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Abstract

The paper seeks to develop a comprehensive framework to cross-border discounted
cash flow valuation. Although the literature on company valuation and on interna-
tional financial management is vast, such a framework has not yet been proposed.
We build upon well-known fundamentals and relevant contributions, e.g. on the der-
ivation of the risk-adjusted rate of return. Relevant risks are exchange rate risk, busi-
ness risk, financial risk, the risk of the tax effects induced by debt financing, and the
risk of default. Additional tax effects beyond the well-known tax shield on interest
expenses must be considered. Risk discounts from cash flows and risk premia to be
added to risk-free interest rates are derived according to the global capital asset pric-
ing model. A conceptual choice occurs not only between the foreign currency and
the home currency approach, but also regarding the estimation of future exchange
rates. The paper shows how a valuation can be implemented with or without consid-
eration of covariances between cash flows and rate of returns with exchange rates. It
also derives the discount rates if forward exchange rates are applied. We discuss the
consequences of assuming the uncovered interest parity to hold. We assume deter-
ministic debt and apply the adjusted present value approach. In addition, we derive
the RADR to be used in the flow to equity and weighted average cost of capital
approach. The paper addresses not only the valuation of a foreign company, but also
the valuation of a domestic company that generates cash flows in foreign currency
and/or uses debt in foreign currency.

Keywords Exchange risk - Foreign currency - Cross-border valuation - Valuation -
International finance
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1 Introduction

The literature on company valuation is vast. Key contributions to discounted cash
flow (DCF) valuation were made by Modigliani and Miller (1958, 1963), Miles
and Ezzell (1980), Harris and Pringle (1985) and Inselbag and Kaufold (1997).
Of course, this is also true for the literature on international financial theory. For
example, forecasting and hedging flexible exchange rates, international parity
theories, the properties of international capital markets, or the pricing of assets
in these markets has been of interest to researchers over decades. The textbooks
of Sercu (2009) and Bekaert and Hodrick (2018) provide a good overview and a
thorough analysis of this field.

The interface between these two streams of the literature, the cross-border
valuation of companies, has been analyzed extensively when it comes to the
expected rate of returns for shareholders (cost of equity). Numerous papers have
analyzed the risk-return relationship based on the capital asset pricing model
(CAPM). Mehra (1978), Solnik (1974), Sercu (1980) and Stulz (1995) suggested
different models, which have been discussed in the following from a conceptual
perspective (see for example Ruiz de Vargas and Breuer 2018, 2019) while e.g.
Ejara et al. (2019) provide an empirical analysis. Several papers and chapters
in textbooks address the valuation of cash flows in foreign currency (FC) using
the home currency (HC) and the foreign currency (FC) approach (e.g. Bekaert
and Hodrick 2018; Breuer 2001; Butler et al. 2013; Ruiz de Vargas 2019). Lead-
ing textbooks on corporate finance such as Berk and DeMarzo (2020) or Brealey
et al. (2019) cover cross-border valuations only briefly. This is true also for Koller
et al. (2015), although these authors cover the use of the CAPM for cross-border
valuation more closely than Berk and DeMarzo (2020) or Brealey et al. (2019).
Holthausen and Zmijewski (2020) provide a reconciliation between the FC and
the HC approach, and cover additional aspects, e.g. tax effects.

However, there is a gap in the literature when it comes to a comprehensive
analysis of a cross-border DCF valuation of unlevered and levered companies.
Topics to be addressed are, for instance, the identification of the relevant risks
and the pricing of these risks, or a consistent integration of the effects of capital
structure on cash flows and risks. A thorough understanding of these topics is nec-
essary for a consistent implementation of the established DCF approaches to the
FC approach and the HC approach. This includes the definition of risk adjusted
discount rates (RADR). Relevant risks are the exchange rate risk, business risk,
financial risk, the risk of the tax effects caused by debt financing, and the risk of
default. The application of the CAPM for the pricing of risk and the derivation
of the RADR, as well as the proper definition of the terminal value impose addi-
tional challenges for the valuation of a foreign company or a domestic company
that generates cash flows in FC and/or uses debt denominated in a FC. Basically,
the established tool kit to DCF valuation has to be extended in order to cope with
different currencies by linking fundamental contributions of macroeconomics and
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financial theory. This leads to conceptual choices not only between the FC and the
HC approach, but also regarding the estimation of exchange rates to be used over
the forecast horizon. To the best of my knowledge, a paper that tries to develop a
comprehensive framework is still missing. This paper aims at filling this gap.

For achieving this objective, Sect. 2 presents assumptions. It discusses basic prin-
ciples by applying Cox et al. (1979). It also contains a parsimonious application of
the value additivity principle (Schall 1972; Haley and Schall 1979) to cross-border
valuation. This second part of Sect. 2 shows in principle how a cross-border valu-
ation can be implemented consistently. This will prove helpful for the valuation of
an unlevered foreign company (Sect. 3) and a levered foreign company (Sect. 4). In
Sects. 2, 3, and 4, we introduce a series of risk categories beginning with exchange
rate risk (Sect. 2), followed by business risk (Sect. 3), financial risk (Sect. 4), the risk
of default (Sect. 4), and the risk attributable to tax effects (Sect. 5). For the pricing of
risk, we will refer to the global CAPM. We discuss the link between the inputs to the
CAPM for the HC perspective and for the FC perspective. We derive RADR defini-
tions and value equations, if expected spot exchange rates or forward exchange rates
are used, for both unlevered (Sect. 3) and levered companies (Sect. 4). If forward
exchange rates are used, we discuss the consequences of assuming the uncovered
interest parity to hold. Section 5 deals with the valuation of a domestic company that
uses debt denominated both in domestic and in foreign currency. This requires the
consideration of a tax effect beyond the well-known tax shield on interest expenses,
because repayments are also subject to exchange rate risk. In Sect. 6, we compare
our findings with selected literature contributions. Section 7 provides conclusions.

2 Assumptions and fundamentals
2.1 Assumptions
We establish the following assumptions for our analysis:

e We consider two countries. Relevant currencies are the home (domestic) cur-
rency (HC) and the foreign currency (FC).

e The foreign company to be valued in a discrete-time setting generates only cash
flows in that FC. We assume the payout of free cash flows (residual dividend
policy).

e If the foreign company uses debt financing (Sect. 4), it employs debt in that
FC. In Sect. 5 we assume a domestic company that generates cash flows in both
domestic and foreign currency and carries debt denominated in both currencies.

e Both foreign and domestic companies are valued from the perspective of a
domestic investor. The valuation result, the value of equity, is to be denominated
in HC. We use the direct quotation, i.e. the price for one unit of FC quoted in
HC, throughout the paper. We do not discuss the implications of the Siegel’s
paradox (see Siegel 1972, Breuer 2015, pp. 43-48, Solnik 1993, p. 184, Hull
2018, p. 697).
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620 A. Schiiler

e The capital markets of the home and foreign country are perfect, complete, and
fully integrated. This implies that they are free of arbitrage opportunities. Risk-
averse capital market participants process the information into homogeneous
expectations.

¢ Following the previous assumptions, the covered interest parity (CIP) holds. We
do not require the uncovered interest parity (UIP) to hold, but refer to it on sev-
eral occasions to illustrate its consequences.

e Risk is priced according to the global CAPM. This requires the relative purchase
price parity to hold (see Koller et al. 2015, p. 496, Bekaert and Hodrick 2018,
p- 569, Stulz 1995, p. 12). Alternative CAPM settings as suggested by Solnik
and Sercu (see Sercu 2009, Chapter 19) or Mehra (1978) are not considered
here. This choice could be justified by empirical evidence provided by Krapl and
O’Brien (2016) and Ejara et al. (2019), supported by the cautious recommen-
dation of Sercu (2009), pp. 687693, and of others as cited in Ruiz de Vargas
(2019), p. 1668.

e Domestic and foreign corporate income is subject to a constant and identical
corporate tax rate (for differential international taxes see Senbet 1979). Personal
income taxes, barriers to repatriation of cash flows, and transaction costs do not
exist.”

e The nominal risk-free rates are deterministic for both countries. There is no
money illusion, and the international Fisher hypothesis holds (see Ruiz de Var-
gas and Breuer 2018, p. 15). This allows us to exclude a discussion of state-
contingent inflation rates and inflation risk.

e We consider a binomial one-period case first. A multi-period model can be
derived by analyzing a chain of single period models in which the intertem-
poral connection of states (stochastic independence vs. stochastic depend-
ence) becomes relevant, and a recursive valuation (roll-back-procedure) is to
be applied. We use a multi-period setting later, but simplify the model by using
expected values without addressing the intertemporal connections, and by apply-
ing the global CAPM in a multi-period setting. The latter assumption implies
that risk-free rates are deterministic over an infinite time span, and that the distri-
bution of the return on the market portfolio is time invariant.

2.2 Exchange rates and the present value of one unit in foreign currency

First, we summarize the fundamental links between current spot exchange rates,
expected spot exchange rates and forward exchange rates. We then prepare the anal-
ysis of cross-border valuations by valuing an investment in one unit of FC.

