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In this paper, a model of corporate leverage choice 1s formulated m which corporate and 
ddTerentla1 personal taxes exist and supply side adJustments by firms enter mto the 
determmatlon of eqmhbrmm relative prices of debt and eqmty The presence of corporate tax 
shield substitutes for debt such as accountmg deprectatlon, depletion allowances, and Investment 
tax credits IS shown to imply a market equlhbrmm m which each firm has a umque interior 
optimum leverage decision (with or without leverage-related costs) The optimal leverage model 
yields a number of Interesting predlctlons regardmg cross-sectlonal and time-series propertles of 
firms’ capital structures Extant evidence bearmg on these predlctlons IS exammed 

1. Introduction 

In his recent ‘Debt and Taxes’, Merton Miller (1977) argues that m a world 
of dlfferentlal personal taxes, (I) the margmal personal tax disadvantage of 
debt combmed with (II) supply side adjustments by firms ~111 overrlde the 
corporate tax advantage of debt and drive market prices to an equlhbrmm 

lmplymg leverage irrelevancy to any given firm Miller’s pathbreakmg 

contrlbutlon raises the followmg interesting questions 

Do (1) and (II) continue to imply leverage irrelevancy under more 
realistic assumptions about the corporate tax code or m the presence of 

*We would like to express our appreclatlon to Lmda DeAngelo, Michael Jensen, David 
Mayers, two referees, Gallen Hate and Robert Lltzenberger, and an anonymous referee, for their 
helpful comments on an earher draft The authors are responsible for any remammg errors This 
paper was prepared prior to Professor Masuhs employment by the Commlsslon The Securitres 
and Exchange Commrsslon, as a matter of polw~, d&alms responslbrllty for any prwate 
pubhcatron or statement by an) of tts employees The mews expressed hewn are those of the 
author and do not necessardy reflect the wews of the Commwron or of the author’s colleagues 
upon the staff of the Commwlon 
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bankruptcy, agency, or other leverage-related costs? Alternatlvely, will 
these condltlons imply a unique interior optimum leverage decision for 
each firm? 

Can Miller’s model be generalized to yield testable hypotheses regarding 
the determinants of firm and industry level leverage structures? 

In this paper, we extend Miller’s analysis to address these questions We 
show that Miller’s irrelevancy theorem 1s extremely sensitive to realistic and 
simple modlticatlons m the corporate tax code Specifically, the existence of 
non-debt corporate tax shields such as depreclatlon deductions or investment 
tax credits 1s suficlent to overturn the leverage Irrelevancy theorem In our 
model, these realistic tax code features Imply a unique interior optimum 
leverage decision for each firm m market equlhbrmm after all supply side 
adJustments are taken into account Importantly, the existence of a unique 
interior optimum does not require the mtroductlon of bankruptcy, agency, or 
other leverage-related costs On the other hand, with any of these leverage 
costs present, each firm will also have a unique interior optimum capital 
structure regardless of whether non-debt shields are available Moreover, 
market prices will capitalize personal and corporate taxes m such a way as 
to make bankruptcy costs a slgmficant conslderatlon m a tax benetit- 
leverage cost tradeoff This last point 1s of critical interest because It 
mitigates Miller’s ‘horse and rabbit stew’ crltlclsm of tax benefit-leverage cost 
models of optimal capital structure 

Our model also yields a number of testable hypotheses regarding 
the cross-sectional and time-series properties of firms’ capital structures 
Most Interestingly, our model predicts that firms will select a level of debt 
which IS negatively related to the (relatively easily measured) level of 
available tax shield substitutes for debt such as depreciation deductions or 
investment tax credits We conclude the paper with a brief survey of existing 
emplrlcal evidence which IS relevant to the theories developed m earlier 
sections 

2. Elements of the model 

We employ a two-date state-preference model m which firms make 
leverage declslons and mdlvlduals make portfolio decisions at t = 0 before the 
true state of nature prevallmg at t = 1 1s known At t =O, value-maxlmlzmg 
firms package their state-contingent t= 1 earnings into debt and equity 
vectors of state-contingent before personal tax dollars for sale to mdlvlduals 
The corporate tax code treats debt charges as deductible m calculating the 
corporate tax bill Firms also have deductible non-cash charges (e g 
accounting depreciation and depletion allowances) as well as tax credits The 
personal tax code IS heterogeneous m that applicable personal tax rates differ 
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both across debt and equity income across Investors For a given investor, 
the personal tax code treats equity Income more favorably than debt Income 
At t=O, utlhty maxlmlzmg Investors select portfolios of firms’ debt and 
equity securities which are optimal for their risk-preferences and personal tax 
status 

2 1 Aggregate demand for debt and equity under dlfferentral personal 
taxatron 

For slmphaty, we assume the followmg heterogeneous personal tax code 1 
For each investor I, let zko and zLE represent constant margmal personal tax 
rates on debt and equity income The personal tax code is equity biased as 
the tax rate on debt income exceeds that on equity mcome zbo > +a 2 0 for 
all investors Equivalently stated, debt and equity are dlfferentlally taxed so 
that the state-contmgent after-personal tax cash flow per umt of state s 
equity income exceeds that per unit of state s debt income (1 - &) > 
(1 - &) for all i 

Let P,(s) and PE(s) denote the current (time t =0) market prices per unit 
(per t = 1 dollar) of before personal tax debt and equity income to be 
delivered m state s ’ Define (1 - &)/P,(s) and (1 - &)/PE(s) as mdlvldual 1)s 
after-personal tax yields on state s debt and equity Under our proportional 
tax code, utility maxlmlzatlon requires investor 1 to adjust his holdmgs of 
state s debt and equity claims to maxlmlze his portfoho’s after-personal tax 
yield As a consequence, investor I will choose to hold state s debt over 

equity if (1 -&,)/Po(s) > (1 - &)/PE(s) Slmllarly, investor I will choose to 
hold state s equity over debt if (1 -z&,)/P,(s) < (1 -rX)/PE(s) And investor 1 
will be indifferent to holding either state s debt or equity if after-personal tax 
yields are equal 

Let t, denote the cross-sectionally constant corporate tax rate For 
slmphaty, we assume that investors are differentially taxed so that at least 

‘Many other (simple and complex) personal tax codes Imply demand curves as m figs 1 and 2 
and thus would also suffice for our conclusions See DeAngel+Masuhs (1980) for a dIscussIon 
of these alternatlve personal tax codes and associated clientele effects 

*In the standard (I e, no dlfferentlal personal tax) model, the smgle price law of markets 
reqmres Po(s)=Ps(s) for market eqmhbrmm because all state s claims (regardless of whether 
they are labelled debt, eqmty, etc ) are perfect substitutes to all Investors In this standard case, 
P,(s)#P,(s) IS mconslstent with equdtbrmm because no one wdl be wllhng to hold the higher 
priced asset or, If unhmlted shortmg IS possible, a pure arbitrage wealth pump ~111 be avadable 
However, with dlfferentral personal taxes, debt and eqmty are no longer perfect substitutes to all 
Investors the debt or eqmty labellmg lmplles dIKerent tax treatment for different mvestors This 
assumes, of course, that personal tax arbitrage schemes cannot be devised to remove the 
dlfferentlal treatment Thus, P,(s)#P,(s) IS perfectly consistent with (and ~111 generally obtain 
rn) market eqmhbrmm Our usage of the state-preference prlcmg rule with ddferentlal personal 
taxation IS analytlcally ldentlcal to the usage m Lltzenberger-Van Horne (1977) and DeAngel+ 
Masuhs (1980) 
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one investor 1s m each of the followmg mutually exclusive and exhaustive 
personal tax brackets 3 

Bracket B I 

(1 -Go)> (1 -wu -d, 

Bracket B 2 

u-75,,= U-7X)(1 -7A 

Bracket B 3 

u-7a< u-7idu -7,) 

