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ABSTRACT 

This manuscript studies the impact of the term structure of interest rates on corporate 

optimal capital structure. First, I develop a dynamic model of capital structure in the 

presence of stochastic cash flows and stochastic interest rates. Using one—factor and 

two—factor Cox, Ingersoll, and Ross (1985b) interest rates dynamic, as well as a one-

factor Feller cash flow process, the article solves for the value of the firm's contingent 

claims. After deriving closed-form solutions for the values of debt, tax benefits, 

bankruptcy costs and recapitalization costs, the paper numerically solves for the optimal 

total capital structure: leverage, debt service, maturity, call provisions and priority. I find 

that as the instantaneous rate rises, so does the leverage, maturity and periodic debt 

service. I also find that an increase in the level of long—term rate leads to a decrease in 

leverage, maturity and periodic debt service. 

In an attempt to understand the effect of macroeconomic conditions on corporate 

financing decisions, this manuscript then empirically investigates the effect of the term 

structure of interest rates—defined by a three-factor model which includes the Treasury 

bill yield, the Treasury bond yield, and the volatility of the yield curve—on the debt-

equity choice. Having controlled for well-known microeconomic determinants of 

financing decisions, I document that as the Treasury bill yield rises, the incidence of debt 

financing increases. However, as the Treasury bond yield or the volatility of the yield 

curve rise, the incidence of debt financing drops. I find that the information content of 
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the term structure of interest rates regarding aggregate corporate profitability (i.e. 

aggregate default risk) accounts for the stylized facts. I also find that tax shield 

distortions induced by changes of interest rates marginally affect the debt-equity choice. 

Additionally, inflation, corporate credit spreads, mortgage rates, and personal tax rates 

materially are shown to affect the firm's financing decisions materially. 
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CHAPTER 1 - THE TERM STRUCTURE OF INTEREST RATES AND DYNAMIC 

CAPITAL STRUCTURE: A THEORETICAL APPROACH 

1. L Introduction 

The value of corporate debt is not only interlinked with capital structure but is 

also related to the dynamics of interest rates. Corporate debt is not only a contingent 

claim on the underlying firm's assets, but is also an interest-rate derivative as well. As 

such, one cannot accurately solve for the value of debt, and hence optimal capital 

structure, without accounting for the dynamics of interest rates. 

This article models the capital structure choice in a continuous-time framework, 

considering the effect of the dynamics of both underlying technologies and interest rates. 

I first derive the flindamental valuation equation for corporate debt, tax benefits, 

bankruptcy costs and recapitalization costs in the context of a d5niamic recapitalization 

problem. Having solved analytically for the net benefit of debt as a ftinction of the firm's 

cash flow and interest rates, I then solve numerically for the value-maximizing optimal 

capital structure: coupon, principle, maturity, priority of debt and call provisions. The 

resulting optimal dynamic capital structure policy depends on refinancing costs, 

bankruptcy costs, tax advantages, the underlying assets' dynamics, and the term structure 

of interest rates. The model allows us to address a number of interesting questions. For 

instance, how do the driving factors of interest rate dynamics (i.e. short rates, long rates, 

and volatility) influence the optimal debt ratio? Does the parametric structure of interest 
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rate dynamics (i.e. shape of the yield curve) affect the dynamic financing decisions of the 

firm? To what and how extent does the term structure of interest rates have an impact on 

the debt maturity choice? Does debt priority relate to the term structure of interest rates? 

Though two strands of the hterature, corporate finance and asset pricing have put 

forth a number of studies regarding corporate debt valuation, our understanding of the 

effect of the term structure of interest rates on the capital structure and hence, corporate 

debt pricing remains limited. On one hand, the extant literature on capital structure 

attempts to jointly value corporate claims and determine the value-maximizing mix of 

corporate securities. However, the existing models assume a flat term structure of 

interest rates.' On the other hand, studies on fixed income securities pricing strive to 

present a complete pricing model for risky debt as a contingent claim on the term 

structure of interest rates. Nonetheless, these models assume the issuing firm's capital 

structure to be fixed.^ Despite indications from both camps on the importance of the 

interest rate dynamics in the determination of the optimal capital structure and the value 

of corporate debt, we know little about how the structural characteristics of the dynamics 

of interest rates affect the capital structure choice.^ 

' Fischer, Heinkel, and Zechner (1989), Leland (1994, and 1998), Leland and Toft (1996), and 
Mella-Barral (1999) are among the papers which develop continuous time models of capital structure. 
" Merton (1974), Black and Cox (1976), Brennan and Schwartz (1978), Kim, Ramaswamy, and Sundaresan 
(1993), and Lonsgtaff and Schwartz (1995) are among a handful of studies that present models of corporate 
debt pricing. 
^ Fischer, Heinkel and Zechner (1989) find that the initial leverage ratio and the optimal range of debt ratio 
is decreasing in the risk-free rate. They posit that this is due mainly to an increase in the tax advantages of 
debt when the risk-free rate increases. Kim, Ramaswamy, Sundaresan (1993), Leland (1994, and 1998), 
and Longstaff and Schwartz (1995) find that the optimal debt ratio is increasing in the risk-free rate. The 
common feature of all these models is that the probability of bankruptcy is monotonically decreasing in the 
risk-free rate, and as the result, as the risk-free rate rises debt financing costs (bankruptcy costs) decreases. 
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In our model, a firm is endowed with a technology that determines the firm's cash 

flow dynamics. To finance its operations, the firm may choose to issue debt or equity 

and can alter its capital-maturity-priority structure at any time. In this setting, the 

optimal dynamic financing policy (i.e. amount, periodic service, maturity, and priority of 

the debt, and call provisions) is characterized by a tradeoff between the tax advantages of 

debt and bankruptcy and recapitalization costs in the presence of stochastic interest rates. 

By varying the driving factors of the temi structure as well as the parametric structure of 

interest rate dynamics, we explore the impact of the term structure of interest rates on the 

value of the debt tax shield as well as the cost of debt financing such as distress costs. 

This, in turn, enables us to examine the influence of tlie term structure of interest rates on 

the firm's optimal leverage, maturity, and priority choice. 

This paper extends the existing literature in two important ways. First, the paper 

extends the existing models of dynamic capital structure to account for the stochastic 

nature of interest rates. This in tum enables us to study the impact of the behavior of 

interest rates on the optimal capital structure: leverage, maturity, call provisions, 

bankruptcy procedures, and priority. This article also provides closed—form solution for 

the value of perpetual debt under stochastic interest rates, inflation, and jumps. Second, 

the article extends the existing literature on corporate bond pricing by incorporating the 

impact of the firm's capital structure choice on the valuation of corporate bonds. 
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1.2. The Model 

Following the traditional studies of capital structure, we assume that investment 

decisions are fixed and exogenous of the financing policy. Henceforth, we model the 

value of a levered firm as a fimction of cash flows generated by the firm, the term 

structure of interest rates, leverage ratio, recapitalization costs, and maturity. 

Hereafter, I use the following notation: 

C: cash flow 

R : term structure of interest rates 

X: optimal capital structure 

B : initial par value 

I: the initial continuous coupon payment 

: cash flow at the call triggering point 

: term structure at the call triggering point 

: cash flow at the default point 

R^ : term structure at the default point 

m : initial retirement rate 

V : unlevered value of the firm 

V: levered value of the firm 

D : value of debt 

E : value of equity 

TB : value of tax benefits 
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BC : value of bankruptcy costs 

KC: value of recapitalization costs 

NB : value of the net benefit of debt 

In the spirit of the literature'* and the general equilibrium asset pricing model of 

Cox, Ingersoll and Ross (1985a) (hereafter CIR), we employ the following assumptions: 

(AO) The firm's investment decision in essence determines its technology and 

hence the djmamics of its cash flows. However, we assume that the firm's 

financing decision is conditioned on the existing technology, thus there are 

no interactions between capital budgeting and financing decisions. 

(Al) Under technical conditions, we assume that there exists a vector of R{t) 

state variables that governs the d^oiamics of interest rates^. 

(A2) There exists a differential tax system: Corporations are taxed 

instantaneously at a constant rate, TC- There is no loss-offset provision of 

•* Merton (1974), Black and Cox (1976), Brennan and Schwartz (1984), Fishcer, Heinkel, and Zechner 
(1989), Leiand (1994, 1998), Mauer and Trianris (1994), Leiand and Toft (1996), and MellaBarra (1999). 
These studies derive continuous time valuation models of firm's value. In essence, these models have 
relaxed one or more assumptions of Modigliani and Miller (1958) by incorporating bankruptcy, taxes, and 
transaction costs. Leiand (1998) in fact takes a step further and explores the effect of agency costs on 
optimal capital structure particularly on maturity choice. Mauer and Triantis explore the interaction 
between investment decisions and financing policy. In the spirit of these studies, we incorporate 
bankruptcy costs, differential tax treatment, and transaction costs as major frictions in our model. Leiand 
(1994) indeed finds that the impact of agency costs on capital structure is negligible. For tractability, we do 
however, assume that investment policies are fixed. 
^ Dai and Singleton (1999) show that imder certain technical conditions, any latent factor (affine Y or AY) 
representation of term structure of interest rate can be transformed to yield curve (affine r or Ar) 



taxes. Individuals, however, pays taxes on interest and dividend income at 

rate Zp, but they are not taxed on their capital gain income. 

(A3) Investors, individuals and corporations can trade at fair prices within the 

boundaries of transaction costs. 

(A4) Tlie firm's capital structure consists of debt and equity. The firm can issue 

coupon debt with coupon i, par value, fi, and inverse average maturity, m. 

The firm can also adjust its capital structure at any time, but must pay 

recapitalization costs to do so. There are fixed recapitalization costs, KF, as 

well as proportional costs, KV, on the absolute adjustment of the face value 

of debt, |A5|. Hence, the total recapitalization cost is of the form 

kf + Kv |A5|. 

(A5) Following Leland (1994, and 1998), we assume that debt is continuously 

retired at par at a constant rate of m of the initial par value. This in fact 

resembles a sinking fiond that repurchases debt at par. Though no explicit 

maturity is stated for the debt, Leland shows that average maturity is equal 

to l//n, meaning as the debt repurchase rate increase, the maturity debt 

shortens. Nonetheless, we assume that this continuous retirement and 

reissuance of debt is costly. We assume this cost is proportional at a rate 

Km to retirement rate, mB. 

representation. In our case, R{i) is the driving vector of state variables that governs the term structure of 
interest rates in a Ar fashion. 
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(A6) The bond indenture provisions prohibit stockholders from selhng assets to 

pay any dividends and maintain absolute priority for bondholders. In the 

event of default, the firm incurs a total deadweight cost equal to 

g X where is the cash flow at the default point, is the term 

structure at the default point, v(C^,R^) is the unlevered value of the firm at 

the time of default, and 0 ^ g < 1. We maintain that smooth pasting 

conditions are to be met, in other words, at the default point {C^,R^}, 

dv(C,R) / dC = 0, and dv(C,R) / dR = 0. Note that the bond indenture 

demands that the firm make the continuous debt service payments (coupon 

payments) and retirement of par, before paying any dividend to 

stockholders. 

(A7) Similar to previous studies [Goldstein, et al. (2001) and Leland (1998)], 

recapitalization occurs when the bonds are called. The call is triggered 

when the value of a corporate bond is equal to some pre-specified call 

price; I assume that the call price is exogenously determined and it is 

proportional to the initial par value with a proportionality factor of This 

indeed departs from reality since most call prices decrease in time. In 

such event, the firm can recall the outstanding bonds and issue a new bond 

with a new face value. For simplicity, we assume that at recapitalization, 

the optimal capital structure, X = (B, i, C^, R^, C^, R^, m), is adjusted 

with a factor of proportionality = v{C^,R^)/v(Co,Ro), where B is initial 
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par value, i is the initial continuous coupon payment, is the cash flow 

at the call triggering point, is the term structiu-e at the call triggering 

point, is the cash flow at the default point, R' is the term structure at the 

default point, m is the initial retirement rate, and v is the unlevered value 

of the firm. 

1.2.1. The Valuation of the Firm 

In this section we derive the fundamental valuation equations for debt, tax 

benefits, bankruptcy costs, and recapitalization costs under a general recapitalization 

policy. Note that the value of debt is merely the sum of the unlevered value of the firm 

and tax benefits less bankruptcy and recapitalization costs. I define the boundary and 

smooth-pasting conditions for each equation. Assume the cash flow generated by the 

firm's technology*^, C, for which the progression through time is govemed by: 

dC = a{C, t) dt + cr{C, t) dW (1) 

where, aiC,t) is the drift of the cash flow process, a{C,t) is the instantaneous volatility 

of the cash flow process, and Wis a. standard Wiener process. Though drift and volatility 

® The economic interpretation of cash flow is left to the readers taste. The model essentially acknowledges 
the existence of a second driving factor in valuation of the contingent claims. This variable, however, can 
be interpreted as earnings before interest and taxes, or simply the net outflow to investors. 
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can obviously be functions of time and cash flows, for simplicity, we assume that both 

these variables are constant. 

We also assume that the term structure of interest rates is governed by a vector of 

state variables, R(t), and the dynamics of interest rates is as follows: 

dR^n{R,t) dt + S{R,t)dW'' (2) 

where, f4,R,0 is the drift vector of the interest rate dynamics, S'S the non-negative 

definite covariance matrix of the term structure process, and ( f f ^±  W)  i s  a .  vector of 

orthogonal standard Wiener processes. 

Using the aforementioned assumptions and adapting the CIR fundamental 

valuation equation, we can write the valuation equation for debt, £), as follows: 

\CX- Dec +aDc +^tr{S 'S )D^^  +MD,  -{r  + m){ l -T^)D+ { I-T^){ I + mB)  =  0  (3) 

where, r is the instantaneous rate, d and /i are risk-adjusted returns due to cash flows 

and underlying term structure, respectively. Assuming that the risk premia on factors are 

proportional to the variance of the underljdng process (as in CIR), then the drift 

parameters can be defined as flmctions of initial drifts, risk premia, and dividend yield. 

We also know that the firm's levered value, V, is given by: 
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I^(C, R \ X )  =  D(C, if: X) + E{C,  R;  X)  

= v(C, R) + TB{C, R ,X)- KCiC, R ;X)- BCiC, R; X) 

(4) 

where, v is the unlevered value of the firm, D{CJi-,X) is the value of debt, EiCJR.\X) is the 

value of equity, TB{CyR-^ is the tax benefits, KC(CJi; X) is the total recapitalization 

costs, and BCiC^; X) is the bankruptcy cost. By the law of iterated expectations, the 

unlevered value of the firm is equal to: 

viC.R) = E, C{i i )  exp< r (s )ds  du 
(5) 

Using the CIR pricing technique and Leland (1998) valuation scheme, for any 

contingent claim on the firms cash flows and interest rates, F(CJR; X), we can write a 

fimdamental valuation equation as follows: 

^a-  F e e  +  « + T t r {S 'S )F^ + /i/T -r(l - Z*+ CF(C,R;B)  =  0  (6) 

where CF{CJR\ X) is the after-tax continuous cash flow generated by the contingent 

claim. In case of tax benefits, TB, for Cf' <C <C^ and R^ <R the above equation 

is written as 
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W'TB,^ +aTB^ +\jr{S'S)TB„ +fiTB^ - A^-r ̂ )tB+[t^ - v ̂ )i = Q (7) 

The total recapitahzation costs are defined as: 

KC = KC* + K[r+ kvB 

where, KC' is the recapitahzation cost due to continuous retirement. 

For Cf' <C <C^ and R!' <R the fundamental valuation equation of KC* 

can be written as 

4 -  o - ' KClc + « KC'c + \ tr(S'  5 ) ( 8 )  

+ // KC' -r(l-T^ )KC' + (l - = 0 

And, lastly for the bankruptcy costs, BC, for C^ <C <C^ and <i? <if^, the 

fimdamental valuation is defined as 

jo - 'BCcc  +dBCc +j t r{S 'S )BC^ +f iBC^  -r(l-rp)5C = 0 (9) 

The objective of the firm is to maximize the total levered value, or equivalently to 

maximize the net benefits of debt (i.e. tax benefits minus all costs). Thus, we can write 

the objective function as 
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m^[NB{C,R- ,X)=NB*{C,R]X)-Kir  -Ky  B }= (10) 

max {r5(C, R,  X) -KC* (C, R\ X) - BC{C, R; X)-fCp- b) 

where, O = is the market-clearing vector of the factors' risk premia for corporate 

debt, & <C <C^, and/f^ ^ 

I.2.2. Boundary Conditions 

For equation (3), we know that at the lower boundary, when bankruptcy occurs, 

the firm cash flow is at and the term structure of interest rates is at R^. If the firm is in 

default the dead—weight bankruptcy cost is proportional to the unlevered value of the 

firm, v(C^ and hence, the binding lower boundary for the value of corporate debt can 

be written as: 

D{C' - ,R ' - \X)  =  { \ -g)v{C ' - ,R ' - )  (11) 

Note, at the event of default, we requires the following smooth-pasting conditions: 

l i m  d E i C ' -  , R ' '  • , X ) / d C =  l i m  d , R ' -  • , X ) / d R  =  0  

where, {C^, /J^}is the bankruptcy triggering point, and E{C^-,X) is the value of equity. 
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Equation (3) is also subject to call provisions which govern the upper boundary 

condition. Any bond issue can be called back at a pre-specified call price, that is 

assumed to be proportional to the bond's face value. Hence, the binding upper boundary 

for the value of corporate debt is: 

DiC" ,R" = (12) 

where {C'^, R^} is the triggering point for recapitalization. Since this point represents a 

hyperplane, at any point on the plane the following smooth—pasting conditions must hold: 

lim • ,X) /dC= lim dEiC"" ,R ' '  • ,X) /dR = 0  (13) 

For equation (7), we have that TB{CoJio'J(), and 

= V{C^',R^)IV{CQ,RQ). Since we assumed that there are no loss-offset provisions, 

TBiC^Jt^-^ = 0. 

