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Inflation, the Interest Rate, and the Required Return on
Equity

Jeffrey F. Jaffe

Abstract

Miller has analyzed capital structure in the presence of both corporate and personal taxes.
The present work investigates the effect of inflation on both interest rates and equity re-
turns when the Miller equilibrium condition is employed in a loanable funds model. Both
an interest rate cffect and a redistribution effect are derived. The interest rate effect forces
the responsiveness of the interest rate to the inflation rate to be below that hypothesized by
Darby. However, the redistribution effect may change this responsiveness in either direc-
tion.

I. Introduction

The number of academic studies concerning inflation has grown in tandem
with the price level. Researchers have considered the effect of the rate of infla-
tion on the interest rate. The simplest models show that, without taxes, a 1 per-
cent rise in the rate of anticipated inflation increases nominal interest rates by 1
percent. Recently, the effect of taxation on the relationship between interest rates
and inflation has been investigated. For example, Darby [5] has pointed out that a
1 percent increase in the inflation rate should increase the after-tax interest rate
by 1 percent, implying a greater movement in pre-tax interest rate. This result
has been confirmed and extended by Gandolfi [13], Feldstein [8], and others.

However, empirical evidence has not supported the theoretical work men-
tioned above. Beginning with Irving Fisher, many researchers have found that a
1 percent increase in the inflation rate yields less than a 1 percent increase in the
pre-tax interest rate. The results of Feldstein-Eckstein [9] and Fama [7] suggest a
one-to-one relationship. To our knowledge, there is no convincing evidence of a
greater than one-to-one relationship.

In addition to the lack of empirical validation, there is at least one con-
ceptual shortcoming in past studies of inflation and interest rates. Most theories
of corporate capital structure are not suitable to macroeconomic models. For

* University of Pennsylvania, Philadelphia, PA 19104. This paper has benefited from the com-
ments of M. Flannery, G. Gerber, R. Papetti, A. Santomero, and an anonymous JFQA referee.
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many years, the basic paradigms here have been the Modigliani-Miller theorems
in [20] and [21]. These papers yield the unrealistic conclusion that, in the pres-
ence of corporate taxes, a firm should issue only debt. An interior optimum to the
debt to equity ratio can occur when bankruptcy costs, agency costs, and signaling
behavior are considered. Unfortunately, due to their qualitative nature, the re-
sults received are not applied easily to macroeconomic models. However, Miller
[17] has recently provided an elegant theory of capital structure in the presence of
both personal and corporate taxes. Our paper shows that this framework can be
readily integrated with a macroeconomic model.

To study the relationship between inflation and interest rates in the presence
of taxation, a model that considers the portfolio choices of investors in different
tax brackets in order to determine the relative returns on securities subject to
different tax treatments is needed. One such model is that of Miller [1977]. Our
paper shows that his framework can be readily integrated with a macroeconomic
model.

This paper yields at least three developments. The first is a set of circum-
stances in which the theoretical relationship between interest rates and inflation is
near that observed empirically. We do not wish to overplay this result because
another set of circumstances in the model produces a responsiveness of the rate
of interest to inflation above that found by Darby. Also, we are by no means the
first to develop a theory to explain the empirical results concerning the Fisher
effect. For example, Mundell [22] argues that a cash-balance effect can lower the
responsiveness of interest rates to inflation-rate changes. Gandolfi [12] obtains
similar results by considering depreciation charges and capital gains taxes.

More importantly, we posit a macroeconomic model that is consistent with
both the theory and practice of corporate finance. Many previous works posit
only debt financing, an assumption not consistent with real world practice. Oth-
ers, such as Feldstein, Green, and Sheshinski [10], assume mixed financing but
do not ground their treatment in corporate financial theory.

Third, the effect of inflation on income distribution is considered. Some
previous works have posited that any change in taxes due to inflation is immedi-
ately restored to the public in such a way that the income of each individual, his
saving behavior, and his utility curves are unaltered. This assumption seems ac-
ceptable in these models because the results are obtained in a world of essentially
identical individuals. However, individuals are clearly not identical in Miller’s
system of progressive taxation. Results concerning income redistribution are use-
ful additions to the paper.

The paper is organized as follows. A review of the Miller model is pre-
sented in Section II. In Section III, we analyze the impact of changes in the rate
of inflation on interest rates in the basic Miller model. A generalization of the
results to a world with capital gains taxes appears in Section IV. Concluding
remarks are presented in Section V.