The effect of differential personal taxes on the aggregate demand for debt 
1s most easily understood for the special case m which all mdlvlduals m the 
economy are risk-neutral and believe that each state s will occur with 
probablhty n(s) Let P, and P, be the current market prices of before- 
personal tax expected equity and debt cash flow In this case, the markets for 
state-contingent equity claims must set prices to equate all before personal 
tax expected yields so that +)/P,(s)= l/FE for all s 4 Slmllarly, before 
personal tax expected yields on all debt claims must be equated so that 
n(s)/P,(s)= l/iin for all s Thus, with homogeneous beliefs and risk 
neutrality, we can examme mdlvlduals’ debt-equity demand declslons and 
firms’ debt-equity supply declslons by exammmg only two markets one for 
before personal tax expected cash flow to equity (with current unit price P,) 
and one for before personal tax expected cash flow to debt (with current unit 
price Fn) 

Market prices PD and FE ~111 establish marginal investors denoted by p, 
with tax rates 7FD and 7FE, for whom after-personal tax expected yields on 
debt and equity are equated 

(1-7Fd7w= (1-7Fd= (l-73 = (1 --T;&(S) 

P,(s) PD PE P&J 

for all s 

By definition, these marginal investors are indifferent between taking their 
next dollar of income m the form of debt or equity As noted m figs 1 and 2, 

‘The easiest way to Interpret this simple proportlonal tax code IS to consider Miller’s special 
case m which eqmty Income IS not taxed 7bE= 0 for all I Bracket B 1 Investors have relatively 
low personal tax rates on debt Income, B 2 Investors have mtermedlate tax rates, and B 3 
mvestors have relatively high tax rates - B 1 7;,, < 7_ B 2 & = T,, B 3 7& > 7, 

4Among all state-contmgent eqmty secuntles, every risk-neutral Investor whose tax bracket 
dictates an equity purchase wrll plunge m the eqmty claim with the highest expected yield Smce 
all claims must be held m eqmhbrlum, they must be priced to have the same expected yield As 
noted m footnote 2, l/pa# l/p, IS perfectly consistent with equlhbrmm 
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for prices P, >= P,, zero umts of expected before personal tax debt cash flow 
are demanded because the after tax expected yield on equity exceeds that on 
debt for all Investors For these prices, no margmal Investors exist For 
relative prices BE> P,> PE(l -zC), posltlve quantltles of expected debt cash 
flow ~111 be demanded by investors m bracket B 1 and associated margmal 
tax rates satisfy (1 -tiD)> (1 --t&)(1 -zJ As P, IS lowered relative to ii,, 
larger quantities of before personal tax expected debt cash flow are 
demanded m the aggregate and ImplIed marginal personal tax rates change 
correspondmgly At prices B, = P, (1 -tc), Investors m bracket B 1 demand 
only debt and the margmal investors who are mdlfferent between expected 
equity and expected debt income are m bracket B 2 with tax rates (1 -+,) 
= (1 -t&)(1 -7,) And P,, <P, (1 -T,) implies that investors m brackets B 1 
and B 2 demand only debt and marginal investors are m bracket B 3 with 
:l - &,) c (1 - z&)( 1 - zC) Introduction of the aggregate debt curve m 
figs 1 and 2 endogenously determines the market-clearing relative prices and 
the tax bracket of marginal investors 

2 2 Firm valuation under dlffeerentlal personal taxation 

In this section, we examme firms’ leverage choice problems and lay the 
groundwork for later sections’ derivations of aggregate supply curves 

To understand how leverage affects firm value, we must first characterize 
the effects of leverage on before-personal tax cash flows to debt and equity ’ 
For a given firm, define the following (state-contingent where noted) 
variables 

X(s) rstate s earnings before interest and taxes, 
B-face value of debt which IS assumed fully deductible m calculating the 

corporate tax bill (capital structure decision variable), 
A ~corporate tax deductions resulting from non-cash charges such as 

accounting depreciation, 
r Edollar value of tax credits, 
5, ~statutory marginal corporate tax rate, 
8=statutory maximum fraction of gross tax hablhty which can be 

shielded by tax credits 6 

For notational slmpllclty, let earnings X(s) be monotone increasing m s 
over the set of possible states [0,5-J with 05 X(O)IX(S) < co Segment [0, CJ 

5To emphasize that the mteractlon of corporate and personal tax code provIsIons alone 
lmphes a umque mterlor optimum leverage declslon m our model, we do not consider default 
costs until sectlon 5 

6For the Investment tax credit, Congress has specltied 0=0 5 (with some exceptlons for pubhc 
utlhtles, alrhnes, and radroads) but recently raised 6 to 0 9 
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mto sub-Intervals so that the state-contingent before personal tax, but after 
corporate tax cash flows to debt and equity, D(s) and E(s), are given by ’ 

WI E(s) State outcome 

X(s) cl for s~[O,sl) 
B X(s)-B for SE[S’,S~] 
B X(s)-B-T,(X(S)-A-B)+~T,(x(s)-A-B) for SE[SZ,S~] 

B X(s)-B-7,(X(s)-A-B)+r for SE[?,fl 

Here, s1 denotes the state m which earnings Just cover debt charges For 
earnmgs reahzatlons m the state interval SE [0, sl), the firm 1s m default, all 
of the firm’s earnings are paid to debtholders, the corporate tax bill 1s zero, 
and all corporate tax deductions m excess of earnings are unutlhzed as are 
all tax credits 

For SE [~‘,a, no default occurs, the residual component of the firm’s 
earnings 1s paid to equltyholders, and the corporate tax bill can be zero or 
positive The extent to which corporate taxes are paid over [s’,fl 1s state- 
contingent and depends on earnings X(s), the face value of debt B, and tax 
shield substitutes for debt (d and r) Accordingly, sz denotes the state m 
which the corporate tax bill is Just driven to zero It follows that, for 
SE [s’, s’], the corporate tax bill 1s zero because corporate tax deductions 
exceed earnings with a consequent loss of excess deductions and all tax 
credits Slmllarly, s3 denotes the state m which all deductions and credits are 
Just fully utlhzed For SE (s’, s3), the corporate tax bill is positive and 
deductions are fully utilized but credits are only partially utilized due to the 
statutory celling hmltmg usable credits to a fraction, 0, of the gross tax 
hablhty (= r&X(s) - B - A)) For s E [s3, ?J, the corporate tax bill 1s posltlve 
and all deductions and credits are fully utilized Most importantly for our 
model, notice that for SE [sl, s3), corporate tax shields are lost to the firm 
even though no default occurs 

The current market value of the firm is I/= D +E where D and E are the 
current market valuations (at prices (P,(s), P,(s)}) of the vectors of state- 

‘This footnote provides techmcal detimtlons of sl, s2, and s’ Intultlve mterpretatlons are 
provided m the text Techmcally, s1 1s defined as the untque state satlsfymg X(s’)= B, assummg 
X(0) 5 B 5 X(S) Notlce that settmg promised debt charges B > X(i) z xnaxmwn possible 
earnings is not possible If 0 j BsX(O), then s’ =0 Thus, for SE [0, s’), earnings fall short of 
promises to debt so that default occurs Smdarly, sZ IS the umque state satlsfymg X(s’)=(B 
+A), assuming X(O)sB+AsX(S) If OSB+AlX(O), then s2=0 If B+AzX(B), then sZ=8 
Thus, for SE [s’,s2], earnmgs exceed promises to debt (X(s)2 B) so that no default occurs but 
allowed deductions exceed earnings (X(s) s (B+ A)) so the corporate tax bdl 1s zero Finally, s3 IS 
the unique state satlsfymg 07,(X(s3) - (B + A))= r, assuming X(O)5 B+ A +T/Br, 5 X(i) If 05 B 
+ A + r/Or, $X(O), then s3 = 0 If B + A + r/h, 2 X(S), then s3 = Z For s E (s2, s’), the corporate 
tax bdl IS positive smce eammgs exceed deductlons but tax credits are partially unutdlzed smce 
t? times the gross tax habdity 7,(X(s) - (B + A)) < r = potentially usable credits For s E [s3, .FJ, the 
tax bill IS posltlve and all deductions and credits are utdlzed 
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contmgent before-personal tax cash flows to debt {D(s)} and to eqmty 