For equation (8), we have that KC*{C^yR^\X) = P^ [ArC*(Co,/?o;A^ + KYB] + KF, 

and = v{C^,R^)IV{CQ,RQ). Since we assumed that there are no loss-offset provisions, 

KC*id-Jt^,X) = 0 
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For equation (9), we have that BC{(^JR^\X) = BC{CQJR.Q-^, and = 

v(C^,/?^)/v(Co,i?o)- Since we assumed that there are dead-weight costs of bankruptcy, 

=g 

1.3. Optimal Capital-Maturity Structure and Stochastic Interest Rates 

To study the impact of interest rates on optimal capital structure, I implement the 

aforementioned model by assuming specific evolutionary forms for cash flows and 

interest rates. I then proceed to derive closed-form solutions for the value of the 

contingent claims, and, to solve numerically for the optimal capital structure. 

1.3 • 1. The Case of One—Factor CIR Interest Rate Dynamics 

To analyze the impact of interest rates and the parametric structure of their 

dynamics on the optimal capital-maturity choice, we assume that the term structure of 

interest rates can be appropriately modeled by a one-factor CIR model. As discussed 

earlier, the optimal decision for a firm would be to choose the set of control variables, 

namely optimal (i.e. value-maximizing) capital-maturity structure, X, given the market-

clearing vector of risk premia, O, such that equation (10) is satisfied. 

To solve equation (10), first one needs to solve for the net benefit of debt. Given 

the orthogonality of the cash flow process and the interest rate process, one can solve 

analytically for the net benefit of debt. However, one cannot analytically solve for the 
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solution to the maximization problem, and thus, one can implement a numerical 

procedure to find the optimal capital—maturity structure. 

Proposition 1. Assume an economy in which the term structure of interest rates follows 

the CIR dynamics (Feller process) as follows: 

dr ( t )  =  fc{d  — r ( t ) )d t  +  a  ̂ - / r^dW (1^)  

and the evolution of the firm's cash flow is governed by a Feller process as follows: 

dC{t )  =  a  [c  -  C{t )]d t  +  a-  y}C{ t )  dW (15)  

Given that the previous processes are orthogonal, then the value of a contingent claim, 

F{C,r;X), on the firm's cash flows, C, and the term structure of interest rates, r, which 

perpetually pays a known amount, 5, can be expressed as: 

^or^CF^^  +{aC —(a +  Accr")  C)F^  

cr;rF,, + [KO-[K +  A^ct; ) r ] F ,  - r ( l - ) f  +  J ( r )  =  0  

(16) 
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where, Aris the risk premium parameter of the contingent claim F{C,r;X) with respect to 

interest rates, and Ac is the risk premium parameter of the contingent claim F{C,r;X) 

with respect to cash flows. There exists a general solution, F{C,r;X) of the form: 

CO 

F{C,r -X)= \  S{T)P{r ,T)dr  +  K,M[Q^{K^J ,S ' ' - y /C)M[Q'{K,_ \S ' -gr )e ' "  (17) 

0 

Where, P{r,T) is the price of a default-free zero-coupon bond defined by CIR with time-

to-maturity ofT, Ki are constants, and M(a,b;u) is the Kummer function/ The parameters 

of the preceding Kummer functions are given by: 

_ 2 {a + 

C7* 
4 (a + y^^cr') 

(18) 

s"-' = ^ 
2 (a + 

^ M{a,b\z) are defined respectively as follows [ see Abromowitz and Stegim (1977) for details]: 

A / ( « .  A :  . )  =  I  .  -  > -

where; 

( a ) „  =  " ( a  +  I K o  +  2 ) -  - ( a  +  n  -  I ) .  ( a ) „  =  I  
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K + X^cr: 1 
(P^  

crz 2 

^ - 2  
^/r + A,cr:^ ^ 2(l-rp) 

Proof. See Appendix A. 

By applying the relevant boundary conditions, the corresponding constants can be 

determined [see Appendix B for details]. Since the value of the firm's contingent claims 

can be analytically expressed in terms of the optimal capital structure, parameters of cash 

flow and interest rate dynamics, the optimization problem can be rewritten: 

tn^ {7S(C, R,  X) -KC* (C, R;  X) -BC{C,  R;  X) - fc^ -Ky  B\  

s.t. 

D{C,r - ,X)  =  B  

(19) 
D{C\r"  •X)  = { \  +  P)B 
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1 C . R 1 - +  

lim dEiC'' ,R"\X^ldC= lim dE{C'' ,R" ;X)ldR = Q 

\C,R\^ 
lim. . dE{C' - ,R ' '  • ,X) /dC= lim. . =0 

Though the solution to the constrained maximization problem cannot be obtained 

analytically in terms of cash flow and interest rates dynamics, using numerical 

optimization procedures, one can easily solve for the optimal capital structure, X. 

Note that for the unlevered value of the firm at the point of bankruptcy we simply 

use equation (5), in which the unlevered value of firm is expressed in the familiar form of 

the expected discounted cash flows. Using equation (5) and after some algebra; 

where, P{r^,T) is the value of a zero-coupon bond defined by (18) and (19), and 

EQ(C(r)| C(0) = C^) is the expected cash flow at default, defined as follows: 

v(C\r^X) = Eg[C(r)| C(0) = C' ' ]p{r ' ,T )  dr  (20) 

0 

Eg[C(O|C(0)=C^J=C^(?-"'+c(l-e-«') (21) 
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Given the optimal capital structure found in the previous section, we now study 

the comparative statics of corporate debt with respect to the parameters of both cash flow 

and interest rate processes. 

As far as the effect of the cash flow process is concerned, the results are quite 

comparable to those of previous studies (Table II) [see Raymar (1991)]. As the initial 

cash flow increases, both the optimal leverage and maturity increase. As the initial cash 

flow rises, the current and future levels of cash flows become closer, making the cash 

flow term structure flatter. This in turn, enables the firm to increase the debt maturity, 

and thus, save on recapitalization costs. Notably though, the increase in the optimal 

leverage is quite small, reflecting the fact that as payments and par value increase so do 

bankruptcy costs. The impact of mean-reversion is also positive both on leverage and 

maturity. As the firm's cash flows become more mean-reverting, so does the firm's 

tendency to borrow more in the form of the longer maturity debt. Since cash flows 

stabilize faster (i.e. approach the long—run mean faster) the firm has a tendency to choose 

longer maturity and increase its leverage. Lastly, as the volatility of cash flow rises, both 

leverage and maturity decrease. 

The impact of the term structure of interest rates is, however, quite complicated 

(see Table I). As the instantaneous rate rises (see Figure l.A), the optimal leverage and 

maturity of the debt both rise. In essence as the yield curve becomes more inverted, a 

firm can improve both its debt tax shields and recapitalization by moving toward longer 

maturities, without increasing bankruptcy costs too rapidly. However, as the long—term 
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mean of the interest rate process rises, the firm finds it costly to move toward longer 

maturities. For one, the higher coupon payments makes the bankruptcy cost larger to the 

extent that the firm finds shorter maturities more desirable despite lower tax benefits and 

higher recapitalization costs. 

The effect of increasing both the mean—reversion (see Figure l.B) and the 

volatility (see Figure l.C) of the cash flow is quite complicated. When the yield curve is 

flat, an increase in either mean—reversion or volatility makes no significant difference in 

leverage or maturity. However, in the case of non—flat yield curves (both normal and 

inverted) an increase in either mean—reversion or volatility leads to lower leverage and 

shorter maturities. In both cases, as either the mean-reversion or the volatility increases, 

the expected short-rates become smaller. As a result, the value of the tax shields 

decreases, forcing a firm to lower the leverage. On the other hand, to prevent the 

recapitalization and bankruptcy costs fi-om growing too large, the firm has to shorten the 

maturity of the debt. 

Most of these findings are at odds with previous studies. To provide a better 

understanding, I use a hypothetical firm and contrast the optimal capital structure derived 

firom my model to that of Leland (1998). The hypothetical firm has a cash flow volatility 

of 0.20 and the cash flow growth is set to be equal to the instantaneous rate to replicate 

Leland's economy. I then find the optimal capital structure for the case of a flat yield 

curve with the risk—fi-ee rate set equal to 0.04. The optimal leverage and debt maturity 

suggested by my model are 48.85% and 6.708 years, respectively. The optimal leverage 
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and debt maturity suggested by Leland are 52.2% and 6.19 years, respectively. Note that 

the probability of bankruptcy in my model is 0.398 while the probability of bankruptcy in 

Leland's is 0.302. This explains that between the two models, Leland suggests a higher 

leverage and shorter maturity. 

To test further implications of my model, I examine the change in the optimal 

leverage and debt maturity when the yield curve changes. Since Leland's model can only 

afford parallel shifts in the yield curve, I first shift the entire yield curve upward to the 

point that the risk-free rate is 0.05. While in Leland the optimal leverage and maturity 

change to 57.6% and 5.49 years, my model suggests that the optimal leverage and 

maturity change to 45.2% and 4.77 years. In my model there are two effects that Leland's 

does not account for. Leland does not account for the impact of an increase in the long-

term mean of the interest rate process on the optimal leverage, hi his model when the 

risk—free rises, the likelihood of bankruptcy decreases, making debt less costly. 

However, in my model, when the long-term mean rises the yield curve becomes steeper. 

Although the nominal tax shields of the firm increases moderately, the present value of 

the fiiture tax deductions decrease drastically, making the debt benefits smaller. 

One notable difference between the two models is the manner in which changes in 

the risk—free rate affect the growth in cash flows. In Lenald's model (i.e., in the context 

of risk neutral pricing) when the risk-free rate rises, so does the growth in asset returns. 

In my model, the growth in cash flows and the term structure are separated. Unless 

otherwise enforced, the growth in cash flows would not change with interest rates. In 
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preceding analysis, I enforced the growth to be equal to risk—free rate to compare the tvvo 

models. To make a more relevant comparison between the two models, I also examine 

the impact of increasing only the instantaneous rate, from 0.04 to 0.05, when the growth 

rate in cash flows in my model is constant. The results suggest that even though the 

growth in cash flows remains constant, the optimal leverage increases to 53.8%. As 

previously noted, when the instantaneous rate rises, so does the present value of tax 

shields, increasing the benefits of debt. The optimal maturity also increases to 8.56 years. 

In short, using a model that accounts for both the evolution of the firm's cash 

flows and the dynamics of interest rates, I find that changes of the shape of the yield 

curve influence the firm's optimal capital structure significantly. 

1.3.2. The Effect of Protective Covenants 

In preceding sections, I assumed that at the point of bankruptcy the bondholders 

only receive a fraction of the firm's unlevered value. This, however, does not account for 

prevalent protective covenants that require fiill payment of par at bankruptcy. Hence, I 

impose additional restrictions on the optimization problem by requiring the unlevered 

value to be equal to the par value of the bond at the time of bankruptcy. Though 

quantitatively the results are different, the implications as far as the comparative statics 

goes are exactly same as the case of non—protected debt. The results show that although 

the value of debt and bankruptcy costs are different, comparative statics are generally the 

same. 
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1.3.3. The Case of Two—Factor CIR Interest Rate Dynamics 

While in the previous section we have found some interesting results, one could 

argue that without accounting for complexity of the term structure of interest rates, one 

cannot examine the effect of the dynamics of the interest rate accurately. Though a one-

factor model such as CIR explains the behavior of interest rates with relative accuracy, 

recent studies of the term structure of interest rates have shown that the explanatory 

power of the model increases as the number of factors increases, [see Brennan and 

Schwartz (1979), Schaefer and Schwartz (1984), Heath, Jarrow and Morton (1988), 

Dybvig (1989) and, Lamoureux and Witte (2001)]. Brennan and Schwartz (1979) 

suggest a two-factor model, using long-term as well as short-term interest rates. Schaefer 

and Schwartz (1984) use the spread between short-term and long-term interest rates and 

long-term interest rates to model the term structure of interest rates. Litterman and 

Scheinkman (1988) propose that factors such as level, steepness, and the curvature of the 

yield curve could be used to explain the variations of the yield curve. Having imputed 

the latent factors and predicted the jdeld curve using one-factor, two-factor, and three-

factor CIR models, Lamoureux and Witte (2001) show that a two-factor CIR model 

predicts forward rates more accurately than a one-factor CIR model. 

As such, I choose a two-factor CIR model of the term structure of interest rates to 

represent the evolution of interest rates. Such a model can be written as a system of 

stochastic differential equations of the form: 
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' x , ( t )  /c, 0 'X , { t )  
dt + 

cr, 0 
d 

"z,(0' 

^7(0 0 
dt + 

0 o". 
(22) 

where, Xi(t)'s is the unobserved underlying macroeconomic factors, K^S are the velocity 

parameters, Gis the central tendencies of each of the factors, and o;'s are the volatility 

parameters. Also, Z/s are Weiner process of the order one. 

Proposition 2. Assume an economy in which the term structure of interest rates follows a 

two—Factor CTR Feller process such as follows: 

dX( t )  =  K , ,  (0  ̂  -  X{t ) )d t  +  o-^X{ t )dW' '  

dY{ t )  =  Ky [Oy -  Yi t ) )d t  +  cry4y( i )dW 

(22) 

and the evolutions of the firm's cash flow is governed by a Feller process as follows: 

dC( t )  =  a[c  -  C(t ) ]d t  +  c74^dW (23) 

where, dW, dW^ and dW^ are independent standard Brownian motions. 
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The value of a contingent claim, F(C,R;X), on the firm's cash flows, C, and the 

term structure of interest rates, R = \X Y\', which perpetually pays a known amount, 5, 

can be expressed as: 

•ja'CF(-(- +(aC -(a + AcCr") C)Fc 

+ y<j\X+ \Kxdx  ~ (^x ]^x  

+  jO-pyFyy+l fCy6>y " (/C ̂  + A ̂  ^ ) 7 ]F^ " ̂(l " TJ F + <?(/) = 0 
(24) 

where, Xx and Xx are the risk premium parameters of the contingent claim F{C,R;X) with 

respect to interest rates, and Xc is the risk premium parameter of the contingent claim 

F{C,R;X) with respect to cash flows. 

For equation (24) there exists a general solution, F{C,R;X) of the form: 

F{C,R-X)= 5{r )p{R, ' )dr  +  K ,m[q^-y /c )  

0 

M [ Q ' • g y Y ] e ' ' ^ '  

(25) 

where, P{R,r) is the price of a default-free zero-coupon bond defined by CIR with time-

to-maturity of r, Ki are constants, and M{a,b;u) is the Kummer function. The parameters 

ofpreceding Kummer functions are given by: 
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¥ = 
2 (a + /l^cr") 

TTTK,  
4 (a-\-

(26) 

5^ =• 
2 (a + Aj~cr")~ 

0\K, )^ -^S ' '  ^ 
^.v ^ x'^ X 

^.V _ X^X 

^x'^x 

/C v  ^  t '  y  1 
^'x =-^ r^-^ —C 

. V  

.r 

^.v ~ ^ 
V. 2(1-'-,)' 

.V y 
+ -

_ iKyOy 

a}gy  

+ Aj^Cv 1 
<Pr ^ 

(Jy 2 

? r - 2  
+ Aj-cr^ Y 2(l-r^) 

cr; 
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Proof. See Appendix A. 

Applying the relevant boundary conditions the optimization problem can be 

rewritten: 

ni^ ^B{C,R-,X)-KC*{C,R-,X)-BC{C, R-,X)~K-Ky B\ 

s.t. 

D(C,r ;X)  =  B  

(27) 
D(C^,r^;X) = (l + ;5)5 

lim d E { C " • , X ) / d C =  lim dEiC^R"-' • ,X) ldR = Q 

Z ) ( C \ ^  X )  =  ( 1  -  g )  V ( C S  i ?  ̂ )  

lim dE{C' - ,R ' - - ,X) /dC= lim d EiC"-^R ' ' \X) /d  R  = 0  
[C.R\^{C'-,R'-\ \C.R\-*\C'-.R'-\ 

Again we must resort to numerical methods to solve for the optimal capital structure, X. 

Numerical results (Table III) verify that the impact of the term structure of 

interest rates is similar to what it is under the one—factor model. Indeed for the first 

factor, the comparative statics are exactly same. For the second factor, the comparative 

statics are somewhat similar. When the level of the factor rises, both the optimal 

leverage and maturity decrease. This is similar to the effect of the long-term mean of 
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instantaneous rates in the one—factor model. As for the comparative statics wdth respect 

to the velocity and volatility parameters, the effects are exactly same as those of the first 

factor. When either the velocity or the volatility rises, both the optimal leverage and 

maturity decrease. 

1.4. Optimal Priority Structure and the Term Structure of Interest Rates 

In the previous section, we focused primarily on the effect of the factors of the 

term structure of interest rates on the optimal capital and maturity structure. However, 

one of the most important features of corporate capital structure is the priority hierarchy 

of the debt claims. Black and Cox (1976) put forth the first analysis of this issue, and 

showed that the presence of junior claims causes the senior debt's loss of value at 

bankruptcy to decrease. Smith and Warner (1979) analyze senior bond covenants. In 

accordance with their analysis and in addition to assumptions AO — A3, we refine the 

original model with the following assumptions: 

(A4') The firm's capital consists of senior callable and junior callable debt, as 

well as equity. Both senior debt and junior claims are coupon bonds, with 

continuous coupon payments of ^ and /, par values of and , and 

average maturities of M^, and M^, respectively. The firm can adjust its 

capital structure at any time, maintaining the priority rules. For both kinds 

of debt claims recapitalization is costly: there exist fixed recapitalization 
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costs, AC/r, as well as proportional costs, KV , on absolute adjustments of the 

face value of debt, |Aff|. Hence, the total recapitalization cost is of the 

form /Qr+ Kv |A5|. 

(A5') Senior debt covenants require the firm to retire both debt claims' face 

values continuously at constant rates of and ni!, providing that ytl < m^. 

In essence, this is equivalent to having two sinking funds for either debt 

classes, while the senior debt's sinking fund is funded at a faster pace. 

This assumption allows senior bondholders to assure full payment before 

junior claimants are paid in full. As in the original model, we assume that 

the continuous retirement and reissuance of debt is costly. We assume 

that regardless of priority the cost is proportional at a rate Km to the 

retirement rate, mB. 