[I. Review of the Miller Model

Miller [17] posits a certainty model with a flat corporate tax rate of tc and a
system of graduated personal taxes. Because interest costs are tax deductible and
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payments to equity holders are not deductible, firms are indifferent between issu-
ing equity and debt when

1)) iD(l —tc) = iE

where i, is the pre-tax cost of debt and i is the required return on equity.

Under the assumption that individuals are taxed on interest income but do
not pay taxes on equity returns,! the individual prefers an investment in equity
(debt) when

Q) in(I = i) < (> )i

where #pi is the marginal personal tax rate for individual i.

Miller (Fig. 1, p. 269 in [17]) determines equilibrium from a demand and a
supply schedule. For given i, the demand for bonds is a positive function of i,.
Only tax-exempt investors desire bonds when i, = i;. As i, rises, more inves-
tors choose bonds. For given i, the supply of bonds outstanding is infinitely
elastic at the value of i, such that (1) holds.

Because (1) must hold in equilibrium, we can use (2) to classify investors
into three categories:

(A) Any high-tax-bracket investor (tpi > tc) invests only in stocks.
(B) Any low-tax-bracket investor (tpi < tc) invests only in bonds.

(C) Any marginal investor (tpi = tc) is indifferent between stocks and
bonds.

Because (1) implies that the after-tax cost of debt is equal to the after-tax
cost of equity, the value of an individual firm is unaffected by its debt to equity
ratio. Thus, the amount of debt issued by a given firm is indeterminant. How-
ever, total debt in the economy must bé equal to the aggregate holdings in finan-
cial assets by all individuals with 1pi < fc.

[ll.  The Effect of Inflation on Interest Rates

We consider a world of perfect certainty with income taxes but without cap-
ital gains taxes. A model where the interest rate is determined by the supply and
demand of loanable funds is posited.2 We specify the saving and investment
functions below. The two functions are equal at equilibrium. Inflation impacts
the equilibrium since the after-tax rates of interest applicable to saving and in-
vestment are affected by the rate of change in prices.

! We employ this assumption initially because Miller uses it in the major example illustrating his
model. However, we relax the assumption in a later section of the paper.

2 This type of model has been used frequently in the analysis of interest rates, inflation, and
taxes. For example, see Cross [4] and Gandolfi [13], [12].
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A. The Investment Function

In a world with neither taxes nor inflation, the firm invests until

where MPy, is the marginal physical product of capital and i is the interest rate.
At this point we need no distinction between the cost of equity and the cost of
debt.

With both inflation and corporate taxes, the firm invests until

(3) MP,(1 = tc) + @ = bij(1 —1c) + (1 - byi,

where 1 is the rate of inflation and b is the proportion of the firm financed with
bonds. Both i, and i are nominal quantities.

Under inflation, the two returns to capital are: (1) the marginal physical
product of capital; and (2) the price increase in the asset. The first return is taxed
at the corporate rate. The second return escapes taxation under our assumption of
no capital gains tax. This latter return is equal to r if all assets increase at the
same rate and there is no depreciation. Equation (3) reflects the fact that firms can
deduct interest payments but cannot deduct payments to equity holders.

Using (1), we can rewrite (3) as

4) MP.(1 —tc) + m = iy = ip(l —1c).
In accordance with Miller’s theory, b is the indeterminant in (3) and, therefore,
does not appear in (4). We can now solve for MPy as

i, —

5 mp, = E - -
) K 1 —tc R ———

As mentioned above, investment is carried out until (3) is reached. In terms
of (5), the rate of investment can be written as

0 o - v27) = (5=

We employ the traditional assumption that f* < 0.

B. The Saving Function
1. The After-Tax Rate of Return

Next is the treatment of the saving function. For simplicity, we assume that
there are two groups of individuals.3 Each individual in group 1 has personal tax

3 The equilibrium condition of (1) still holds when there are only two groups. Our results could
be derived for any arbitrarily large number of groups, though the mathematics would be more in-
volved. Because little understanding would be added by this complex approach, we choose the as-
sumption of two groups.
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bracket, pl < ¢, and each member in group 2 has tax bracket p2 > rc. In
keeping with the basic Miller model, assume that interest payments are taxed at
the individual’s personal tax rate while returns on equity are completely untaxed.
Thus, given (1), all individuals in group 1 prefer bonds while all individuals in
group 2 prefer stocks. Each member of group 1 has both identical income and the
same saving function. Similarly, each member of group 2 has an identical in-
come (that is presumed to be higher than the income of those in group 1) and
possesses the same saving function (that need not be the same as the saving func-
tion of each member of group 1).