! For a discussion of international parity theories, see, for example, Bekaert and Hodrick (2018), Chap-
ters 7, 8, 10, and Breuer (2015), Chapter 2.

2 For overviews on how provisions of the tax code on e.g. double taxation agreements, or the remittance
of foreign earnings might become relevant, see e.g. Eiteman et al. (2016), Chapter 15, Holthausen and
Zmijewski (2020), Chapter 17.4, Sercu (2009), Chapter 20, Senbet (1979), Hodder and Senbet (1990),
Chowdhry and Coval (1998).
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The covered interest parity establishes the well-known link between (current) spot
exchange rate S and forward exchange rate F that is the ratio of one plus the risk-free
interest rate i in both countries (HC and FC):

1 +iyc;
Fi=8r——— (1)
1 +ipc,

Our discussion will not require the uncovered interest parity or the unbiasedness
hypothesis (foreign exchange expectation) to hold. The UIP states that the expected
exchange rate E[S] is equal to the (current) spot exchange rate S multiplied with
the ratio of one plus the risk-free interest rate i in both countries. The unbiasedness
hypothesis (UH) links CIP and UIP, by assuming that the forward exchange rate is
an unbiased estimator of the expected spot exchange rate (see, for example, Breuer
2015, pp. 41-51, Bekaert and Hodrick 2018, pp. 269-272, Sercu 2009, p. 430).

1+ iy,
E|S||=8—F—=F
[ =S - =F @

Instead, we will model the link between expected spot exchange rate and forward
exchange rate generally without an assumption regarding the magnitude or the sign
of the difference between both rates.

For a binomial setting, the assumption of a complete capital market requires
the prices for two Arrow Debreu Securities, one of them being a risk-free security.
These prices determine the risk-neutral probability ¢ for the up-state and (1 — g) for
the down-state (Cox et al. 1979). The relationship between the return in the down
state d, the risk-free return, and the return in the up-state u is d<1+i<u. We use
this setting for the domestic capital market first. The risk-neutral probability g is
defined by (Cox et al. 1979, pp. 234-235):

(1+iyc)—d

3
— 3)

q =

The present value (V) of one monetary unit in FC received in one year can be

written as the present value of the certainty equivalent (CE), the forward exchange

rate. Alternatively, using the RADR (risk adjusted discount rates) approach, Vg

is defined as the expected spot exchange rate discounted with the risk equivalent

expected rate of return, E[ryg/, using the probability p for the up-state and (1 — p)
for the down-state respectively (Sercu 2009, pp. 134-137, 432, Hull 2018, p. 129):

1 1

Vso= 77— (950 + (0 - 0S4 = [PS,1 + (1= p)S,)]
e y o1+ E[rVS] N y N0
£ E[Si]

Using Eq. (1), we can rewrite the present value using the current spot exchange
rate:

Vso=S,(1+ ti)_l (5)
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622 A. Schiiler

The risk equivalent rate ry is the sum of the risk-free home interest rate iy and
the premium for the exchange rate risk, zyg. It is worth noting that this rate is not
equal to the expected change in exchange rates (5), which is defined as the ratio of
the expected spot exchange rate in =1 divided by the spot exchange rate in t=0
(minus one). The risk equivalent rate ryg rather relates the expected HC equivalent
of a state-contingent cash flow of one unit in FC to its present value. Stated alter-
natively, it relates the expected value of the state-contingent future exchange rates
multiplied by the ip. (plus one) to the current spot exchange rate, thus implying an
investment of one unit FC in r=0 at i for 1 year. The rates are linked":

E[S)] E[S)]

£l = Vo T Ui =T

—1=(1+ig)(1+E[5]) -1 (6)

The right-hand side (RHS) of this equation can be interpreted from an economic
perspective in an alternative manner: if an investor has one unit of FC now and will
exchange it one period later, he will reinvest it for one year at the rate i~ Therefore,
he is not only experiencing a change in exchange rates, when he converts this one
unit of FC into HC in =1, but he earns the risk-free return, iz, too. We will return
to the distinction between ryg and g later.

The expected spot exchange rate is of interest for a cross-border valuation. While
the current spot exchange rate and the forward exchange rate are observable, the
expected spot exchange rate is not directly observable. However, we can establish
a link between different exchange rates, and can come up with a definition of the
expected spot exchange rate. For a binomial distribution of the exchange rates, the
expected spot exchange rate can be defined with reference to F and one of the state-
contingent exchange rates. With the risk-neutral definition of F; in Eq. (4), the spot
exchange rate in the up-state follows the spot exchange rate in the down-state:

F, -8
Sut = % +Sa1 @)

The observable forward exchange rate together with the (assumed) spot exchange
rate for the down state are sufficient to determine the spot exchange rate for the up
state, thus completing the binomial exchange rate distribution. Alternatively, we
could complete the binomial distribution beginning with S,. Given S, and S,, the
expected spot exchange rate follows from using the probability p for the up-state and
(1 — p) for the down-state respectively, as shown by the RHS of Eq. (4).

We will revisit the pricing of risk in Sect. 3 in more detail, but further illustrate
the link between the expected spot exchange rate and the forward exchange rate
here. For this reason, we introduce RDg denoting the discount from the expected
spot exchange rate due to the exchange rate risk. This cash flow equivalent to zy, is
the difference between the expected spot exchange rate and the forward exchange

3 Equation (6) could also be derived by using the equations in Sercu (2009), p. 136, and Bekaert and
Hodrick (2018), pp. 263-263.
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rate. Given the binomial framework used in this section, the risk discount equals the
difference between the spot exchange rate in the up-state and the spot exchange rate
in the down-state (Ag) multiplied by the difference between the ‘regular’ probability
p and the risk-neutral probability g, each referring to the up-state (see Appendix):

RDg=E[S,| = F, = (p — 9)Ag ®)

Since we assumed risk-aversion, p exceeds g. Thus, the sign of the risk discount
is positive, if the exchange rate in the up-state is higher than the rate in the down-
state, i.e. Ag>0. The UIP in combination with the unbiasedness hypothesis would
assume a risk premium of zero. In a binomial setting, this implies either Ag to be
zero, which would imply a state-independent exchange rate, or p =g, which implies
risk neutrality.

The expected spot exchange rate can be expressed as:

E[S\]| =F, + (- @A ©

Using Eqgs. (4) and (5), the expected spot exchange rate can be expressed more
generally:

E[s,] = (1 +E[rvs])vs,0 - (1 +iHC+zVS>SO(1 +ipe) (10)

The expected spot exchange rate depends upon the premium for the exchange rate
risk, zyg, which may be estimated empirically, and the risk-free interest rates and the
spot exchange rate, which are observable at the valuation date.

2.3 Value additivity and general valuation framework

Based upon these fundamental links, we develop a general understanding of how to
discount an expected cash flow in FC (A) occurring one year from now to its present
value in the HC (V). We will address the definition of the cash flow to be dis-
counted and the derivation of the RADR in later chapters. In this section, we apply
the value additivity principle (Schall 1972; Haley and Schall 1979) to DCF valua-
tion (see Schiiler 2018a).

d, stands for the risk-equivalent factor to discount the expected cash flow in FC
(A) and is defined as 1 + RADR. A could be converted into the HC by multiplying
it by the expected spot exchange rate, which requires the discount factor to be con-
verted into the HC as well. This is done by multiplying d, with dg, which is defined
as 1+6.

Since state contingent cash flows in FC as well as RADR in FC might depend
upon state contingent exchange rates, the respective covariances must be consid-
ered in both the numerator and the denominator (see, for example, Sercu 2009, pp.
668-669 or O’Brien 2017, pp. 58, 124). However, the covariances in the numera-
tor and denominator cancel out, and the valuation can be done without them (see
Appendix):
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624 A. Schiiler

E[A;-S]
_E[A]E[Si] +cov(A,S,)  E[A]-E[S,] (11)
Heo = dyds + cov(dA,dS) B dady

In addition to being helpful for valuation practitioners, this result enables us to
link two approaches to value cash flows in foreign currencies. Equation (11) rep-
resents the HC approach that is characterized by converting the FC cash flows first
into HC, and then discount the cash flows in HC to their present value in HC.

Alternatively, the cash flows in FC can be discounted to their present value in
FC first, and then can be converted into HC using the current spot exchange rate
(FC approach). It can be expressed by starting with the RHS of Eq. (11) and using
the definition of dg, i.e. the expected spot exchange rate divided by the current spot
exchange rate:

Vico = = s
reo T sl d, ™ (12)
So ——
VFC.O

The covariances are irrelevant for the FC approach.