(A6') The senior bond indenture provisions prohibit stockholders from selling 

assets to pay any cash distribution to junior claimants or stockholders, and 

maintains absolute priority for senior bondholders, hi the event that the 

firm's cash flows are insufficient to cover the required debt service, senior 

or junior, the firm defaults. In the event of default, the senior bondholders 

have absolute priority, meaning that junior claimants cannot be paid imless 

the senior creditors' principle is paid in full. If the market value of the 

unlevered assets in place is less than the face value of senior debt, senior 

bondholders liquidate the assets for their market value and receive the 
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payments. If, however, the market value of assets in place is greater than 

the face value of senior debt but less than the face value of total debt, then 

after liquidation and full payment of par to senior claimants, the junior 

bondholders receive the residual value. For simplicity, we assume that the 

market value of assets in place is proportional to the unlevered value of 

the firm with factor of K*. Regardless of the outcome, financial distress 

(default) is costly and the total deadweight cost is equal to g- x 

where 0 < g- < 1, and v(C^,R^) is the unlevered value of the firm at the time 

of default. 

(A7') The value of a corporate bond, senior or junior, at the recapitalization 

point is equal to some pre-specified call price, B''' = (l+yS)5', where P is 

known and fixed. This indeed departs from reality since most call prices 

decrease in time. In event of recapitalization, the firm can recall the 

outstanding bonds and issue a new bond with a new face value. For 

simplicity, we assume that at recapitalization, the optimal capital structure, 

X = /, r'^, R^^, m\ is adjusted with a 

factor of proportionality = V{C^,R^)IV{CQ,RQ) ,  where v is the unlevered 

value of the firm [see Goldstein et al. (2001) and Leland (1998).] 

(A8') Additionally, we assume that the senior debt indenture requires the face 

value and the inverse of the average maturity of the junior debt to be less 

tlian or equal to those of the senior debt: B^ < B^ and < m^. These 
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assumptions conform to arguments put forth in previous studies [see 

Myers (1977), Asquith, Gertner, and Scharfstein (1991), and Diamond 

(1993)] which suggest that senior debt would be short—term so that the 

firm can issue senior claims at a future date without limiting the firm's 

ability to raise funds in future.® 

1.4.1. Valuation and Boundary Conditions 

As in the original model, the value of any contingent claim on the cash flows and 

term structure is given by (26). In the presence of two types of debt, however, the total 

net debt benefit is rather complicated. As such, we define the total net benefits of debt as 

a sum of the net benefits of senior and junior debt as follows: 

NB{C,  R ,  X)  = MB'{C,  R;  X)+NB^ (C, R;  X)  (28) 

To solve for the net benefit of each class of debt, one needs to define the 

boundary conditions for each of the two classes of bonds. For the upper boundaries (i.e., 

the recapitalization point), the boundary conditions for both senior and junior debt are 

similar to those of the original model after correcting for each class's characteristics. 

Hence, for senior debt claims, NB(CoJto-^ + (p'^^+l)(/c/r + fCyB^), 

^ Without additional constraints on leverage and maturity choices, the junior debt has no particular 
advantage over senior debt and hence, the firm would not find it optimal to issue any junior debt. Our 
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where s v(C^^,^'^'^)/v(Co,ifo), and D^{Cf^,R^^\X) = For junior debt claims, 

= //^ NBiCoJio-^ + + l)(fCF + where 

p'^= v(Cy^,R^^)/viCo,Ro), and = B'^. 

For the lower boundaries (i.e., the bankruptcy point), the tax benefits and 

recapitalization costs will be different across the senior and junior debt. Accounting for 

these differences gives for senior debt, = — g and for junior 

debt claiiBS, = - g - B^. Additionally we require that 

= (1-^) v{Cf'-.R^'-), D\c'^.R^'',X) = B^, ly^Cf^.R^^-JC) = 0, and 

= (1-^) vid^.R"-). 

1.4.2. Optimization and Comparative Statics 

The objective of the firm is to maximize the total levered value, or equivalently to 

maximize the total net benefits of debt (i.e. tax benefits minus all costs), providing that 

aforementioned boundary conditions hold. Thus, we can write the objective function as; 

max {NB {C,  R ,  X)=NB^ (C, R\ X) + NB' (C, R, X)} (29) 

subject to following constrains: 

numerical experiments verify that if such constraints are not imposed, the junior debt becomes more like a 
current liability; a debt instrument with virtually no maturity and very small face value. 
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> B-' 

> m'' 

D{C" ,r ' '  ;X)  = { l  +  f i )B  

lim dD{C' '  ,R ' '  ;X) /dC= lim dDiC"  ,R^ '  ;X) /dR = 0  

D(C\R ' ;X)  = i l -g )v{C\R ' - )  

lim dE(C' - ,R ' - ;X) /dC^  lim d E{C\R ' - \X) /d  R  = 0  
\C,R\^{C'- .R"-) {C.R}-*iC'-.R"-) 

where, NB{CJfJC) =NB^{CJl-^ + <D = {(ff, tff^) is the market-clearing 

vector of the factors' risk premia for corporate debt, <C <C^ and R^^ <Ji^^ < 

R 

The results (Table IV) show that as the level of the short-rate rises, both senior 

and junior leverage ratios increase while their optimal maturities decrease. The results 

show that while the face value and leverage ratio of senior debt are always greater than 

those of the junior debt, the optimal maturity of the junior debt is longer. 

1.5. Extensions 

An interesting extension of the model is to examine the optimal capital structure 

when inflation is stochastic or cash flow or interest rates processes have stochastic jump 

components. 
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1.5.1. Optimal Capital Structure and Inflation 

To analyze the impact of inflation on the optimal capital-maturity choice and to 

maintain tractability, we assume that the term structure of interest rates can be 

appropriately modeled by a one-factor CIR model (14). Inflation, and the firm's 

cash flows, C(0 are both stochastic and they are modeled as: 

d7r( t )  = /c^ {k — dt + cr_;r - {t)dW~ 

dCi t )  = a (c — C{t^K{t^)dt + aC~- K- { t )dW^ 

As in previous cases, we maintain that the evolutions of inflation, cash flows and interest 

rates are independent. 

Proposition 3. Assuming the aforementioned economy and that all processes are 

orthogonal, then the value of a contingent claim, F{C,r,n:X), on the firm's cash flows, C, 

the term structure of interest rate, r, and the inflation, n, which perpetually pays a known 

amount, S, can be expressed as: 

ja 'CTT F^c  -T-{ fcC - {a  + X(-o- ' )C)7rFc  +ja^rF^  +\K6-  {K +  (31) 

+ \ a l K ^ F ^ + I K ^ K - ) - [ K ^  +  A j ,  - r ( l - r J F  +  ̂5 ( 0  =  0  
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where, ^.ris the risk premium parameter of the contingent claim F(C.r,7t;X) with respect 

to interest rates, ^.^is the risk premium parameter of the contingent claim F{C,r,7r,X) 

with respect to inflation, and Ac is the risk premium parameter of the contingent claim 

F{C.r, 7r,X) with respect to cash flows. 

There exists a general solution, F{C,r,n;X) of the form: 

where, P{r,7r,t) is the price of a default-free zero-coupon bond with time-to-maturity ofT, 

M{Q,S;u) is the Kummer function, and K,- are constants. 

For P(r,7t,t) we have: 

00 r 
F{C,r ,K\X)= S{T)p{r ,7r ,T)dT  

(32) 
0 

P{r ,K,T)  =  AiT)U^  M{Q,  5; n)exp{- B{T)  r}  (33) 

where; 

(33) 



 ̂  ̂ (ac + A*^ —l)+2x  

Y =  \K  +  X*J+2CT;}  

K 

Q^( f -+2) ' - ( t>  

^ _ 2 (/c, + A *, 3 +(l + Q)al) 

and; 

( f>^  ^ + -
o". 2 

where, A. r is the risk premium parameter of a default-free zero-coupon bond with respect 

to the instantaneous rate, r, and ?Cand X ^ are the risk premium parameters of a 

default-free zero-coupon bond with respect to inflation, K. 

The functional parameters of (30) are given by: 
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and 

K' fc^+A^^  JT !r,Z 

where, Xr is the risk premium parameter of the contingent claim with respect to the 

instantaneous rate, r, and and ^^^.2 (ire the risk premium parameters of the contingent 

claim with respect to the inflation, n. 

Proof See Appendix A. 

Interestingly, the foregoing analysis reveals that the possible effect of inflation on 

the optimal capital structure is quite similar to the effect of the change in the short rate. 

Though the nonlinearity of the inflation process most likely will make the impact of mean 

reversion and volatility more complicated than the case of a one-factor CIR model. 

1.5.2. On the Effect of Jumps in Cash Flows and Interest Rates 

Despite the appeal of diffusion models, one shortcoming is that one cannot 

accommodate a significant likelihood of sudden changes. Jump—diffusion models, 

however, have provided interesting alternatives as to how the dynamics of processes 

could potentially behave through time. To analyze the impact of sudden changes 

(discontinuity) of cash flows and the risk-free rate on the optimal capital structure, we 

define the dynamics of cash flows and interest rates as jiunp-difflision processes. 
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We define the term structure as following 

dr{ t )  =  K{9  ~  r{ t ) )d t  -FRCR^r^  { t )  dW+ J' ' { ju^,Y ; )d  9 ' '  ( J i ^ )  (35) 

where, r(r) is the risk-free rate, 6 is the central tendency of the risk-free rate, cr is the 

instantaneous volatility parameter of short rates, / is the jump in short rates characterized 

by fj-r and and Sf is the Poisson arrival probability with parameter hr-

Corollary 1. Under the aforementioned term structure, the price of a default free bond is 

defined by the following fundamental PDE: 

jo-; rP^ +[KG-{K + X^)r]P^ +hE[p{r + J')-P(_r)\-rP + Pr^O (36) 

For which there exist a solution of the form: 

Pir ,T)  =  A{T)Qxv{-B(T)r]  (37) 

where; 
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J  4A(e^^  - l )  ,  2 ( / -K-X*^)n-4r-A  

+ ̂ *r+rh'"' -'^)+ 27J (jr-^-Z*^f 
4(*r+^',)A-2(T* n 

fc + A* 
-+l  

Y 
{e''' -l)+l 

l ye^  

^  ^  ( f c  +  A*^  +y) (e^^  —l)+2/  

X =  [( /c  +  / l*J '  +2a;}  

(38) 

A = -^hr (//' +v;) 

and. 

Q = - { jcG + h^  

where, A.*r is the risk premium parameter of a default-free zero-coupon bond with respect 

to instantaneous rate, r. 

Proof See Appendix A. 

Additionally, we define the cash flow process to evolve through time by: 
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dC{t )  =  a[c  -C{ t ) )d t  +  o-7^dW""  )d&' ' {h^)  (39) 

where, C{t )  is the risk-free rate, a is the constant growth of cash flows, is the constant 

variance of cash flows, J is the jump in cash flows characterized by //c and yc, and ^ is 

the Poisson arrival probability with parameter he-

By Ito's lemma, the stochastic differential equation that determines the value of a 

contingent claim F{C,r;X) which perpetually pays a known payout of SKJ), is given by 

Assuming that the risk premium on each primitive is proportional to the variance 

of each primitive, the fundamental pricing equation can be expressed by a partial 

differential-difference equation, as follows: 

dF = \ j (T 'C  +a{c  -C)F(- +\<yl  rF^^  +K{6-r )F^ \d t  

+ o-C^ FcdW +a,AF^dW' 

+ [F(c  +  J^ , / - ) -F(C,r )  I +[F[c , r  +  J ' ) -F{C,r )  1 J ' ]d9 '  

(40) 

VCT'C FEE +{CCC-{A +  ̂ (~CR~)C)F(-  +TCR^ RF^ + \K6)R\F^ 

+ HCE [F [C + y  ̂ ,  r ) -  F{C ,  r )  ]+ H, E [F{C, R + J'  } -F(C ,  r )  ]  

- ( l -T^)rF  + S( t )^0  
(41) 
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Using Taylor's approximations, the aforementioned partial differential-difference 

equation can be approximated by the following linear partial differential equation: 

+ + +cr*Q'^c)-^cc + + 

-h j - / i ^ ( r -  +2^^r  +  ̂ ;  +rr  +  cr ;  r / +  [ kO + /z, - (a: + A, cr; - )r] (42) 

- ( l - r J rF  +  ̂ CO^O 

Using a change of variables, C = C + jU(- + <y'/2hf~ and 7 = r +ju^ + al , and 

rearranging the equation, we can rewrite (42) using the linear differential operators L and 

V as follows: 

l[c, r; dC, 5rJf(C, r) = v\c, rJf(C, r) - (43) 

Subject to boundary conditions: 

F{C\r ' ' )  +  K ' '  =  

F iC ' - , r ' - )  +  K ' '  F iC„r , )  =  B '  

where; 
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£[-] = (C- + A- + (a C - /i )a^ + (r- + n- + (© - A r )5, + T * 

F[.] = —  ̂ (44) 

and. 

As rc + 
K 

2a „ a = (-2 
(45) 

f u  =  ̂ [ a  

h. 

-> \ 

M r  +  
Ah r  y  

e = k6 - (J I  + (/C + /l^ cr^) y"r+-
2 \ 

r y 

A = (/<: +A, 0-; -/ij-

= —(l - r j  
/2. ^ 

f T \ <y 
Mr + 

\ 
2h r J 

In order to find a solution to (43), we can use Green's function which solves the 

following: 
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L{G{C,r -d ,h]  =  Q 

subject to the following boundary conditions: 

G{C„r , - t , h  =  B ' ' s [ c - t ^  s (p -p )  

G iC\P ' - ;C ,h  +  K ' -  G(C^ , r ^ ;C j )  =  B ' - s ( ^C-C^  s i r -p )  

where is the Dirac function. 

With the method of separation of variables, we then solve for the associated 

Green's fimctions and the value of contingent claim. 

Corollary 2. Green's function for the fundamental PDE (26) is given by: 

G[ C, r; C, S (c' + A' P," (/ c/a) exp 
/J arctan(C/A) 

2A (46) 
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where, P(r, T) is the price of a default-free zero-coupon bond with time-to-maturity of T 

and Pf (•) is the Legendre function. The functional parameters are defined as follows: 

=  ̂ \ d -2a  +  AK*+\ f  - i j  

"  =  ̂ [ ( -A +  2A-4T + l )^  - i j  

- N-
d-2 - i -

2A 2 A' 

// si- — A — 2 + / 
0 

2A 

30-

2 A' 

K* = I K ,  

O = 

( l - r  )  
h ^ 

2( l - r J  

2 N 
^^r + 

2/ r  

(47) 

Proof See Appendix A. 

Using the perturbation method of approximation, we can derive a closed form 

solution for the value of the contingent claim. 
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Proposition 4. Assume an economy in which the term structure of interest rates follows 

dynamics defined by (35) and a firm's cash flow can be defined properly by a process 

defined by (39). Given that the aforementioned processes are orthogonal, then the value 

of a contingent claim, F(C,r;X), on a firm's cash flows, C, and the term structure of 

interest rates which perpetually pays a known amount, 5, can be expressed is: 

F{C ,  r )  =  F ,  (C, r )  +  F ,  (C, r )  +  F ,  (C r )  +  • (48) 

where; 

F , iC , r )  =  S  G{C,  r ;  C ,  r )dC  d  r  
(49) 

and. 

F , {C , r )  =  III G(C,r ;C , r )V  C , r  F^ ( f : , r )dCdr  

F^_{C,w,6,v) = 

C , r  

f - - C C C C ~ ' 
dCdr  \  \  dCdrG(C, r ;C , r )  

G(d ,hc ,7 )v [c ,?]F , (C ,? )  

(50) 
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where; 

r  1  2 ( l - r J  v[C , r ]^  \  
K 

Proof. See Appendix A. 

As is evident from the foregoing analysis, the effect of a sudden jump in either 

cash flows or interest rates is similar to that of the nonlinearities in the inflation process. 

Thus, while one conjectures that the impact of the mean—reversion and volatility will be 

similar to that of a one-factor CER process, the impact of the level would be complicated. 
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- THE TERM STRUCTURE OF INTEREST RATES AND FINANCING 

DECISIONS: AN EMPIRICAL EXAMINATION 

2.1. Introduction 

Traditionally, the capital structure literature has focused on how a firm's 

characteristics determine it's corporate financing decisions. An equally important 

question is whether macroeconomic conditions affect corporate financing decisions. 

Recent studies of corporate capital structure suggest that macroeconomic factors may 

provide information regarding the cost differential between debt and equity beyond what 

the finn's characteristics measure. More specifically, the term structure of interest rates, 

as an ex ante measure of the changes in the macroeconomy, have a significant impact on 

financing decisions.^ 

This study pursues the topic of the macroeconomic determinants of financing 

decisions with three primary objectives, assuming that the term structure of interest rates 

contains valuable information about changes in the macroeconomy.Thus, one 

' A number of continuous time models of capital structure [e.g. Fischer, Heinkel, and Zechner (1989), and 
Leland (1994)] have examined the effect of the risk-free rate on optimal leverage in a comparative static 
setting. While these results may not stand in a richer, more dynamic setting with stochastic interest rates, 
nonetheless they can shed light as to how the risk-free rate affects financing choices. In empirical analyses, 
Chen (1991) and Duffie (1998) find that the Treasury bill yield affects both bond and equity premiums 
negatively yet with different magnitudes. They find that the Treasury term spread (measured by the 
difference between Treasury bond and bill yields) affects the bond default premium negatively and equity 
premium positively. More recently, in a field siu^ey, Graham and Harvey (2000) report that one third of 
all financial managers do consider interest rates and inflation as pertinent factors in their financing 
decisions. 

