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Miles-Ezzell: the problem 2

Up to now we know three procedures to evaluate E; (or \7t1) In
case of financing based on market values these procedures
coincide, otherwise not.

But what can we tell about the relation between WACC and the
unlevered cost of capital, i.e. kE1?
This is the topic of adjustment formulas.

And this time we will need the assumption of martingale-like cash
flows.
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Miles-Ezzell adjustment 3

Theorem (Miles-Ezzell 1980): /f
@ cash flows of the unlevered firm are martingale-like,
@ the levered firm is financed based on market values and
e WACC is deterministic,

then

_ E,u B Trf
1+WACCt_(1+kt )(1 1+rf1t)

and kE- js deterministic.
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Remarks 4

The original article of Miles-Ezzell required a constant leverage
ratio /; and risk-free debt: we do not!

This adjustment formula finally shows why WACC might be useful
(remember apples and oranges?).

The assumption of martingale-like cash flows is necessary (we
come back to this).

The proof is not an easy task.

What is the connection to the Modigliani-Miller (1963) adjustment
formula? Next lecture. . .
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'Road map’ of the proof 5

@ write down recursion formula with explicit tax shield (in
nominator)

@ transfer tax shield to denominator (=first part of the proof)
detour! rewrite recursion formula as infinite sum

apply fact that E? can be replaced by E if rr is replaced by
cost of capital (“cost of capital are discount rates”)

© rewrite infinite sum as recursion equation (detour finished)
@ use definition of WACC

1The detour is necessary I because our Theorem on discount rates can only
be applied to cash flows CF". But in the recursion formula also V! appears!
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Proof (part I) 6

We start from fundamental theorem for levered firm with its tax advantage

EQ [‘73+1 + CFyi1 + 7(ley1 + Preg1 + Dej1 — 5t)]

V=
1+ rf
ol EtQ [\ZIH + C~F?+1] + EtQ [7’(7;+1 + ﬁ;t+1 + 5t+1 — 5t)]
£ 1+rf
~ —u _
7 ES [Vt1+1 + CFt+1:| Tre Dy
£ 1+ re 1+ rf
~ Q [yl CEF"
\71 7re Dy B Et [Vt+1 + CFt+l]
¢ 1+ rf B 1+rf
Q [\/! CE"
o eV B [Vt+1 + CFt+1]
t 1+rf a 1+rf
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Proof (part I) 6

Using rule 2 (linearity)

EQ [VIH + CFt+l + 7(les1 + Prest + Dy — Dt)]

\71
t 1+rf
ol EQ [ i1t CFt+1] + E [T(EJA + Presi+ Des1 — Bt)]
t 1+ rf
o X [Vi+ CFin] b,
£t 1+ rf 1+ rf
~ Q (1 CF"
=1 7reDe E: [Vt+1 + CFt+l]
t 1+rf 1+rf
~ Q 1 CFY
7! Trfltth _ E; [Vt+1 + CFz:+1]
t 1+ re - 1+ re
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Proof (part I) 6

Rearranging terms

EQ [‘73+1 + CFyi1 + 7(ley1 + Preg1 + Dej1 — 5t)]

V-
1+ rf
ol EtQ [\7t1+1 + a:]:+1] +EQ [T(T;+1 + :B;tJrl + 5z+1 — 5t)]
£ 1+rf
~ —u _
7 ES [Vt1+1 + CFt+1:| Tre Dy
£ 1+rf 1+rf
Q [\/1 "
\71 7re Dy B Et [Vt+1 + CFt+l]
¢ 1+ rf - 1+rf
Q [\/! CE"
o eV B [Vt+1 + CFt+1]
t 1+rf a 1+rf
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Proof (part

)

Fundamental theorem for debtors

EQ [\7§+1 + a—'::rl + 7(les1 + Pres1 + Desr — 5t)]

vi—
t 1+ rf
o EtQ [\7t1+1 + Ei:‘:“’l] + E? [T(Tt+1 + B;H—l + 5t+1 — 5:)]
£ 1+rf
~ —u ~
7 E? [Vt1+1 + CFt+1] Tre Dy
£ 1+ re 1+ rf
~ Q [yl CF"
v Tre Dy . E; [Vt+1 + CFt+l]
t 1+ rf B 1+ rf
~ Q 1 CF"
vl rrel V) EBi [Vt+1 + CFt+1]
t 1+rf 1+rf
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Proof (part I) 6