{E(s)) 

D= jD(s)P,(s)ds=Si BP,(s)ds+ jl X(s)P&)ds, 
0 0 

E=jE(~)P,(s)ds=s~ {X(s)-E--t,(X(s)-A -B)+T}P,(s)ds, 
0 

+$ {X(s)-B- (1 -f&(X(s)-A -B))P,(s)ds 

+i {X(s)-B}P,(s)ds 

The firm’s optimal leverage decision maxlmlzes the current market value of 
the firm V=D + E 8 To see how alternatlve leverage decisions affect firm 
value, calculate the marginal value of debt financing aV/aE (noting that 
terms mvolvmg the limits of integration vanish), 

i3’/‘aB=S~ {P&)-PE(s)(l -tc)}ds 

+x {P&)--P&N -7,(l -W))ds 

+I b(+-P&)) ds 

Inspecting (l), we see immediately that the presence of corporate tax shield 
substitutes for debt (A, r > 0) implies that the leverage decision 1s necessarily 
relevant to the firm The leverage decision 1s Irrelevant if and only if W/aB 
=0 for all feasible decisions B But with A >O and/or r > 0, it 1s lmposslble 
for L?V/i?B to vanish identically for all B so that at least some leverage 
decisions are strictly preferred to others 

*Schneller (forthcommg) asserts that, m a world of ddferentlal personal taxation, owners ~111 
generally disagree on optlmal firm declslons and therefore value maxlmlzatlon IS not the proper 
corporate goal Contrary to Schneller’s claim, the logic of the Fisher Separation Theorem [see 
DeAngelo (1980)] continues to apply under dlfferentlal personal taxation To see why, note lirst 
that m the competitive economy formalized above, a given lirm cannot affect the economy’s risk- 
sharmg capablhtles Both debt and eqmty markets are complete so that investors’ dlverslficatlon 
and personal tax attrlbute demands are fully satisfied Moreover, market prices {P,(s), Pe(s)} are 
perceived as mdependent of the declslons of a given lirm It follows that a given firm’s financmg 
and Investment declslons Impact on pre-exchange owners’ consumption opportumtles only 
through their effect on personal wealth In the absence of technological externalities, the 
maxlmlzatlon of firm value simultaneously maxlmlzes the wealth and therefore the consumption 
opportunities and utility of every pre-exchange owner 
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To better understand the margmal value of debt expression (l), again 
consider the special case m which all Investors are risk-neutral with 
homogeneous beliefs As shown m section 2 1, risk-neutral valuation lmphes 
P,,(s)=P,,R(s) and PE(s)=PE~(s) for all s where P, and P, are the market 
prices of before-personal tax expected cash flow to debt and equity The 
marginal value of debt then reduces to the easily interpreted expression 

avlas=(P,-P,(I-r,)}an(s)ds 

+{P.-P.} jn(s)ds (2) 

In (2), 8V/aB IS the present value of the expected marginal after-corporate 
(but before personal) tax cash flow resulting from a substltutlon of one more 
promised dollar of debt for equity This margmal present value can be 
decomposed mto three components which depend on the extent to which the 
corporate tax deductlon from the marginal umt of debt IS utlhzed The first 
component, P,-P,(l -tC), IS the present value of the debt for equity 
substltutlon given full utlhzatlon of the corporate tax deductlon associated 
with the margmal unit of debt The first integral m (2) 1s the probablhty of 
full utlhzatlon of the marginal debt deduction The second component, P, 
-1’,(1 -z,(l -O)), represents a lower present value due to partial loss of the 
corporate tax shield caused by the statutory B-cedmg on usable tax credits 
The second integral 1s the probabdlty of partial loss of the marginal 
corporate tax shield due to the O-celling Slmlarly, the third component, P, 
-P,, IS the present value of the debt for equity substltutlon given total loss 
of marginal corporate tax shield because available deductions already shelter 
all earnings The third integral IS the probablhty of total loss of the 
corporate tax deductlon on the margmal umt of debt Eq (2) does not 
include a default probabdlty term because additional promised payments to 
debt have no cash flow (or corporate tax) impact in default states, over the 
default range, all earnmgs are already paid to debtholders and no further 
debt for equity cash flow substltutlon can occur 

3. Miller’s leverage irrelevancy theorem 

To hlghhght the difference between Mdler’s model and ours, we first 
characterize market equlhbrmm for a world analytically simdar to Miller’s 
and derive his leverage Irrelevancy result Given no corporate tax shield 



H DeAngelo and R W Mash, Optvnal capztal structure under taxation 11 

substitutes for debt,g partial or total loss of the marginal corporate tax shield 
benefits of debt never occur Technically, with A =r = 0, we have s1 =s2 = s3 
and W/i% reduces to the first term m (2), 

W@B={P,-P,(l -r,)} j n(s)ds (3) 

From (3), we can derive the aggregate debt supply curve. If relative prices 
satisfy Is, <P, (1 -zC), then c?V/~B < 0 for all feasible leverage declslons and 
the firm selects an all equity capital structure If P, >P,(l -rc), then iYV/iJB 
>O for all B and an all debt capital structure 1s uniquely optimal If B,, 
=P,(l -z,), the firm 1s indifferent among all feasible debt-equity packages of 
earnings (1 e, riskless and risky debt) so that the supply curve 1s perfectly 
elastic over the entire feasible leverage range Since the above analysis applies 
to all firms, the aggregate debt supply curve (the sum of all firms’ supply 
curves) 1s also perfectly elastic at relative prices P, =PE (1 -tC) as shown m 
fig 1 

EXPECTED BEFORE PERSONAL 
TAX DEBT CASH FLOW 

FIN 1 Market eqmhbrmm m a ‘debt and taxes’ world, Ddeb’=aggregate demand curve, Sdebt 
= aggregate supply curve, Q = eqmhbrmm aggregate quantity of debt, P, = P,( 1 -T,) 

=eqmhbrmm debt price 

“We continue to assume that bankruptcy costs are absent This assumption IS crItIca for 
Mdler’s Irrelevancy result (see sectlon 5) Also, see DeAngelo-Masuhs (1980) for a more 
complete dIscussIon of the conditions which lead to the Irrelevancy theorem 
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Given the heterogeneous personal tax code of sectlon 2 1, the downward- 
sloping aggregate debt demand curve must intersect the aggregate supply 
curve m the perfectly elastic range at relative prices pD =p,(l -2,) Thus, the 
leverage decision 1s Irrelevant to the mdlvldual firm facing market 
equlhbrmm prices 

On the demand side, m market equlhbrmm, the marginal Investors must 
be m bracket B 2 As explained m section 2 1, marginal investors are those 
for whom after-personal tax expected yields on debt and equity are equated 
at current prices (1 -z&,)/P, = (1 -&)/PE At market equlhbrmm prices B,, 
=P,(l -zC), marginal investors are m bracket B 2 with tax rates satlsfymg 
(1 -$J=(l -&)(l --T,) 

The duality between equihbrmm relative market prices and equlhbrlum 
relative marginal personal tax rates yields an mtultlve interpretation of 
market equlhbrmm Formally, substitute the margmal investors’ tax rate 
condition fi, =P,(l -z&)/(1 -$,) into the marginal value of debt 
expression (3),” 

In equlhbrmm, the bracketed term 1s zero as noted above Intmtively, the 
market endogenously determmes the relative margmal personal tax rates on 
debt and equity so that the personal tax advantage of equity exactly offsets 
the corporate tax advantage of debt over the entire feasible leverage range 
In Miller’s special case m which equity income IS not taxed (z”pE =& =0 for 
all t), we have 7= = zFr, which says that the marginal corporate tax advantage 
exactly equals the personal tax disadvantage of debt 

4. Tax shield substitutes for debt and interior optimum leverage 

With posltlve corporate tax shield substitutes for debt (d,r>O), Miller’s 
firm level leverage Irrelevancy conclusion no longer holds Instead, relative 