Macroeconomic indicators such as interest rates, inflation, gross domestic product, and industrial 
production are highly cointegrated variables [e.g., Sims (1980), and Litterman and Scheinkman (1985)]. A 
large body of studies in macroeconomics [e.g., Fama (1981), and Litterman and Scheinkman (1985)] shows 
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objective is to investigate whether the term structure of interest rates—hereafter modeled 

by the short—rate (the Treasury bill yield), the long—rate (the Treasury bond yield), and 

the volatility of the yield curve—^affect the debt-equity choice/' Interest rates may 

reflect information about aggregate corporate profitability (i.e. aggregate risk premia) 

[e.g., Chen (1991), Duffie (1998), Fama and French (1990), Leland (1994 and 1998), and 

Longstaff and Schwartz (1995)] or influence a firm's tax shield and distress costs [e.g., 

Fischer, Heinkel and Zechner (1989) and Leland (1994 and 1998)]. Hence, the second 

objective is to verify whether either of these hypotheses explains the possible impact of 

the term structure of interest rates on the debt-equity choice. The term structure of 

interest rates also influences a firm's investment decisions [see Hartman (1980)] and 

maturity structure [see Barclay and Smith (1995) and Guedes and Opler (1996)]. Thus, I 

reexamine the robustness of the model correcting for confounding effects. The last 

objective of this study is to examine whether other macroeconomic indicators such as 

inflation, corporate quality spreads, mortgage rates and personal tax rates affect the 

debt-equity choice. 

that interest rates can predict the future changes of other macro-indicators. Indeed, a number of studies 
argues that indeed the term structure of interest rates can be used to infer infomiation about the latent 
economic state variables [see Cox, Ingersoll and Ross (1985), Fama and French (1990), and Chen (1991)]. 
" A number of studies [e.g., Litterman and Scheinkman (1991), Litterman, Scheinkman and Weiss (1991), 
and Chen and Scott (1993)] show that the level (Treasury bill yield), steepness (the difference between 
Treasury bond and Treasury bill yield) and curvature (volatility of the yield curve) of the yield curve 
explain the vast majority of the variation in the term structure of interest rates. More recently, Barclay and 
Smith (1995) and Duffie (1998) have used similar variables to proxy for the term stmcture of interest rates 
in their empirical analyses. Accordingly, I choose short-rate (which is related to Treasury bill yield), long-
rate (which is related to Treasury bond yield) and the volatility of the yield curve (which is related to 
standard deviation of the yield spread between Treasury bill and bond yields) to model the term structure of 
interest rates. 
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Most existing empirical studies of financing decisions use only industry and year 

dummies to control for the impact of latent macroeconomic factors. Bradely et al (1984), 

and Titman and Wessels (1988) show that the industry dummies have a significant effect 

on the firm's debt ratio. MacKie-Mason (1990) shows that year dummies have a 

significant impact on the debt—equity choice. Although industry dummies, year dummies 

and other dummy variables have been used extensively to proxy and control for industry 

and economy wide effects, our understanding as to how and why the macroeconomy 

affects financing decisions remains limited. 

This study extends the prior research in two important ways. First, it examines 

whether the term structure of interest rates influences the debt—equity financing choice, 

controlling for the previously established determinants of financing decisions. By 

focusing on interest rates as a major macroeconomic indicator, I find that changes in the 

macroeconomy, to the extent they are reflected by the term structure of interest rates, do 

influence a firm's financing decisions. 

Existing theories and empirical evidence suggest that the information content of 

interest rates concerning the aggregate profitability of firms, distortions of the net 

tradeoff between tax benefits and financial distress costs caused by interest rates, or the 

confounding effect of the debt matxirity can account for the observed phenomena. Thus, 

the second contribution made by this paper is to investigate whether any of the 

aforementioned hypotheses explains why the term structure of interest rates affects the 

debt—equity choice. 
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I document that the short-rate (Treasury bill yield), the long-rate (Treasury bond 

yield), and the volatility of the yield cur\'e do affect financing choices. I find that as the 

Treasury bill yield rises (i.e. the yield curve becomes more inverted), firms that seek 

external financing are more likely to issue bonds. In contrast, when the Treasury bond 

yield rises or when interest rates become more volatile, firms are less likely to seek 

additional debt financing. I find that the effects of Treasury bill and bond yields are 

mainly due to the information content of these variables regarding aggregate corporate 

profitability. However, I posit that that the impact of the volatility of the yield curve is 

mostly due to the embedded option value of debt contracts. Distortions in tax shields and 

distress costs are weakly related to the term structure of interest rates. I also document 

that other macroeconomic factors such as inflation cyclicality, mortgage rates, personal 

tax rates and corporate quality spreads also have significant impacts on the debt—equity 

choice. 

The paper proceeds as follows. The first section presents a number of 

macroeconomic factors which potentially influence a firm's financing decisions. The 

second section briefly reviews other factors, primarily firm characteristics, that may 

influence debt—equity choices. The third section describes the empirical methodology 

and discusses characteristics of the sample data. The results of preliminary analysis are 

presented in the fourth section. The fifth section examines a number of explanations as to 

why interest rates affect financing decisions. I test whether interest rates signal the 

aggregate profitability of firms.. The influence of interest rates on the tax benefits and 
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the cost of distress for a firm is also examined. I then test if the debt maturity confounds 

the effect of interest rates on the debt-equity choice. Finally, the sixth section 

summarizes the results and provides suggestions for further investigations. Data 

construction details are provided in the Appendix B. 

2.2. Macroeconomic Determinants of Financing Decisions 

The existing literature on capital structure postulates that macroeconomic factors 

influence a firm's financing decisions. Despite unanimous agreement of both theorists 

and empiricists on the pertinence of such effects, the nature of macroeconomic 

determinants of corporate financing decisions remains a puzzle. Most theoretical studies 

of capital structure focus on the firm's characteristics as the determining factors of the 

firm's financing choices, considering macroeconomic variables to be incidental. And, 

though admitting to the pertinence of macroeconomic factors, most empirical models of 

financing decisions, at best, employ indicator variables such as year or industry dummies 

to control for possible confounding effects. 

Though there may not be a clear way to capture the complex behavior of the 

economy, the term structure of interest rates contains valuable information regarding the 

changes of the macroeconomy [see Sims (1985)]. Indeed, there is some evidence that the 

term structure of interest rates may affect the optimal capital structure and hence 

influence the firm's financing decisions. 
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In continuous time models of corporate capital structure, Fischer, Heinkel, and 

Zechner (1989), and Leland (1994, and 1998) show that as the risk-free rate rises, 

optimal debt capacity and coupon pa)mients increase. These studies postulate that the 

positive relationship between changes in the risk-free rate and optimal leverage is due to 

an increasing tax shield and a decreasing likelihood of default. As the risk-free rate 

rises, so does the coupon payment of a newly issued debt, assuming that bonds are sold at 

par. Hence, a rise in the risk-free rate leads to an increase in tax shields, making debt 

more beneficial. On the other hand, in the context of risk-neutral pricing, as the 

risk—free rate rises, so does the retum on all assets, reducing the likelihood of default. 

In empirical analyses, Chen (1991) and Duffie (1991) show that the Treasury bill 

yield and the Treasury term spread significantly influence default and equity premiums. 

While default and equity premiums are both negatively related to the risk-free rate, the 

magnitude and significance of the impact on the default premium is much more 

pronounced. The Treasury term spread, however, affects default and equity premiums 

differently. While the correlation between the Treasury term spread and the default 

premium is negative, the association between the Treasury term spread and the equity 

premium is positive. 

These results imply that it is quite likely that the entire yield curve (i.e. the term 

structure of interest rates) affects a firm's financing decisions. To capture the evolution 

of interest rates accurately, I use a three—factor yield curve model similar to that of 

Litteiman and Scheinkman (1988) to model the behavior of the term structure. Litterman 
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and Scheinkman (1991) and Litterman, Scheinkman and Weiss (1991) show that the 

level, steepness (slope) and curvature of the yield curve can be used as a yield factor 

basis for the term structure of interest rates. They suggest that the yield on the shortest 

maturity Treasury instrument can proxy the level of the yield curve. Hence, I use the 

armual average of the monthly yield of the three-month Treasury bill for the year prior to 

the date of financing as a measure of the short-rate or the level of yield curve. 

Since Litterman and Scheinkman define the steepness of the yield curve as 

essentially the difference between the yields on longest and shortest maturity Treasury 

instruments, I use a measure of long-rates to proxy the effect of the steepness factor. I 

define the long-rate as the annual average of the monthly yield of the 30-year constant-

matiuity Treasury bond for the year prior to the date of issue. 

Litterman, Scheinkman and Weiss show that the curvature of the yield curve is 

related to the volatility of the yield curve. Therefore, I use the annual standard deviation 

of the difference between the 1—year Treasury bill and the 10—year Treasury bond 

monthly yields for the year prior to the date of issue to capture the volatility of the entire 

yield curve. 

Since the aforementioned term structure variables are computed using nominal 

interest rates, one conceivably suspects that any effect can equally be attributed to real 

interest rates or inflation. Indeed, Schall (1984) shows that inflation may distort tax 

shields, hence affecting the firm's financing decisions. Though the impact of such 

distortions, ex ante, are not clear, Schall shows that in some cases they may discourage 
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debt issue. To disentangle the impact of inflation, I use the annual average of monthly 

changes in the consumer price index (CPI) as a proxy for inflation. Additionally, I use 

both seasonally adjusted and non-adjusted measures of the CPI to control for the 

cyclicality of inflation. 

2.2.1 • Other Detemiinants of Financing Choice 

The existing capital structure literature recognizes a number of determinants of 

financing decisions. To prevent potential biases due to the omission of variables, I 

include these determinants in my model. I review the extant literature briefly and explain 

what variables are used in the analysis. 

Taxes 

Modigliani and Miller (1963) and Miller (1977) show that debt tax shields 

provide a strong incentive for leverage. DeAngelo and Masulis (1985) show that in 

addition to debt tax shields, non-debt tax shields such as investment tax credits or loss 

carryforwards can in fact affect optimal capital structure. Bradley et al (1984), MacKie-

Mason (1990) and Chaplinsky and Niehuas (1990) document a positive relationship 

between leverage and non-debt tax shields. I use Graham's (1992) marginal tax rate to 

accovint for tax effects. To control for non-debt tax shields, I use two measures: the ratio 

of depreciation to total sales and the ratio of the combined value of investment tax credits 

and tax loss carryforwards to total sales. 
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The optimal financing choice is the one that maximizes firm value. Thus, the 

very characteristics of the choice itself are pertinent in financing decisions. In the context 

of the static trade-off theory, the optimal choice is the one that equates the marginal tax 

benefit and the marginal bankruptcy cost. To test if tax shields generated by a new debt 

issue have any impact on the firm's financing choice, I include the interaction between 

the firm's marginal tax rate at the time of issue and the log of the proceeds of the debt 

issue. 

Miller (1977) shows that not only the corporate marginal tax rate, but also the 

personal marginal tax rates affect the optimal corporate capital structure. Miller shows 

that a firm would be indifferent between issuing debt and equity only if the corporate 

bond yield is equal to one minus the corporate marginal tax rate of the tax-exempt bonds. 

Fama (1977) argues that, in the absence of tax-arbitrage opportunities for banks, the 

marginal personal tax rate should be equal to the marginal corporate tax rate. Buser and 

Hess (1986), however, show that the implied personal marginal tax rate reveals much 

more volatility than its corporate counterpart.'^ They conclude that this is partly due to 

tax-arbitrage activities and mostly due to aggregate corporate productivity, or the 

likelihood of corporate financial distress. Hence, I use the imputed personal marginal tax 

rate to account for any clientele effects as well as the aggregate corporate financial 

outlook. 

Since Buser and Hess (1986) use the maximum corporate tax rate, it is conceivable that they cannot fully 
capture the volatility of the true corporate marginal tax rate. As shown by Graham's simulations, the 
volatility of corporate marginal tax rate is considerable. To capture the impact of the personal marginal tax 
rate, I impute the personal marginal tax rate using Buser and Hess's method. 
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Financial Distress 

MacBCie-Mason (1990) contends that a firm should be reluctant to raise debt when 

debt service increases the likelihood of distress. DeAngelo and Masulis (1985) show that 

the firm is less likely to be able to benefit from its non-debt tax shields when the 

likelihood of bankruptcy is high. Bradley, et al. (1984), Titman and Wessel (1988) and 

MacKie-Mason (1990) show that the volatility of earnings has a negative impact on 

leverage or debt financing. As in MacKie-Mason, I use the standard deviation of the 

firm's profitability ratio over the five years prior to issue as a measure of the firm's 

business risk. 

To reduce further biases created by possible omitted measures of default risk, I 

also use a non-hnear numerical equivalent of Standard and Poor's credit rating.'^ As 

Diamond (1993) points out, the maturity of a debt issue is a nonlinear function of it's 

credit rating. To control for such complexities, I also include the credit rating squared in 

the model. Since issuing debt can distort the firm's financial distress costs, I include the 

interaction between the firm's credit rating at the time of issue and the log of the proceeds 

of the debt issue to account for any distortion in tax shields. To control for nonlinearities, 

I also include the interaction between the firm's credit rating squared at the time of issue 

and the log of the proceeds of the debt issue. 

The COMPUSTAT database transforms the Standard and Poors credit rating to a non-linear numerical 
equivalent variable. I adopt the COMPUSTAT's convention, with the exception of private debt issues and 
missing values that are coded differently. 
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Agency Costs 

A number of theories predicts that conflicts of interest between managers, 

creditors, and stockholders lead to severe inefficiencies, decreasing the value of the firm. 

Myers (1977) presents a model in which debt financing can lead to underinvestment in 

future opportunities. Managers will only invest in new projects if the payoff is sufficient 

to earn an acceptable return on incremental investments and to pay off the outstanding 

debt claims. Jensen and Meckling (1976) discuss another form of agency problems. 

Having assumed that borrowers always have better knowledge regarding their investment 

opportunity set, Jensen and Meckling show that a firm can borrow cheap funds for a 

presumably low risk project and then use the funds to finance a risky project. To 

compensate for borrowers' opportunistic behavior, a priori, lenders adjust the cost of debt 

accordingly, creating a dead—weight agency cost of borrowing. This suggests that the 

magnitude of agency costs corresponds to the riskiness of the firm's opportunity set. The 

more risky the opportunity set is, the higher the agency costs will be. Though the 

riskiness of the firm's investment opportunity set is difficult to measure, the 

book-to—market ratio, the amount of research and development expenditures, and 

advertising costs have been used to proxy for the riskiness of the firm's projects and the 

magnitude of agency costs. 

Bradley, et al. (1984), and Long and Malitz (1984) find that the ratios of 

advertising and research and development expenditures to total assets are negatively 

related to leverage. Titman and Wessel (1988) find that growth options negatively 
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influence the leverage. In a model of financing choice, MacKie-Mason (1990) also finds 

similar results. 

Harris and Raviv (1990) and Stulz (1990) discuss the conflict of interest between 

managers and investors regarding operating decisions. Harris and Raviv assert that 

managers always prefer to maintain the existing operation, even if investors prefer to 

liquidate the firm. Stultz develops a model where managers almost always invest all 

available funds, even if paying out the fi-ee cash flow is the optimal strategy for equity 

holders. Both models predict that debt can be used to mitigate such problems because 

debtholders can always enforce liquidation and impose prepayment. Hence, the 

implication is that firms with more fixed assets (assets in place) face less severe agency 

costs. 

Bradley, et al. (1984), Long and Malitz (1984) and MacKie-Mason (1990) find 

that the ratio of plant, property and equipment to total asset is positively related to 

leverage. Chang (1987) shov/s that due to the agency problems of debt, leverage is 

negatively correlated with profitability due to agency problems associated with debt. 

Kester (1986), Friend and Hasbrouck (1988), and Titman and Wessels (1988) have found 

that there exists a negative association between leverage and profitability. 

Following these models, I use the book-to-market ratio, the ratio of fixed assets 

(plant, property and equipment) to the book value of total assets, the ratio of advertising 

expenditures to total sales, the ratio of research and development expenditures to total 
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sales, and the profitability ratio (operating income to total sales) to proxy for the level of 

agency costs. 

Asymmetric Information 

Pioneered by Ross (1977) and Leland and Pyle (1977), this strand of the literature 

on capital structure presents models in which a firm uses leverage as a signaling device to 

resolve asymmetries of information about its quality. In Ross (1977), managers know the 

true distribution of the firm's return while investors do not. In a pooled market of good 

and bad firms, without any sign of quality, investors would only pay the average price for 

any firm. Hence, the high quality firms may choose to reveal their true type by assuming 

debt in their capital structure. Leland and Pyle (1977) argue that managers are generally 

concerned about their future employability. Assuming managers are risk averse, Leland 

and Pyle design a signaling scheme in which the firm uses debt to reveal its true type. 

Myers and Majluf (1984) discuss another form of asymmetric information. They 

show that if new investors are less informed than existing managers, then any equity 

issue leads to a loss in firm value. Investors assume that a firm would never issue equity 

unless the firm is overvalued, and thus they pay less than the current price of the equity 

for any new stock issue. Because of underpricing, a firm may not be able to raise enough 

fiinds to finance all projects, and thus the firm may forgo some profitable investment 

opportunities. To circumvent such problems, as noted by Myers (1984), firms may 

follow a pecking order in their financing policy. First, a firm uses its internal cash, then 
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when slack cash resources are exhausted, the firm issues risk—free debt, then risky debt, 

then hybrid instruments and lastly equity. 

Myers and Majluf (1984) imply that leverage increases with the degree of 

informational asymmetry. Ross (1977) and Leland and Pyle (1977) imply that there 

exists a positive relationship between leverage and firm value in a cross section of similar 

firms. Hence, I use the change in debt ratio, long—term debt to total book value of assets, 

from the previous year to measure the extent of these agency costs. 

I also use some of the previously hypothesized signaling measures. Miller and 

Rock (1985) and Jensen, Solberg, and Zom (1992) found that there exists a statistically 

significant negative relationship between the debt ratio and the dividend payout ratio. I 

use the ratio of dividends to sales to control for costly signaling. Also a firm's stock 

price movements can proxy for the extent to which investors are convinced of the firm's 

fixture prospects [Bagnoli and Khanna (1987)]. Thus, I use the growth of the firm's stock 

price from the previous year as a measure of the magnitude of signaling costs. 

