition

EV/Sales Market capitalization 4+ minority interest — investments in associates
and joint ventures + straight debt — cash + finance leases + pension
reserves + accounts payable

EV/EBITDA Market capitalization 4+ minority interest — investments in associates
and joint ventures + straight debt — cash + finance leases + pension
reserves

If interest cost on pensions is part of COGS pension reserves should not

be included
EV/EBIT Market capitalization 4+ minority interest — investments in associates
or EV/NOPLAT and joint ventures + straight debt — cash + finance leases + pension

reserves

If interest cost on pensions is part of COGS pension reserves should not
be included
P/E (Market capitalization/ ~ Market capitalization
net income)

3 Impact factors on the accuracy of multiple-based valuation

A multiple relates a value driver figure assumed to be proportional to value as e.g.
sales or EBIT to a price figure as e.g. the market capitalization or the enterprise
value. Selecting “comparable” firms being as similar as possible to the firm to be
valued and relating their value drivers to their observable market values allows to
calculate multiples. These multiples are transferred upon other firms by applying
them upon their value driver figures. Being a convenient and easily applicable
valuation procedure, practitioners and scientists alike have been concerned with the
accuracy of the value estimates produced by it. Several empirical studies have been
analyzing ways to improve the quality of this estimates; research has been
performed along several dimensions of the valuation procedure:

3.1 The selection of comparable firms

The basic idea of multiple-based valuation is that similar assets should trade at
similar prices. Thus the degree of similarity should have an impact upon the
accuracy of the valuation method. The standard procedure of financial analysts takes
the industry affiliation of the target firm as a starting point: the “peers” that serve as
comparables are doing business in the same industry, thus sharing a similar
operating risk and similar growth perspectives. Several research studies take the SIC
or other industry affiliation codes as a classification measure for the comparable
firms (see, e.g., Alford 1992. Schreiner and Spremann (2007) use a different system
that also refers to an industry classification). Herrmann and Richter (2003) and
Henschke and Homburg (2009) provide evidence on the relevance of additional firm
specific information when selecting the comparable firms: the accuracy of their
value estimates increases significantly when incorporating certain financial ratios in
their selection procedure.
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3.2 The timeliness of the value driver figures

When calculating multiples for the comparable firms financial analysts in many
cases have to rely on available data with respect to the value driver figures
employed as e.g. sales, EBIT etc. In many cases only realized figures from the past,
e.g. from the most recent annual statement are available and allow for the
calculation of trailing multiples. Bigger firms are covered by financial analysts who
write research reports which often include forecasts of financials. Financial service
providers as I/B/E/S collect and aggregate these forecast to consensus data. These
data allow the calculation of forward multiples. Kim and Ritter (1999) (for the case
of IPOs) and Schreiner and Spremann (2007) provide evidence for the superiority of
forward over trailing multiples, providing value estimates with a higher accuracy.®

3.3 The value driver figure chosen for the multiple

There is still a large number of multiples that meet the above consistency
requirement. Research has also already addressed the issue which of the consistent
multiples offers the highest valuation accuracy. Schreiner and Spremann (2007) and
Liu et al. (2007) show that earnings-based multiples provide higher accuracy then
multiples that are based on cash flow figures. Additionally bottom-line value driver
figures outperform top-line ones. Schreiner and Spremann (2007) also found
“knowledge-based” value drivers to produce more accurate results than “tradition-
al” ones and equity-related multiples to outperform entity related ones.

3.4 The aggregation measure applied on the comparables’ multiples

In order to improve valuation accuracy researchers and financial analysts usually
collect several similar firms to serve as comparables and compile them in a peer
group. As a perfect match of all comparables does not exist there will be a
distribution of different realized values for the peer’s multiples that has to be
aggregated to a single figure in order to serve as an estimator for the multiple to be
applied upon the value driver figure of the target firm. For this aggregation there are
several statistical measures at hands as central moments of the comparable’s
multiple distribution.

3.4.1 Arithmetic mean

The formula for the aggregated multiple of a peer group of firms in this case is

i=1 Yiln

6 A notable exception in the study of Schreiner and Spremann (2007) is the multiple based on sales: here
trailing multiples outperform forward ones (see Schreiner and Spremann 2007 p. 19).
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P; denotes the value/price variable, y; the value driver of firmiandi = 1...n are
the firms in the peer group. In practice analysts widely use the average of the peers’
multiples to calculate the aggregated multiple to be applied on the firm’s value
driver variable.

3.4.2 Harmonic mean

The harmonic mean of the peer’s multiple distribution is defined as

P (2)

i

S| e
4

In a first step the reciprocal value of the single multiples is calculated. Then the
average of this variable is computed; finally again the reciprocal value of the
average is taken. The harmonic mean is always lower than the arithmetic mean. The
reason for this result is the convexity of the inverse.

3.4.3 Median

Median of the peer group’s multiple distribution is the value separating the upper
50 % observations from 50 % lower observations. The definition is

XM = inf &:Fi 21 (3)
Vi Yi 2

3.4.4 Geometric mean

The geometric mean is defined by

X6 =

i1

The geometric mean of the multiple’s distribution is equal to the exponent of the
arithmetic mean of the log-scaled multiple’s distribution:

v -l i3]} 5)

i=1

When judging the different aggregation measures there is general agreement that
arithmetic mean is heavily affected by outliers.