This basic valuation principle can also be used to illustrate how the discount fac-
tor d, in the denominator on the RHS of Eq. (11) must be modified, if the forward
exchange rate is used in the numerator instead of the expected spot exchange rate.
It can be shown that d, must be multiplied by the ratio of the risk-free interest rates
each increased by 1 (see Appendix):

E[A)] - F,

[
Altipe

Vico = (13)

Thus, other than in Eq. (11) the rate d, is not multiplied by dg, i.e. the ratio
between expected spot exchange rate and current spot exchange rate, for discount-
ing cash flows converted with the expected spot exchange rate, but has to be mul-
tiplied by the ratio of the forward exchange rate to the current spot exchange rate,
i.e. the ratio based upon the risk-free interest rates, instead. This result does not
depend upon the UIP to hold. At first sight, this result might look familiar consid-
ering the approaches suggested by textbooks as Bekaert and Hodrick (2018), pp.
726-734, Berk and DeMarzo (2020), pp. 1099-1103, Brealey et al. (2019), pp.
731-734, Holthausen and Zmijewski (2020), pp. 857-868, and Koller et al. (2015),
pp. 490-493. However, our discussion in the next chapters will extend the basic
principle shown in Eq. (13), and will enable us to reveal the underlying assumptions,
which in turn makes it possible to identify some gaps and inconsistencies of these
textbook-approaches in Sect. 6.

In summary, the general valuation framework showed (a) that the valuation can
be conducted in a consistent manner with and without covariances, (b) that the
valuation can be done with the HC or the FC approach, and (c) that using forward
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FC approach HC approach
SO
Urc u S,
1 EC 1 FC-Sp
Sf)
d d—=
FC Sd)]

Fig. 1 FC approach and HC approach for a risky investment of one unit of foreign currency

exchange rates instead of expected spot exchange rates requires a modification of the
discount rate.

3 Valuing an unlevered foreign company
3.1 Risk-neutral valuation

We now will extend the discussion by applying the previous results to the valuation
of a foreign company that is financed by equity only (unlevered foreign company).
Different from Sect. 2.2, when we valued one unit FC while exchange rate risk was
the only relevant risk, we now consider risky cash flows in FC as well. Thus, previ-
ously we discussed price risk for one currency unit, now we introduce volume risk,
i.e. the risk caused by state-contingent volumes of currency units (FCF in FC), addi-
tionally. We will denote the volume risk as business risk in the following.

An unlevered free cash flow after corporate taxes (FCFy) occurring in =1 can
be valued according to the risk-neutral version of the HC approach®:

N
Vunco = [aFCFy,pe1Sut + (U= @FCF g peiSaa] (1 + ine) (14)

Applying the risk-neutral probabilities to state-contingent cash flows leads to the
certainty equivalent of the cash flows, which is discounted by the risk-free rate of
return.

For deriving a risk-neutral version of the FC approach, we first need to under-
stand the return on the risky security, which serves as a point of reference for the
pricing on the capital market. Figure 1 illustrates the returns on an investment of one
unit FC into this risky security at the valuation date (r=0) for the FC and the HC
approach.

Thus, the FC-returns are defined by:

4 Needless to say, that risk-neutral valuation does not imply risk-neutral investors, but risk-averse ones.
The method is labelled to be risk-neutral, because risk-neutral probabilities, which lead to certainty
equivalents, are used.
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_ S do =d So
Upc = uSu,l Arc = S, (15)
And the FC-risk-neutral probability follows from:
; i )3 _ g5 . _ -
oo = (1+ipc) —dpc (1 +IHC)F1 I, _ (1 +iyc) Fy' = dS) 16)
e Upc = drc S _ g uS,y —ds;;
St Sa1 ’ ’

Equation (16) begins with Cox et al. (1979, pp. 234-235), and is applied to
cross-border valuation. To the best of my knowledge, a similar equation has not
yet been presented in the literature. It shows the transition from the HC perspec-
tive to the FC perspective for the relevant parameters. It is worth mentioning,
that if the UIP is assumed to hold, and the forward exchange rate is set equal to
the expected spot exchange rate according to the UH, the risk-neutral probability
would be the same for the FC and the HC perspective:

(1+ipe) —dpe (1 +iHC)i—T _di—? (1+iyc) —d

e Upc = dpc u% —d% u—d
1 1

Under these assumptions, the state-contingent exchange rates as used in Eq.
(16) can be replaced by the forward exchange rate. By doing so, we refer to the
reasoning behind Eq. (9): Since we assume risk aversion (p #¢), the difference
between the exchange rates in states u and d must be zero.

Coming back to the general case and using the FC-version of the risk-neutral
probability according to Eq. (16) allows us to value the company in two equiva-
lent ways:

Vurco = So [qFCFCFUu,FC,l + (1 - ‘IFC)FCFUd,Fc,l] (1 + ti>_1
=F, [qFCFCFUu,FC,l +(1- qFC)FCFUd,FC,l] (1+ iﬁrc)_1 (18)

g

CEFCTI

The first line of this equation is a straight-forward implementation of the FC
approach, while the second line is the HC approach. It follows from substituting
S using Eq. (1). Based upon certainty equivalents, using the forward exchange
rate to convert cash flows from FC into HC is equivalent to using state contingent
exchange rates.

We can use this relation to separate the risk due to state contingent exchange
rates (price risk or exchange rate risk) from the risk of state contingent FCFy,
(volume risk or business risk). Using CE, for the certainty equivalent in units
of FCFy, and RDpp, for the risk discount to be subtracted from the expected
FCFy, as well as RDg for the risk discount to be subtracted from the expected
spot exchange rate, we get (see Appendix):
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Vuuco =Fi [qFCFCFUu,FC,l + (1 - qFC)FCFUd,FC,l] (1 + iHC)_]

V

CEU.FC,I
~ ~- g 19)

CEU,HC,I

= (E[$,] - RDy) (E[FCFU,FC‘I] - RDFCFU'FC> (1+ine)”

After expanding, we get a stepwise definition of the unlevered certainty equiva-
lent in HC:

Vunco =|E[FCFy pc,1|E[S)| = RDSE[FCFy pe] - RDFCFU‘FCE[SI] +RDsRDpcp, . (1 + iHC)’1

- J

(@) (b () (d)
(20)

The starting point is the expected FCF multiplied by the expected spot exchange
rate (a). Then, the discount for the exchange risk per monetary unit is multiplied by
the relevant number of units, i.e. the expected FCF; (b), and subtracted from (a). In
analogy to ryg, RDg refers to the risk considered in the present value of one unit FC.
(c) is also to be subtracted from (a), and represents the business risk in FC, trans-
lated into domestic currency. (d) is the cross-product of the risk discounts.

In summary, introducing risky unlevered FCF implies the introduction of a second
category of risk besides the exchange rate risk, which is the business risk. The risk-
neutral valuation framework can be applied also for the FC approach, but requires a
definition of the exogenous valuation parameters u, d, and g. If the UIP and the UH are
assumed to hold, these parameters are the same for both the HC and the FC approach.
Finally, the transition from FC approach to HC approach reveals that an application of
the HC approach requires a bottom up understanding of the business risk in FC and
the exchange rate risk. It also reveals that a simple addition of risk discounts is not suf-
ficient, but crosslinks between the components have to be accounted for as well.

3.2 CAPM-based pricing of exchange rate risk

So far, we have not addressed the pricing of risk. We will refer to the global CAPM
for pricing both exchange rate risk and the business risk. We start with the pricing of
exchange rate risk in this section, and deal with business risk in Sect. 3.3. It is pos-
sible to conduct a risk-neutral valuation based upon the CAPM, if one interprets the
market portfolio M as the risky Arrow-Debreu security with known state-contingent
prices. An investment in M in =0 yields a return in the up-state of u=1+r,, , and
in the down-state of d=1+r,, ;. The equations shown in the previous section still
hold. The FC approach and the HC approach can be applied, if the CAPM param-
eters are defined accordingly. We will return to that requirement later.

Now, we will price exchange rate risk. Exchange rate risk does not affect the FC
approach directly. It does affect it indirectly, if the parameters u, d, and g are derived
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from their respective HC-values, as illustrated in Sect. 3.1. Thus, we focus on the
HC approach. Applying Rubinstein (1973) or Fama (1977) to the HC approach, one
unit FC in =1 can be valued referring to either certainty equivalents or RADR,
where MRP stands for market risk premium (difference between the expected rate
of return on the market portfolio and the risk-free rate). The following equation also
includes A, the market price for risk, and the beta value representing the system-
atic risk of investing one unit FC in =0 (or, equivalently, the systematic risk inher-
ent in the present value of one unit FC received in r=1).

E[MRPyc]
“/%u/(r
~
v =E[S,]— Anc cov(Sy, rync) _ E[S)]
50 1+ iy I+ige+ By, E[MRPy|

—— ————
cov(ryg e E[ry uc]~inc
GI%/],HC

. J/
V~

E[r]

2D

The expected rate of return on the present value of one unit in FC, defined in the

denominator on the RHS of this equation, is linked to the expected rate of change in

the exchange rate as shown in Eq. (6). This definition in the denominator on the RHS

is the CAPM-equivalent to the RHS of Eq. (4). Other authors like Zwirner (1989), pp.

96-102, and Ruiz de Vargas and Breuer (2018), refer to a coefficient that relates to the
expected change in the exchange rate. The link between both betas is a simple one:

cov(rvs,rM’Hc> = cov (g, rypuc) (1 + irc)

(22)
ﬁvs = ﬂs(] + iFC)

When it comes to valuation, f;,; must be used. If one would try to argue that Jg is
a rate of return, the counterargument would be that this rate misses the reinvestment
at ip. This is exactly covered by the transition to S, as shown by Eq. (22). Bekaert
and Hodrick derive this link form comparing—in their words—the excess return and
the forward market return on a FC investment (Bekaert and Hodrick 2018, p. 277).