Other Factors 

I use the log of the total proceeds of the issue and the proportion of the log of 

proceeds of the issue to the log of the market value of the firm as proxies for dilution of 

value and floatation costs. I use industry, year and regulation dummies (for regulated 

industries) to control for unforeseen complexities. I use the year of issue to control for 

any trends in financing decisions. 



70 

2.3. Empirical Implementation 

2.3.1. The Data 

For debt financing, I focus on external financing activities, external debt''* and 

seasoned equity offerings, of non-financial operating companies in the United States 

during 1980 — 1995. The data on debt issues for the period of 1980 — 1995 was gathered 

fi-om two major sources: the Security Data Corporation (SDC) database'^ and Guedes and 

Opler's data.'^ I gathered all public (non-convertible and convertible) and private debt 

issues, made by U.S. publicly traded companies, fi-om SDC and then merge the resulting 

sample with Guedes and Opler's data to correct for any missing information. 

For equity financing, I use equity offering data fi-om SDC for the period of 1980 — 

1995. I use the seasoned equity offerings as a mea.sure of equity financing. Since initial 

public offerings are inherently different firom seasoned equity offerings and accounting 

data prior to issuance are basically non-existent, I drop these issues firom my analysis. 

Table V provides a summary of statistics of the issue data. As shown in the table, debt 

financing overwhelms equity financing in size and frequency. This is consistent with the 

findings of Bolton and Scharfstein (1998) which show that debt financing represents 85 

percent of all extemal financing activities. In fact. Figures 2 through 5 provide a 

comparison of the two types of financing. As it appears, debt financing has grown 

exponentially since the early eighties while equity financing has increased moderately. 

All commercial papers and debt instruments with less than one-year maturity are dropped from the final 
sample. 

SDC is currendy owned and operated on a subscription basis by Thompson Publishing Co., Inc. 
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Macroeconomic data were obtained from the Federal Reserve Board of 

Governor's database and Federal Reserve Economic Database (FRED). Data for 

Treasury bill yield. Treasury bond yield. Corporate AAA-rated Bond yield. Corporate 

BAA—rated Bond yield. Municipalities and Local Bond jdeld. Mortgage Rates, and 

Industrial Production were obtained from the Federal Reserve Board of Governor's 

database. The Economic Database (FRED) was the information source for the Consumer 

Price Index (CPI) and the Gross Domestic Product (GDP). For Treasury bill yield the 

data are available for the period from 1953 to 1999. The data on the Treasury 10-year 

constant-maturity bond yield covers the period from 1953 to 1999. Since the US 

Treasury abandoned issuing 20—year bonds in 1986, the data for 20—year Treasury bond 

yield spans only the period from 1953 to 1986. The data on the 30-year Treasury 

constant-maturity bond 3aeld cover the period from 1977 to 1999. The data for corporate 

bonds, mortgage rates, and municipal bond yields are available for the period from 1954 

to 1999. The industrial production data spans the period from 1943 to 1999. All the 

aforementioned macroeconomic data are available on a monthly basis. The data for the 

gross domestic product, provided by the Bureau of Economic Analysis at the US 

Department of Commerce, spans the period of 1947 - 1999, on a quarterly basis. The 

data for Consumer Price Index, provided by the Bureau of Labor Statistics at the US 

Department of Labor, spans the period from 1946 to 1999, and are available on a monthly 

As discussed in Guedes and Opler (1995), these are essentially the data compiled by the Capital Markets 
Division of the Board of Governors of the Federal Reserve Board. 
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basis. Table VI provides a summary of statistics for macroeconomic variables during the 

period from 1980 to 1995. 

For relevant accounting information during the period from 1980 to 1995, I use 

COMPUSTAT industrial Primary, Secondary and Tertiary (PST), Full Coverage and 

Research tapes. Having constructed macroeconomic variables using the previously 

described macroeconomic data, I then match macroeconomic variables with issuance data 

based on the month of issue. I match the resulting sample with the COMPUSTAT 

database. Since the COMPUSTAT reporting year depends on whether the fiscal year is 

in the first half or second half of the year, I carefiilly matched the dates so that for each 

security issue, debt or equity, the most recent accounting information is used. The 

summary of statistics for all the variables of interest for the entire sample and for each 

type of issue are provided in Table V. 

2.3.2. Empirical Method 

Following recent studies of capital structure [MacKie-Mason (1990), and Guedes 

and Opler (1996)], I analyze the marginal corporate financing decision using a Probit 

model. Specifically, I estimate the following model: 

Pr(>;*= 1|X^,X„XJ = 0(X^y3^ (51) 
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where, y* is a indicator variable set equal to one if the firm has issued debt, and zero if 

the firm has issued equity. The determinants of financing are, X/, the firm's 

characteristics, Xc, the choice variables, more specifically tax and bankruptcy effects of 

debt issue, and, X,„, the vector of macroeconomic variables. 

Having observations on only a subset of financing alternatives, debt and equity, 

influences the econometric methodology. Attaining unconditional, consistent estimates 

of the choice between debt and equity necessitates that financing decision making be a 

nested process. One such possibility is illustrated in Figure 5. Having determined if 

extra funds are needed, the firm then decides whether to issue bonds or equity. In this 

case, estimating the debt-equity choice using model (51) is appropriate'^. 

However, the nested decision model may not be appropriate if common factors 

influence decisions at different levels of the tree. Macroeconomic factors can potentially 

affect decisions prior to the debt-equity choice. In this case, unconditional consistent 

estimates of the debt-equity choice require specification and estimation of the full set of 

simultaneous decisions involving investment decisions, liability management policies, 

and complete financing choices (including external, i.e. debt and equity, and non-

extemal, i.e. banks, internal cash flows, etc., financing sources). However, in the context 

of random utility models, conditional on the firm seeking external sources, the system of 

equations for complete financing choices can be transformed to a reduced form for the 

choice between debt and equity. Then, the consistent estimates of the debt—equity choice 
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can be obtained using the observed data. Nevertheless, I do address some of the potential 

biases and econometric issues involved in obtaining unconditional consistent estimates of 

the debt-equity choice in section 2.5. 

2.4. Empirical Findings 

As is evident in Table Vn, the short-rate has a surprisingly positive impact on 

debt financing. When the Treasury bill yield rises, corporations are more likely to choose 

debt as an external financing choice. This is counterintuitive in the sense that despite the 

increase in cost of debt, firms find debt more lucrative than equity. However, this result 

conforms to the comparative static findings of Fischer, et al (1989), Leland (1994 and 

1998), Longstaff and Schwartz (1995) and Duffie (1998). Fischer, et al. (1989) suggest 

that an increase in risk—ft-ee rate increases the tax benefits of debt and hence raises the 

optimal debt ratio. Leland (1994 and 1998) as well as Longstaff and Schwartz (1995) 

assert that in a risk-neutral world, as the risk—free rate increases so do returns. Hence, as 

assets become more profitable, the likelihood of bankruptcy drops. Duffie (1998) in fact 

shows that credit spread of corporate bonds is negatively related to the short-rate. Since 

I control for both the tax and bankruptcy effects of debt issues in the model, it seems 

rather unlikely that the observed phenomenon can be associated with tax benefits or 

bankruptcy costs of the new debt issue. 

As discussed by McFadden (1981) and MacKie-Mason (1990), terminal branches of a nested preference 
tree can be consistently estimated using standard discrete choice models such as Probit. 
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As to whether assets in general are more productive when the risk—free rate is 

high, further analysis is required. It is evident from policy making practices of the 

Federal Reserve and from a number of studies,'® that the term structure of interest rates 

may be indicative of future changes in real economic activities, which in turn can 

convolute the results. I intend to overcome some of these difficulties in section V. 

The analysis also shows that the long-rate and curvature of the yield curve have a 

significant and negative impact on debt financing. This indeed conforms to the intuition 

that as the cost of debt capital increases, firms are less likely to use debt financing. 

I further examine the possible effects of inflation and changes in the yield curve 

on the firm's financing decisions. I include non—adjusted inflation as described in 

previous sections, and changes in the short—rate and the long-rate'^ over the year prior to 

the month of issue as additional macro—variables. The results of this analysis, as noted in 

Table VII, indicate that despite the significant impact of additional new macro—variables, 

the short—rate, the long-rate, and the curvature of the yield curve are still significant at 

the 1% level and reveal the same effects. This suggests that the relationship between the 

Treasury term structure variables and financing decision is of a more fundamental nature. 

Indeed, the changes in short-rate and long-rate also reveal the same effect as the 

short-rate and the long-rate themselves. The non—seasonally adjusted inflation rate has a 

As discussed in footnote 9, Sims (1980), Fama (1982), Litterman and Wiess (1985), Lawrence and Siow 
(1985), Estrella and Hardouvelis (1991), and Chen (1991) have shown that the term structure of interest 
rates can be indicative of fiiture inflation, consumption, and investment. 

The change in short-rate is defined as the short-rate at the month of issue minus the short—rate at eleven 
months prior to the month of issue. The change in long-rate is computed in similar way. 
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negative association with debt financing (significant at 5% level). This suggests that 

firms are more likely to raise debt when inflation is low. To control for any seasonality, I 

find that the include 11 month dummies in the model. When month dummies are 

included in such model, the effect of inflation diminishes significantly. This suggests 

that the non—seasonally adjusted inflation possibly proxies for some month of the issue 

effect or some monthly changes in the macroeconomy. 

To control for possible confounding effects of the term structure of the credit 

spread, I also include, in my model, corporate AAA—bond jaeld, corporate BAA—yield 

and their changes in the year prior to issue. Since many debt instruments are hybrid 

combinations of complicated option—like securities and a plain—vanilla bond, as 

suggested by Berk (1999), I include the mortgage rate and its change over the year prior 

to issue, in order to control for the confounding effects of embedded options. Lastly, as 

pointed out by Miller (1977), the marginal personal tax rate is also a determinant of 

equilibrium corporate debt yield, and thus financing decisions. The imputed marginal 

personal tax rate is included in the model as well. 

Except for the AAA-bond yield, the aforementioned variables have significant 

impacts on the firm's financing decisions. As the BAA—bond yield rises, firms issue less 

debt. The embedded option value of debt contracts also affect the firm's financing 

choices. Berk (1998) suggests that the prepayment option in mortgages resembles the 

embedded options in debt contracts. Hence, as mortgage rates rise, these options become 

more expensive, increasing the cost of debt financing. Also, as predicted by Miller 
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(1977) and Buser and Hess (1985), as the marginal personal tax rate increases, so does 

the cost of debt, diminishing the comparative advantage of debt to equity. 

2.4.1. Other Determining Factors 

As discussed previously, I include variables to control for taxes, distress costs, 

agency problems and signaling costs. On the whole, the estimated coefficients are 

consistent with those in previous studies. Additionally, I control for the tax and distress 

effects of the new debt issue as well. 

Except for the tax effect of the new debt issue and non-debt tax shields (i.e. 

depreciation, investment tax credits, and tax loss carryforwards), the firm's marginal tax 

rate does not have a significant impact on financing decisions. As the new debt issue's 

tax shields increase, so does the likelihood of debt financing. Except for depreciation, the 

non-debt tax shields have a significant positive impact on debt financing. Like Kim and 

Sorensen (1986), I find that as depreciation increases, the firm has less incentive to utilize 

its potential tax shields by issuing debt. 

Most of the evidence on distress costs is consistent with theory. A high fraction 

of fixed assets in the asset base makes the debt choice more likely. Intangible projects 

such as R&D reduce tlie likelihood of debt financing. Like MacKie-Mason, I find that 

large advertising expenditures make debt financing more likely. The evidence on the 

firm's operating risk is mixed. As the volatility of profitability ratio rises, the likelihood 

of debt financing decreases. However, a diminishing credit rating can either increase or 
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decrease the incidence of debt financing. As suggested by Diamond (1993), the effect of 

credit worthiness is rather complicated. As is apparent from Table VII, the impact of 

distress costs, as measured by credit rating, on the debt—equity choice is nonlinear. 

Moreover, the new debt issue's distress costs also have a large significant nonlinear 

impact on the financing decision. Low credit rating firms prefer debt to equity; however, 

these firms are heavily scrutinized by the market. 

Many of the aforementioned variables also proxy for agency costs. The evidence 

on agency costs confirms theoretical implications. Firms with low growth rates, 

measured by the book-to-market ratio, issue more debt. On the other hand, as a firm 

grows larger, it prefers debt to equity. 

The evidence on the signaling costs is rather weak. Dividend pajang firms are 

less likely to issue debc. As has been shown in other studies (e.g. MacKie-Mason 

(1990)), firms are more likely to issue equity when their stock price has recently risen. 

The issue-to—firm size, a measure of ownership dilution, has a significantly 

positive impact on the likelihood of new debt financing. Fimis which require large 

amounts of external funding relative to their size are more likely to issue bonds. On the 

other hand, the issue size itself has a significant adverse impact on debt financing. Firms 

are less likely to issue debt when large sums of funds are needed. Since a large debt issue 

induces more distress costs, firms may prefer to issue stocks. As such, the net effect of 

the issue size is unclear. 
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2.5. Robustness Analyses 

To test the validity of the empirical findings, one may wish to examine different 

measures such as goodness of fit statistics to gauge the extent to which the observed data 

is correctly specified by the model. The goodness-of-fit statistic, as measured by 

MacFadden's is quite good for the aforementioned model. Table VII indicates that 

27.46% of the variations in the financing behavior of industrial firms over the period 

from 1980 to 1995 is explained by model (51). As a benchmark, MacKie-Mason (1990) 

reports a MacFadden ff of 25.6%.^° Clearly, a discrete choice model of financing can be 

improved by incorporating the term structure variables. Moreover, when measures of 

corporate term structure, mortgage rates, and personal tax rates are considered (see Table 

VII), the MacFadden f} increases to 29.43%. The macroeconomic determinants not only 

materially improve the predictive power of a discrete choice model of financing, but also 

affect the financing choice significantly, as is evident from the marginal effects of these 

variables. 

Another summary measure is the ability of the model to correctly classify the 

observed choices in the sample and accurately predict the observed choices outside of the 

sample. Model (51) correctly classifies almost 84.9% of the observed choices in the full 

sample. As a benchmark, MacKie-Mason (1990) reports a prediction measure of 77%. 

For out of sample prediction, the time-series and holdout methods are implemented. In 

I also estimate the MacFadden's p" for a model such as MacKie-Mason's in which industry-time 
dimimies are used to control for the effects of macroeconomic factors. The MacFadden p" in such model is 
25.2%. 
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the time-series method, I estimate the model over the period from 1980 to 1992. Then, 

using the estimated coefficients, I predict the financing choice for each issuing firm over 

the period from 1993 to 1995. The model correctly predicts the financing choices out of 

the sample 83.5% of the time. I also compute the prediction measures using the holdout 

sample method. First, the discrete choice model is estimated using two thirds of the full 

sample. Then, using the estimated coefficients, the financing choice for each remaining 

issuing firm is determined. The model correctly predicts almost 84.9% of the out of 

sample choices, using the holdout sample method. 

Though, the model performs robustly, one wonders if other pertinent issues such 

as variable choice and sample selection have any material influence on the final findings. 

Macroeconomic factors have been shown to be a set of highly cointegrated series, so as 

more of these factors are included, the variable interdependencies may lead to 

inconsistent parameter estimates. To investigate and correct for such problems, I use 

variable transformation to address the issue more closely. Aside from the variable 

choice, previous studies have also shown that macroeconomic variables, particularly 

interest rates, affect the firm's cash usage which in turn may lead to a lower likelihood of 

any form of outside financing. This, in tum, can cause selection biases. To correct for 

any such possible biases, I re—estimate the model using different correction techniques to 

address the issue. The following sections describe the details of aforementioned 

robustness tests, and report the findings. 
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2.5.1. Variable Interdependencies 

One troubling problem with the foregoing analysis is that many of the 

macroeconomic variables are correlated. To correct some of these confounding effects, I 

use variable transformation techniques. Preliminary correlation analysis. Table VTH, 

indicates that despite the high correlation among prespecified variables in their level 

form, yield spread variables, such as the real short-rate and its change, the Treasury term 

spread (the difference between short-rate and long—rate) and its change, inflation and its 

change, inflation cyclicality (the difference between the seasonally adjusted and 

non—adjusted inflation), the AAA-bonds credit spread (the difference between 

AAA-bond and T-bond yields) and its change, the BAA-bond credit spread (the 

difference between BAA-bond and AAA-bond yields) and its change, the mortgage 

spread (the difference between mortgage rate and AAA-rated bond yield) and its change, 

and the personal tax rate and its change, have much lower correlation. I estimate model 

(1) using jdeld spread variables. As is evident in Table DC, the term spread, inflation 

cyclicality, the change in AAA-bond credit spread, the mortgage spread and its change, 

and the personal tax rate and its change significantly affect financing decisions. Though 

not statistically significant, the level of the real short-rate increases the likelihood of debt 

financing. This suggests that, regardless of model specifications, the term structure of 

interest rates fundamentally influences financing decisions. 

To further reduce and disentangle the interdependencies, I use principle 

components of the macroeconomic variables in model (51). I find that fourteen of the 
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sixteen principle components are statistically significant. This result suggests that the 

impact of interest rates on financing choices not only has economic significance, but it 

also indicates a degree of complexity which requires a high dimensional model to study 

the phenomena, despite the econometric complications that it may cause. 

2.5.2. Sample Selection Bias 

As noted previously, macroeconomic factors may influence a wide range of 

financial decisions, confounding estimates of the debt-equity financing decision. 