Thus research in general relies on median or on harmonic mean as an aggregate
multiple (see, e.g. Baker and Ruback 1999; Schreiner and Spremann 2007,
Henschke and Homburg 2009; Liu et al. 2002; Herrmann and Richter 2003
additionally use the geometric mean).
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4 Measuring the quality of multiple based value estimates
4.1 Producing value estimates

In order to calculate estimates for the values we rely on a standard holdout
procedure used in research: Starting from a sample of n comparable firms defined by
an industry classification one firm is excluded, while multiples for the remaining n-1
firms are calculated and aggregated. The aggregate multiple is then applied on the
value driver figure of the n-th firm producing an estimate for its value. By
comparing the estimate against the observable equity market value for equity values
(or in the case of enterprise values with the observable equity market value plus net
debt) of this firm the accuracy of the estimate can be observed. This hold out
procedure is applied on all n firms in the peer group, providing an accuracy measure
for all firm observations.

4.2 Error measures

Comparing the calculated value estimate V against the observed market value P four
different error measures may serve as indicators for the accuracy of the estimate.

4.2.1 The percentage difference between estimated and market value (percentage
error)
V-P
Cpere =~ (6)

The percentage error is the scaled difference between the estimated and the
market value. This error measure applies a different scale upon positive and
negative deviations: As negative deviations lower than —100 % are not possible,
whereas positive one above 100 % are, this error measure displays a systematic
positive bias if it is combined with the mean aggregation of the peer groups
multiples. The positive skewness of the error measure itself makes it difficult to
properly assess the accuracy of the estimate: the mean error is different from zero.
Thus value estimates are systematically biased and dispersed at the same time,
making it impossible to judge the accuracy by a measure of dispersion alone.

4.2.2 The logarithm of the ratio of the estimated value to the market value
(log-scaled error)

(2 o

Log-scaling the error by taking the log of the ratio between estimated and market
value of the firm removes the skewness of the error measure by allowing deviations
from —oo to 4+00. On the other hand, this measure puts different weights on
absolute deviations with different size and thus might be interpreted carefully.
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4.2.3 The absolute value of the percentage error (absolute percentage error)

V—P
€abs, perc — ‘T. (8)

Taking the absolute value of the percentage error treats positive and negative
values equally and avoids positive and negative deviations to net out against each
other. The benefit of this measure is that it allows for a one-dimensional figure when
judging the accuracy of the valuation method. On the other hand, still relying on
percentage error this measure is still exposed to the bias stemming from the error
measure. Additionally the resulting figure cannot easily be interpreted as being the
average deviation from the observable market value produced by a certain multiple
based valuation.

4.2.4 The absolute value of the log-scaled error (absolute log-scaled error)

Using the absolute value of the log-scaled error avoids the upwards bias of the
percentage error measure and the netting effect of positive and negative deviations.

()

In empirical studies researchers have used a variety of error measures: The majority
of studies relies on percentage errors as accuracy measure.” Alford (1992) and
Schreiner and Spremann (2007) use the absolute percentage error, whereas Herrmann
and Richter (2003) rely on the absolute log-scaled error as an accuracy measure.
Recognizing the ambiguity of a biased and at the same time dispersed error measure
Henschke and Homburg (2009) use two different measures: “bias” is captured by the
mean percentage error whereas “accuracy” is measured by the absolute percentage
error. The authors propose this measure because positive and negative signed
estimation errors do not cancel out when being aggregated over all observations.

Dittmann and Maug (2008) have pointed to the interaction between aggregation
measure and the error measure reflecting the accuracy of the value estimate: as some
error measure themselves are also skewed to the right,® their combination with
right-hand skewed aggregated multiples is amplifying the upwards bias, thus
clouding the accuracy judgement of the analysis. Using percentage errors in general
imposes an upwards bias to the results of all aggregation measures. The
combination of geometric mean aggregation and log-scaled errors is yielding
unbiased value estimates and thus a mean (log) error of zero. The same results hold
for the combination of median aggregation and log errors if the number of
observations is sufficiently high (see Dittmann and Maug 2008 p 14). Another way

€abs,log —

7 See the overview of Dittmann and Maug (2008). The authors provide empirical evidence on highly
skewed percentage error distributions, whereas log-scaled errors seem to be much more symmetrically
distributed.

8 E.g. using percentage errors allows for maximum negative deviations of—100 %, whereas there is no
upper limit for positive deviations. See 4.2 for a discussion.
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to avoid the ambiguity problem trading bias against dispersion is using absolute
(unsigned) errors; on the other hand this procedure produces results that cannot
easily be interpreted as some (average) deviation from observed prices.

The above measures have all their benefits and shortcomings:

— Percentage errors display systematically upwards biased valuation errors, but
can easily be interpreted as the average deviation between estimated value and
market value.