The usual definition of a beta value suffers from a circular reference: the covari-
ance refers to the rate of return, which in turn depends upon the valuation result,
because the rate of return relates a surplus to its present value. However, we can use
a binomial distribution to circumvent this problem. A binomial distribution can be
rearranged by using the surplus in state d as a certain surplus in both states, d and u,
and the difference (A) between the surplus in state u and state d as a risky distribu-
tion (state u: A; state d: 0). As shown in Schiiler (2018b), the beta value for this risky
distribution can be defined without a circular reference:

(23)
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Because fy is the value-weighted average consisting of this beta value and a beta
value of zero for the certain spot exchange rate S, we can conclude that

-1 -1
S (1+1i S, (1+1 S
bl [, Sl ()
S S So(1+irc)

(24)

This equation is not only useful when it comes to the derivation of the RADR,
but also with regard to the link between observable parameters and the expected
spot exchange rate. In analogy to our analysis in Sect. 2.2, the expected spot rate
is defined as the sum of the forward exchange rate and the risk discount for the
exchange rate risk. It follows for the binomial case (see Appendix):
EIMRP,,;]

E[S\| =F, +RDs=F, + (F; —S4,) (25)

e = "™md

Departing the binomial case, we could write more generally for the expected spot
exchange rate (see "Appendix", and also Ruiz de Vargas 2019, p. 1663, who uses

Py

E[S,| = F, + RDg = F, + F, (1 +iyc)” By EIMRP,c] = Fy + So(1+ ipc) ™y EIMRP ]
(26)

3.3 CAPM-based pricing of business risk and exchange rate risk

Introducing a risky unlevered free cash flow in r=1, again referring to Rubinstein
(1973) or Fama (1977), and using Eq. (20) for formulating the HC-approach, leads
to the following equations to value the unlevered company:

Based upon certainty equivalents:

3.3.1 FCapproach

Vunco = So [E [FCFU,FC,I] - AFCCOV(FCFU,FC,I ) rM,FC)] (1 + ti)_l

E[MRP| (27)

2
M.,FC

with Ape =

3.3.2 HCapproach (see "Appendix")

Vunco = [E[FCFU,HC,l] — AycoV(FCFy e 1, rM,HC)] (1+ iHC)_I

E[FCFy ey |E[S1] = Auccov(Sy, runc ) E[FCFy pe |

(a) (b)

- A.FCCOV(FCFU'FCTI, rM_FC)E[Sl] + AHCCOV(SI, ”M,HC))*FCCOV(FCFUJ-‘C,J s erC) (1 + i‘,_‘,c)_l

(©) (d)

(28)
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Equation (28) is the CAPM-based equivalent to Egs. (19) and (20). (b) represents
the discount for the exchange rate risk, (c) is the discount compensating the business
risk, and (d) is the cross-product of the risk discounts.

Based upon RADR:

3.3.3 FCapproach

Vunco =SoE[FCFy ] (1+i+ ﬂU,FCMRPFC)_l (29)

“
1+E[ry rc]

3.3.4 HCapproach

Vinco = [E[FCFy pea|E[S)] + cov(FCFy pe1, S1)] (14 i+ By ycMRP )™

. AN S/

' v
E[FCFypc4] W+E[ryuc]

(30)

In order to develop a better understanding of the risk premia relevant for the deri-
vation of 7y e in Eq. (30), and for transitioning from the FC approach to the HC
approach, we need to address the inputs for defining the discount rates for the FC
and the HC approach.

Table 2 in the Appendix contains the parameters determining the market price
of risk (1) and the amount of relevant risk for both approaches. The relevant risk is
measured by the covariance of the unlevered free cash flows with the market return
for the CE-based valuation, and by the covariance of the unlevered rates of return
with the market return for the RADR-based valuation.

As Table 2 in the Appendix illustrates, there is no simple transition between FC
and HC approach for the market price of risk (/lFC 2 /IHC) and the volume of risk
(coch 2 coch). Goodman (1960), p. 712, proves the transition for the variance.
Ruiz de Vargas and Breuer (2019), p. 370, show the simplifications required for
the covariance of the rate of returns of the company with the market rate of return
divided by the variance of the market return, i.e. the beta value, being identical for
the HC and the FC approach.

The transition between the resulting rate of returns, i.e. the unlevered cost of
equity, from FC approach to HC approach is (see O’Brien 2017, pp. 58, 124):

Elryuc] = (14 E[ryre]) (1 + E[85]) + cov(ry pe. 65) — 1 (31)

This is the rate for discounting the expected unlevered FCF in HC. It may be
rearranged to solve for 7y pc.

With a little help of Eq. (6), we can divide the unlevered cost of equity into the
risk-free rate of return, the premia for the exchange rate risk (b) and for the business
risk (¢) and the covariance-term (d):
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Elryuc] = irc(1+ E[8g]) + E[8s] + zyrc (1 + E[8] ) + cov(ry ge. S5)

= E[”vs] + 2y pe(1 + E[Sg]) + cov(ry se. 85)

=igc+ zy, +zyrc(l+ E[5g]) +cov(ry ge. 65) (32)
\ J . ~~ o~ - ~~ 7
) () (d)
. ~- >
2y,HC

This definition also illustrates how the risk premium to be added to the risk-free
rate is linked to the risk premium used in the FC approach. It also serves as the
RADR-counterpart to the CE-based decomposition of risk discounts used in Eq.
(20). Coming back to the CAPM for pricing the risk, we can derive the RADR-
counterpart to the CE-based Eq. (28):

Elryuc] = igc + By E[MRPyc| + By pcE[MRPc| (1 + E|[8] ) +cov(ry ge, 85)
L . /) o /

/

(b) (©) (d)
- ~ -
BuncE[MRPyc]

(33)
If the forward exchange rate is used instead of the expected spot exchange rate,

the discount rate must be adjusted as Eq. (13) has shown for the basic framework.
Applied to the definition of the RADR in Eq. (33), we get:

, 1 +iye . 1 +iye
E[rU,HC] = (1 +E[rU,FC])m -l =iy +ZU,ch
2u,Fc
/ ‘144 34
. +iyc
= iyc + PyrcE [MRP FC] T+
FC
P

Thus, if the state-independent forward exchange rate is used for the valua-
tion, there is neither an exchange rate risk premium nor an exchange rate related
covariance to be considered in the discount rate. The forward exchange rate is
the certainty equivalent of the state-contingent exchange rates. Terms (b) and (d)
equal zero. Put differently, if the numerator is free of exchange rate risk, since
the forward exchange rate is used and the covariance between the FCF FC and
the exchange rate is not relevant, the denominator must not consider either a pre-
mium for exchange rate risk or the covariance of the RADR FC with the exchange
rate. It should be noted that the business risk premium (c)’ must be calculated
from a FC perspective, and is not adjusted by the expected change in exchange
rates as in Eq. (32), but by the ratio of (one plus) the risk-free interest rates.

Unlevered company value follows from:
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1
Vunco = E[FCFU,FC,I] F, (1 + E[rU,HC]/) (35)

With the UIP and the UH, the expected spot exchange rate is equal to the
forward exchange rate. Under this assumption, the change between HC and FC
approach becomes more straightforward in terms of the risk parameters (Table 3
in the Appendix). It can be shown that the beta values are the same for the HC
and the FC approach (By ¢ = By rc), and the market risk premia are linked by
the ratio of the interest rates (see Appendix):

1+ ipc
E[MRPy] = EIMRPp;] —— (36)
1 +ipe

Unlike for the framework set for Eq. (34), the UIP in combination with the UH
implies that all market participants are setting the expected spot exchange rate equal

to the forward exchange rate. The expected rate of return would not require a deriva-
tion of the beta value in FC, but could be based upon the beta value in HC:

=E[MRP;c]
=ﬁU,HC -~ A\ ~
~ 1+i 1+
" . HC . HC
E[rU,HC] =iyc+ Purc E[MRPFC] Tvi.~ lyc + vrcT (37)
FC FC

)"

Finally, we can compare the discount rates used, if forward exchange rates are
used, i.e. we can compare Eqs. (34) and (37): If the forward exchange rate is applied
in the general valuation setting by referring to Eq. (34), the FC beta value is used.
If the use of forward exchange rates is justified by the UIP and the UH to hold, the
(identical) HC beta value could be used as well. It should be noted that beta and,
if e.g. the market return in HC is used as a starting point, the market returns in FC
depend upon the UIP and UH assumption.

For the remainder of the paper, we will show the definitions of the RADR and
the value equations for the HC approach for the use of both expected spot exchange
rates and forward exchange rates. It is not necessary to show all of that additionally
for the UIP assumption, because the difference to using the forward exchange rates
in general is the link implied by the UIP between the risk premium from a FC and
HC perspective.