The saving of each individual is a function of his real after-tax rate of return
and real income. This real after-tax return is i,(1 — #p1) — 7 for each member
of group 1. From (1), we can express this return in terms of i as ig[(1 —zpl)/
(1=1tc)] — .4 The real after-tax return is i; — 7 for each member in group 2.

2. The Individual’s Real Income

While the above calculation of the real after-tax interest rate is straightfor-
ward, the determination of an individual’s income is more complex. We begin
our discussion here with a world of no inflation, where each stockholder earns an
after-tax rate of return of i 2. Each bondholder earns an after-tax rate of

.0 o1 — 1l

With an inflation rate of 1, the bondholder now earns a real after-tax rate of
return of

. . (1 —pl
(8) lD(l — tpl) - T = IE(I——I?) - T

implying that the change in the real after-tax return to the bondholder due to
inflation is

Y tpl) _
9) (zE 1E>(——1 —_— 17
With no inflation, total taxes in the economy are
C+J+ D(ipipl) = D(iprc) = C+J + Di)(ipl — 1c)

oftpl — tc
D P SE—
C+J+ lE(l—tc)

(10)

where:

C s the corporate tax on net income before interest, i.e., the corporate tax if
interest were not deductible;

4 While it is more intuitive to express a bondholder’s return as a function of ij, this term fre-
quently will be expressed as a function of iz so that both the return to a stockholder and the return to a
bondholder can be written as a function of the same parameter.
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J s the tax on labor income; and
D is the debt outstanding in the economy.

The third term on the left-hand side (LHS) of (10) is the total tax paid by bond-
holders on interest. The fourth term on the LHS is the total deduction taken by all
corporations on interest paid to bondholders.

Under inflation, total taxes are’

. (tpl — tc
C+J+ D(zE(——l _— ))

implying from (10) that the change in taxes due to inflation is
) .0\(tpl — tc

This expression is negative because tpl < fc.

With a constant level of real government spending and a balanced budget, a
reduction in taxes in one sector of the economy must be offset by an increase in
taxes in another sector. We assume that a head tax is used to keep the budget
balanced, implying that marginal tax brackets are unaffected. For simplicity, we
posit that the fraction K of the tax shortfall represented by (11) is paid by bond-
holders, and the fraction 1 — K of (11) is paid by stockholders.® From (9) and
(11), we see that the income of bondholders rises (falls) during inflation if

o ofle- D) et 5=

Because income is a constant in the economy, any increase (decrease) in the
income of bondholders is offset by a decrease (increase) in the income of stock-
holders.

We write the aggregate saving function of the low-tax-bracket individuals
during inflation as

(13A) L(rypY,)

5 We assume that C, J, and D are invariant to the rate of inflation over a small interval of time.
The constancy of C and J follows from the traditional assumption that investment over that interval is
insignificant relative to the initial capital stock. Thus, the pre-tax incomes to capital and labor, both
of which are functions of capital, can be treated as constants.

We assume that all debt has infinitesimal maturity so that capital gains and losses do not accrue
to bondholders when the interest rate changes. In addition, no new debt is issued because the capital
stock is a constant. Furthermore, if marginal tax brackets are unaffected by inflation, no existing
equity (debt) is converted to debt (equity). Thus, debt is a constant.

6 We achieve similar results if the extra tax collected from each group is a more complex func-
tion of (11).
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where rf; is the real after-tax interest rate and Y, is the aggregate real income of
these individuals. The arguments of the function L in (13A) are?

L . (1 —1pl
(13B) ’:4T = 1E<_1_—-7) -

130 =T+ (=)0 o o))

Some explanation of equation (13C) is needed. First Y, is the total income
from both labor and capital accruing to low-tax-bracket individuals in a no-infla-
tion world. The remainder of the expression is the left-hand side of (12), the
change in the bondholder’s income from inflation.