— Log-scaled errors are not systematically biased, but (as percentage errors) net
positive against negative deviations. Under certain aggregation methods mean
log-scaled errors are equal to zero for all multiples, thus making it impossible to
rank order different multiples by their mean errors.

— Absolute errors avoid the netting effect of positive and negative deviations, but
cannot be easily be interpreted; absolute percentage errors additionally carry the
upwards bias of percentage errors whereas absolute log-scaled errors do not
suffer from this shortcoming.

For our study we rely on the following error measures:

— Investigating the performance of the different aggregation methods we rely on
log-scaled errors, as we are also interested in potential systematic over- and/or
undervaluation of certain aggregation methods.

— When analyzing consistency requirements within a certain value driver figure
and when comparing the different consistent multiple definitions we concentrate
on the absolute log-scaled error. By doing so, we avoid the upwards bias of the
percentage error and the “netting” effect of the signed error measures.

Finally, we measure performance within the same multiplier category, i.e. by
comparing estimated enterprise values against observed enterprise values and
estimated equity values against observed equity values. Measuring enterprise value-
based multiplier performance based on equity values would expose our findings to a
potential bias by different leverages.

5 Descriptives
5.1 Sample
The sample collected for this study is based on German headquartered companies

with primary listing in Germany between 1998 and 2011.° Firms in the financial
sector were not considered in the sample'” resulting in an initial sample of 654 firms

° The cut off day for data collection was 21st May 2012.

19 In the scope of this study, EBITDA and EBIT do not have a meaningful economic interpretation for
financial firms, and thus they should not be part of the sample. Financial firms comprise banks,
insurances, real estate and financial service companies.
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or 9156 firm year observations. These data, extracted from DATASTREAM,
include historical accounting figures and market values for each firm."' In addition, the
criteria for selecting the firm-years observations for the analysis are: (1) Firm market
values and at least one earning figure are available for each firm-year observation; (2)
nominator and denominator of multiples are strictly positive, and (3) peer groups based
on three-digit Industry Classification Benchmark (ICB) categorization have a
minimum of seven observations. The ICB classification, developed by FTSE
International Limited and Dow Jones & Company, has four levels that increase in
fineness: Industry, Supersector, Sector, and Subsector. A three-digit ICB classification,
or “sector level”, allows us to analyze relatively homogenous peer groups, while
keeping a sensible amount of observations per peer group.'?

This industry classification was chosen over the widely used Standard Industrial
Classification (SIC) because the number of firm-years observations with available
ICB codes were considerably higher compared to those with SIC codes, given our
relatively small sample.

After subtracting the observations that do not meet the abovementioned criteria, the
sample was reduced to 6030 firm-year observations. This resulting sample includes
firm-year observations from 23 sectors (as defined by three-digit ICB codes), ranging
from software to utility companies. Table 3 summarizes the number of resulting
observations per sector, and the relative size of each sector to the total sample:

Moreover, we collected balance sheet items for each firm-year that includes short
and long term debt, accounts payable, pension and healthcare reserves, minority
interests, investments in associates and joint ventures, finance leases, as well as cash
and cash equivalents. Not available (N.A.) values for these balance sheet items were
assumed to be zero.

Table 4 summarizes the descriptive statistics of the sample with respect to these items.
The median firm has annual revenues of €87.9 million, net income of €1.5 million, a
market capitalization of €53.7 million and a level of total debt of €24.3 million.

It is worth mentioning that the financial data in this sample are highly positively
skewed, as observed in the significantly higher means in comparison with the
medians of all financial figures.

5.2 Multiples

In order to analyze the impact of consistency upon valuation accuracy we calendarized
the financials to the financial year end of 31st December,13 set the valuation date
88 days after the financial year end'® and employed different enterprise value
definitions and different multiples. The different versions of enterprise values follow

"' We analyze the impact of consistency by adapting different EV definitions on given earnings
definitions taken from Datastream. Concentrating on the consistency requirement of properly matching
numerator and denominator of multiples our study does not analyze the impact of different earnings
adjustments and definitions on valuation accuracy. We leave this analysis to future research.

12" A categorization of peer groups based on 4-digit ICB codes would reduce the total number of firm year
observations by about 30 %.

13 The majority of firm years (83 %) have their financial year end at 31st December.

1488 days is the median of the difference between reporting day and financial year end of the sample.

@ Springer



650 A. Chullen et al.

Table 3 Sample, observations per sector

Sector (three-digit ICB code) Observations Percentage
Software & computer services 1054 17.5
Industrial engineering 557 9
Media 428 7
Electronic & electrical equipment 322 5
Health care equipment & services 305 5.1
Technology hardware & equipment 295 49
Support services 276 4.6
General retailers 271 4.6
Construction & materials 258 43
Personal goods 247 4.1
Travel & leisure 245 4.1
Chemicals 244 4.0
Household goods & home construction 237 39
Automobiles & parts 197 33
Beverages 181 3.0
Pharmaceuticals & biotechnology 184 3.1
Alternative energy 158 2.6
Food producers 125 2.1
Leisure goods 124 2.1
Electricity 111 1.8
Industrial transportation 110 1.8
Industrial metals & mining 67 1.1
Gas, water & multiutilities 28 0.5
Total 6030 100.0

along the discussion in chapter 2; we stepwise added different interest-bearing and
non-interest bearing financials to the market capitalization. Table 5 gives an overview
of all enterprise value definition employed in our analysis:

Finally combining the different enterprise value definitions and market capital-
izations with the different value drivers: sales, EBITDA, EBIT and net income, we
calculate 132 different multiples of which only four multiples meet our consistency
requirement. Table 6 shows the multiple definitions meeting our consistency
requirements:

The remainder 128 inconsistent multiple definitions were established by either
combining equity-based value driver figures with entity-based enterprise value
definitions or vice versa or by applying inappropriate enterprise value definitions
with entity-based value drivers. Table 7 below displays the descriptives of the four
consistently defined multiples:

The median equity value multiple is 17.2x for the net income multiple. The
median enterprise value multiple is 0.8 x for revenues multiples, 6.8 x for EBITDA
multiples, and 10.7x for EBIT multiples.
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Table 4 Sample characteristics and descriptive statistics

Source: Datastream
Geographical coverage: Germany
Industry classification: Industry classification benchmark (ICB)
Firm-year observations: 6030
Period covered: 1998-2011 (cut off day for data collection 21st May 2012)
(in € ‘000) Median Average Quartile Quartile Number of
1 3 observations

Sales 87,886 2,170,503 22,520 366,617 5997
EBITDA 7929 273,057 940 37,724 5854
EBIT 3430 145,681 (128) 22,348 5883
Net income 1468 70,889  (955) 11,052 6001
Market capitalization 53,675 1,308,304 17,853 239,185 6030
Debt 24,252 971,164 5022 137,020 3103
Cash 13,343 235,060 51,489 3631 3929
Finance leases 2942 75,500 434 15,100 1480
Pensions 19,666 377,016 2393 95,360 1380
Accounts payable 7537 250,396 1834 35,623 5256
Minority interest 1726 133,382 161 17,762 3124
Investments in associates & 2289 298,812 211 25,244 2953

JVs

Note that a heavily positively skewed distribution is also observed in these
multiples, as in the case of the underlying financial figures. In all cases the mean
values of the multiples exceed the third quartile value.

6 Results
6.1 The setting
Our analysis is working on three different layers:

a. Aggregation: We analyze the impact of different aggregation methods on
valuation accuracy.

b. Consistency: We are interested in potential differences in accuracy between
consistent and inconsistent multiple definitions.

c. Value drivers: Within the group of consistently defined multiples we analyze
the performance of different value drivers as sales, EBITDA, EBIT and net
income.

@ Springer



652

A. Chullen et al.

Table 5 Enterprise value definitions employed

Debt Finance Pensions Cash Minority Investments Accounts
leases incl. interest in associates payable
healthcare and JVs
EV01 incl. incl. incl. incl. incl. excl. excl.
EV02 incl. incl. incl. incl. incl. excl. incl.
EV03 incl. incl. incl. incl. incl. incl. excl.
EV04 incl. incl. incl. incl. incl. incl. incl.
EVO05 incl. incl. excl. incl. incl. excl. excl.
EV06 incl. incl. excl. incl. incl. excl. incl.
EV07 incl. incl. excl. incl. incl. incl. excl.
EV08 incl. incl. excl. incl. incl. incl. incl.
EV09 incl. excl. incl. incl. incl. excl. excl.
EV10 incl. excl. incl. incl. incl. excl. incl.
EV1l1 incl. excl. incl. incl. incl. incl. excl.
EV12 incl. excl. incl. incl. incl. incl. incl.
EV13 incl. excl. excl. incl. incl. excl. excl.
EV14 incl. excl. excl. incl. incl. excl. incl.
EV15 incl. excl. excl. incl. incl. incl. excl.
EV16 incl. excl. excl. incl. incl. incl. incl.
EV17 incl. incl. incl. incl. excl. excl. excl.
EV18 incl. incl. incl. incl. excl. excl. incl.
EVI19 incl. incl. incl. incl. excl. incl. excl.
EV20 incl. incl. incl. incl. excl. incl. incl.
EV21 incl. incl. excl. incl. excl. excl. excl.
EV22 incl. incl. excl. incl. excl. excl. incl.
EV23 incl. incl. excl. incl. excl. incl. excl.
EV24 incl. incl. excl. incl. excl. incl. incl.
EV25 incl. excl. incl. incl. excl. excl. excl.
EV26 incl. excl. incl. incl. excl. excl. incl.
EV27 incl. excl. incl. incl. excl. incl. excl.
EV28 incl. excl. incl. incl. excl. incl. incl.
EV29 incl. excl. excl. incl. excl. excl. excl.
EV30 incl. excl. excl. incl. excl. excl. incl.
EV31 incl. excl. excl. incl. excl. incl. excl.
EV32 incl. excl. excl. incl. excl. incl. incl.