Suppose that a firm may wish to exploit opportunities arising from interest rate 

movements by 'timing the debt issue'.The firm then issues debt when borrowing is 

cheap. Hence, determining the true impact of macroeconomic factors on the choice 

between debt and equity requires a focused analysis of financing decisions of firms which 

face a shortage of fijnds (fund deficit). I reexamine model (51), using a sub—sample of 

firms which for the year of financing had a fund deficit but for three years prior to the 

issuance had a sufficient level of internally generated fiinds." As is apparent in 

Table X - 1, the results conform to previously observed effects (Table VII), verifying that 

macroeconomic factors do affect the debt-equity choice. However, the preference for a 

*' Graham and Harvey (2000) report that about one quarter of financial managers attempt to time their debt 
issues. 
~ I account for the changes in working capital, R&D, advertising, M&A, dividends, and stock repurchases 
to measure the usage of funds. I then measure the flow of flmds using operating cash flows, divestitures, 
and retained earnings. The cash deficit is defined as the difference between the usage of flmds and the flow 
of funds. 
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debt issue relative to equity is significantly determined by macroeconomic factors, 

specifically the term structure of interest rates. 

Though the preceding methodology partially addresses confounding effects of 

structural dependencies between other decisions and the debt-equity choice, it provides 

no direct measurement of the magnitude and direction of such biases. To investigate the 

problem more directly, as mentioned previously, one needs to fully understand 

inter-relationships among a rich set of corporate decisions. This, however, requires 

estimating a rather complicated set of simultaneous equations, involving investment, 

financing, and other corporate policies. In the simplest form, one may consider a system 

of simultaneous equations which includes the decision to visit capital markets or not, as 

well as the debt-equity choice. In essence, one should estimate the following: 

y *  =  T ] , z * + / 3 ^ + X ^ p j .  +  +  s  

where, y* is a indicator variable equal to one if the firm has issued debt, and zero if the 

firm has issued equity and z* is a dichotomous variable that equals one if the firm did 

seek outside financing, and zero otherwise. The determinants of financing are, Xy, the 

firm's characteristics, X^, the choice variables, more specifically tax and bankruptcy 

effects of debt issue, and, X„„ the vector of macroeconomic variables. Y/is the vector of 



84 

the firm's characteristics capturing investment activities, payout policies, and flow of 

funds. The is the vector of macroeconomic variables. 

There are number of methods to estimate the parameters of the aforementioned 

system of simultaneous equations involving dichotomous variables^^ including bivEiriate 

Probit with partial observability, Amemiya's (1978) generalized least square method, and 

the simultaneous Probit method.^'^ I use all of the above to estimate the system of 

simultaneous equations governing the source (external vs. internal) and the form (debt vs. 

equity) of funds. Unfortunately, with the exception of the simultaneous Probit method, 

none of the other methods achieves convergent results (Tables VI — 2 to VI - 4).^^ 

Overall, after correcting for the confounding impact of the financing source decisions, the 

impact of the term structure variables on financing form decisions are still statistically 

significant and economically pronounced. 

The most notable reason that the aforementioned techniques do not provide 

promising outcomes is that likelihood flmctions for the choice model are not smooth 

functions. As such, conventional optimization algorithms may not obtain the true 

maximum likelihood estimates. However, the goal of measuring the impact of the 

^ Detailed discussions of such methods can be found in Maddala (1999), Amemiya (1978), Poirier (1979), 
Meng, and Schmidt (1985), and Greene (1992 and 1998). Table VI reports findings of a 2-step procedure 
prescribed by Maddala (1999), page 246. Despite some indications to potential simultaneity of the 
financing source and form decisions, the model fails to account for the impact of choice characteristics on 
either decision. 

I estimated a system of equations governing the external vs. non-extemal financing choice, and the 
debt—equity choice, using bivariate Probit with partial observability and Amemiya's two—stage least square 
methods. In both cases, the estimates of majority of parameters were insignificant while there was no 
statistically viable indication of any interdependency between the two sets of choices. This can attributed 
to the complexity of likelihood fimction and the high degree of parsimony in the model. 
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macroeconomic conditions on financing form decisions (i.e., debt-equity choice) and 

correcting for the possible confounding effect of other decisions is not entirely 

unachievable. Having examined carefully the debt-equity choice, one posits that the 

latent driving process (equivalent to the utility derived fi-om the choice in the context of 

the random utility model), is not that latent. MacKie—Mason (1990) suggests that such a 

process can be viewed as the incremental increase in the value of the firm, if the only 

available financing choice were debt. Though this interpretation does not perfectly 

reflect the value added (i.e., utility derived) when equity is issued, it provides a 

benchmark for constructing a more appealing continuous proxy for the latent process. 

Since a firm maximizes its value by getting closer to its optimal capital structure, it stands 

to reason that the change in the debt ratio can be viewed as a proxy for the underlying 

value-adding latent process. Hence, I use this variable, i.e., the ratio of the issue 

proceeds to the firm's value with positive (negative) sign when debt (equity) is issued, to 

examine the impact of the term structure of interest rates on financing decisions, and 

measure the sample selection bias introduced by the choice between extemal and 

non-extemal financing sources. 

Essentially, I estimate the following Heckit model: 

DJDR = + 7 A 4- f (52) 

^ As suggested by William Greene, these systems of equation may not be sharply identified and hence, the 
conventional methods may not converge to efficient parameter estimates. 
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where, ADR is the change in the book debt ratio. The determinants of financing are X/, 

the firm's characteristics; X^, the choice variables, more specifically tax and bankruptcy 

effects of debt issue, and X„, is the vector of macroeconomic variables. A is the inverse 

Mill's ratio from the following model: 

where, z* is a dichotomous variable that equals one if the firm did seek outside financing, 

and zero otherwise. Y/ is the vector of the firm's characteristics capturing investment 

activities, payout policies, and flow of funds. Y„, is the vector of macroeconomic 

variables. The inverse Mill's ratio. A, is then defined as: 

where, ^(-) is the standard normal density fimction, <t>(-) is the standard normal 

cumulative density fimction, Y is the matrix of independent variables, and z are the 

estimated coefficients. 

As is evident from Table XI, the impact of the term structure variables, the change 

in the real short rate and the term spread, are still significant. The selection bias. 

Pr(z* = l) = 0(Y^C/+Y„C) (53) 

where Y s [y^ Y^ ] and 
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measured by the inverse Mill's ratio from the choice between external and non-external 

financing, is statistically significant. As is apparent (Table XI), inflation, inflation 

cyclicality, credit spreads, the mortgage spread and the personal tax rate significantly 

influence financing decisions, even when the sample selection bias is accounted for. 

2.6. Why Interest Rates Matter 

Though the aforementioned results show an interesting relationship between 

macroeconomic factors and the financing decision, the question remains: why does the 

term structure of interest rates affect a firm's financing decisions? 

2.6.1. Interest Rates and Aggregate Profitability 

Changes in interest rates significantly influence aggregate business activities, 

affecting corporate profitability, and hence distress costs across the board. Therefore, the 

seeming impact of the term structure of interest rates on the financing decisions could be 

due to its forecasting power conceming aggregate corporate profitability. Fama (1986) 

and Stambaugh (1988) present evidence that increases in forward rates precede economic 

expansion while decreases in forward rates precede recessions. Chen (1991) and Duffie 

(1999) show that the Treasury bill yield and the Treasury term spread influence default 

and equity premiums. Buser and Hess (1985) and Chen (1991) document that industrial 

production affects corporate bond yields and equity returns. Sims (1980), Fama (1982), 

Litterman and Wiess (1985), Lawrence and Siow (1985), and Estrella and Hardouvelis 
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(1991) show that nominal rates can reflect economic agents' forecasts of future economic 

activities. Nominal interest rates have predictive power in forecasting future inflation, 

future real activity, and even industrial production^^. One apparent example of this is the 

periodic announcement by the Board of Governors of the Federal Reserve Bank 

regarding its monetary policy. As is frequently stated by Federal Reserve officials, the 

Federal Reserve Bank systematically uses industrial production and a number of other 

leading economic indicators to gauge the economy's outlook. 

If the impact of the term structure of interest rates is primarily due to the 

information content of the yield curve regarding aggregate profitability (i.e. aggregate 

default risk), by adding measures of aggregate prosperity such as the Gross Domestic 

Product (GDP) and industrial production, the significance of the term structure variables 

should diminish materially. 

To control for overall cyclicality and expansion of the economy, I use measures of 

the economy's size, the economy's growth, and the change in the economy's growth. I 

define the economy's size as the annual average of the detrended gross domestic 

Sims (1980) asserts that the comovements in industrial production can be attributed to changes in interest 
rates. Fama (1982) finds that nominal rates as well as real activities have significant predictive power for 
forecasting future inflation. Litterman and Wiess (1985), and Lav/rence and Siow (1985) show that real 
inflation and nominal rates best forecast components of GNP. Additionally, Estrella and Hardouvelis 
(1991) show that not only the level but the slope of the yield curve has significant predictive power in 
forecasting consumption and investment. Chen (1991) finds that indeed macroeconomic indicators such as 
lagged production growth, default premium , term premium, and short-rates are significant indicators of 
recent and future economic growth. Thus, I use the aforementioned macroeconomic indicators to control 
for the complex and subde interrelations between these variables and the term structure of interest rates. 
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product^^ for the year prior to the security issue. I also define the economy's growth as 

the annual average of the quarterly change of the gross domestic product for the year 

prior to the security issue. The change in economy's growth is the annual average of the 

quarterly change in the economy's growth for the year prior to the security issue. 

To account for the effect of the overall industrial grow^, I use the industrial size, 

the industrial growth, and the change in industrial growth. I define industrial size as the 

annual average of detrended industrial production for the year prior to the security issue. 

I define industrial growth as the annual average of the monthly change of the gross 

domestic product for the year prior to the security issue. The change in industrial growth 

is the annual average of the monthly change of the industrial growth for the year prior to 

the security issue. 

Opier, Saron, and Titman (1997) posit that the comparative profitability of a firm 

to that of its industry can influence corporate financial decision making. Accordingly, I 

include measures of the level and volatility of the relative profitability of a firm to its 

pnmary industry. I define relative profitability as the ratio of the firm's profitability 

ratio to that of its corresponding primary industry. Additionally, I contend that both the 

firm's relative performance and it's ability to sustain performance affect the firm's 

financing decisions. Hence, I also include the standard deviation of the relative 

The Federal Reserve Board of Governors' database contains data for quarterly gross domestic product for 
the period from 1943 to 2000, as well as monthly industrial production for the period from 1968 to 2000. I 
use simple detrending techniques to extract time dependence from the data. 

Fama and French (1997) define industry categories based on four digit SIC codes. I follow the same 
categorizations. 
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profitability over the past five years prior to security issue, in order to control for the 

firm's ability to sustain its relative profitability. 

Specifically, I estimate the following Probit model: 

Pi<y»= l|X^,X„X.,X,) = (54) 

As an altemative specification, I estimate the following linear model: 

ADi? = 0^0+ + XpGTp + E (55) 

where, as in model (1), y* is an indicator variable equal to one, if the firm has issued 

debt, and to zero if the firm has issued equity. AZ)i? is the change in debt ratio. The 

determinants of financing are; Xy, the firm's characteristics; Xc, the choice variables 

(more specifically tax and bankruptcy effects of debt issue); X,„, the vector of 

macroeconomic variables; and, X/>, the vector of macroeconomic prosperity measures. 

The arguments of the vector Xp include the economy's size, the economy's growth, the 

change in economy's growth, the industrial size, the industrial growth, the change in 

industrial growth, the relative profitability and the volatility of relative profitability. 

I find that, in the presence of these new variables, neither the short—rate nor the 

long-rate are pertinent in the financing decision making (Table VIII). However, the 

curvatvu-e of the yield curve weakly affects financing decisions. On the other hand. 
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inflation cyclicality, the mortgage spread and personal tax rate strongly influence 

financing decisions. I also find that when the economy as a whole is wealthier, i.e., the 

detrended gross domestic product is high, firms are more likely to choose debt financing. 

Since higher gross domestic product indicates the health of the economy and capital 

markets, it is not surprising that in more prosperous times, debt financing is more 

prevalent. However, as apparent from Table XII, GDP growth is significantly negatively 

related to the likelihood of debt financing. This can be attributed to the fact that during 

prolonged periods of economic prosperity, it is more likely that stock prices appreciate 

significantly; so much so that equity capital becomes cheaper than debt, hideed when 

industrial production increases, as evident fi^om the industrial production growth or its 

change, the equity financing becomes more preferable. Since firms are apt to have higher 

equity values when productivity is high, it is not surprising that the likelihood of debt 

financing drops when firms become more productive. 

To fiirther examine which components of GDP affect financing decisions most, I 

replace the GDP related measures by the major components of GDP: State Expenditures 

and Investments, Federal Expenditures and Investment, and Private Investments. I also 

include major components of the money supply, as well as the Eurodollar deposit rate. 

As evident fi-om Table XIII, the Eurodollar spread (difference between 3-month LIBOR 

rate and Treasury bill yield) and its change, private non—residential investments, private 

debt, and institutional holdings affect the debt-equity choice significantly. Since these 

measures reflect the competitive conditions of borrowing and lending, these results 
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suggests that beyond the information content of the yield curve about aggregate default 

risk, inter-capital market competition can also greatly account for the impact of the term 

structure of interest rates on the debt-equity choice. As is evident from the significant 

positive impact of non-residential private fixed investments, undoubtedly, as firms 

increase their investment activities more funds will be required. Since in such instance a 

firm is more likely to run short of internal funds, external financing may be necessary to 

sustain the firm's growth. A firm, however, will prefer debt financing if private lending 

conditions are also favorable. As shown in Table XIII, as private debt holding raises, so 

does the likelihood of debt financing. 

As predicted by Opler, Saron, and Titman (1997), firms that are more profitable 

than others in their cohort choose debt more often. However, as the relative profitability 

becomes more uncertain, firms are less likely to choose debt financing. 

2.6.2. Interest Rates. Tax Shields and Bankruptcy Costs 

A firm's financing decision depends on the outcome of a tradeoff between the tax 

advantages of debt and bankruptcy and transaction costs induced by debt.^^ Changes in 

interest rates, however, can distort tax shields and distress costs.^° Since the induced 

Though existing theories of capital structure contend that agency problems, asymmetric information and 
corporate control incentives may play significant roles in financing decisions [for a comprehensive review 
see Harris and Raviv (1990)], recent studies [Leland (1998), and Parrino and Weisbach (1999)] have 
shown that indeed the economic magnitudes of the aforementioned factors are negligible, when compared 
to those of taxes, bankruptcy costs and floatation costs. 

Merton (1974) shows that in the absence of frictions such as taxes and bankruptcy costs even with a 
stochastic interest rate, the Modigliani and Miller irrelevancy hypothesis holds. However, he does allude to 
possible effects of interest rates on taxes and distress costs. Having assimied a flat term structure of interest 
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distortions of tax shields and distress costs can differ from each other, the net benefit of 

debt, and hence the firm's financing decisions, may be influenced by interest rates. By 

issuing debt, a firm can also distort the tax shields and distress costs. The extant 

literature has not addressed the impact of the choice characteristics (i.e., tax shields and 

bankruptcy costs of the new debt issue) on the firm's financing decisions. Hence, I 

examine the influence of interest rates on existing tax shields and distress costs, 

controlling for the impact of tax shields and distress costs of the new debt issue. 

The analysis indicates that an increase in the short-rate may have a strong 

positive correlation with the increase in future profitability of all assets. As the short-rate 

rises, the financial distress cost decreases, increasing the likelihood of new debt 

financing.^' On the other hand, as suggested by Fischer et al. (1989), an increase in the 

risk-free rate can lead to higher tax savings. Since most corporate bonds are sold at par, 

the time series pattern of the coupon payments of the corporate bonds closely mimics the 

movements of the Treasury term structure. This implies that as interest rates increase, so 

do coupon payments, creating more tax benefits. However, given a known distribution of 

rates, Fischer, et al. (1989) and Leland (1994, 1998) show that an increase in the risk-free rate increases the 
value of debt tax shields. Leland (1994, 1998), and Longstaff and Schwartz (1995) demonstrate that as the 
risk—free rate rises, the likelihood of bankruptcy drops. As such, one postulates that changes in interest 
rates can cause distortions in the net benefit of debt, affecting the firm's capital structure. 

To some extent, this conforms to the arguments presented by Longstaff and Schwartz (1995) that as the 
risk-free rate increases the rate of return on all assets in a risk-neutral world also increases. Though my 
analysis provides some support of the proposition that, even under the real measure, the risk-free rate can 
be positively correlated with an increase in rate return of assets in the economy, the actual causality 
between the two is yet to be discovered. 
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cash fiows, as interest rates increase, the likelihood of financial distress also increases.^" 

Thus, ex ante, it is not clear how an increase in short—rates affects the net benefit of debt, 

the difference between the marginal tax shields and distress costs. 

To explore possible tax effects, I include the interaction between changes in 

Treasury term structure and inflation variables with the firm's marginal tax rate in model 

(1). In other words, I estimate the following Probit model: 

Pr(3;* = 1|X^,X„X„,X,) = +X„J3^+X^J3^) (56) 

and, alternatively, I estimate a linear model: 

ADR = ao + Xj.aj.+X^a^ + X^a„-\-X^a^+£ (57) 

where y* is a dichotomous variable that equals one if tlie firm issues external debt, and 

zero if the firm issues external equity. ADR is the change in debt ratio. The determinants 

of financing are; X/, the firm's characteristics; Xc, the choice variables, more specifically 

tax and bankruptcy effects of debt issue; X„„ the vector of macroeconomic variables; and, 

Xr, the vector of tax effects. The arguments of the vector Xr are the product of the 

change in term structure—inflation variables and the firm's marginal tax rate. 

Leland (1994, 1998) studies parallel shifts of a flat term structure on optimal capital structure. He 
demonstrates that an increase in the risk-free rate leads to higher debt capacity. This is mostly attributed to 
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As shown in Table XTV, only the volatility of the jaeld curve has a significant 

negative impact on tax savings. As interest rates become more volatile, the value of debt 

tax shields drops, leading to less debt financing. This, indeed, conforms to the previous 

theoretical predictions. 