“‘M~ller’s (1977, p 267) gams from leverage expresslon can be derived from (4) quite easdy 
For rlskless debt, the probablhty of default IS zero (s’=O) and the Integral m (4) equals one 
Also, for rlskless debt, the present market value of debt D=P,B Combmmg these two facts, (4) 
may be rewritten as Mdler’s expressron, 

av/aD=[l-((l-r:,)(l-r,))/(l-r:o)] 

It 1s worth notmg that If firms are constramed to Issue only rlskless debt, then P,=P,(l -5,) 
need not hold m eqmhbrlum so that leverage can be relevant to mdlvldual firms See 
DeAngelo-Ma&s (1980) for an explanation of how constramts on firms’ supply adlustment 
capablhtles can overturn the leverage Irrelevancy result It IS also worth notmg that cross- 
sectlonal varlatlon m corporate tax rates [as m Black (1971)] implies leverage relevancy to 
mdlvldual firms and corporate capital structure clienteles (firms with relatively high corporate 
tax rates WIII be highly levered, etc ) 
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market prices will adjust until m market equlhbrmm, each firm has a umque 
mterlor optimum leverage declslon This unique interior optimum exists 
because there 1s a constant expected marginal personal tax disadvantage to 
debt while positive tax shield substitutes imply that the expected marginal 
corporate tax benefit declmes as leverage IS added to the capital structure I1 
At the unique optimum, the expected marginal corporate tax benefit Just 
equals the expected marginal personal tax disadvantage of debt 

We begin, as with Miller’s Irrelevancy theorem by deriving the aggregate 
supply curve for before-personal tax expected debt cash flow With corporate 
tax shield substitutes for debt, each firm’s debt supply curve and therefore 
the aggregate debt supply curve will have a brief perfectly elastic section and 
then be smoothly upward sloping as shown m fig 2 The perfectly elastic 

EXPECTED BEFORE PERSONAL 
TAX DEBT CASH FLOW 

Fig 2 Market eqmhbrmm with tax shield substitutes for debt, Ddeb’=aggregate demand curve, 
Sdebt=aggregate supply curve, Q=eqmhbrn~m aggregate quantity of debt, ii,>P,(l --c,) IS the 
eqmhbrlum debt price, B”“- -aggregate quantity of debt supphed when all firms are at the 

maxlmum debt level allowmg full utlhzatlon of all corporate tax shields 

“Strictly speakmg, the marginal personal tax disadvantage IS constant, Independent of B, only 
for risk-free debt The umque mterlor optimum still obtams with risky debt, but now the 
mtmtlve explanation IS that the expected marginal corporate tax benefit of debt dechncs more 
rapIdly than the expected margmal personal tax disadvantage dechnes See footnotes 13 and 17 
Our earher workmg paper estabhshed an umque mterlor optimum leverage wlthout the 
assumption of risk neutrahty, homogeneous behefs, and conventlonal debt contracts 
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sectlon occurs at relative prices P,=p,(l -zC) and extends only over those 
low levels of leverage which allow all corporate tax shields (d,T, and B) to 
be fully utlhzed m every state of nature Beyond this full utlhzatlon level, the 
supply curve IS upward sloping because firms are wllhng to supply more debt 
to the market only If they are compensated [with higher unit debt prices pn 
>P,(l -T,)] for the increased probablhty of partial/total loss of the 
corporate tax shield associated with addltlonal debt For any given set of 
relative prices on this upward sloping section of the supply curve, each firm 
has a unique mterlor optimum leverage decision And under weak 
assumptions about the personal tax code, the aggregate demand curve 
mtersects the aggregate supply curve in the upward sloping section at relative 
prices ijE >P, > P,(l -r,) which dictates the unique mterlor optimum for 
each firm 

To derive the supply curve formally, notlce first that A, r > 0 Imply s3 > sz 
>sl 20 so that the marginal value of debt 1s once again given by the general 
expression (2) If relative prices satisfy li, <P,(l -TV), then as m Miller’s 
world, i?V/BB<O everywhere and no firm will supply any debt At relative 
prices B,=li,(l -z~), there 1s a brief perfectly elastic sectlon of the supply 
curve which extends only to the pomt where the selected debt level Just 
results m full &lhzatlon of all corporate tax shields (A,T, and the selected B) 
m every state of nature Full utlhzatlon of the tax credit r m every state 
requires that leverage J3 be set low enough that 8 times the resulting gross 
tax hablhty IS always greater than or equal to r, 

0~,(X(s)-d-B)~8~,(X(0)-d-~)~r for all s 

Since X(0) IS the lowest possible earnmgs, the maximum promised debt level 
or maximum leverage, ZP’, which IS consistent with full utlhzatlon of all 
corporate tax shields m every state 1s” 

B'""EX(O)-A-r/8r,<X(O) 

Techmcally, for leverage B m the range 0 5 B 5 B’““, s1 = sz = s3 = 0, because 
default risk 1s zero and all corporate tax shields (A,T, and B) are fully 
ut’hzed m every state of nature Over this range (2) reduces to 

aV/aB=Pn-PE(l-Z,) for O~B~B’““<X(O) 

‘*We assume X(0)-A -T/k, >O for at least some tirms If the reverse mequahty holds, firms 
cannot Issue any debt wlthout rlskmg loss of corporate tax shield In this case the aggregate 
debt supply curve would be upward slopmg everywhere [there would not be a perfectly elastic 
sectlon at P,=P,(l -r.)] 
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Thus, when relative prices satisfy B,, =I’,(1 - zc), the firm IS mdlfferent 
among all leverage declslons which allow full utdlzat’on of all corporate tax 
shedd and its supply curve IS perfectly elastic over the debt range OSB 
=< B’“” Correspondmgly, at P, = P,(l -zc), the aggregate supply curve 1s 
perfectly elastic until the quantity at which all firms have reached their full 
utlhzatlon debt levels 

For higher debt levels B m the range B’““<BSX(O), debt 1s still rlskless 
but somp corporate tax shield 1s lost m low earnmgs states Over this 
leverage range, s1 =0 but s3 > s2 2 0 so that, at relative prices !‘n =B,(l -T,), 
the first term m (2) vanishes and the sum of the second and third terms IS 
strictly negative In other words, aT/laB <O and no debt will be supplied 
beyond B’“” at relative prices P,, =P,(l -zc) 

Therefore, to induce a supply of debt greater than B”“‘, a higher unit price 
P, >PE( 1 -z,) must be paid This higher debt price IS required to 
compensate for the loss of corporate tax shield which will occur on marginal 
units of debt m states of the world [s’,s3] For any given set of prices P, 
>P, >P,(l -zc), each firm has a unique interior optimum leverage decision 
B* which solves the first-order condltlon aV/‘laB=O l3 As P, 1s raised above 
P,(l -z,) over the range P, > P, > P,(l -z,), each firm’s optimum capital 
structure involves more and more debt so that the aggregate supply curve 1s 
Indeed smoothly upward sloping over this price range I4 

Under reasonable condltlons, market equlhbrmm will occur along the 
upward slopmg portion of the debt supply curve The perfectly elastic section 
of the supply curve 1s relatively short because, at P,=P,(l -T,), firms are 
willmg to supply only the ‘safest’ of rlskless debt they will issue debt only up 

13Wlth P,>P,>P,(l -T<), It IS stralghtforward to show that the right-hand derivative 
(19 V/aB)[B = 0] > 0 and the left-hand derlvatlve (aV/aB)[B = X(S)] < 0 so that mterlor leverage 
declslons strictly dominate corner solutions A unique interior optimum exists If V IS convex m 
B, (?V/IYB~ ~0) Differentiating (2) yields 

dZv/dB2= - &,P,(iV/iQ?)n(s’)- (1 -e)s,P,(as’/aB)n(s’)- (P,-P,)(ds’/dB)rr(s’), 

where s’, s2, and s3 are defined m footnote 7 The first two terms are strictly negative For 
riskless debt, &‘/aB =0 so that the third term vamshes and d2V/8B2 <O necessarily follows For 
risky debt, #/dB>O so that the thnd term IS posltlve In this case, we assume the first two 
terms dommate the third [which they ~111, eg, If 7@)= 7t(s2) = ~(2) and ds’/dB = as*iaf3 
=as3jasl 