The aggregate saving function of the high-tax-bracket individuals is

(14A) H(rA’;, YH)

where rfl is the real after-tax interest rate for the high-tax-bracket individuals
and Y, is the aggregate real income of these individuals.
The arguments of the function H in (14A) are

H .
(14B) A

Y P - . —1pl
R (=

As with (13C), some explanation of equation (14C) is needed. First, )—’H is the
total income from both labor and capital accruing to high-tax-bracket individuals
in a no-inflation world. The second and third terms, which also appear in (13C),
are the gains to the bondholders from inflation. Because we are in a zero-sum
situation, any increase in the wealth of bondholders is a decrease in the wealth of
stockholders. We assume that the partial derivatives L,, L,, H,, and H, are all
positive in (13) and (14).

7 For simplicity, ignore the effect of real cash balances on the saving function. While a full
treatment of this effect is algebraically complex, it is relatively straightforward conceptually. Follow-
ing the work of Santomero [23], we can include the cash balance effect by writing income as

, D . (1 —1pl
(3¢ Lr=n-t (YLJE(I —tc)"")‘rr

where money demanded, /P, is a function of income, the nominal after-tax interest rate, and the
inflation rate. (Using Cagan [3], we treat the interest rate and the inflation rate as separate arguments
in (13C’").) Given that money held is /2, the loss of income due to inflation is { Pr.
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C. Equilibrium

Equilibrium occurs when saving equals investment, i.e., when (6) equals
(13A) plus (14A). The full derivative of this equality with respect to i and 7 is

!

f . _ . ) I—pl\ o (tc—ipl)) .
l—tc<d’E_d">‘Hl'<d’E d“>_H2 PW\T=e ) K\ ) ) e

(15) +H,-Ddn+L, - (%)diE—len
l—mpl L (te—ipl\\ .
+L2D< e K( — ))dzE L,Ddw .
From (15), we derive
(16) f
di T_};_Hl_LlJr(Hz‘Lz)D

dn 1-1pl 1—1pl tc—tpl ) '
—H —L. . —L.\D -
1—tc H-L, (l—tc>+<H2 L2) (l—tc K l—tc>

1. Interest Rate Effect

An increase in the rate of inflation has two basic effects. First, the change in
the real after-tax rate of interest for the high-tax-bracket individuals differs from
this change for the low-tax-bracket individuals. Call this the interest rate effect.
Second, income is redistributed across the two groups. Equation (16) can be in-
terpreted intuitively by examining these two effects. The terms f', H, and L, are
derivatives of investment and saving with respect to particular interest rates. The
terms H, and L, are derivatives with respect to income. The interest rate effect is
highlighted by focusing on f', H,, and L, while the income redistribution effect
is illuminated by following H, and L,.

To focus on the interest rate effect, we initially posit that H, = L,,? causing
the two terms in (16) involving H, — L, to be equal to zero. Here, any redistri-
bution of income does not affect our results since the marginal propensity to save
for the group gaining income is equal to this propensity for the group losing
income. Alternatively, one could focus on the interest rate effect by setting K =
1. This assumption implies that the head tax offsetting lost taxes caused by infla-
tion is borne totally by the bondholders. Here, since the same term, (H, — L,)D,
appears in both the numerator and the denominator of (16), the interest effect to
be described below is at most mitigated.®

8 This assumption will be relaxed later in the paper.

9 As a third possibility we could have rewritten (13C) and (14C) so that additional taxes paid by
group 1 would be Dk{(iy — i) [(1—1pl)/ (1—1c)] — =}. That is, additional taxes would be a
proportion of the increase in bondholders’ income from inflation and ror a proportion of the tax
shortfall. Here, all income transfer effects would be eliminated if k = 1, so that the interest rate effect
would be observed easily.

In this third possibility, no redistribution of income occurs. Conversely, if H, = L,, income can
be redistributed, though any redistribution does not affect our results.
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Given that either H, = L, or K = 1, equation (16) equals 1 if tp1 = tc.
However, Miller’s work implies that the tax bracket of each bondholder is below
the corporate tax rate (tpl < fc in our model). Thus, the absolute value of the
term involving L, in the numerator is less than the absolute value of the term
involving L in the denominator. Because f' < 0, H, > 0, and L, > 0, it follows
that diz/d™ < 1. From equation (1), we know that di,/dip = 1/(1 — tc), imply-
ing that

di

1
17 _b .
17 d1'r<l—tc

The inequality in (17) is interesting because other models, such as those of
Darby (5], Feldstein [8], and Gandolfi [12], yield the result that dip/di = 1/(1
— 1¢).19 Thus, if either L, is nearly equal to H, or K is nearly equal to 1, the
Miller model may help explain why the interest rate has not been found empiri-
cally to be as responsive to the inflation rate as previous theoretical models sug-
gested.