This table contains the different definitions used for enterprise value (EV) calculations. For every
definition in the resp. line it is shown whether the liability/asset position in the column is included into
(incl.) or excluded from (excl.) the net debt definition for the enterprise value definition

6.2 Aggregation methods

In the first step we apply our hold-out procedure to analyze the four different
aggregation methods arithmetic mean, harmonic mean, median and geometric mean
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Table 6 Consistent multiple

definitions Multiple Definition
Multiple 01 EV04
Sales
Multiple 02 _EV03
EBITDA
Multiple 03 EV03
EBIT
Multiple 04 Market capitalization
Net income

Table 7 Descriptives of consistent multiples

Median Average Quartile 1 Quartile 3 Number of
observations
Market capitalization/net 17.2x 95.4x 10.7 % 30.4x 3876
income
EVO04/sales 0.8x 7.7 % 0.4x 1.7x 5984
EVO03/EBITDA 6.8%x 30.8x 4.1x 11.5% 4666
EVO03/EBIT 10.7x 42.1x 6.7x 18.5x 4109

with respect to their valuation accuracy. For this procedure we rely on the
consistently defined multiples from Sect. 5.2. As we are interested in the potential
systematic over- and/or undervaluation caused by the aggregation methods we use
the log-scaled error as an accuracy measure, following our discussion in chapter 4.
In the case of negative values for EBITDA, EBIT and net income we had to remove
the firm year observation from our analysis in order to get meaningful results.
Beyond this adjustment we decided not to remove any outliers or to winzorize our
sample as we aimed to get a clear picture on the magnitude of the potential bias.
Table 8 displays the results for the four different aggregation methods.

We find the results to support our hypotheses from Sect. 3:

For all multiples arithmetic mean displays the lowest valuation accuracy, i.e. the
highest mean and median log-scaled errors and the highest volatilities.
Additionally this aggregation yields a significant over-estimation of the
corporate values; mean errors are between plus 59 and 97 % and 74 % of all
observations are overvalued.

Results for harmonic mean also support the theoretical findings by Dittmann and
Maug (2008) and the hypothesis from Sect. 3: We find a significant and
systematic undervaluation, with means between minus 45 % and minus 57 %.
67 % of all observations are undervalued. Valuation accuracy is higher
compared to the arithmetic aggregation method, but lower than the accuracy
reached in median and geometric mean aggregation methods.

Median and geometric mean aggregation display the highest valuation accuracy,
i.e. the lowest mean and median log-scaled errors and the lowest volatilities.
Mean log-scaled errors are equal to zero for all multiples, when geometric mean
is used as aggregation method; as we observe median errors to be greater than
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Table 8 Log-scaled errors for consistent multiple definitions based on different aggregation methods

Multiple EV04/sales

Aggregation method

Arithmetic mean Harmonic mean Median Geometric mean
Observations 5984 5984 5984 5984
Mean 96.5 % (55.9 %) (122 %) (0.0 %)
Median 81.9 % (38.8 %) 0.7 % 11.6 %
Std. deviation 160.7 % 129.0 % 122.9 % 122.6 %
Overvalued observations 4553 2005 3012 3293
Undervalued observations 1431 3979 2972 2691
Overvalued observations in % 76.1 % 335 % 50.3 % 55.0 %
Undervalued observations in %  23.9 % 66.5 % 49.7 % 45.0 %
Max 1155.6 % 576.9 % 666.2 % 652.2 %
Min (807.9 %) (1158.7 %) (833.0 %) (881.5 %)
Multiple EVO3/EBITDA Aggregation method

Arithmetic mean Harmonic mean Median Geometric mean
Observations 4666 4666 4666 4666
Mean 61.2 % (45.4 %) (4.8 %) (0.0 %)
Median 49.9 % (29.8 %) 0.1 % 5.6 %
Std. deviation 128.4 % 115.8 % 103.4 % 103.7 %
Overvalued observations 3384 1575 2335 2480
Undervalued observations 1282 3091 2331 2186
Overvalued observations in % 72.5 % 33.8 % 50.0 % 532 %
Undervalued observations in %  27.5 % 66.2 % 50.0 % 46.8 %
Max 864.6 % 777.1 % 765.3 % 804.4 %
Min (666.2 %) (820.5 %) (819.8 %) (751.4 %)
Multiple EVO3/EBIT Aggregation method

Arithmetic mean Harmonic mean Median Geometric mean
Observations 4109 4109 4109 4109
Mean 59.1 % (45.3 %) (7.0 %) (0.0 %)
Median 50.2 % (28.5 %) (0.4 %) 72 %
Std. deviation 126.1 % 118.2 % 104.2 % 104.9 %
Overvalued observations 2984 1404 2049 2233
Undervalued observations 1125 2705 2060 1876
Overvalued observations in % 72.6 % 342 % 49.9 % 54.3 %
Undervalued observations in % 27.4 % 65.8 % 50.1 % 45.7 %
Max 860.6 % 801.2 % 803.4 % 820.8 %
Min (672.1 %) (779.3 %) (753.2 %) (7194 %)
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Table 8 continued