Rearranging terms

EQ [‘73+1 + CFyi1 + 7(ley1 + Preg1 + Dej1 — 5t)]

V=
t 1+ rf
o EtQ [\7t1+1 + C~F?+1] + EtQ [7’(7;+1 + ﬁ;t+1 + 5t+1 — 5t)]
£ 1+rf
~ —u _
7 ES [Vt1+1 + CFt+1:| Tre Dy
£ 1+ rf 1+ rf
~ Q [yl CEF"
ol 7re Dy _ E; [Vt+1 + CFt+l]
t 1+rf - 1+rf
~ Q [\/! CE"
7! rrele V) i [Vt+1 + CFt+1]
t 1+rf a 1+rf
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Proof (part I) 6

Employing the definition of leverage ratio

EQ [‘73+1 + 57”121 + 7(les1 + Prest + Des1 — 5t)]

V=
t 1+ rf
ol E? [\7tl+1 + EI':?H] + E? [T(Tt+1 + BT’t+1 + 5t+1 - 5[’)]
£ 1+4rf
~ —u ~
v E? |:Vt1+1 + CFH—I] Tre Dy
t 1+ rf 1+ rf
~ Q (1 CE"
v Tre Dy - E; [Vt+1 + CFt+1]
t 1+rf B 1+ rf
~ Q (1 CF"
7 Trel V) . =h [Vt+1 + CFt+1]
t 1+rf o 1+rf
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Proof (part I) 6

Rearranging terms

EQ [‘73+1 + CFyi1 + 7(ley1 + Preg1 + Dej1 — 5t)]

V=
1+ rf
ol EtQ [\7t1+1 + C~F?+1] + EtQ [7’(7;+1 + ﬁ;t+1 + 5t+1 — 5t)]
£ 1+rf
~ —u _
7 ES [Vt1+1 + CFt+1:| Tre Dy
£ 1+ re 1+ rf
Q [\l =
\71 7re Dy B Et [Vt+1 + CFt+l]
¢ 1+ rf - 1+rf
Q [\/! CE"
= TreleVe E; [Vt+1 + CFt+1]
t 1+rf a 1+rf
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Proof (part I) 6

Rearranging terms

EtQ [\ZIH + Ef:_‘:_'.l + 7’(7;4-1 + B;t+1 + 5t+1 - 5t)]

7
t 1+rf
o _ EtQ [‘Zlﬂ + 67'—;1_,.1] + E? [T(EJA + ﬁt+1 + Dey1 — 51:)]
t 1+ rf
~ —u _
vl E? [Vt1+1 + CFt+1] Tre Dy
L 1+rf 1+ rf
~ Q (1 CF"
7 TriDy E: [Vt+1 + CFt+1]
t 1+rf a 1+rf
Q [\/1 cFY
o <1 rrele \ Bt [Vt+1 + CFt+1]
¢ 1+ rf N 1+ re
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Proof (part

)

And finally have a nice recursive equation!

EQ [Viiy + CFloy + 7(Tesa + Prevt + Desa — Dy)]

7.
1+rf
~ —u - — ~ -
vl EQ [Vt1+1 + CFt+1] +E? [T(It+1 + Previ+ Deya — Dt)]
£t 1+ rf
1 ~
= E? [V+1 + CFt+1] 7reDt
Vi= +
1+rf 1+ rf
7 7reDe B E? |V, [ tr1 1 CF:+1]
1+rf o 1+ rf
Q ——u
B[V + R
Vi b5 7

(1—%) (1+r)
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Proof (detour) 7

We start with the recursive equation

ER VL, + CFL]

_
= (1 - Ijrf,l:) (1+rf)
- er[c]
vi=
S (1 — S, ) - (1 - Zel )(1+ re)st
L Ee [CFS]
vi=
S (1 T 1) (1 - o lt) (14 kEa)*—t
~1 E: [Vt+1 + CFt+1]
V=
(1 - ;Tflf) (1+ kE)
(1- ) (resen) = & v n CFin]
(1 - 175:1;) (1 T kE’“) =1+ WACG
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Proof (detour) 7

Since cash flows of the unlevered firm are martingale-like, cost of capital can be used as discount rates