We can achieve some additional understanding of the result by examining
finite changes in (6), (13), and (14) in a world where saving is not a function of
income. Let us imagine that A(1 — t¢)i, = Aiy = Am > 0. From (6), we see
that f remains unchanged. Also (14) remains unchanged when the second argu-
ment of H is ignored. However, (13) rises when the second argument of L is
ignored because, with pl < tc, Aig[(1—p1)/(1—1tc)] = Aig(1 —1pl) > Am.
Thus, an equilibrium cannot be maintained when Ai,/Aw = [1/(1 —tc)] or, equi-
valently, when Ai/Am = 1. However, an equilibrium can be maintained if Ai,/
Am = (1 —1c)(Aip/Am) < 1. Here, frises and H falls, potentially offsetting the
rise in L.

The above finding can be explained intuitively by focusing on the asymme-
try in the Miller model. Low-tax-bracket individuals increase their saving if Aij
= (1—-tc)Aip = Am > 0. High-tax-bracket individuals would decrease their
saving if (1) Aig = (1 —tc)Aip = Am > 0 and (2) they were required to invest in
bonds. However, because these high-tax-bracket individuals are allowed to in-
vest in equities, their saving function is unchanged. In summary, this asymmetry
holds because of both (1) the differing tax treatment of the returns on the two
financial instruments, and (2) the graduated tax system.!!

10 Gandolfi finds that di;,/ dmw = 1/(1—tc) in his basic model, though he reaches the
inequality of (17) when depreciation and capital gains are considered. In addition, Modigliani [19]
finds that the equality relationship, which he calls the ‘‘Super Fisher’s Law,"" should hold approxi-
mately, but need not hold precisely, in his model. Feldstein, Green and Sheshinski (FGS) [10] esti-
mate that di;, / dw = 1.45.

The papers of Darby, Feldstein and Gandolfi treat only debt financing while Modigliani and FGS
consider both debt and equity financing. Thus, these latter two papers are closer to ours in this regard.
However, both Modigliani and FGS restrict the supply of financial instruments and solve for an opti-
mal debt-equity ratio. Conversely, Miller considers a completely elastic supply and finds that lever-
age does not matter. Furthermore, both Modigliani and FGS take a long-run growth approach while
we use a loanable funds model.

' To show this more formally, we separately relax these two conditions. First consider an equi-
librium with a graduated tax system but where only bonds are employed. Assume that any income
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Now that we have established and interpreted (17), we can focus on the
extent of the inequality. If tpl = tc, dig/dw = 1. This same relationship holds if
L, = 0, i.e., the saving function of each low-tax-bracket individual is com-
pletely inelastic with respect to the real after-tax interest rate, and either K = 1 or
H, = L,. Alternatively, imagine that H, = L,andf’ = H; = tpl = 0, butL,
> 0. Here dig/dm = 1 — tc, implying that di,/dm = 1. Thus, given that either K
= 1 or H, = L,, our model predicts that 1 < dip/dw < 1/(1 — tc) since we
assume that f' < 0,H,; > 0,and L, > 0.

One often hears from real-world practitioners that there should be a near
one-to-one relationship between Ai;, and A because the bond market is almost
completely dominated by pension funds and other tax-free investors. Miller’s
model shows that this analysis is not quite correct. Given the premise that ipl =
0 for all bondholders, the one-to-one relationship would hold only if, in addition,
the saving function of the high-tax-bracket individuals and the investment func-
tion are both totally inelastic with respect to iy — .

2. Redistribution Effect

Earlier, we explored the effect that the elasticity of saving with respect to
the real after-tax interest rate has on the equilibrium relationship between the
inflation rate and interest rates. We now wish to investigate the effect of infla-
tion-caused income transfers on the relationship between inflation and interest
rates.

redistribution caused by inflation is offset precisely by a head tax so that the savings of the two groups
can be written as a function of the real after-tax interest rate, yielding

L(iD(l — 1pl) - 11) and

H(iD(l - 1p2) — ﬂ) )

Given (6), (18), and (19), equilibrium occurs when

f(’b i :rtc) = L(ip(1 = tp)) — m) + H(ip(1 - 1p2) = m) ,

implying the following condition

f .y

: —H - L

dﬁ_ 1—tc

dn ~ f —H -1 -p2)-L -1 -pl)’

If tc = p2 = 1pl, dip/dw = 1/ (1—1c), which is the result achieved by Darby, Gandolfi, and
Feldstein. However, let 1p2 > tc > tp1 and, for symmetry, tp2 — tc = tc — tpl. Here, dip / dw Z
1/ (1—tc)as H ZL'. Thus, we have a more ambiguous relationship with only one financial instru-
ment than we have with the Miller model. This result occurs because, if (1 —tc)Ai, = Aw > 0, high-
tax-bracket individuals reduce saving while low-tax-bracket individuals increase saving. One can
compare the extent of the reduction to the extent of the increase by comparing H and L'.