3.4 Multi-period case

An extension of the forecast horizon to an infinite number of periods leads, inter alia,
to an introduction of a perpetuity that must be addressed consistently. It is beyond
the scope of the paper to deal with all the challenges related to model the terminal
value, i.e. the value of a growing perpetuity. In this section, we assume a steady state
of all inputs to a RADR valuation within the FC approach at the beginning of the
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growing perpetuity, e.g. free cash flows, financing cash flows, and tax effects, and
do not differentiate between inflation and real growth. Hence, this is a simplified
analysis.

We only point out the following specifics for a multi-period valuation with the
HC approach:

e Forward interest rates: Even if a domestic company, which generates only free
cash flows in HC and uses only domestic sources of finance, is to be valued,
varying capital structures and risk premia require the use of forward interest rates
instead of spot interest rates. A recursive valuation (roll-back procedure) must
be applied (see, for example, Drukarczyk and Schiiler 2016, pp. 242-244). For a
cross-border valuation, an additional reason for using forward interest rates is the
relation between current spot exchange rate and forward exchange rates, because
the change of the forward exchange rate over time depends upon the development
of the forward interest rates:

-~

(1 + iHC|1—1,r)

T

F, =S5, (38)

=~

(1 + iFle—l,‘r)

T

Forward interest rates are only observable up to the longest available maturity
of risk-free bonds. One could assume in a pragmatic manner that the last period
T before the beginning of the perpetuity coincides with the last period for which
forward interest rates are observable, and forward interest rates remain constant
thereafter.

An implication arises with regard to the link between RADR in HC and FC as
shown, for example, by Eq. (34): as Bekaert and Hodrick (2018), p. 723, point out, the
RADR in one currency cannot be constant, if the RADR in the other currency is con-
stant, unless the term structure of the interest rates is flat.

e Change in exchange rates: The change of forward exchange rates () is relevant,
if the valuation is referring to forward exchange rates as illustrated by Eq. (13), or
Eq. (35). If expected spot exchange rates are used directly as shown, for example,
by Egs. (11) or (30), the change of expected spot exchange rates over time (Jg) is
needed. Combining the respective change in exchange rates with the growth of the
free cash flows in FC (gpcpre) leads to adjusted growth rates that are necessary to
calculate the terminal value within the HC approach. The expected values of these
growth rates that are state-dependent, but time-invariant, are:

1+ _
E[gFCF,HC,F] = (1 + E[gFCF,FC])(l + 5F) -1= (1 + E[gFCF,FC])ﬂ -1

L+ipororr

E(grcrucs| = (1+ E|grcrre]) (1 +E[8s]) + cov(grer pes 85) — 1
(39)

One implication of these definitions is that the growth of the FCF denominated in
HC should be calculated starting with the rate of growth of the FCF in FC. Then, the
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estimated rate of growth in the exchange rates should be considered. Put differently,
one should be aware that setting a growth rate for the FCF in HC pragmatically not
only implies an assumption about the growth rate of the FCF in FC, but also about the
change in exchange rates.

Whether the growth in FCF is higher in HC or in FC, depends upon the relation
between the risk-free forward rates in HC and FC if forward exchange rates are used:
8rcruc.r> 8rcrrer W iger1,r> trair > 04 grepncr <&rcrrer I incirrr<ircmsr I
expected spot exchange rates are used: grcppc>8&rcrrcs if the expected change in
exchange rates is positive, and grcrpcs<8&rcrrcs if the expected change in exchange
rates is negative.

If a foreign company is supposed to be valued assuming a constant growth rate of
the FCF in HC and a constant exchange rate, and referring to the first line in Eq. (39)
and 6 respectively, the FCF in FC would be underestimated if iycip.; 7<ipcr;r and
overestimated if iycg.; 7> ipeiy; 7> With reference to the second part of Eq. (39), the
FCF in FC would be underestimated if the expected change in exchange rates is nega-
tive and overestimated if the expected change in exchange rates is positive, and one
erroneously applies a constant exchange rate.

Assuming a constant premium for business risk from the FC perspective and using
Eq. (39), the terminal value of growing free cash flows using, for example, forward
exchange rates is:

E[FCFy per|Fr(1+ Elgrerncr])

[(1 +E[rU,FC,T])w - 1] - [(1 +E[gFCF,FC]) Wiger-ir 1]

VU,HC,T =
Itigeyroir I+ipciroyr
E[FCFy pcr] (1 + E[grcrrc])

E [" U,FC,T] -E [gFCF,FC]

Vurer
(40)
The last term in this equation is the FC approach based upon the forward
exchange rate in period 7. Of course, we could write the terminal value also by using
the expected spot exchange rate and the growth rate based upon the spot exchange
rates as shown by the second line of Eq. (39).
After a recursive valuation process (roll-back procedure), the company’s value at
the valuation date =0 is derived by:

T t T
Vurco = z E[FCFU,FC,t] H (1 + E[rU,FClr—l,r] )_] + E[VU,FC,T] H (1 + EI:”UA,FC‘T—I,T] )_1
=1 =1 =1
= (E[FCFyrei] + E[Vyrea]) (1 +E[rU,FC|0,1])_1
(4D
For completing the FC approach, this value has to be multiplied by the spot
exchange rate at the valuation date, to get the unlevered company value in HC.
For the HC approach, we can write by referring to the last step of the recursive
valuation with noting that the expected company value at =T (terminal value) is to
be derived according to Eq. (40):

@ Springer



Cross-border DCF valuation: discounting cash flows in foreign... 635

Vurco = (E[FCFU,FC,l]E[Sl] +cov(FCFy ey, S)) + E[VU,HC,I] )(1+ E[VU,HC|0,1] )_]
L+ iy, >_]

= (E[FCFU,FC,I]F +E[VU,HC,1]) <1 +igcpon + ﬁu,FCE[MRPFC] T+ ircor

(42)

4 Valuing a levered foreign company
4.1 Assumptions

This chapter introduces debt financing. Debt financing alters the amount of cash
flow to be valued because of tax shields, but also the distribution and the riskiness
of cash flow components. Thus, we are adding financial risk and risk of default to
our analysis that dealt with exchange rate risk and business risk so far. For the sake
of efficiency, we focus on the changes of the valuation framework induced by debt.

If a foreign company uses debt in foreign currency (D), interest expenses lead
to a corporate tax shield. We follow Modigliani and Miller (1958, 1963), while add-
ing the following assumptions:

e We consider companies with limited liability. In the case of alternative private
debt financing, the liability of the private shareholders is limited to the dividends
paid out by the unlevered company. Thus, debt financing is not value increasing
due to the limited liability of the company, because the liability of the private
shareholders is limited also (Stiglitz 1969, p. 788).

e  We assume deterministic levels of debt employed. Therefore, we do not assume a
financial policy that defines debt in % of total company value (target leverage ratio).
As a result, our valuation framework begins with the APV (adjusted present value)
approach, and not the weighted average cost of capital (WACC) approach (see, for
example, Inselbag and Kaufold 1997). Nevertheless, we develop the WACC and
FTE (flow to equity) framework which reconciles with the APV results.

e Lenders demand a contractual interest rate (r,*) that compensates them ex ante
for the risk of default. As a consequence, the face value and the market value of
debt are identical.

e For modelling the tax effects of debt financing, we assume a tax-regime as used
by Sick (1990): A state-contingent tax shield is defined as the state-contingent
rate of return for the lenders (on the face value of debt) multiplied by the corpo-
rate tax rate and the face value of debt. This tax-regime implies that accounting
income resulting from an incomplete repayment of debt leads to tax payments.’

e  We do not discuss whether a bankruptcy proceeding is started if a default occurs
nor which consequences this might have in terms of risk and wealth transfers
between owners and lenders, or the valuation framework in general. We do not
consider cost of financial distress.

5 This assumption is also used by Kruschwitz et al. (2005). For other assumptions regarding the tax
regime see, for example, Cooper and Nyborg (2008) or Kraus and Lahmann (2016).
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4.2 APV approach

This approach is an immediate implementation of the value additivity principle. The
value of equity (E) follows from adding the present value of the tax shields (V)
to the unlevered company value (already discussed in Sect. 3), and subtracting the
value of debt from the resulting levered company value (V;). What is left to explain
is the valuation of the tax shields and the valuation of debt.

For the FC approach, we apply Sick (1990) to the valuation of the tax shields
from debt denominated in FC. Sick (1990) pointed out that the present value of
state-contingent tax shields must equal the certainty-equivalent of these tax shields
discounted by the risk-free rate. For the tax-regime assumed by Sick (1990), a state-
contingent tax shield equals the state-contingent rate of return for the lenders multi-
plied by the corporate tax rate and the face value of debt, as mentioned in the previ-
ous section. Then, the certainty-equivalent of these tax shields is defined as the tax
rate multiplied by the risk-free rate and the face value of debt. This is a straight-
forward application of a certainty-equivalent. It is relevant for two reasons: First, an
increase in the risk of default for a given level of debt does not change the levered
company value (see also Kruschwitz et al. 2005). Second, the valuation of the tax
shields becomes simple. Applying this idea to a multi-period context and to deter-
ministic levels of debt, the present value of the tax shields on interest expenses on
debt denominated in FC, to be derived in a recursive manner using forward interest
rates, is:

. . -1
Visrco = <Tclpc|o,1DFc,0 + Visre. ) (1 +ipcio,) (43)

The value of debt is the present value of the expected payments to the lend-
ers (CFp) until maturity. They are based on the contractual interest payments and
depend upon the assumptions regarding default. The RADR is the expected rate of
return to the lenders (). That rate can be defined by referring to the CAPM and
therefore to debt beta (5j,). Debt can be valued recursively by:

-1

Dpcy = (E[CFD,FC,l] + E[DFC,I]) I+ E["D,qu,l] 44)
—_——

ircio.1tPp.rc, E[MRPy]

Since we assume that the lenders are able to charge the interest rate that com-
pensates them for the risk of default in each future period, the present value of the
expected payments to the lenders (market value of debt) equals the face value of
debt.