Our argument for a unique mterlor optimum does not require that firms earnmgs be risky 
Under certainty (one state at t = 1 with earnmgs X), the firm’s umque Interior optimum leverage 
sets B =X - A -T/h, so that all corporate credits and deductions are fully utlhzed when P, 
-P,(l-r,)>Oand P,--P,(l-r,(l-@))<O 

“Footnote 13 established the umque mterlor leverage optimum B* which solves (aV/aB)[B*] 
=0 at a given set of relative prices P,>P,>P,(l-r,) We wish to show that as P, 1s raised 
(relative to fixed P,) over this range, larger quantltles of debt wdl be supplied Define ECFD 
~expected before-personal tax debt cash flow supplied as debt Technically, the supply curve IS 

upward slopmg If 
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to the point where there 1s not only zero probablhty of default but also zero 
probabdlty of losing any corporate tax shield More precisely, firms are 
willing to issue debt only over the relatively brief range 05 B 5 B’“” This 
requires not only rlskless debt but also the stronger condltlon that earnings 
never fall so low as to cause any part of available corporate tax shields to be 
lost in any state of nature 

Recalling the aggregate demand dlscusslon of section 2 1, we know that 
investors m bracket B 1 will demand positive quantities of corporate debt at 
relative prices PD=FE(l --T,) The greater the number of investors (and the 
amount of current wealth) m B 1, the larger the quantity of debt demanded 
at these prices We assume that investors m B 1 are sufficiently important m 
the market to demand a larger aggregate quantity of debt than Bf”” at P, 
=P,(l -zC) l5 In this case, aggregate quantity supplied ~111 fall short of 
demand and relative prices must adjust to provide FD>PE(l -7,) to 
equilibrate supply and demand In market equlhbrmm, these relative prices Imply 
that each firm will have a unique interior optimum leverage declslon and 
marginal investors will be m bracket B 1 with tax rates satlsfymg (1 -r&J 

’ (I- G&)(1 -G) 
We can provide an mtultlve mterpretatlon of the trade-off which 

determines the firm’s unique interior optimum leverage decision by mvokmg 
the duality relationship between relative market prices and relative marginal 
personal tax rates Since the analytical expressions are complicated m the 
general case, we wrll examme Mdler’s special case m which equity income IS 
not taxed (zgE = rbE =0 for all I) In this case, equlhbrrum prices P, > 
P,(l -7,) imply &, <t, for the marginal investors Also for slmphclty of 
mterpretatlon, we assume that the firm’s interior optimum leverage B* occurs 
at a level implymg risk-free debt (B’“” <B* 5X(O) so that s1 =0) 

But this follows Immediately because 

d(ECFDljaB=,[n(s)ds>O, 

as.laP,=(a2vlaP,as)l(-a2vlaB2)= [7t(s)ds [ )/( -alv,asz)>o 

Here, i?B*/ap, 1s derived by settmg (2) equal to zero and totally dlfferentlatmg whde allowmg 
varlatlon m B* and P,, 

151f Investors m B 1 are relatively unrmportant m the market, then m the aggregate, quantity 
suppIied=quantlty demanded over the perfectly elastic range of the supply curve Each firm will 
be indifferent to leverage satisfying 0 5 B I BfU” 
leverage satlsfymg B > B fU” 

and these capital structures ~111 strictly dominate 
This IS an mtultlvely unappeahng picture of eqmhbrmm as It implies 

(1) no firm ever defaults on debt and (II) no firm ever loses any corporate tax shield 
[Eqmhbrmm at P,>P,(l -T,) does not reqmre (1) and (u)] It seems reasonable that B 1 
Investors ~111 be Important m the market For example, m Miller’s special case m which equity 
mcome 1s not taxed, B 1 investors have r;,<r, In the U S , ~~ =0 48 and a large number of 
investors have marginal tax rates on ordmary income <0 48 
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Substltutmg the slmphfied marginal personal tax rate condltlon P,=P,/ 
(1 -&) mto (2) and gathermg terms yields the leverage optlmahty condltlon 

sjn(s)ds+ (I-6$r(s)ds}-&,]=O, 

(5) 
At B*, the term m square brackets equals zero which says that the expected 
marginal corporate tax benefit IS equated to the expected margmal personal 

tax disadvantage of debt at the optimum The second term in square 

brackets, -z&,, 1s the expected marginal personal tax disadvantage of debt 
since, for rlskless debt, mcreasmg B by one umt increases the personal tax 

hablhty by +$, m every state of nature The first term m brackets 1s the 
expected marginal corporate tax saving from debt which reflects the fact that 
the corporate shield on the margmal umt of risk-free debt is fully lost m 
states [O,s’), partially lost m states [sL,s3), and fully realized m states [s3,sJ 

Examining (5) more closely, we see that the presence of corporate tax 
shield substitutes for debt affects the extent to which the corporate tax 
shield from the marginal unit of debt IS lost to the firm This loss of 
corporate tax shield results from properties of the tax code which rule out 
negative taxes or subsldles and thereby set a celling on the total use of tax 
shields (d, r, and B) which are potentially available to the firm l6 These 
cellmgs ensure that the expected marginal corporate tax saving from 
additional debt declines as debt IS added to the capital structure I7 But for 
each addltlonal dollar of debt substituted for equity the same higher 
marginal personal tax on debt, rather than on equity income, must be paid 
Thus, for relatively low levels of leverage (less than B*), the marginal value 
of debt is posltlve because there 1s a relatively high probablhty that 

16The loss of corporate tax shield which IS relevant for our model IS not trlggered by default 
and, m fact, has nothmg to do with risk per se our arguments go through even under certamty 
as noted m footnote 13 Brennan-Schwartz (1978) and Kim (1978) consider the default-related 
loss of corporate tax shield m the context of corporate tax-bankruptcy cost models (wlthout 
dlfferentlal personal taxes) See Mdler (1977), Chen-Kim (1979), and DeAngeLMasuhs 
(1980) for a dIscussIon of this phenomenon with dlfferentlal personal taxes DeAngel*Masuhs 
demonstrate that the default-related loss of corporate tax shield has no effect on Mdler’s 
Irrelevancy theorem (Also, see sectlon 3 of this paper m which Mtller’s theorem was shown to 
hold even though corporate debt tax shelter IS lost m default ) 

“Notice that the expected margmal corporate tax benefit from debt IS strictly less than the 
statutory corporate tax rate T, To see that the expected margmal corporate tax benelit dechnes 
with higher leverage, dIfferentlate the first term wlthm the brackets m expression (5) with respect 
to B and note that 

r,{ -t’x(s3)@s3/ZV?)- (1--0)n(~~)(&~/~B)~ <0 

Notlce that this equation IS a posltlve scalar multlple of the second-order condmon presented m 
footnote 13 because, for risk-free debt, ds’/dB=O 
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addltlonal debt can be fully utlhzed to reduce the firm’s tax hablhtles and 
this corporate tax reduction outweighs the higher personal taxes paid on 
addltlonal debt For relatively high levels of leverage (greater than B*), the 
marginal value of debt IS negative because the tax shield substitutes imply 
a relatively high probablhty that the potential corporate shield from 
additional debt will be partially or totally lost, while an additional personal 
tax hablhty for holding debt is incurred At the unique interior optimum B*, 
the expected marginal corporate tax saving Just balances the marginal 
personal tax disadvantage of additional debt 

By using a one-period model, we have lmphcltly assumed away tax loss 
carrybacks and carryforwards (CB-CF) which could be introduced m a multl- 
period formulation From our one-period model, we can infer the likely 
effects CB-CF provisions would have on our predictions CBXF provlslons 
should reduce the impact of tax shield substitutes on the leverage decision 
More specifically, CB provlslons reduce the probab&y that a corporate tax 
shield will be lost by allowing current tax losses to be applied lmmedlately 
against several previous years’ unsheltered taxable income Current tax losses 
can be large relative to previously unsheltered Income so that CB provtslons 
will not always result m full utlhzatlon of the current period’s potential 
corporslte tax shield ‘* Slmllarly, CF provlslons reduce the probability that 
corporate tax shield will be lost by allowing excess shields to be applied 
against future taxable income for several years However, this Just shifts the 
problem forward since future leverage decisions will be affected by the 
existence of now greater future tax shield substitutes for debt Furthermore, 
the CF deferral inherently involves a time-value loss of corporate tax shield 
In sum, CB-CF provlslons would reduce, but not eliminate, the expected 
value of the corporate tax shield loss on the marginal unit of debt 