E? [V1+1 + CFt+l]

v

Ve = (1—;:{1:)(1%—#)

. ()
t*s:t“(l—lﬁl )...(1—1:¢1)(1+rf)57t
VoY =[]

S (1 T 1) (1 - o lt) (14 kE)*—t
E: [Vt+1 + CFt+1]

(1- ) (14 kE)

(1 _Trele ) (1+kEv“) _ E¢ [ t+1 T CFH—I]

vi—

1+ rf ‘71‘1
Trele Eu
1-— 1+ k=%) =14+ WACC
( 1+rf)( +KE) =1 A
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Proof (detour) 7

This \7} must satisfy the following recursion equation — detour finished!

~ —~—u
El? |:th+1 + CFt+1]

—_
e
ye s et e
S (- ) (1= ) )
vl d E: [67—':]
e (1 - 15_1) (1 - lt) (14 KkEw)™*
\7t1 _ E; [\7t1+1 + a:_;lﬂ]
(1 - %ﬂ;) (1+ KEv)
RIS
(1 - 175:1;) (1 T kE*“) — 1+ WACC:
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Proof (detour)

Rearranging terms

E? [Vl + CFL]

g o7
V6=

S (1— T, ) ..(1_ I 1)(1+,f)sff
L Ee [CFS]
V! =

S (1 T 1) (1 - o lt) (14 kEa)*—t
\7: _ E: [Vt+1 + CFt+1]

(1- ) (14 kE)

(1_ Trely ) (1+kE’“): E: [ t+1+CFt+1]

1+4rf %
Trele Eu
1-— 1+ k5%) =1+ WACC
( 1+rf)( +KE) =1 A
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Proof (detour)

Using the definition of WACC type 2

Vi=

vi—

vi—

vi—

(1 - %ﬂ;) (1+KEm)
(1750 ()

Kruschwitz & Loffler

= [Vl 1t CFt+l]

(1-F) @+ )
: o [e]
s:zt;_l(l—lﬁl ) ..(1_11’¢1)(1+rf)sff
T Ee [CFS]
s; (1= B tma) o (1= £ 1) (14 KEm)*

E: [ t+1 + CFt+1]
(1 - ;Tflf) (1 + KEm)
e[+ L

Vi

=1+ WACGC:
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Proof (detour) 7

q.e.d.

EQ [Vl 1t CFt+1]

. et v
R E ) (- e
T E: [CF.]

V=3 -

s=t+1

1+f ls— 1) (1 - 1’:; lt) (1+ kE,u)S—f
E: [ tv1 1 CFt+1]

(1 - %1‘) (14 KEw)

(1 = Lflt) (14 KE) M

V-

1+ rf th
Trele Eu
1-— 14+ k59) =14+ WACG:.
( 1+I‘f)( + ) + t
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The finite example 8

Consider financing based on market values
lo = 55%, l; = 10%, l> = 10%.

WACC results from Miles-Ezzell adjustment,

o E,u _ Trf .
WACC0_<1+k )(1 1+rf10) 1

0.5 x0.1
=(1+02)(1- =222 x055)—1=17°
(1+0 )( 1501 ><055) %
WACC; ~ 19.45%
WACGC, ~ 19.45%.
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The finite example 9

The firm value is
e |cFi] € | <P
0= TXWACG, T (14 WACG)(1 + WACG))
e |cF3]
(1 + WACGy)(L + WACG,)(1 + WACG,)

Lo 1m0 121
T 117 T 117 x 11045 1.17 x 1.1945 x 1.1945

_l’_

~ 236.65.
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The infinite example 10

Let rr = 10%. The leverage ratio is | = 20% and constant through
lifetime.

With Miles-Ezzell adjustment the WACC is

WACC = (1 + kEv) (1 - /) —1~18.9091%
1+ rf
and the firm value is

e Eo C’::Eu
P (1+ WACC)t

B i FCF¢  FCF{

N ot (1+ WACC)t ~ WACC

100

~ —————— ~ 528.846.

0.189091
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Summary 11

The connection between costs of capital of a levered firm and an
unlevered firm are given by an “adjustment formula”.

In particular, one can derive a relation between WACC and kE,
so WACC is indeed useful.

But this requires financing based on market values!
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