The value of equity follows from:
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Epco = Vurcot Visrco —DPrco S0 = Yuuco + Visuco —Puco (45)
N —

Virco Vinco

If one would, contrary to our assumption, consider cost of financial distress, these
cost would lower the value of equity: Since we assumed homogeneous expecta-
tions and the ability of lenders to demand a risk-equivalent interest rate, lenders will
consider any of these costs that could decrease their cash flows while deriving the
risk equivalent cost of debt. Thus, cost of financial distress would decrease the cash
flows paid out to the owners.

For the HC approach, a foreign company that uses debt in the same FC (and is
taxed abroad) delivers tax shields which are subject to exchange rate risk. Then, tax
shields on FC debt that can be valued by transforming them into certainty equiva-
lents and discounting them with the risk-free rate for the FC approach become risky
from the HC perspective. Due to the exchange rate risk, the risk equivalent discount
rate ryg must be used. With the covariance between the certainty equivalent of the
tax shield in FC and the state-contingent exchange rates being equal to zero, the
value of the tax shields is:

-1
Visuco = <Tcipc|0,1DFC,oE [S)] + E[Vrs e > <1 + "VS|0,1> (46)

The rate for discounting the expected payments to lenders, converted by the
expected spot exchange rate into domestic currency, can be derived by applying Eq.
(33) and skipping the time index for the ease of presentation:

Elrpuc] = (1+E[rppc|) (1 +E[65]) + cov(rp ey, 8s) — 1
= iyc + Py, E[MRPyc| + Bp pcE[MRPyc| (1 + E[85]) + cov(rp pc. 85)
(47)
If forward exchange rates are used, the discount rate analogous to Eq. (34) is:

1+ 1+
E[rD,HC], = (1 + E[rD,FC]) 1 :Z.HC —l=iyc+ ﬁD,FcE [MRPFC] # 48)
ze) *lrc

Analogous to the derivation of the unlevered company value, assuming the
UIP to hold would lead to the identity of the beta value for the FC and the HC
perspective.

Using the rates as shown by Eqs. (47) and (48) in a multi-period context, and
accounting for the covariance of the payments to lenders with the state-contin-
gent exchange rates if expected spot exchange rates are used, we can value the
expected payments to lenders with the HC approach by:
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Dycpy = [(E[CFD,FC,I]E[SI] + COV(CFD,FCJ?SI) +E[DHC,1])] (1 +E[rD,HC|0,1])_l

-1
= (E[CFprc,|Fi + E[Dye,]) (1 + E[’”D,qu,l]/)
(49)
Obviously, the HC market value of debt denominated in FC depends on the
exchange rate. As usual, the value of equity according to the HC approach follows
from subtracting the value of debt from the sum of the unlevered company value
and the value of the tax shields.

4.3 FTE and WACC approach

The FTE approach requires the expected levered free cash flows (FCF;) to be dis-
counted by the levered cost of equity, i.e. the rate of return expected from the owners
of a levered company. Using the value additivity principle, this rate of return can be
defined as the weighted average of the relevant risk premia (see Schiiler 2018a). Dis-
regarding the time index for the ease of presentation again and relaxing the assump-
tion of risk-free tax shields on interest expenses, we can write for the FC approach
with reference to Inselbag and Kaufold (1997) and Schiiler (2018a):

E [r ] ipc+z Vurc —z Dpc C 4 z Visre
LFC rc T urc—7— Erc DFCT— Ere Voo FC —E -
D V.
= E[ryrc] + (Elrypc] _E[rD,FC])EFz - <E[rUvFC] _E[rVTS’FCD ;SFZC

(50)
If the CAPM is to be used, the levered beta equals the weighted average of the

betas attributable to the components of the unlevered free cash flow (see Drukarc-
zyk and Schiiler 2016, p. 371):

Dpe = Vis e Dyc Vs ke

Brrc = Burc+ Burc —Pporem— Erc + bPrsre—— Erc (51)

Erc
The value of equity is the present value of the levered free cash flows, i.e. the
unlevered free cash flows after interest payments plus the change in debt employed
and the tax shields, all in FC. The value of equity in HC equals the value of equity in
FC multiplied by the current spot exchange rate.
For the WACC approach, the unlevered free cash flows are discounted by the
WACC:

D TS

FC rC FC
WACCre = rppe— +Tpreo— —
ViFe Vire

52
Vikc ©2)

The valuation results need to be known before the levered cost of equity or the
WACC can be derived. This circular reference does not impose a problem for the
WACC approach, if the value ratios used in the definitions are known (see Inselbag
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and Kaufold 1997; Miles and Ezzell 1980). For the FTE approach, a circular refer-
ence remains even for known value ratios since the payments to creditors need to be
known for deriving the levered FCF (see Inselbag and Kaufold 1997, p. 122).

For the HC approach, the exchange rate risk and the choice to deal with it by
applying expected spot exchange rates or forward exchange rates is relevant for the
FTE and the WACC approach, too. Discount rates and value equations are presented
in Table 1. For deriving the RADR, we start with Eq. (33), if expected exchange
rates are used, and Eq. (34), if forward exchange rates are used.

Besides the risk-free rate of return, the discount rates consist of a premium for the
exchange rate risk (b), if the expected spot exchange rates are used. This premium
does not apply, if forward exchange rates are used in the numerator of the value equa-
tion and the adjusted discount rate, r; yc’, is used in the denominator. Risk premia for
business risk (c), and financial risk (d), which is the business risk borne by the owners
instead of the lenders, must be accounted for in both alternatives. The risk of default
(e) is borne by the lenders, and thus reduces the risk borne by the owners. We also
include a beta value for the tax shields (f) to generalize the definition, although our
previous assumptions required the RADR from a FC perspective to be the risk-free
rate (FC). In this case, the beta value is zero. The covariance related to the foreign
exchange rate (g) is to be considered, if expected spot exchange rates are used.

It should be noted that levered beta values derived empirically by the index model
imply all these risk premia. This should also be kept in mind when peer group betas
are used. Another practical implication is that because forward interest rates need to
be used for a multi-period valuation, discount rates cannot be constant. In addition,
changing exchange rates lead to varying discount rates even if they are constant in
FC. If one refers to the WACC approach, for example, hoping that it is easier because
the WACC is constant, the valuation would produce correct results only by coinci-
dence. Since we assumed debt employed to be deterministic, the APV approach was
used in line with the recommendation in the literature (see, for example, Inselbag
and Kaufold 1997). In the literature on cross-border valuation, recommendations
to use the APV approach can be found also (see also Bekaert and Hodrick 2018,
p. 665, Lessard 1979, Sercu 2009, Chapter 21). If a target leverage ratio would be
assumed, the WACC approach would be recommended for the FC approach without
considering exchange rate risk. For the HC approach, it would have to be checked
how the exchange rate risk that must be considered for each planning period can be
addressed within the WACC approach. One could conclude that the FC approach
must be applied first, in order to transfer the target leverage ratio from the FC per-
spective into the HC perspective.
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5 Valuing a domestic company that generates cash flows in foreign
currency or employs foreign currency debt

First, we assume that a domestic company generates cash flows in the home and the
FC, but is financed domestically. Cash flows in FC can be valued separately by either
the HC or the FC approach as shown above. Alternatively, the cash flows in FC can be
integrated in the overall cash flow forecast of the domestic company. It does not seem
to be efficient to convert its domestic cash flows into FC, add them to the cash flows in
FC, and apply the FC approach. Rather, one would convert the cash flows in FC into
the HC, add them to the domestic cash flows, and apply the HC approach.

Next, we discuss the tax effects for a domestic company that is financed partially
by debt in FC. According to the HC approach, the tax shield on interest expenses (7S)
on foreign debt must be converted into the HC and must be added to the tax shields on
domestic debt. Equation (46) can be applied accordingly.