Multiple market cap/net income  Aggregation method

Arithmetic mean Harmonic mean Median Geometric mean
Observations 3876 3876 3876 3876
Mean 68.9 % (57.4 %) 9.2 %) (0.0 %)
Median 63.7 % (40.2 %) (0.0 %) 8.1 %
Std. deviation 1355 % 126.1 % 112.5 % 113.7 %
Overvalued observations 2898 1224 1937 2116
Undervalued observations 978 2652 1939 1760
Overvalued observations in % 74.8 % 31.6 % 50.0 % 54.6 %
Undervalued observations in %  25.2 % 68.4 % 50.0 % 45.4 %
Max 754.6 % 586.7 % 644.2 % 663.2 %
Min (727.8 %) (831.6 %) (759.8 %) (7724 %)

This table contains information on the valuation accuracy of EV/sales, EV/EBITDA and EV/EBIT
multipliers meeting the consistency requirement. Valuation accuracy is measured by mean and median of
the log-scaled error for four different aggregation methods (arithmetic mean, harmonic mean, median and
geometric mean). Terms in brackets correspond to negative values

zero for all multiples definitions log-scaled errors are negatively skewed here.
Median aggregation yields the second lowest mean valuation errors and the
lowest median errors over all four aggregation methods. Looking at volatilities
of the log-scaled errors we find both aggregation methods yielding similar
valuation accuracy.

Thus our results support earlier findings by Dittmann and Maug (2008) and
others: In order to avoid systematic over- and/or undervaluation financial analysts
should rely on median or geometric mean as a method for aggregating peer group
multipliers. Both methods produce log-scaled errors displaying a significantly lower
mean and median error and a lower standard deviation than arithmetic mean and
harmonic mean aggregation. We find these results to be supported by our findings
based on absolute log-scaled errors.

6.3 Consistency

For the purpose of analyzing the consistency of multiple definitions and their impact
on the accuracy, we ranked the performance of the different multiple definitions.
Following our discussion in chapter 4 and the results from above, we apply the
absolute log-scaled error as error measure in combination with the median as
aggregation method and rank order the different multiple definitions by their median
error. For each multiple category (sales, EBITDA, EBIT and net income) we
analyze 33 different multiple definitions. Table 9 shows the most important
findings:

We start by looking at the most obvious consistency requirement, the appropriate
match of entity and equity figures in the multiple definitions. The line “simple
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Table 9 Ranking of absolute log-scaled errors

Sales multiplier Multiple definition Median error (%) Std. deviation error (%) Rank
Simple mismatch Market cap/sales 75.2 98.0 33
No adjustment EV29/sales 70.8 96.9 29
Consistent/Full adjustment EV04/sales 61.0 89.7 1
Lowest error EV04/sales 61.0 89.7 1
EBITDA multiplier Multiple definition Median error (%) Std. deviation error (%) Rank
Simple mismatch Market cap/EBITDA  52.6 79.4 33
No adjustment EV29/EBITDA 473 75.6 31
Consistent/Full adjustment EV03/EBITDA 45.4 77.1 19
Lowest error EVO02/EBITDA 425 72.7 1
EBIT, multiplier Multiple definition Median error (%) Std. deviation error (%) Rank
Simple mismatch Market cap/EBIT ~ 49.1 79.8 33
No adjustment EV29/EBIT 46.9 77.4 27
Consistent/Full adjustment EVO03/EBIT 46.0 71.9 19
Lowest error EVO02/EBIT 433 74.8 1
Net income Multiplier Multiple Median  Std. deviation =~ Rank
definition error error
Consistent/full adjustment/lowest error ~ Market cap/net income  48.1 % 84.5 % 1

This table displays median absolute log errors, standard deviations of absolute log-scaled errors and the
rank out of 33 different multipliers with respect to valuation accuracy for selected multiplier definitions
based on sales, EBITDA, EBIT and net income. “Simple mismatch” denotes definitions combining
market capitalization with respective P&L figures of the entity model (sales, EBITDA and EBIT). “No
adjustment” is the definition without any adjustment required by improving consistency. “Consistent/full
adjustment” denotes the definition displaying the highest degree of consistency. “Lowest error” is the
multiple definition with the lowest median log-scaled error. For the peer group multiples median is
employed as aggregation method

mismatch” in Table 9 displays the results of multiple definitions mismatching
market capitalization (equity) with operating (entity) profit and loss figures. All
“mismatched” definitions have lower accuracy ranks, higher median errors and
higher error dispersions than the corresponding consistent enterprise value based
multipliers: Market capitalization/sales multiples, market capitalization/EBITDA
multiples, market capitalization/EBIT multiples are all ranked with worst ranking
33, whereas in the case of market capitalization/net income this consistent multiple
is ranked best with one.

With respect to higher level consistency, we find for sales based enterprise values
and for equity values our consistently defined multiples to have the highest
valuation accuracy: EV04 and market capitalization/net income show the lowest
median error over all 33 different multiple definitions.