To examine the possible impact of interest rates on financial distress, I include the 

interaction between term structure-inflation variables and the firm's current liabilities. It 

is my hope that this approach controls any unforeseen impact of the macroeconomic 

variables in the short-run which has not been captured by the choice variables. I estimate 

the following Probit model: 

Pr(y» = 11 , X„ X., X,) = + X,/?, + X. /;. + X. A) (58) 

and, alternatively, I estimate the following linear model: 

A £ > i ? = c i r o + X ^ Q r i + £ :  ( 5 9 )  

where y* is a dichotomous variable that equals one if the firm issues external debt, and 

zero if the firm issues external equity. ADR is the change in the debt ratio. The 

determinants of financing are; X/, the firm's characteristics; Xc, the choice variables, more 

specifically tax and bankruptcy effects of debt issue; X^, the vector of macroeconomic 

the increase in tax savings, despite the increase of bankruptcy costs. 
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variables; and, Xb, the vector of distress cost effects. The arguments of the vector Xb 

include products of the changes in term structure—inflation variables and the firm's 

current liabilities, and the product of the term structure-inflation variables and the change 

in the firm's current liabilities. 

The results (Table XV) indicate that only the volatility of the yield curve has a 

significant negative impact on the financial distress costs. As interest rates become more 

volatile, the value of the default option rises, leading to less debt financing. This, indeed, 

conforms to the previous theoretical predictions. 

2.6.3. Interest Rates and Maturity Structure 

The term structure of interest rates affects debt maturity. Brick and Ravid (1985 

and 1990) assert that a firm may select the debt maturity to maximize the value of its tax 

shields. They posit that when the 3deld curve is positively sloped a firm may issue long-

term debt to yield greater tax benefits. Empirical studies [see Barclay and Smith (1995), 

and Guedes and Opler (1996)] however find that the slope of the yield curve affects the 

debt maturity negatively. Hence, I examine whether the debt maturity confounds the 

impact of term structure of interest rates on the debt-equity choice. 

Since both the debt maturity and the debt-equity choice are influenced by the 

term structure of interest rate, one posits that estimating parameters of underlying models 

for either the debt maturity or financing decisions are not mutually exclusive tasks. 
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Indeed, the relationship between the two models can be represented in the form of a 

system of simultaneous equations. Such a system of equation can be written as: 

^DR = y^ M + X' /  \ | / ' /  +X^ \j / 'c  +X„ ij ' ' ' "  +  ̂ P VP + +$", 

M = r 2  A D / ?  +  X v  ¥ ' / + X „  ( 6 0 )  

where, ADR is the change in debt ratio, and M is the log of the years-to-maturity/^ The 

determinants of financing are X/, the firm's characteristics; Xc, the choice variables, more 

specifically tax and bankruptcy effects of debt issue; X^, is the vector of macroeconomic 

variables; Xp, the vector of macroeconomic prosperity measures; Xr, the vector of tax 

effects, and X^,, the vector of distress cost effects . 

I estimate the parameters of both models simultaneously, using iterated 3-step 

least square (IT3SLS) and full information maximum likelihood (FEML) methods. As is 

evident (Table XVI), although financing decisions strongly affect the debt maturity, the 

effect of maturity on financing choices is not as significant. When the confounding 

impact of maturity is considered, the effect of the term structure of interest rates on the 

debt—equity choice decreases materially.The FIML results indicate that the change in 

the term spread, inflation cyclicality, the AAA—bond credit spread, the mortgage spread 

and the personal tax rate influence financing decisions. 

" For equity issues, M is set to be log(lOOO). This indicates that equity is an infinitely live instrument, i.e. 
equity can be thought of as a perpetual debt with uncertain flow of cash. 
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These results also indicate that the debt maturity is strongly affected by the term 

structure of interest rates. I find that the real short—rate, the term spread, credit spreads 

and their changes, the mortgage spread and the personal tax rate significantly influence 

the maturity structure. Contrary to Barclay and Smith (1995) and Geudes and Opler 

(1996), I find that indeed both the real short—rate and the term spread affect the debt 

maturity significantly positively. This suggests that the tax hypothesis [Brick and Ravid 

(1985 and 1990)] may be true after all. In fact, the significant positive impact of the 

mortgage rate can also be attributed to an increasingly valuable tax timing option which 

in turn encourages firms to issue longer maturity instruments. 

^ The results from IT3SLS and FIML methods are contradictory. However, as it appears both the real 
short—rate and the term spread lose (partially in IT3SLS arid fully in FIML) their influence. 
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This manuscript is the first step toward a deeper understanding of the impact of 

the term structure of interest rates on corporate capital structure decisions. In the first 

chapter, I develop a dynamic continuous-time model of capital structure in which both of 

the firm's cash flows and interest rates are stochastic. I then proceed to examine some of 

the implications of the model in an empirical setting. 

The analytical analyses show that the parametric structure of cash flows and 

interest rates significantly affect optimal leverage, maturity and priority of the debt. As 

the level and mean-reversion of the cash flows rises, so does the optimal leverage and the 

optimal maturity of debt. On the contrary, when the volatility of cash flows rises, both 

leverage and maturity decrease. Indeed, these results conform to the findings of Raymar 

(1991) who provides the similar predictions for the effect of distribution of cash flows on 

leverage. 

More interestingly, I find that as the instantaneous rate rises, both the optimal 

leverage and the optimal maturity of debt rise. However, an increase in the long-term 

mean of interest rates, mean-reversion or volatility leads to a decrease in both leverage 

and maturity. 

The empirical analyses show that, as the Treasury bill yield rises, firms are more 

likely to issue bonds than seasoned equity. Yet, as the yield on Treasury bonds increases, 

or as the yield curve becomes more volatile, the likelihood that a firm will issue debt 
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decreases. I contend that these effects are mainly due to the signaling effect of interest 

rates with respect to future macroeconomic prosperity and the confounding effect of the 

debt maturity. As the Treasury bill yield rises, economic agents may infer that the 

outlook of the economy is improving and therefore may prefer to borrow more. The term 

structure of interest rates may affect the optimal debt maturity more than it does the 

debt—equity choice per se. I also find that an increase in the volatility of interest rates 

dissuades borrowing, regardless of the predictive content of the yield curve. My analysis 

also shows that interest rates have some impact on the tax benefits of the firm. Although 

less visible, interest rates also affect the distress costs of the firm. 

Additionally, I find that the corporate term structure, mortgage rates and personal 

tax rates affect firms' financing decisions. As the credit (quality) spread (i.e. the 

difference between AAA- and BAA-bond yields) increases, the level of corporate 

borrowing drops. Firms issue less debt when the value of embedded options in debt 

contracts (proxied by mortgage rates) are high. I also find that as personal tax rates rise, 

the likelihood of corporate debt financing drops. 
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APPENDIX A - PROOFS 

A. 1. Proo fs o f Propositions 

Proof of Proposition 1 

The solution to equation (16) consists of the present value of a continuous cash 

outflow paid by the contingent claim and the solution to the following equation [see Cox, 

Ingersoll and Ross (1985a)]: 

Since cash flow and interest rates processes are orthogonal, the solution to (lA) 

can be expressed in terms of a product of independent functions of separate arguments. 

By separation of variables, we can derive the following system of ordinary differential 

equation: 

( lA) 

+ \c7;rF^^ +[/c^-(/c + /l,cr;)r]F, -r(l-r^)F = 0 

(2A) 

(3A) 

Following Bateman (1918), we apply following transformation in (2A): 
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Hence, the equation (2A) will be transformed to Weiler's canonical form (Kummer 

equation) [see Abromowitz and Stegun (1972), Bateman (1918), and Zwillinger (1998)]: 

Y G y y  +  - - K  
v2 y 

G y  + ^ y = o  
2a 

The general solution to the aforementioned equation (Kummer Equation) is as 

follows: 

G { Y ) = k M  
r K, 1 

* 5 

^ 2a 2 , 

and thus, by substituting for Y, we have: 

G{c)=kM[Q''{K,M_W{C)) 

where 
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2a 

KC)^--^ 
a' 

3 2 
C-^  

a 

Equation (3A) can be transformed to Weiler's canonical form (Kummer equation) 

[see Abromowitz and Stegun (1972), Bateman (1918), and Zwillinger (1998)]. Assume 

that: 

H { r )  =  e ^ ' Z i X )  (4A) 

Afler some algebra, equation (3A) can be written as: 

XZ'' + 
2K6 

o-.V 
+ 2 (p — 

K + A.,<yz 

+ 
2K6(P 

+ -

0-; 

2 K ,  

X 
Z' 

2 + 2(l-r ^ ^ 
(p -2 ; (p ; ^ Z = 0 

(5A) 

Then, we choose (p and t] such that: 
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/c + A.cr: 1 1 

Having solved the aforementioned equations, we have; 

X Z "  +  [ S ' - X ) Z ' - 0 \ K , ) Z  =  Q  (6A) 

where; 

S' = I K B  

o - ; g -

K + l^a^ 1 
(P = ; -$• 

cr: 2 

^ - 2  
fc + A,a^ V ^ 2 ( l - rp )  

The solution to equation (5A) (i.e. Kummer equation) is given by: 
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Z { X ) = ^ K M { Q \ K . ) , S - , X )  

where, M(a,b;z) is the Kummer function. Applying the relevant inverse transformation, 

we then arrive at: 

Hence, substituting for functions G{C) and //(r), we find that the functional form 

of the F{C,r,X) is as defined by (17). 

.1 

Proof of Proposition 2 

The solution to equation (26) is consist of the present value of continuous cash 

outflow paid by the contingent claim and the solution to the following equation [see Cox, 

Ingersoll and Ross (1985a)]: 

H { r )  =  K  M { Q '  { K . _ ) , S - , g r ) e ' ' '  

(7A) 

+  ̂C T l Y F y y  + [ K y d y  - [ K  y + A j, O" ̂  ) 7 ]F,. " 7 (l " ) F + ̂ (0 = 0 
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Since the cash flow and term structure processes are orthogonal, the solution to 

(lA) can be expressed in terms of a product of independent fimctions of separate 

arguments. By separation of variables, we derive the following system of ordinary 

differential equation: 

\o-- C Gcc^[aC-ia + Xc^-)C)Gc-K,G = 0 (8A) 

\  a l  + [ K  ^ 9  ̂  - (/c.v + + [j ̂ 2 " ) ]^ = 0 

j o - p  Y M  y y  - ^ [ K y O y  - { K y  +  ? . y ) Y ] M  y  - Y { 1 - T  =  0  ( 1 0 A) 

As is evident from aforementioned equations, the solution for (8A) is that of (2A) 

and solutions for (9A) and (lOA) has tlie exact form as (3A), correcting for parametric 

differences. 

Proof of Proposition 3 

Using methods of separation of variables and splitting equations, the solution to 

equation (29) should satisfy the following system of ordinary differential equations: 
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^C T 'C t v  Fee +(«C -(a + 2eCr")c);rFe + \ K 9 - { K  +  X ^ ) r \ F ^  (HA) 

+ 4-cr>' + [(/c,^F-)-[K^ + a;, )7r]7vF^ -r (l - r Jf + J(/) = 0 

Since cash flow and interest rates processes are orthogonal, the solution to (lA) 

can be expressed in terms of a product of independent functions of separate arguments. 

By separation of variables, we can derive the following system of ordinary differential 

equation: 

\cj-CGcc+[aC-{a + Xc(^-)C)Gc-K,G = 0 (12A) 

\  a ;  +  [ k 0  - { / C  +  A J  r]//, - r (l - rJ// = 0 (13A) 

-^o-;7r'W^+ cr;)- (k^ + +K,jrfV = 0 (14A) 

The solutions to equation (12A) and (13A) are similar to those of (2A) and (3A). For 

equation (14A), we postulate a solution of the form: 

H ( r )  =  K y ' ' f i y ) ;  y ^ -
K 
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Taking appropriate derivatives and substituting in the equation, we can show that the 

solution to equation (14A) should solve following ODE: 

(/c*^+c7;(7 + l))-^y / '  
(15A) 

+ 
rjTV 

y + K, 7+^<7;77(77 + 1) f = 0 

where; 

71* = K 

+Ar.2 

It can be easily shown that if the following conditions is met: 

^ 2  U  +  j o - ; r j ( / ^  +  l )  =  0  

Solving for the 77, we have: 

77 = -
fC 2 K ,  
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Then equation (15A) can be transformed to Weiler's canonical form (Kummer 

equation) [see Abromowitz and Stegun (1972), Bateman (1918), and Zwillinger (1998)]. 

Thus, the fiy) solves: 

Y R +  -T  ̂+ 2(r7 + l) 
cr_ 

27r* 

ACT, Aa: 

(16A) 

The aforementioned is a Kummer function for which there exists a solution of the form: 

n y )  =  M ( Q ' \ S ' ' ; y )  (17A) 

where; 

o".; 

TJ = - + •  

V 

1 
-i— 

2 

2 K ,  

/ 

A j); = — 
K 

and; 
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A = -
ITU'-

Hence, substituting for functions G(C), H{r) and fV(yr), we find that the functional 

form of the F(C,r;X) is as defined by (17). 

.1 

Proof of Corollary 1 

We postulate that solution to fundamental valuation equation (36) is of the 

following form: 

P { r , T )  =  A { T ) Q x v [ - B { T ) r ]  (ISA) 

Thus using Taylor's series expansion, equation (36) can be written as: 

\cj; rP^^ +[Ke-{K + K)r]P^ +[h[Wr +rr)B' B)-r\p + P^^O (19A) 

Using method of separation of variables, the solution to aforementioned PDE has to solve 

following system of ordinary differential equation: 



B ' B -  -  { k + ? . ^ ) B  +  \  =  Q  (20A) 

^  +  + r ^ ; ) B - - { K e  +  h f u ^ ) B  =  0  (21A) 

The solution to equation (20A) is same as CIR's, hence: 

^  ^  { K  +  —  1)+ 2 y  

where; 

r = [(a: + A*J' +2cj;\ 

The solution to equation (21 A) is: 

A T )  =  - ^ h { / j . ;  + r r ) j  B i r ) -  d r  + { K d  +  h / u , )  B { T ) d T  

Integrating over appropriate domain, it yields: 
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^(r)sexp<^ — 
4A(e^'" -l) 

o - ; [ ( / c  +  A * ^  + r X e ' " '  - l ) + 2 y \  

X 

K + 

7  
+ l](e'"' -l)+l 

{ y - K - X * Y  

4(X+A',)A-2it' a 
(22A) 

where; 

^ = T K  (-"r + r r )  

Q  =  - ( K 6 >  +  h ^  

Proof of Corollary 2 

Having applied transformations C = C+/2(. and 7 = r + ju^-^crl/2/z^, I then use 

methods of separation of variables to splitting equation (43) into following ordinary 

differential equations: 

(c' +A')t/''+(aC-//)c/'-/:*C/ = 0 (23A) 



[ r -  + Q ' )  f F ' '  +  ( 0 - A r ) f V ' - ( ' ¥ - O r ) l V  

where, the parameters are defined as following: 

= \ \A-2A + 4K*+\F- \ \  

= ̂  a  —  2 — i  
3// 

2A 2 A' 

Yc +' 

2Qr ^ 
a = 1-2 

he 

= +^c ̂ ') 
hr-

K* = 2 K ,  

/K 

-> \ 

/"r + 

4h r y 

0 = K O - c t ^  + { K  +  X ^  cr^) 
^ CTr ^ 
y".+7^ 

V K y 

A = (/c + A, 
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4^= — 
h. 

0 = 
2(l-rJ 

\ J 
+ K. 

In equation (23A), I posit that the solution is of the following form: 

r ( y ) =  { ^ - y ' T  f i y ) exp(-<{>arctan(/y)) 

where, y  =  — i  C [ A thus, after tedious algebra, we have: 

( \ - y ' ) r - T - y r *  Kk + I)--^ 
] - > • -

/ = 0 (25A) 

where, the parameters are defined by (46). The general solution to the equation (25A) is 

a Legendre function (see Abramowitz and Stegun (1999)), wliich can be expressed as: 

f { y )  =  P : i y ) ^  
1 

m - j u )  
z±i 
y - l  

F \ - V , V  +  1 ; 1  -  U - ,  
\ - y  
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in which, r(.) is the Gamma flicntion, and Fia,b-,c\z) is the hypergoemetric function and 

can be expressed in an infinite series form such as following: 

F{a,b\ c; z) = 
r(c) 

r(a)r(^) 

For equation (24A), a general solution does not exists. However, like the three-

factor model, one can use the Green theorem and method of perturbation to derive an 

approximate solution form for (24A). 

.1 

Proof of Proposition 4 

We essentially perturb an approximate solution using Green's function [See 

details in Zwillinger (1996)]. 

A.2. Coefficients of General Solutions 

Solutions to tax shields, bankruptcy cost, recapitalization costs and corporate debt 

(denoted by F{CJR.-JC)) have to satisfy boundary conditions of a following general form: 

F { C \ R ' ' - X ) - ^ K "  F { C ^ , R , - X )  =  B "  

F{C\R'--,X) + K'- F{C^,R,-X) = B'-
(26A) 



We know that the general solution, F(CJi',X)), has the following form: 
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F(C, R - , X )  =  S  n ( R )  + M, (C; A ,  )M, (J?; A . ) 

where, S is the constant flow paid by the claims. Substituting for C and r in appropriate 

equations, the aforementioned equations give the following system of nonlinear equations 

in which and Aj are the unknowns; 

M, (C^ )7V/, (Co )] = ^ )-n(/f^ ))-5' 

M X c ' ) M , { R ' ) - K ' M X C o ) M , { R , ) ]  =  s { K ' n { R , ) - n { R ' ) ) - B '  
(27A) 

Though solving systems of nonlinear equations is one of the more challenging numerical 

methods, in this case one can easily disentangle the aforementioned systems of equations 

to two separately identifiable nonlinear equations. Let's divide first equation by the 

second one, then we have: 

M, {C"" )m, {R'')-{K'' -A K')M, (Co (/?o )- ̂  M, (c^ )M, (i? ̂  )= 0 (28A) 

w^here: 



117 

J (n(ig^)-A-^n(igo))+^^ 

Having solved for ̂ 42, then /I i can be determined rather easily by: 

A, = s I k"" n{R  ̂) - n(/? '̂ ))- 5 
M, [C" )M, [r"-' (Co )M, {R, ) 

(30A) 
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APPENDIX B - VARIABLE DEFINITIONS 

The firms characteristics are constructed based on variables reported in 
COMPUSTAT annual primary, secondary, tertiary, and research tapes. Any firm without 
a valid value of Total Book Value of Assets and Total Sales is dropped. For all other 
variables, except S&P Ratings and S&P Ratings Squared, any missing value is replaced 
by a zero. 