Next consider an equilibrium with both bonds and stocks but with no graduated tax system;
imagine that the personal tax rate is fc for all individuals. Here, di; / dm = 1 in equation (16) under
the assumption that either L, = H, or K = 1. (We do not consider the cases in which either the
personal tax rate is greater than tc for all individuals or the personal tax rate is less than tc for all
individuals because Miller’s model does not hold in either of these two cases.)
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Employing (16), we previously established that | — ¢, <di./dn <1ifH,
= L,. This inequality also must hold if H, < L,; i.e., the marginal propensity to
save is negatively related to income. To see this, consider the term in the denom-
inator of (16), (1 —tp1)/(1 —tc) —K[(tc —tp1)/(1 —tc)]. The value of this term
lies between 1 and 1/(1 —tc) under the assumption that 0 < K =< 1 because the
term equals 1 when tpl = ¢, and equals 1/(1 —tc) when tpl =K = 0. Given that
f'<0,H,>0andL, >0, dig/dmw = 1 only when tpl = tc, a case not consid-
ered by Miller. And, di/ dm cannever fallto 1 — zc.

An example where H, < L, in our model is the Friedman [11] saving func-
tion

2n S = g(rAT)y

where r,; is the real after-tax interest rate facing the individual, y is the perma-
nent real income of the individual, and g’ > 0. The marginal propensity to save
out of income, dS/dy, equals g(r,7). Given (13B) and (14B), L, > H, since g' >
0. Thus, 1 — tc <dig/dmw <1 in Friedman’s model.

The redistribution of income effect, given Friedman’s consumption func-
tion, is in the same direction as the interest rate effect discussed earlier. This
redistribution effect can be explained intuitively. In our model, inflation causes
income to be redistributed from the equity holders to the bondholders. Because
the bondholders have a greater marginal propensity to save, the saving schedule
increases with inflation, putting downward pressure on the interest rate.

However, if H, > L,, dig/dm can be greater than 1. To see this, imagine
that L, = 0 and K < 1. Here, the coefficient of (H, — L,)D in the denominator of
(16) is greater than one. Because /' < Oand H, > 0, di;/ dw > 1 in this case.

D. A Note on Possible Extensions

As mentioned earlier, we are primarily interested in applying the Miller
equilibrium condition to a basic macroeconomic model. Therefore, in most
cases, we do not extend Miller’s insight on capital structure to other, more com-
plex economies. However, there are three extensions worth discussing briefly in
this section.

Without the imposition of a head tax, real tax revenues decline in our
model. Conversely, real taxes may rise with the rate of inflation in practice, be-
cause, among other reasons, of tax penalties on tangible assets at the corporate
level and tax bracket ‘‘creep’’ at the individual level.

We first examine penalties at the corporate level. Because replacement cost
accounting is not allowed, costs of both inventories and depreciable assets are
understated in an inflationary economy. A tax on capital gains is an excellent
proxy for illusory inventory gains and might be at least a serviceable proxy for
understated depreciation.!? Gandolfi [12] shows that, in the presence of this tax,
the investment schedule is lowered as the rate of inflation rises, thereby reducing
the responsiveness of the interest rate to the rate of inflation. Because this effect

12 The relationship of a capital gains tax and a tax on understated inventory costs first was sug-
gested to me by M. Flannery.
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on the investment function applies directly to our model, no more will be said
concerning it.

In addition, however, these corporate tax penalties are likely to redistribute
income from stockholders to bondholders as inflation rises. The extra taxes re-
duce the value of equity. And, because this tax penalty reduces the tax shortfall
caused by inflation (or even leads to a surplus), bondholders will pay a smaller
head tax (or even receive a rebate). Thus, this corporate tax penalty accentuates
the redistribution effect discussed previously.