However, we get a different picture for EBITDA- and EBIT- based enterprise
value definitions. Here, our consistently defined multipliers do not show superior
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Table 10 Impact of the consideration of accounts payable on the improvement of the absolute log-scaled
error ranking

EV/sales (%) EV/EBITDA (%) EV/EBIT (%)
Accounts payable included (%) 100.0 100.0 100.0
Accounts payable excluded (%) 0.0 0.0 0.0

This table displays the impact of inclusion of accounts payables into the EV definition upon valuation
accuracy for sales, EBITDA and EBIT multipliers. The impact is measured by pairwise comparing the
absolute log-scaled errors with and without inclusion of accounts payables for each multiple definition.
The percentage figure is calculated based on the number of lower errors and higher rankings resp.

valuation accuracy as Table 9 displays: consistent multiples based on EV03 rank at
19 for EBITDA and EBIT. The highest accuracy is achieved for both cases by using
an inconsistent multiple definition based on EV02."> Compared to the consistent
definitions of EV03, EV02 has two differences:

— It (inconsistently) does not include associates and JV’s into net debt.
— It includes accounts payables into net debt, which is inconsistent for EBITDA
and EBIT based multiples.

For a deeper analysis of the impact on the valuation accuracy for the different
enterprise value definitions we will follow our discussion in Sect. 2.2 and analyze
the impact of the different balance sheet items on the accuracy. In order to analyze
the 32 different enterprise values we use a pairwise comparison matching a
particular enterprise value definition against the corresponding definition including/
excluding the position under consideration. Counting the number of superior ranks
over all pairs of definitions allows a judgment of the superiority of the proposed
treatment.'® As the benchmark multiple definition only including interest bearing
debt and cash&equ. is part of this pairwise analysis our results presented below
contain the impact of the resp. adjustment on the unadjusted multiple definition. In
order to reduce complexity, we restrict our attention to the combination of the
median aggregation method with the mean absolute log error in this paper. The
analyses for the other combinations are available upon request from the authors.

6.3.1 Accounts payable

Accounts payable are required to be included in net debt in order to define
consistent EV/sales multiples, but to be excluded from net debt for EV/EBITDA
and EV/EBIT multiples. The analysis summarized in Table 10, however shows
mixed results with respect to valuation accuracy: Including payables yields
increasing accuracy for all enterprise value multiple definitions. In the case of EV/

15 EV02/EBITDA and EVO2/EBIT both have the lowest median error.

16 If we analyze, for example, the impact of the inclusion of accounts payables in the net debt definition
we compare EVO1/sales with EV02/sales, EV03/sales with EV04/sales etc. and check which net debt
definitions lead to smaller percentage errors.
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Table 11 Impact of the consideration of pension reserves on the improvement of the absolute log-scaled
error ranking

EV/sales (%) EV/EBITDA (%) EV/EBIT (%)
Pension reserves included (%) 100.0 100.0 100.0
Pension reserves excluded (%) 0.0 0.0 0.0

This table displays the impact of inclusion of pension reserves into the EV definition upon valuation
accuracy for sales, EBITDA and EBIT multipliers. The impact is measured by pairwise comparing the
absolute log-scaled errors with and without inclusion of pension reserves each multiple definition. The
percentage figure is calculated based on the number of lower errors and higher rankings resp.

Table 12 Impact of the consideration of financial leases on the improvement of the absolute log-scaled
error ranking

EV/sales (%) EV/EBITDA (%) EV/EBIT (%)
Finance leases included 100.0 100.0 100.0
Finance leases excluded 0.0 0.0 0.0

This table displays the impact of inclusion of financial leases into the EV definition upon valuation
accuracy for sales, EBITDA and EBIT multipliers. The impact is measured by pairwise comparing the
absolute log-scaled errors with and without inclusion of financial leases for each multiple definition. The
percentage figure is calculated based on the number of lower errors and higher rankings resp.

EBITDA and EV/EBIT multiples thus inconsistent enterprise value definitions yield
a higher valuation performance than consistent ones. These results raise the question
whether capital markets are efficiently pricing the stocks of firms holding significant
accounts payables. We additionally analyzed this question by exploring the impact
of the (scaled) size of payables upon the (signed) log scaled valuation error of our
consistent multiple definition; using a simple regression model we did not find
evidence for a significant relationship.'’

6.3.2 Pension reserves

Pension reserves are required to be included in net debt in order to define consistent
enterprise value multiples. The analysis summarized in Table 11, confirms that the
valuation accuracy is in all cases higher if pension reserves are included.

6.3.3 Finance leases

Finance leases are also required to be included in net debt in order to define
consistent enterprise value multiples. The analysis summarized in Table 12, also
confirms that the valuation accuracy is in all cases higher if financial leases are
included.

17" As this question is not at the heart of our research question, we like to leave the deeper exploration to
further research. Regression results are available from the authors on request.
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6.3.4 Minority interest

Results for minority interest are summarized in Table 13. It shows that the inclusion
of minority interest into net debt improves multiple performance in all cases.

6.3.5 Investment in associates and joint ventures

Results of our pairwise comparison with respect to associates and joint ventures are
summarized in Table 14. They are not in line with our hypotheses: According to our
consistency requirements investments in associates and joint ventures are financial
assets and to be included into net debt when deriving the firm’s enterprise value.
However looking at the pairwise comparisons higher valuation accuracies are
achieved if enterprise value does not adjust for investments in associates and joint
ventures. As for payables we again ran a regression analysis using the (signed) log
scaled valuation error of our consistent multiple definition as dependent and the
impact of the (scaled) size of assocs&JV’s as independent variables; we did not find
evidence for a positive relationship between the size of this position and the log
scaled valuation error.