Thus, with CBXF provisions, we expect that the expected marginal 
corporate tax savings of debt will still decline as leverage 1s added to the 
capital structure (but not as rapidly as m our one-period formulation) As a 
result, the debt supply curve will still be upward sloping beyond the debt 

level allowing full utlhzatlon of tax shield The supply curve will be more 
elastic than m our formulation (but not infinitely elastic) since firms will 
require smaller price compensation to increase their debt supply because CB- 
CF provIsions reduce the expected loss of corporate tax shield Given a 
sufflclently large number of investors m bracket B 1, equlhbrmm should still 
obtain m the upward sloping region of the debt supply curve and each firm 
will have a unique interior optimum leverage decision (but with 
quantltatlvely higher leverage than our one-period formulation predicts) 

Most Importantly, we expect that a multi-period formulation encompassing 

‘*Moreover, utlhzmg tax loss carrybacks lmphes a prewous loss of corporate tax shield 
because taxes were already pald m earher periods Although a rebate IS obtamed m the current 
period, It does not Include Interest the government earned on the earher tax payment 
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CB-CF provlslons would leave our quahtatlve predlctlons unchanged (see 
section 6) I9 

5. Bankruptcy costs and horse-and-rabbit stew 

In section 4, each firm’s unique interior optimum leverage decision resulted 
solely from the mteracttons of the personal and corporate tax treatment of 
income Default-related costs were completely absent m that dlscusslon ” 
With posltlve default costs (and with or without tax shield substitutes for 
debt), each firm will still have a unique interior optimum leverage declslon in 
market eqmhbrmm Moreover, Miller’s (1977, pp 262-264) horse-and-rabbit 
stew crltlcrsm of tradltlonal corporate tax-default cost models 1s not 
applicable m this case ‘l Miller faults the traditional models for requiring 
unreahstlcally large expected marginal bankruptcy costs to offset the 
expected marginal corporate tax savings of debt at observed debt-equity 
ratios In our model, regardless of whether default costs are large or small, 
the market’s relative prices of debt and equity will adjust so that the net 
(corporate and marginal personal) tax advantage of debt 1s of the same order 
of magnitude as expected marginal default costs The relative prices must 
equilibrate m this way to induce firms to supply the proper quantities of debt 
and equity to satisfy the demands of investors 

More concretely, assume that all tax shield substitutes are absent (A =r 
=0) and let C[B, X(S)] denote state-contingent default costs where 
C[B,X(s)]rO for no-default states SE[S’,~ and C[B,X(s)]>O, aC/aB>O 
for s E [0, s1 ) Then the margmal value of debt 1s easily shown to be 

-P,i$s)ds 

“We could also modrfy our model to mtroduce markets for transferrmg corporate tax shtelds 
Markets for leasmg and acqurstttons provtde two obvtous avenues for transferrmg non-debt tax 
shtelds from one firm to another Smce. firms have mcentrves to avord excess corporate tax 
shtelds, they will be mottvated to alter then level of leverage and/or then level of non-debt tax 
shrelds Assummg that markets do not allow costless transfer of tax losses, we would stdl expect 
a negattve relattonshtp between debt and non-debt tax shteld (holding earmngs constant) 

*‘More generally, agency costs or other leverage-related costs were also Ignored [see Jensen- 
Meckhng (1976), Galal-Masuhs (1976), and Myers (1977)] Formally mtroducmg these costs 
mto our framework would have the same elfect as mtroducmg default costs m equrhbrmm, each 
firm would have an mtertor opttmum leverage decrston and the endogenously determmed net tax 
benefit of debt would be of the same order of magnitude as margmal agency or leverage-related 
costs 

“Some mdtcatlon that Miller was movmg toward this concluston can be found m ‘Debt and 
Taxes’ on p 271 
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In market equdlbrmm, relative prices will agam satisfy P, > P, > PE( 1 - 2,) 
In this case, the higher debt price B,>P,(l -rC) 1s required m market 
equlhbrmm as compensation for the expected margmal costs of default 
Equivalently stated, m market equdtbrmm there will be a net corporate - 
marginal personal tax advantage to debt financing {(l - r;o) > l(1 -~;a) 
(1 -z,)J which will compensate firms for the expected marginal default costs 
and thereby-induce them to supply risk debt In market eqmhbrmm, each 
firm will have a unique mterlor optimum leverage declslon which equates the 
present value of the expected marginal net tax advantage of debt to the 
present value of expected marginal default costs 

Thus, even d expected marginal default costs are small relative to the 
corporate tax advantage of debt [such as the 5% average ex-post cost found 
by Warner (1977) for court costs and lawyers’ fees associated with the 
bankruptcy proceedings of eleven railroads] they can still be slgmficant 
relative to the net corporate-margmal personal tax advantage of debt ((1 
- zio) - (1 - &)( 1 - T,)} > 0 Moreover, the market-determined margmal 
personal tax rates will adjust to mcreases m the supply of debt so as to 
decrease the expected net tax advantage of debt to firms In eqmhbrmm, 
expected default costs equal the expected net tax advantage of debt In other 
words, expected marginal default costs are of slgmticant magnitude m our 
model because the expected net (corporate and marginal personal) tax benefit 
of debt 1s endogenously determmed by the interaction of supply and demand 
to be of the same order of magnitude as margmal expected default costs ” 

6. Testable hypotheses 

We have demonstrated that each firm has a unique mterlor optimum 
capital structure m market equllrbrmm m a world characterized by (1) the 
equity-biased personal tax code of section 2 1 and (II) corporate tax shield 
substitutes for debt and/or posltlve default costs 

From this expanded model, we can derive the followmg cross-sectlonal and 
time-series predlctlons 23 

*‘When both bankruptcy costs and corporate tax shield losses Induced by tax shield 
substitutes are present, we cannot say that bankruptcy costs alone are slgndicant measured 
relative to net tax savmgs We can only say that bankruptcy costs and tax losses taken together 
are slgmticant 

23H 1 and H 2 were derived earher m the text Here we sketch the derlvatlon of H 3 (slmdar 
calculations lead to H 4 and H 5) Let B* denote the firm’s unque Interior optimum leverage 
declslon for which aV/aB=O Totally ddTerentlatmg this first-order condltlon, lettmg a denote a 
dummy parameter (d, r, rE, ma&al default-costs), and rearrangmg terms yields aB*/aa 
= (a*V/aBaa)/( -dZV/aBZ) Assummg the second-order condltlon azV/aB2 CO 1s satisfied, It 
follows that slgn(dB*/aa)=slgn(dZV/i%C?B) To derive H 3, note that diferenttatmg the general 
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The leverage decision 1s relevant to the mdlvldual firm m the sense that 
a pure change m debt (holding investment constant) ~111 have a 
valuation impact 

In eqmhbrmm, relative market prices will imply a net (corporate and 
personal) tax advantage to corporate debt financmg - I e, the lmphed 
marginal personal tax rates will satisfy (1 - &) > (1 - &)( 1 - Tc) or, 
equivalently, & < T, + ziE( 1 - 7,) 

Ceterls panbus, decreases m allowable Investment related tax shields 
(e g , depreciation deductions or investment tax credits) due to changes 
m the corporate tax code or due to changes m inflation which reduce 
the real value of tax shields ~111 increase the amount of debt that firms 
employ In cross-sectional analysis, firms with lower investment related 
tax shields (holding before-tax earnmgs constant) will employ greater 
debt m their capital structures 

Cetern panbus, decreases m firms’ margmal bankruptcy costs ~111 
Increase the use of debt financing Cross-sectionally, firms SUbJeCt to 
greater marginal bankruptcy costs ~111 employ less debt 