Second, we consider penalties at the personal level. Tax bracket ‘‘creep’”
also impacts both the interest rate effect and the redistribution effect. If a rise in
the rate of inflation increases the marginal tax bracket of bondholders, their real
after-tax rate of return is reduced for a given i, and . Thus, if redistribution
effects are ignored, the values of both di / dm and di;, / dw are greater here than
they were in the previous section.

The impact of bracket creep on the redistribution of income effect is indeter-
minate. Inflation will cause the labor income of both group | and group 2 to be
taxed at a higher rate. Political pressures will determine which group suffers
more from bracket creep.

Third, we briefly consider uncertainty. Under certainty, all in group 1
choose bonds while all in group 2 choose equity, i.e., full separation is achieved.
With uncertainty, group 1 (group 2) individuals may purchase some equity
(bonds) as well to achieve the desired level of risk. Here, the asymmetry men-
tioned earlier is weaker, reducing the interest rate effect and thereby raising di /
dm. However, the impact of uncertainty on the interest rate effect is partially
offset by flexibility in financial instruments. For example, if tax-exempt bonds
are available to high-tax-bracket individuals and if risky bonds and risky pre-
ferred stocks are available to low-tax-bracket individuals, separation may ob-
tain. 13 Furthermore, the redistribution effect remains with or without separation.
Inflation causes income to be redistributed from group 2 to group 1. If group 1
has a greater marginal propensity to save, e.g., Friedman’s model holds, the
saving function increases with inflation, putting downward pressure on the inter-
est rate.

IV. Generalization to an Equity Tax

Because Miller [17] derives his results for the case where there is no per-
sonal tax on the returns to equity holders, we used this assumption in the previ-
ous section. Though Miller’s general conclusions also apply in the presence of a
tax on equity, our results concerning inflation change in this case. We analyze
this situation below.

One can model this additional personal tax in a variety of ways. We posit
that the tax is i a-tpi, where a << 1. This tax can arise for at least two reasons.
First, a-tpi might be the capital gains tax. Second, if we employ the commonly

13 In fact, DeAngelo-Masulis [6] posit a states-of-the-world model where both a complete set of
elementary debt securities that each pay off only in a specific state and a complete set of similar
elementary equity securities are issued. Since separation must occur here, both Miller’s results and
our results of Section IIIC hold exactly.
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used assertion that capital gains are not taxed, the dividend yield is a'ig. The
reader can assume either of the two possibilities for much of the following dis-
cussion though previous authors have questioned voluntary dividend payments in
Miller’s model. 14 ,

For any tax bracket, pi, the after-tax return to the stockholder is
ig(1 —a-tpi) while the return to the bondholder is ip(1—1pi) = i [(1—1pi)/
(1—1tc)]. By equating these two returns, we find that the individual is indifferent
between bonds and stocks when

ic

¥ = ——
(22) P l—a+a-t

Note that tp* > tc whena > 0.

We now posit that pl < tp* < tp2, rather than p1 < tc < tp2. To simplify
matters, assume that income is redistributed through taxation in such a manner
that income for each of the two groups is unaffected by inflation.!5 Thus, we can
express our saving functions in terms of the after-tax real rate only, yielding

L(iE(ll‘_’fcl) - 1T> and
H(ip(1 = a-1p2) — ).

Our equilibrium condition is now
g =™ (. (1 —pl .
f(l —tc) = L<1E<l )T +H<1E(1 —a - p2) 1'r>.

Taking the total derivative with respect to i, 7, and a and then rearranging
terms, we obtain

| F o mda
di, rp— L H - H iptp2 =

@ 7 ol '
L2V _H .0-a.

1—tc L (l—tc) (1 —a-p2)

To interpret (23), first note that, if a = da/dm = 0, this equation is merely (16)
whenH, = L,. Asin (16), dig/dm < 1.

Let us now consider the case where a > 0 and da/dw = 0. Here the relation-
ship between L' and L'-[(1 —tp1)/(1 —tc)] is ambiguous. Since p* > tc, tpl
could be greater than tc. This, of course, differs from the previous section where
tpl < tc. In addition, H'(1 —a-tp2) < H'.

These two effects allow the possibility that di; / dm > 1. To see this, imag-
ine that tpl > tc, implying that L' > L'[(1 —p1)/(1 —tc)]. Given that da/dw =
0,f'<0,H'">0andL’ > 0, we find that di. / dw > 1. This same inequality can
be reached when tp1 < zc if L' is small and H' is large.