Interestingly, tax effects do not only consist of the well-known tax shields on inter-
est expenses, but also tax effects resulting from currency effects related to changes
in debt employed. These effects (TFx) could occur due to changes in the exchange
rate within the time period between obtaining and repaying debt. They are a financial
manifestation of the transaction risk. They will occur if the tax regime considers them
to be part of the taxable income. This might be the case, if a repayment of FC-debt
converted into HC exceeds the amount of debt received in HC originally and therefore
reduces taxable income, or if a repayment converted into HC is lower than the amount
of debt received in HC and therefore increases taxable income. The period in which
the debt financing was obtained is labelled s, and the repayment occurs in period ¢
(with s <7). In order to keep the focus on repayments only, a more general formulation
referring to the change in debt should be avoided. This prevents increases in debt from
mistakenly influencing the tax effects. In order to avoid compensating effects between
different debt instruments, each debt instrument should be addressed separately. For
the HC approach, we can write repayment defined as RP:

E|TFxyc,| = tcE[RPgc,| (E[S,] = S;) + cov(TFxpc,.S,) (53)

It is worth noting that this effect is one example when the tax base differs from
the usual simplified definition of tax shields as being the product of tax rate times
interest expenses. Specific provisions of the tax code or tax loss carryforwards, for
instance, lead to a more complicated framework (see, for example, Baetge et al.
2019, Friedrich 2016 and Liibbehiisen 2000).

The change in exchange rates between the two relevant periods is to be con-
sidered, and not only an exchange rate at a specific point in time. The covariance
between the effect and the spot exchange rate is also relevant. Zwirner (1989), pp.
232-234, Click and Coval (2002), p. 138, Eiteman et al. (2016), p. 537, Bekaert and
Hodrick (2018), p. 742 and Ruiz de Vargas (2019), p. 1672, also point out the effect,
although at differing levels of precision. Eiteman et al. (2016), for example, consider
tax effects when deriving free cash flows in FC, but they neither value them nor
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integrate them into the discount rates, and mistakenly apply them not only to repay-
ments, but to interest payments as well.®
For the FC approach, we can write:

E|TFxpc,| = E[TFxyc,|E[S7'] + cov(TFxyc,, S;) (54)

One could argue that the FC approach is only a second-best solution to address
these tax effects, because TFx is defined in HC and needs to be converted back into
FC.

The total tax effect induced by debt financing (7E) is the sum of 7S and TFx. It
can also be derived by subtracting levered taxes from unlevered taxes. The value of
the tax effects (V) at the valuation date equals the present value of all expected
future tax effects. Although we transformed state-contingent tax shields on inter-
est expenses (75) from an FC perspective into certainty equivalents following Sick
(1990), they are risky from an HC perspective because of the exchange rate risk (see
Sect. 4.2 and Eq. 46 specifically). In addition, T7Fx cannot be expected to be risk-
free due to exchange rate risk and additionally due to the risk of default. Generally
speaking, and with reference to the value additivity principle, the rate for discount-
ing the tax effects would need to include risk premia for both 7'S and TFx:

. Visue VireHe
E [” TE,HC] =igc+ ZTS,HCV— + ZTFx,HCV— (55)
TE,HC TE,HC

Within the APV approach, levered company value is the sum of the present value
of the tax effects TE and the unlevered company value. Before obtaining the value
of equity, debt must be valued and subtracted from the total levered company value.
For applying the FTE or WACC approach, we can refer to Sect. 4.3. The equations
presented there are also applicable in general for the valuation of a domestic com-
pany that uses debt in FC, but need to consider the tax effects (TE) instead of the tax
shields on interest expenses (7'S). The recommendation to use APV if deterministic
debt levels are assumed, and WACC if debt is planned in % of total levered com-
pany value was established within a single currency framework. Before the WACC
approach can be used from a HC perspective, it has to be made sure that target lever-
age ratios in % of total levered company value can be applied in HC although debt
is denominated in FC and is subject to exchange rate risk, and although TF is risky.
That TE can be planned with a fixed link to the target leverage ratio should not be
taken for granted.

S Interest payments in foreign currency do not lead to this tax effect, because other than for repayments,
there is no corresponding prior cash inflow, which for repayments is the initial inflow of debt into the
company converted into HC at the exchange rate in period s. Thus, there is no change in exchange rates
between cash inflow (initial payout) and cash outflow (repayment) to be considered. Only the exchange
rate at the time of the interest payment is relevant.
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6 Assessment of textbook-approaches

The results of the assessment of Bekaert and Hodrick (2018), Chapters 15 and
16, Berk and DeMarzo (2020), Chapter 31, Brealey et al. (2019), Chapter 27,
Holthausen and Zmijewski (2020), Chapter 17 and Koller et al. (2015), Chapter 23,
with regard to the analysis of the paper are as follows:

1.

As shown by Eq. (11), the valuation can be conducted either with covariances between
cash flow or rate of returns with exchange rates considered in both numerator and
denominator, or without considering them. Bekaert and Hodrick (2018), Berk and
DeMarzo (2020) and Holthausen and Zmijewski (2020) mention the covariance of
the FCF in FC with the exchange rate, but assume it to be zero. The covariance in
the discount rate is not addressed in these three textbooks. The other two textbooks
do not mention these covariances at all. Although the textbooks mostly use forward
exchange rates to explain cross-border valuation, it remains unclear how covariances
would have to be dealt with, if expected exchange rates would be used.

We have discussed the conceptual consequences of using forward exchange rates
instead of expected spot exchange rates. Equation (13) contains the rate to discount
cash flows that have been converted by the forward exchange rates instead of the
expected spot exchange rates. Equation (34) applies this general principle to the unlev-
ered case. The formulae for the levered case are shown in Table 1. Equation (37)
and Table 3 show the RADR and its components assuming the UIP and the UH to
hold. In any case, our analysis started with 7. Koller et al. (2015) do not use RADR
for their demonstration of the HC and the FC approach, but risk-free rates. Brealey
et al. (2019) begin the analysis with r, use forward exchange rates and adjust 7¢
according to Eq. (34). Besides neglecting debt and taxes, and not clearly motivating
the use of forward exchange rates, their approach reconciles with our analysis for the
unlevered case without growth. The other three textbooks begin their discussion of
the RADR to be used for the HC approach and the FC approach with the HC-RADR,
and combine it with using forward exchange rates to convert FC cash flows (Bekaert
and Hodrick 2018; Berk and DeMarzo 2020; Holthausen and Zmijewski 2020). They
use Eq. (34) with rg. as the dependent variable. If one derives 7y from r while
using forward exchange rates, one assumes implicitly that r4- equals r5’. Thus, the
authors neglect the premium for exchange rate risks (b) and the exchange rate related
covariance [unlevered case: (d); levered case: (g)]. They imply that these risk effects
are zero. Otherwise, they would have to adjust r, a rate which fits to the discount-
ing of expected values, for (b), and (d) or (g). Their discussion is also not sufficiently
detailed to judge whether they also imply that the beta values are identical in HC and
in FC.

The use of forward interest rates is necessary in order to deliver consistent valu-
ation results. Bekaert and Hodrick (2018) and Koller et al. (2015) consider the
term structure of interest rates. However, Koller et al. (2015) do not address
business risk, and work with risk-free forward interest rates only. Holthausen
and Zmijewski (2020) consider the term structure of interest rates implicitly by
using the change in quotations of forward exchange rates as a proxy for linking
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the RADR in HC to the RADR in FC. The other textbooks do not consider the
term structure of interest rates.

4. We have shown some principles regarding the growth rate to be used for deriving
the terminal value. None of the textbooks discusses the derivation of the terminal
value in cross-border valuation.

5 Bekaert and Hodrick (2018) use the APV in Chapter 15 and refer to WACC
and FTE in Chapter 16, too. They review the use of the different approaches in
line with the established reasoning, shown e.g. in Inselbag and Kaufold (1997),
but they do so without a specific reference to cross-border valuation. Berk and
DeMarzo (2020) apply a constant WACC and assume only debt in HC. Neither of
the two textbooks addresses the risk of default. The other textbooks do not cover
debt financing at all, thus assuming unlevered companies.

6. There are more tax effects than just the tax shields on interest expenses, if debt denom-
inated in FC is used. As mentioned before, Bekaert and Hodrick (2018) cover TFx
besides the usual tax shields. However, they do not integrate tax effects in the DCF
valuation. Holthausen and Zmijewski (2020) discuss a number of tax effects; they
do not include them in their valuation example, for which they assume an unlevered
company. The other textbooks do not mention the tax effects on debt denominated in
FC.

As always, there is room for improvement. The review confirms the gap in the
literature mentioned in Sect. 1.

7 Conclusions

As well established in the literature, FC and HC approach applied consistently are
equivalent. By extending the existing literature, the paper shows the requirements for
both approaches to be defined consistently for both a risk-neutral and a CAPM-based
valuation framework. Furthermore, the analysis addresses the valuation of unlevered
companies as well as levered companies. Risk discounts from expected cash flows
(certainty equivalents) and risk premia as part of the respective RADRs (unlevered
and levered cost of equity, WACC, cost of debt) are derived for a number of risks
including: exchange rate risk, business risk, financial risk, and the risk of default.
The conclusions are:

1. The covariance of the free cash flows with the exchange rates is the numerator-
equivalent of the covariance of the rate of returns with the exchange rates in the
denominator of the value equation. The paper contributes to the literature by showing
that a valuation can consider either the covariances in both the numerator and the
denominator, or none of them. Both alternatives deliver identical company values.
This conclusion holds for the valuation of an unlevered company as well as for the
valuation of a levered company, because the covariance of the levered FCF can be
written as the sum of the covariances of its components starting with the covariance of
the unlevered F'CF. If a discount rate r,- is determined not indirectly by starting with
a rate r and adjusted for exchange rate effects as shown by Eq. (32) for example,
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but is calculated directly by adding the domestic risk-free rate to the risk premium
in HC that is estimated empirically with the index model, the resulting discount rate
is to be interpreted as including all covariances (based on rate of returns). Thus, the
covariance between FCF in FC and exchange rates need to be accounted for in the
numerator. Alternatively, FCF in FC net of their covariance with the exchange rate
are to be discounted by the rate shown, for example, by Eq. (11).