Ceterrs panbus, as the corporate tax rate IS rarsed, firms ~111 substitute 
debt for equity financing Cross-sectionally, firms subJeCt to lower 
corporate tax rates will employ less debt m their capital structures 
(holding earnings constant) 

Hypotheses H 1 and H 2 are statements about the capital market prlcmg 
lmphcatlons of our tax shield substitutes model Both are m direct conflict 
with the predlctlons of Miller’s ‘Debt and Taxes’ model Obviously, H 1 
predicts that a leverage change will affect the market value of the firm while 
Miller’s model predicts the absence of any valuation Impact H 2 predicts 

(I e , not necessarily risk-neutral) valuation expresslon (1) ytelds 

V,, = -Bs,P,(s3)(as3/ad)-r,(l -O)P,(sz)(~s’/&l)~O lmphes aB*/aA ~0, 

v,, = - ~T,P,(s~ )(a?/ar) < 0 lmphes aB*/ar<o 

Notlce that H 3 was derived from our general valuation expression (1) whde assummg that a 
unique mterlor optimum leverage exbsts Notice also that we hold investment fixed while 
allowmg debt to vary m response to a parameter shift Whde this assumption IS consistent with 
previous analyses of the capital structure declslon [e g, see Scott (1976)], one should 
nevertheless recogmze that potential mteractlons of Investment and financmg declslons can 
techmcally overturn H 3-H 5 when Investment IS not held lixed However, H 3-H 5 can be 
derived techmcally when allowmg Investment to change If we Impose sign and/or magrutude 
assumptrons on mteractlon elTects We have also assumed that market prices are fixed which 
means that our time series (but not our cross-sectlonal) predIcttons must be vlewed as partial 
eqtuhbrlum results Fmally, notlce that our formulation assumes away progresstvlty m the 
corporate tax code Takmg this progresslvlty mto account should, cetem parlbus, make leverage 
more attractive to larger firms 
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that relative market prices for debt and equity will imply a net (corporate 
and personal) tax advantage to debt - I e, the after-personal tax cash flow 
to marginal debtholders from investing one more dollar as debt, (1 -$,), 
exceeds the after-personal tax cash flow sacrificed by marginal equity holders’ 
(1 -$a)(1 -TV), due to the debt-for-equity substltutlon In contrast, Miller’s 
model predicts that the endogenously determined net tax effect 1s zero - 1 e , 
(1 -rFo)=(l -$e)(l -zc) 

The mtultlon supporting H 3 1s quite appealing Debt 1s desirable to firms 
because it provides a tax shield for corporate income Depreciation 
deductions, investment tax credits, and many other features of the corporate 
tax code provide firms with substitutes for the corporate tax shield attributes 
of debt H 3 quite reasonably predicts that the use of leverage will be 
negatively related to the magnitude of available investment related corporate 
tax shield substitutes for debt To our knowledge, H 3 has not been 
previously derived However, H 4 and H 5 have been derived by Scott (1976) 
m a corporate tax-bankruptcy cost model 

7. Empirical evidence 

This section reviews existing evidence regarding the empirical relevance of 
investment tax shields and hypotheses H 1-H 5 While this evidence provides 
prehmmary support of our model, we recognize that a more careful emplrlcal 
analysis 1s clearly m order 

In our model, we assumed that investment-related tax shields are 
economically significant relative to debt tax shields Two pieces of evidence 
support this assumption First, direct measurement by the I R S suggests 
that both shields are of the same order of magnitude, although debt 
deductions are larger ($64 3 b&on to $49 5 billion for U S corporations m 
1975) Second, over the period 1964-1973, 27 % of all U S corporations filing 
tax returns m a given year paid no taxes at all 24 Given the relatively low 
bankruptcy rate for this perlod,2s the evidence suggests that mvestment- 

24The 27 “/ figure was derived from Statlsrtcs of Income by calculatmg the ratlo of the number 
of corporatlins tihng Income tax returns with net ‘taxable’ Income to the total number of 
corporations lihng returns The yearly ratro was very stable It never deviated more than 2% 
from the ten-year average of 27% However, over trme there IS hkely to be slgndicant posltlve 
serial correlatton of firms paymg or not paymg taxes 

These estimates may not be representative of large tirms However, Vamk (1978) oNers some 
estimates of taxes paid m recent years for some 168 of the largest corporations m the U S In 
1975 approximately 20% of these firms pald no federal mcome tax while m 1976 this fell to 10% 
of these firms This evidence suggests that even the largest firms experience excess tax shields 
The total corporate tax hablhtles avolded by mvestment tax shields IS estimated by Muskle 
(1976) 

25The average annual fadure (bankruptcy) rate of commercial and mdustrlal firms for the 
period 1965-1974 IS 43 per 10,000 concerns based on annual figures of Dun and Bradstreet 
(1977) Of these fadures, approximately 2 5 % had hablhtles of $1 mllhon or greater 
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related tax shields were important m reducmg corporate tax bills to zero 

(and perhaps resulted m excess tax shields) - I e, not all the low tax bills 
were a result of financial distress 

7 1 Evidence on the leverage rrrelevancy theorem 

The fundamental hypothesis of our expanded model, H 1, predicts that 
firm market value 1s a function of Its capital structure Early evidence m 
support of H 1 can be found m Miller-Modlgham’s (1966) study of 63 
electric utility firms m which they found a significant posltlve relationship 
between market values of the firm and the debt tax shield (shown m their 
table 4) While supportive of H 1, this evidence may Justifiably be criticized 
because of hmltatlons m the statlstlcal methodology as well as the inherent 
dlflicultles involved m controlling for cross-sectional differences m firms’ 
underlying asset values and biases associated with studying a regulated 
industry 

In a more recent study which avoided these dlffcultles, Masuhs (1980) 
developed a model to estimate the average effect across firms of a change m 
the debt tax shield on the market value of a given firm To do this he studled 
117 mtrafirm exchange offers and recapltahzatlons which approximated pure 
capital structure changes, most of which involved a change in the firm’s debt 
tax shield The basic approach was to utlhze the ex post capital structure 
change to explain the magnitude of the common stock rate of return on the 
announcement date of the exchange offer Modellmg the hypothesis that a 
change m the firm’s debt tax shield causes a change m the same direction m 
firm value, Masuhs obtained an estimated average change m firm value 
between 10% to 20 % of the change m debt market value Masuhs obtained 
slmllar estimates under the assumption that only positive changes m debt 
affected firm value Together, the Miller-Modlghanl and Masuhs studies 
represent direct evidence of the empirical importance of the leverage decision 
to firm value 

7 2 Industry cross-sectional predrctlons 

Hypotheses H 3 and H 4 predict that differential investment tax shields 
and/or differential marginal costs of leverage should induce differential 
optimal leverage ratios for firms While little empirical evidence of differential 
leverage-related costs IS available, there 1s considerable evidence of significant 
variations m investment tax shields across industries as documented m Vamk 
(1978), Muskle (1976), Siegfried (1974), and Rosenberg (1969) Given these 
differences across mdustnes, our model predicts that (1) firm leverage (debt- 
asset ratio) should also differ across industries with dlffermg non-debt tax 
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shields relative to EBIT (earnings before interest and taxes) while exhlbltmg 
much greater homogeneity within these mdlvldual industry classlticatlons, 
and (2) as the ratio of non-debt tax shield to EBIT rises, leverage should fall 

Taking a sample of firms from selected industry groups Scott-Martin 
(1975) and Scott (1972) studied the leverage ratios of twelve major industries 
and Schwartz-Aronson (1967) studied the leverage ratios of four major 
mdustrlal groups They found statlstlcally slgmficant differences m firms’ 
leverage ratios (defined as shareholder equity divided by firm book value) 
across industries while within mdustrles firm leverage ratios were relatively 
homogeneous and stable over time These results were based on a one-way 
analysis of variance, and are consistent with the predictions of our model 
Unfortunately, these studies analyzed only a small number of mdustrles (the 
industries analyzed m the first two studies bemg almost identical), which 
severely limits our ability to deduce evidence supportmg or refuting 
prediction (2) of this section 