14 For example, see [14].

15 We employ this assumption purely for simplicity. The interested reader can add our earlier
discussion on income redistribution to this section to get a more complete model.
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The difference between this section and the previous one can be explained
intuitively. In the last section, the saving of equity holders was unaffected when
Aig = Am > 0. However, the saving of these individuals would be reduced in
this section because of the new tax on equity. Furthermore, any bondholder
whose tax bracket is above zc also would be hurt if Aig = Ai, / (1 —t¢) = Amw >
0. In other words, all individuals with personal tax brackets above tc must reduce
savings if Aiy = Aw. This is in marked contrast to the previous section. There,
all individuals whose tax rate exceeded fc were unaffected when Aip = A be-
cause all of them invested in the then untaxed equity securities.

Now consider (23) when a is endogenous. Because f' < 0, H' > 0, and L’
> 0, the effect of 7 on iy is reduced (increased) if da/dm < 0 ( da/dw > 0 ).
While stockholders are hurt by the tax on equity, this tax is reduced as a is low-
ered.

We believe that a is likely to be a function of inflation. First, stocks are
probably sold less frequently during inflationary periods because nominal returns
are higher then, implying that da/dw < 0. Second, inflation may affect dividend
policy.

Unfortunately, it is quite difficult to model this second relationship because,
even with stable prices, there is no complete theory of dividend policy. On the
one hand, many researchers state that a corporate strategy of no dividends is
preferred because the tax rate on dividends is above the tax rate on capital gains.
On the other hand, some have argued theoretically that dividends may be irrele-
vant even in a world of differential taxes.!¢ Furthermore, though the empirical
literature on the subject is impressive, the debate is far from settled on this front
either.!7

We lean toward the assumption that da/dm < 0, since a zero or positive
relationship between dividends and price level changes is difficult to sustain, par-
ticularly at high rates of inflation. For example, imagine a no-growth all-equity
firm where initially iy = 8 percent, m = 0, and a = Y2, implying that the divi-
dend yield is 4 percent. Later, if w = 10 percent, i; = 18 percent,'8 and a =
Y4, the dividend yield is 9 percent. However, the ratio of cash flow to market
value is 8 percent in a no-growth firm, implying that dividends exceed cash flow
if Aa = Am.

IV. Conclusions

Recently, Miller [17] has analyzed capital structure in the presence of both
corporate and personal taxes. Our work investigates the effect of inflation on
interest rates when the Miller equilibrium condition is employed in a loanable-
funds model.

We view saving as a function of both the real after-tax interest rate and real
income. To nullify any effects from the redistribution of income, we initially
assume that the marginal propensity to save is unrelated to one’s tax bracket.

16 See [1] and [18].

17 For example, see [16] and [2].

18 We are assuming that Aiz = A in this example. A similar conclusion would still follow: if
this equality did not hold.

42



Here (dig/dm) < 1, i.e., the change in the return on equity must be less than the
change in the inflation rate, a result caused by the asymmetry in the Miller
model.

Next, we consider the redistribution of income. The shares of national in-
come held by bondholders and stockholders are affected by the rate of inflation.
This income redistribution is not merely a function of after-tax rates of return on
stocks and bonds but of the government’s taxation policy. Because taxes are re-
duced with an increase in the rate of inflation in our model, the government must
raise taxes by another means. Thus, government cannot easily escape being an
agent of redistribution. If (1) income is redistributed from the stockholders to the
bondholders when the rate of inflation increases, and (2) the Friedman consump-
tion function holds, 1 — tc < di,/dw < 1. However, the Friedman consumption
function implies in our model that the marginal propensity of low-tax-bracket
individuals to save is above that of the marginal propensity of high-tax-bracket
individuals to save. If this relationship is reversed, di; / dw can be greater than 1.
In other words, di, / dm can be greater than 1/(1 —tc).

We find three additional effects when the Miller model is generalized to
include taxation on equities. First, an individual whose personal tax bracket is
higher than fc may hold bonds. His real after-tax return is lowered if (di / dm) =
[dip(1=t.]/dw = 1. Second, the real after-tax return is lowered for all equity
holders if (dig/dw) = 1. Ignoring all redistribution effects, we find that these two
factors increase the responsiveness of interest rates to changes in the rate of infla-
tion. Third, inflation rate changes may affect a, that portion of equity returns
subject to tax. The responsiveness of interest rates is reduced (increased) if (da /
dw) <0[(da/dmw)>0].
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