2. For the HC approach, (1) expected spot exchange rates or (2) forward exchange rates
can be used for the conversion of free cash flows in FC into HC. If the forward
exchange rates are used, one needs to differentiate between their application with
(2a) assuming the UIP and the UH to hold and without this assumption, i.e. if for-
ward exchange rates are interpreted as certainty equivalents (2b). The paper develops
the valuation framework for all three cases. If expected spot rates are used, all risk
premia are relevant and the RADR in HC has to include a premium for exchange
rate risk. This implies that if the beta value in HC is estimated empirically without
any risk adjustments, it is assumed to contain premia for the risks mentioned above
including exchange rate risk. It can be used to discount cash flows converted by
expected spot exchange rates. It can only be applied to free cash flows converted
by forward exchange rates if the UIP and the UH are assumed to hold (2a). If the
forward exchange rates are used to convert cash flows into HC without assuming
the UIP and the UH to hold, and treated like certainty equivalents (2b), the discount
rate must not contain exchange rate related risk effects. The appropriate RADR (for
a direct quotation) would be the RADR in FC adjusted by the ratio of the risk-free
interest rates in HC and FC (plus one). These results hold for valuing both unlevered
and levered companies. An analysis covering all these cases has not been presented
in the literature before.

3. For company valuation, exchange rate risk is measured with reference to the pre-
sent value of one future unit of FC (price risk), or, equivalently, by considering
the investment of one unit of FC at the risk-free interest rate in combination with
the expected change in exchange rates. This is a technical clarification with regard
to papers that measure exchange rate risk by comparing the change in exchange
rates with the returns on the market portfolio. Another technical clarification of
our analysis is that a multi-period valuation requires the use of forward interest
rates also when it comes to cross-border valuation.

4. For calculating growth rates to derive the terminal value within the HC approach,
the rate of change in exchange rates has to be considered besides the growth in
FCF in FC. Using a constant growth rate in HC might lead to inconsistencies.
Therefore, the rate of growth of FCF in FC should be the starting point. It needs
to be combined with the ratio of the forward interest rates in HC and FC (plus
one), if forward exchange rates are used, or with the expected change in exchange
rates, if expected spot exchange rates are used.

5. In line with the assumption of deterministic debt employed, our analysis starts
with the APV approach, although the RADRs for the FTE and the WACC
approach were derived as well. With regard to using target leverage ratios
for planning future debt financing, which would justify the use of the WACC
approach, we pointed out that the leverage ratios needed to be based upon FC
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values. Besides varying forward interest rates, exchange rate risk would lead to
time-dependent RADR.

6. The repayment of debt in FC used by a domestic company triggers a tax effect in
addition to the well-known tax shields on interest expenses. This additional tax
effect can be found in the literature, but has not been integrated into cross-border
DCEF valuation in a consistent manner before.

As always, the results depend upon the assumptions made, thus limiting the applica-
bility of the conclusions, if the assumptions were different. One of the two most notable
limitations can be attributed to result No. 4, because the terminal value is subject to
quite a few challenges as mentioned above. Secondly, result No. 5 is limited by assum-
ing deterministic levels of debt employed only and not using alternative financing poli-
cies like a target debt ratio based upon market values or book values, and by not model-
ling the risk of default in a multi-period setting extensively (including the preconditions
for market values of debt equaling book values and the costs of financial distress).

Future normative research could overcome these limitations, for example by
analyzing different financial policies and modelling the consequences of the risk of
default in greater detail. The paper might also provide a starting point for empiri-
cal research. For instance, existing empirical evidence could be analyzed or genuine
empirical research could be conducted with regard to the empirical relevance of the
premium for exchange rate risks (b) and the exchange rate related covariance [unlev-
ered case: (d); levered case: (g)], and also with regard to the difference between the
beta values and market risk premia from an HC and a FC perspective. This could
help to analyze the validity of the UIP and the UH, for which beta FC would equal
beta HC, and to choose between HC and FC approach, and to choose between using
forward exchange rates or expected spot exchange rates.
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Appendix
See Tables 2 and 3.

Equation (8):
Using Ag as the difference S, — S, we can write:
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E[S)]| =pS,i + (1 =p)Sy; = pAs+S,,
And:
Fy=qS,,+ (1 =9)S;; =qA5+S,,
Since S, is part of both equations, Eq. (8) is the difference between them:

RDg = E[S,]| — F, = pAg— gAg = (p — )

Equation (11):
We begin with:
Heo d,ds + cov(dy, dg)
With cov(dA, ds) = COV(AI, S, ) v;si = COV(AI, S, ) V;Iéo.
FC,0 20 ’

After rearranging, we get:

E[A)] - E[S,]
e =" ady

Equation (13):
With x for the modification of the discount factor d,, we begin with:

_E[A]E[S]  E[A]-F

HCO ™ d,d T dyx

Solving for x:

cma i JES] R R 1tk
SE[SI] So E[S)] S0 1+ipc

Using this solution for x leads to Eq. (13).
Equation (19):
With F| = (E[S,] — RDg) and
9rcFCFy, pey + (1 - qFC)F CFyjpci =E [F CF U,FC,I] - RDFCFUVFC
we get from

Vunrco =Fi [qFCFCFUu,FC,l + (1 - qFC)FCFUd,FC,l] (1 + iHc)_1

to
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Vuuco = (E[Si] = RDs) (E[FCFy pe.] = RDpc,, ) (1 + inc) ™

Equation (25):
With r, for the risk-equivalent rate to discount the difference between S, and S,
we can write:

1

[PSus + (1 =p)Sy1] = pAg(1475) " + S, (1 +ige) ™
1+E[rVS]

Since Vg and the present value of S, are the same for both the RADR-valuation
and the risk-neutral valuation, the present value of the difference must be the same
for both approaches:

pAg(1+ rA)_l = gAg(1+ iHC)_1

p(l + rA)_l = q(l + iHC)_l
147,

PAg = qhAg

Using these results and Eq. (23), we get to the definition of the risk discount RDy:

1+ 1+ F,-S —i
RDg = E[S,] - F, = gAg Ta —qu=qu< A —1>=4$M
1+iye 1 +iye q 1+iye
a ~lnc N BAEIMRP ] E[MRP]
=(F1_Sd.l) : =(F1_Sd.1)_-=(F1_Sd,l)—'=(Fl_Sd.l)»—
1+iye 1 +iye 1+iye inc = ma

Since the forward exchange rate is the certainty equivalent, adding this risk
discount to the forward exchange rate leads to the expected spot exchange rate, as
shown in Eq. (25).

Equation (26):

According to Egs. (4) and (5), the present value of one unit of FC is:

oy -
Vso=So(1 +irc) " =E[s,] (1 +E[rvs]>
Solving for the expected spot exchange rate, leads to:

1+ E[rvs]

Substituting the spot exchange rate with the forward exchange rate defined in Eq.
(1), and subtracting the forward exchange rate leads to the risk discount:
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1+ E[rvs] 1+ E[rvg] E[rvg] —liyc
- - - = - " - 1l=F =

RD.=E|S.|-F, =F
S [$:] = F4 Y14y 1+ ipe

Py EIMRP ] B Py EIMRP ]
=90

=F,

1 +iye 1 +ipc

Adding this risk discount to the certainty equivalent (F) leads to Eq. (26).

Equation (28):

We can write analogously to Eq. (19), but with CAPM based certainty
equivalents:

Vunco = (E[Sl] - RDS) (E[FCFU,FC.I] = RDpcr,,. ) (1 + iHC)71

= [E[Sl] - }‘HCCOV(Sl’rM,HC)] [E[FCFU,FC,I] - }'FCCOV(FCFU,FC.I’rM,FC)] (1 + iHC>71

After multiplying, we get:

Vunco = E[FCFU,FC,I]E[SI] - AHCCOV(SI > rMA,HC)E[FCFU,FC,l]

(@) (b)

= ApcCoV(FCFy pe s Fype ) E[S1] + Accov (S, rag e ) Apccov (FCFy peys ragre) [(1+ iHC)“

J O\ J

(©) (d)
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From FC to HC approach and back: risk parameters

If the uncovered interest parity is assumed to hold, forward exchange rates serve as
expected spot exchange rates, leading to a simple transition:

Therefore:
1+iHC>
cov(r r — e
B = cov(ry pes ") _ (ru.re- M’FC)(IHH- _ cov(ry pes Ty re) =5
UHC — 0_2 - Vi 2 - 0_2 — FU,FC
M,HC o2 ilie M,FC
MFC\ Ttip.
(56)
‘ 1+ ipe i 1 +ipe

(57)
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