One piece of casual evidence m support of H 3 1s that Drugs, Mmmg and 
011 Industries had the lowest leverage ratio m the Scott-Martin study and 
these industries all benefit from special tax code features which increase their 
investment-related tax shields considerably, e g , expensing of R&D costs, 
mineral and 011 depletion allowances 

7 3 Aggregate time-series predlctlons due to changes m the corporate tax 
code and rate of mflatron 

Our model predicts changes over time m firms’ capital structures due to 
changes m the cost of leverage (bankruptcy and reorgamzatlon or other 
agency cost of debt) (H 4), changes m the corporate tax rate (H 5), or 
changes m the firm’s mvestment tax shield (H 3) Over the last fifty years, 
there have been a number of significant changes m the federal income tax 
code including major increases m the corporate tax rate as well as Increases 
m the size of corporate investment tax deductlons and credits [see Fromm 
(1971) and Oakland (1972)] There have also been changes m the personal 
tax code Given these non-simultaneous changes in tax rates and investment 
tax shields, we would expect to see significant aggregate changes m firms’ 
leverage declslons over time 

Since a large number of corporate tax deductlons are based on historical 
costs, such as depreciation, depletion allowances, and cost of goods sold, 
ceterls pa&us, increases m mflatlon which increase nominal revenues, ~111 
decrease the real value of investment tax shields mducmg firms to replace 
this tax shield loss by mcreasmg their use of debt 26 Given the significant 

Z6However there could be addItIonal effects due to mflatlon-Induced changes m the relative 
margmal perional tax rates on debt and equity See Aaron (1976) 
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Increases m the rate of inflation over the period 1965-1974, our model 
predicts related Increases m the level of firm leverage 27 

The emplrlcal evidence of aggregate firm leverage behavior uncovered m 
Corcoran (1977) and Zwlck (1977) clearly shows that m the period 1948- 
1975 the behavior of firm leverage has been far from stable Corcoran 
observes that the average debt to firm value ratio m market value terms for 
non-financial corporations ‘rose from 22% m 1965 to 42% m 1974, a 
movement which paralleled the acceleration m the domestic inflation rate’ A 
similar pattern was found by Zwlck using a different measure of leverage 
(face value of debt to firm book value) The inflation Impact was 
compounded by a corporate tax surcharge over the period 1968-mid 1970, 
the termmatlon of the investment tax credit between April 1969 and the end 
of 1970, and a reduction m depletion allowances as of 1969 Together these 
two studies support the predictions of H 3 and H 5 

In a more comprehensive study, Holland-Myers (1977) measured the year 
by year aggregate debt and equity market values for all non-financial 
corporations m the U S for the years 1929-1975 The resulting ratios of 
market values of debt to firm assets was, as expected, highly variable with 
slgmticant increases m leverage (1) m the 1940-1942 period when corporate 
taxes were substantially increased and (2) again m the 1967-1975 period of 
high inflation (early m this period corporate tax rates were also increased) 
This evidence IS consistent with hypotheses H 3 and H 5 28 

7 4 Equdrbrzum margznal tax rates 

Hypothesis H 2 of our expanded model predicts the market determined 
marginal tax rate relationship 

*‘See Nichols (1968), Bradford (1974), and Lmtner (1975) for a theoretlcal dIscussIon Hong 
(1977) presents evidence that mftatlon adversely and dlfferentlally affects firms profitablhty by 
causmg depreclatlon and cost of Inventory wlthdrawal expenses to be understated This evidence 
IS corroborated by the studies of Fama-Schwert (1977), Jaffe-Mandelker (1976), Bodle (1976), 
and Nelson (1976) which also find a slgndicant negative relatIonshIp between common stock 
rates of return and the rate of mflatlon 

2*0ne piece of apparently non-supportive evidence IS Mdler’s (1963) study for the 
CornmIssIon on Money and Credit Mdler measured the ratlo of face value of long-term debt to 
book value of assets for five-year Intervals over the period 19261956 for both all non-finanaal 
corporations and all manufacturmg corporations He found that this ratlo was highly stable for 
all non-finanaal corporattons but Increased slgmficantly for manufacturmg corporations 
However, by lgnormg short-term debt, he admltted that he had downward bmsed the change m 
the leverage ratlo over the sample period Moreover, smce corporations are hkely to make mltlal 
adjustments m leverage by altermg then short-term debt, Mdler’s methodology IS hkely to be 
dampenmg the mstablhty m the time series of his measured leverage ratios 
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If we assume as Mdler does that T;~ =O, then the above condltlon slmphfies 
to z, > zfln Notice that +!a = 0 lmphes that corporate stocks and non-taxable 
mumclpal bonds are perfect substitutes m terms of after-personal tax cash 
flow, so that m equlhbrmm the before-personal tax yields must be equal 
(ignoring differences m risk) Given this relatlonshlp, one can estimate the 
marginal personal tax rate on debt by comparing the ratio of the muruclpal 
bond yield to the corporate bond yield for bonds of equivalent maturity and 
rlsk,2g since the before-personal tax yield on mumcrpals must be sufflclently 
below that of the corporate bonds so that there 1s a marginal investor who IS 
Indifferent to holding the two assets Hence 

or 

wh’ere l/P, = yield on non-taxable municipal bonds and l/P, = yield on 
taxable corporate bonds 3o 

Followmg this approach, Sharpe (1978) compared the yields on muruclpal 
bonds with yields on long-term Aa public utility bonds For the years 19% 
1975 the average ratio of yields was approximately 0 70 which implies a 30% 
marginal personal tax rate on debt Given a corporate tax rate of 48x, this 
finding supports our expanded model’s predicted relatlonshlp between the 
equlhbrmm marginal tax rates and 1s mconslstent with Miller’s prediction 

Moreover, Sharpe’s evidence IS also mconslstent with the leverage 
Irrelevancy theorem when equity 1s taxed at the personal level In this case 
equlhbrmm requires P, = PE( 1 - zC) and P, SPM because mumclpal bonds 
offer a personal tax advantage over equity Equivalently, equlhbrmm requires 
(1 -z,)z (l/P,)/(l/P,) which IS inconsistent with Sharpe’s emplrlcal 
estimates 

8. Summary 

In this paper, we generalized Miller’s dlfferentlal personal tax model to 
Include an often overlooked but major feature of the U S tax code the 
existence of corporate tax shield substitutes for debt such as accounting 

“‘This IS assummg bonds are sellmg at par so there are no capital gams or losses reahzed 
The methodology IS given m Sharpe (1978, pp 142-143) 

“The yield on a bond m a one-period model IS usually defined as rD = (I/P,) - 1 Here we are 
mterpretmg l/P, as the yield which IS strictly appropriate m the case of a consol bond (or 
perpetmty) m a multi-period context This IS consistent wrth Sharpe’s estlmatlon of bond yields 
from multlperlod cash flows of long term bonds This IS Justified because we have formulated 
our one-period model to approximate the results of a multi-period model where the capital 
structure decwon 19 permanent 
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depreciation deductlons and investment tax credits Introduction of these 
realistic corporate tax code features leads to a market equlhbrmm m which 
each firm has a unique interior optimum leverage declslon due solely to the 
interaction of personal and corporate tax treatment of debt and equity Our 
model also allows for posltlve default costs In particular, the presence of tax 
shield substitutes for debt and/or default costs implies a unique interior 
optimum leverage declslon m market equlhbrmm Moreover, Miller’s horse- 
and-rabbit stew crltlclsm of corporate tax savmg-default cost models 1s 
mapphcable to our model because the net corporate-marginal personal tax 
saving 1s endogenously determined to be of the same order of magnitude as 
expected marginal default costs Our model yields a number of testable 
hypotheses regarding both the cross-sectlonal and time-senes properties of 
firms’ leverage declslons as well as the marginal personal tax rates implicit m 
relative market prices We argued that exlstmg evidence provides indirect 
support for these hypotheses However, we beheve that a more thorough 
empirical analysis 1s clearly m order 
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