6.4 Value drivers

Beyond the general consistency requirements we are interested in the accuracy of
consistently defined multiple definitions resting on different value driver figures. We

Table 13 Impact of the consideration of minority interest on the improvement of the absolute log-scaled
error ranking

EV/sales (%) EV/EBITDA (%) EV/EBIT (%)
Minority interest included 100.0 100.0 100.0
Minority interest excluded 0.0 0.0 0.0

This table displays the impact of inclusion of minority interest into the EV definition upon valuation
accuracy for sales, EBITDA and EBIT multipliers. The impact is measured by comparing the absolute
log-scaled errors with and without inclusion of minority interest for each multiple definition. The per-
centage figure is calculated based on the number of lower errors and higher rankings resp.

Table 14 Impact of the consideration of investment in associates and JVs on the improvement of the
absolute log-scaled error ranking

EV/sales (%) EV/EBITDA (%) EV/EBIT (%)

Investments in associates and JVs—adjusted 0.0 0.0 0.0
Investments in associates and JVs—not adjusted ~ 100.0 100.0 100.0

This table displays the impact of adjustment of associates and joint ventures into the EV definition upon
valuation accuracy for sales, EBITDA and EBIT multipliers. The impact is measured by comparing the
absolute log-scaled errors with and without adjustment of investments in associates and joint ventures for
each multiple definition. The percentage figure is calculated based on the number of lower errors and
higher rankings resp.
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Table 15 Absolute log-scaled errors for consistently defined multiple definitions based on different
value drivers

Median aggregation

Multiples Observations Mean (%) Median (%) Std. deviation (%)
EV04/sales 5984 84.8 61.0 89.7
EVO3/EBITDA 4666 69.0 454 717.1
EVO3/EBIT 4109 69.6 46.0 71.9
Market cap/net income 3876 74.9 48.1 84.5

Geometric mean aggregation

Multiples Observations Mean (%) Median (%) Std. deviation (%)
EV04/sales 5984 86.2 63.7 87.3
EVO03/EBITDA 4666 70.5 48.3 76.1
EVO3/EBIT 4109 70.9 48.1 774
Market cap/net income 3876 77.0 51.6 83.7

compare sales, EBITDA, EBIT and net income-based multiple definitions based on
the valuation results measured by the absolute log-scaled errors combined with the
median and geometric mean aggregation method. As compared to sales EBITDA,
EBIT and net income can take negative values, we additionally have to eliminate
combinations with negative figures from our analysis for these multiples. By doing
so, we loose 1217, 1813 and 2130 observations from our sample. Estimations are
calculated based on the remaining observations, accuracy is also measured based on
the reduced sample. Thus the interpretation of our results for EBITDA, EBIT and
net income is limited to the case of positive realizations of these earnings figures.
Table 15 displays our results:

We find EV/EBITDA and EV/EBIT multiples display the smallest mean and
median absolute log-scaled errors as well as standard deviations. EV/EBITDA
multiples are in most cases slightly better performing than EV/EBIT multiples for
mean and median errors and have slightly lower standard deviations. The EV/
EBITDA and EV/EBIT based multiples are followed by the market cap/net income
multiple in terms of the accuracy of valuation error. The lowest valuation accuracies
have the consistently defined EV/sales multiples, i.e. the highest mean and median
errors as well as the highest standard deviations.

7 Conclusions

This paper analyzes the accuracy of multiple based valuation approaches with
respect to peer group aggregation and consistency requirements based on a large
German sample. With respect to peer group aggregation we find arithmetic mean to
systematically overestimate and harmonic mean to systematically underestimate
corporate values. Thus without eliminating outliers by hand, this aggregation
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methods will yield biased results, when applied in practice. In order to avoid
systematic over- and/or undervaluation financial analysts should rely on geometric
mean and median as aggregation methods. Geometric mean as an aggregation
method produces unbiased value estimates with a mean of zero. For a large number
of observations this will also hold, if median is used as aggregation method.

The center of this study is the analysis of consistency requirements; we use
absolute log-scaled errors to measure the impact on valuation accuracy. First, we
find consistent multiple definitions display in most cases higher valuation accuracy
than inconsistent ones. The first layer consistency requirement of properly matching
entity figures and equity figures increases the valuation accuracy in all cases. In a
deeper analysis with respect to consistent enterprise value definitions, in the
majority of cases consistent definitions still outperform inconsistent ones. We find
that consistent treatment of financial leases, pensions and minority interest increases
the valuation accuracy. However for the balance sheet variable accounts payables
we find mixed evidence: the inclusion results in a higher valuation accuracy for all
enterprise value multiples, whereas under our hypothesis it should only do so for the
EV/sales multiplier. For investments in associates and joint ventures, an inconsistent
treatment also results in a higher valuation accuracy.

Finally this study is interested in the valuation accuracy within the class of
consistently defined multiples. Here we observe that EBITDA multiples have the
highest valuation performance followed by EBIT, net income and sales based
multiples.
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