Firms Characteristics: 
n - Dividends 

Dividend Payout Ratio = 

Book—to —Market 

Total Sales 

Total Book Value of Assets 
Total Book Value of Liabilities + Total Market Value of Equity 

where the Total Market Value of Equity = Number of Outstanding Shares x Price per 
Share at Year-End 

„ ^ „ Operating Income 
Profitability Ratio — -

Fixed Asset Ratio 

Total Sales 

Property, Plant and Equiment 

Total Assets 

^ „ Depreciation Expenses 
Depreciation Ratio = — 

Total Sales 

Size = log (Total Book Value of Liabilities + Total Market Value of Equity) 

Business Risk = Stdev 

year of issue 

^ Operating Income Operating Income ^ 

Total SaleSj- ' ' Total Sales 
; where T is the 

r, or^ r. • R&D Exoenses R&D Ratio = 
Total Sales 

„ . Advertising Expenses 
Advertising Ratio = — 

Total Sales 



rrr , • ^ • 7 t> - CuTTent Asscts — Current Liabilities 
Working Capital Ratio = 

Total Assets 
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Retained Earnings Ratio = 
Retained Earnings 

Total Assets 

Capital Expenditures = 
Capital Expenditures 

Total Sales 

Cash Flows = 
Total Net Cash Flow 

Total Sales 

Regulation = a dummy variable indicating if the issuing firm belongs to either of the 
regulated industries [MacKie-Mason (1990), Barclay and Smith (1995) and Guedes and 
Opler(1996)]. 

Stock Repurchases 
Repurchases = 

Total Assets 

S&P Rating = COMPUSTAT numerical equivalent for Standard and Poors credit rating. 
For private debt issue, this variable is coded 30. If this variable is missing in SDC, it is 
replaced by tlie valid corresponding variable from COMPUSTAT. Otherwise, a missing 
value is coded 28. 

Pncc 
%A Stock Price = 1 ; where T is the year of issue 

Priccj.,, 

A Long-term Debt = Long - term Debt ̂  — Long - term Debt ; where T is the year of 

Long-term Debt = 
Total Book Value of Long - term Debt 

Total Book Value of Assets 

issue 

Non-Debt Tax Shields = 
Investment Credits + Tax Loss Carryforwards 

Total Book Value of Assets 

A. Issue Characteristics 

Issue Size = log (Total Proceeds of Issue) 
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Issue Tax Effect — Issue Size x Graham's Marginal Tax Rate 

Issue Default Effect I — Issue Size x S&P Rating 

Issue Default Effect 2 = Issue Size x S&P Rating Squared 

Issue Size 
Issue—to—r irm Ciize = 

Size 

Macroeconomic Variables 

In Table DC, the macroeconomic variables are computed for the most recent year prior to 
the issue. In all other tables, the frequency of the data are defined as following. 

Short-Rate = Avg.of (TB,,---,TB,_,, ) ; where t is the month of issue and TB denotes the 

3-month Treasury Bill Yield. 

A Short—Rate — TB, — TB,_,,; where t is the month of issue and TB denotes the 3-month 
Treasury Bill Yield. 

Long—Rate = Avg.of (BD,,---,BD,_,, ) ; where t is the month of issue and BD denotes 

the constant maturity 30-year Treasury Bond Yield. 

A Long—Rate = BD, -BD,_,, ; ; where t is the month of issue and BD denotes the 

constant maturity 30-year Treasury Bond Yield. 

Volatility of Yields — Stdev.of (aYD,,- - - ,  AYD,_, , )  ; where t is the month of issue. 

AYD, = BD, — TB, ; where BD denotes the constant maturity 20—year Treasury Bond 

Yield, if available. Otherwise, BD denotes the average of the yields of constant maturity 
10— and 20—year Treasury Bonds. TB denotes the 3-month Treasury Bill Yield. 

Inflation (adjusted) = Avg.of (iNF,,• - -, INF,_,,) ; where t is the month of issue and INF 

denotes the monthly changes of seasonally adjusted Consumer Price Index. 

A Inflation (Adj.) = INF, - INF,_,, ; where t is the month of issue and INF denotes the 

monthly changes of seasonally adjusted Consumer Price Index. 
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Inflation (non-adj.) — Avg.of (lNFN,,-",INFN,_,,) ; where t is the month of issue and 

INFN denotes the monthly changes of non-seasonally adjusted Consumer Price hidex. 

A Inflation (non-adj.) = E>JFN, — INFN,_|, ; where t is the month of issue and INFN 

denotes the monthly changes of non-seasonally adjusted Consumer Price Index. 

AAA-Bonds Yield = Avg.of (YA,,---, YA,_,,) ; where t is the month of issue and YA 

denotes the AAA-rated corporate bond. 

A AAA-Bonds Yield = YA, - YA,_,, ; where t is the month of issue and YA denotes the 

AAA-rated corporate bond. 

BAA-Bonds Yield = Avg.of (YB,,---, YB,_,,) ; where t is the month of issue and YB 

denotes the BAA-rated corporate bond. 

A BAA—Bonds Yield = Avg. of (AYB, , • • •, AYB,_,,) ; where t is the month of issue. AYB, 

= YB, — YB,_, ; where and YA denotes the BAA-rated corporate bond. 

Mortgage Rate = Avg.of (YM,,---,YM,_,,) ; where t is the month of issue and YM 

denotes the conventional mortgage rates. 

A Mortgage Rate — YM, — YM,_,, ; where t is the month of issue and YM denotes the 

conventional mortgage rates. 

Personal Tax Rate = Avg. of (PT,, - • •, PT,_,,) ; where t is the month of issue and PT 

denotes the deduced personal tax rates. Following Buser and Hess (1986), the personal 
tax rates are deduced monthly; using monthly values of AAA-rated corporate bond yields 
and municipal bond yields. 

A Personal Tax Rate = PT, — PT,_,, ; where t is the month of issue and PT denotes the 

deduced personal tax rates. 

GDP = Avg.of (ln(G+l),---,lii(G*g_4 +1)] ; where Q is the quarter of issue and 

G* = min (g^ ,• • •,Gg_4); where G denotes the detrended Gross Domestic Product. 

Growth of GDP = Avg.of (GGg,---,GGg_4) ; where Q is the quarter of issue. GG = 

Gg /Go_, -1; where G denotes the detrended Gross Domestic Product. 
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A Growth of GDP = Avg.of (DGGg,---,DGGg_4) ; where Q is the quarter of issue. 

DGG = GGg/GGg_, -1 and GG = G^/G^., -1; where G denotes the detrended Gross 

Domestic Product. 

Firm's Profitability Ratio 
Proportional Profitability Ratio (Prop. Prof Ratio) = 

Industry* s Profitability Ratio 
where industry classifications are defined by French and Fama (1996). 

Standard Deviation of Proportional Profitability (Std. Prop. Prof) = 

^ Firm's Profitability Ratio J- Firm's Profitability Ratio ^ 
Stdev 

Industry's Profitability Ratio j. ' ' Industry s Profitability Ratio 

Industrial Production = Avg.of (ln(IP*, +l),---,ln(IP +1)) ; where t is the month of 

issue and IP* = min(lP,,---,IP,_,,);where EP denotes the detrended Total Industrial 
Production. 

Growth in Industrial Production = Avg.of (GIP,,---,GIP,_,,) ; where t is the month of 

issue. GIP = IP,/IP,_, — 1; where IP denotes the detrended Total Industrial Production. 

A Growth in Industrial Production = Avg. of (DGIP, , • • •, DGIP,_,, ) ; where t is the month 

of issue. DGIP = GIP, /GIP,_, — 1 and GIP = IP, /IP,_, -1; where IP denotes the detrended 
Total Industrial Production. 
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APPENDIX C - TABLES 
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Table I - 1 
Comparative Statics of Financial Variables: 

The Impact of a One-Factor CIR Interest Rate Process on Optimal Capital Structure 
This table describes the comparative statics for debt ratio, d, optimal matxirity, M, 
default premium of debt, Rd - r, recapitalization triggering cash flow, C^, 
recapitalization triggering interest rate, bankruptcy triggering cash flow, C^, and 
bankruptcy triggering interest rate, with respect to changes in the parameters of the 
cash flow process: instantaneous rate, r, long -term mean of interest rates, 9, velocity 
of interest rates, at, and volatility parameter, cXr. 

Impact on Capital Structure 
Increase in 
Variable 

d Rd-r M 

R >0 <0 >0 <0 >0 >0 >0 

e <0 <0 <0 <0 >0 >0 <0 

K <0 >0 
<0'' 

CTr <0 <0 >0" 
<0'' 

<0 >0 >0 >0 

a when yield curve is upward slopped 
b when yield curve is downward slopped 
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Table 1-2 
The Effect of Term Structure on Optimal Capital Structure: Case of One-Factor CIR Model 

This table shows how changes in the term structure of interest rates affect optimal capital 
structure: face value of debt, B, coupon , i, maturity, M, leverage, d, credit spread, Rj — r, 
recapitalization cash flow, C^, recapitalization interest rate, r^, bankruptcy triggering cash 
flow, C^, and, bankruptcy triggering interest rate, r^. For this exercise, we consider a firm for 
which cash flow follows a Feller process. The process parameters are initial cash flow, Co, of 
$0.30, growth of cash flow, a, of 5%, standard deviation of cash flow process, cr, of 0.50, and 
long-term mean of cash flow, C* , of $1.00. Additionally, we assume a corporate tax rate, TC, 
of 40%, personal tax rate, r^, of 20%, variable bankruptcy cost, Ky, of 80%, fixed bankruptcy 
cost, KF, of $5.00, and variable recapitalization cost, K„, of 0.1%. The term structure of the 
interest rates follows a one-factor CIR process. The initial process parameters are r = 4%, G = 
7%, /c =0.65, cr =0.25, and A = -0.15. 

r G K $5 %i M VodVoRj-r $C^ $C^ / 

0.04 
0.07 
0.10 

0.07 
0.07 
0.07 

0.65 
0.65 
0.65 

0.25 
0.25 
0.25 

5.03 
6.35 
6.42 

0.203 
0.213 
0.213 

4.24 
9.68 
9.82 

47.97 
63.67 
67.66 

1.764 
1.017 
0.926 

0.96 
0.95 
0.95 

0.039 
0.041 
0.057 

0.13 
0.19 
0.21 

0.183 
0.274 
0.298 

0.04 
0.07 
0.10 

0.10 
0.10 
0.10 

0.65 
0.65 
0.65 

0.25 
0.25 
0.25 

3.16 
4.06 
4.26 

0.180 
0.194 
0.205 

4.01 
6.27 
6.04 

43.76 
59.01 
65.06 

1.479 
1.013 
0.854 

0.64 
1.16 
1.54 

0.026 
0.050 
0.042 

0.16 
0.21 
0.26 

0.161 
0.244 
0.280 

0.04 
0.07 
O.IO 

0.07 
0.07 
0.07 

0.85 
0.85 
0.85 

0.25 
0.25 
0.25 

4.88 
6.08 
6.24 

0.200 
0.203 
0.213 

7.28 
9.52 
6.68 

46.13 
59.72 
63.61 

1.770 
1.531 
0.933 

0.96 
0.96 
0.95 

0.039 
0.068 
0.057 

0.13 
0.19 
0.21 

0.183 
0.208 
0.298 

0.04 
0.07 
0.10 

0.07 
0.07 
0.07 

0.65 
0.65 
0.65 

0.5 
0.5 
0.5 

4.83 
6.07 
6.23 

0.202 
0.188 
0.205 

6.89 
8.22 
5.79 

37.69 
49.37 
52.84 

0.879 
0.947 
0.534 

0.94 
1.23 
0.83 

0.040 
0.042 
0.063 

0.17 
0.21 
0.24 

0.285 
0.389 
0.638 
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Table 1-3 
The Effect of Term Structure on Optimal Capital Structure: Case of One—Factor CIR Model 

This table shows how changes in the term structure of interest rates affect optimal capital 
structure: tax shields, TS, bankruptcy costs, BC. recapitalization costs, KC, debt, D, equity, E, 
unlevered value, v, levered value, V. For this exercise, we consider a firm for which cash 
flow follows a Feller process. The process parameters are initial cash flow, Co, of $0.30, 
growth of cash flow, a, of 5%, standard deviation of cash flow process, cr, of 0.50, and long-
term mean of cash flow, C* , of $1.00. Additionally, we assume a corporate tax rate, TC, of 
40%, personal tax rate, Vp, of 20%, variable bankruptcy cost, Ky, of 80%, fixed bankruptcy 
cost, iCf, of $5.00, and variable recapitalization cost, k„, of 0.1%. The term structure of the 
interest rates follows a one-factor CIR process. The initial process parameters are r = 4%, 6 = 
7%, V = 0.65, cr = 0.25, and A = - 0.15. 

r 6 K 

0.04 0.07 0.65 
0.07 0.07 0.65 
0.10 0.07 0.65 

0.04 0.10 0.65 
0.07 0.10 0.65 
0.10 0.10 0.65 

0.04 0.07 0.85 
0.07 0.07 0.85 
0.10 0.07 0.85 

0.04 0.07 0.65 
0.07 0.07 0.65 
0.10 0.07 0.65 

%TS 

0.25 3.93 
0.25 4.02 
0.25 4.02 

0.25 2.70 
0.25 2.35 
0.25 2.29 

0.25 3.91 
0.25 3.93 
0.25 4.02 

0.5 3.80 
0.5 3.81 
0.5 3.87 

%BC %KC 

0.72 3.14 
0.68 3.11 
0.67 3.16 

0.36 2.25 
0.36 1.78 
0.26 1.86 

0.61 1.73 
0.56 1.64 
0.63 1.61 

0.39 2.05 
0.70 1.52 
0.41 1.78 

%D $E 

5.03 5.524 
6.35 3.844 
6.42 3.255 

3.56 3.750 
4.59 2.490 
5.56 1.164 

4.88 7.272 
5.07 6.848 
6.24 5.339 

4.83 9.343 
6.23 7.660 
6.07 7.391 

$v SV 

10.49 10.55 
9.98 10.20 
9.49 9.68 

7.22 7.31 
6.88 7.08 
6.55 6.73 

10.58 12.15 
10.18 11.92 

9.80 11.58 

12.82 14.18 
12.30 13.89 
11.79 13.46 
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Table n - 1 
Comparative Statics of Financial Variables: 

The Impact of Cash Flow Process on Optimal Capital Structure 
This table describes the comparative statics for the debt ratio, d, the optimal maturity, 
M, default premiimi of debt, — r, recapitalization triggering cash flow, C^, 
recapitalization triggering interest rate, r^, bankruptcy triggering cash flow, C^, and 
bankruptcy triggering interest rate, with respect to changes in the parameters of the 
cash flow process: initial cash flow, C, long -term mean of cash flows, C, velocity of 
cash flows, or, and volatility parameter, cr. 

Impact on Capital Structure 
Increase in 
Variable 

d R d - r  M 

C >0 <0 >0 >0 <0 >0 >0 

a >0 >0 >0 «0 «0 

(J <0 >0 <0 <0 >0 >0 <0 

C <0 >0 <0 <0 >0 <0 <0 
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Table n-2 
The Effect of Cash Flows on Optimal Capital Structure; Case of One-Factor CIR Model 

This table shows how the dynamics of cash flows affect optimal capital structure: face value 
of debt, B, coupon , i, maturity, M, leverage, d, credit spread, Rj — r, recapitalization cash 
flows, C^, recapitalization interest rate, r^, bankruptcy triggering cash flow, C^, and, 
bankruptcy triggering interest rate, For this exercise, we consider a firm for which cash 
flow follows a mean-reverting geometric Brownian motion. The initial process parameters are 
initial cash flow, Co, $0.30, growth of cash flow, a, 5%, standard deviation of cash flows 
process, cr, of 0.50, and long-term mean of cash flows, C* , of SI.00. Additionally, we 
assume a corporate tax rate, TC, of 40%, personal tax rate, Vp, of 20%, variable bankruptcy cost, 
Ky, of 80%, fixed bankruptcy cost, KF, of $5.00, and variable recapitalization cost, of 0.1%. 
The term structure of the interest rates follows a one-factor CIR process. The initial process 
parameters are R= 4%, 6 = 7%, K = 0.65, cr = 0.25, and X = - 0.15. 

c a C7 %B %i M V o R d - r  %d $C^ r" / 

0.3 0.03 0.5 4.94 0.203 4.24 0.753 41.91 0.96 0.039 0.13 0.183 
0.5 0.03 0.5 5.33 0.273 4.58 0.638 48.14 1.32 0.029 0.31 0.135 
0.7 0.03 0.5 5.84 0.500 5.89 0.625 49.32 1.36 0.019 0.42 0.286 

0.3 0.05 0.5 5.03 0.213 4.28 0.764 47.97 0.96 0.039 0.13 0.183 
0.5 0.05 0.5 5.52 0.290 5.98 0.650 49.27 1.32 0.029 0.31 0.135 
0.7 0.05 0.5 6.04 0.515 7.22 0.638 50.70 1.38 0.018 0.23 0.269 

0.3 0.03 0.25 6.39 0.253 6.58 0.830 78.55 0.62 0.040 0.14 0.118 
0.5 0.03 0.25 7.61 0.366 7.10 0.774 80.00 1.16 0.031 0.32 0.168 
0.7 0.03 0.25 8.78 0.597 8.67 0.688 80.54 1.33 0.021 0.44 0.270 
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Table H - 3 
The Effect of Cash Flows on Optimal Capital Structure: Case of One-Factor CIR Model 

This table shows how the dynamics of cash flows affect optimal capital structure: tax shields, 
TS, bankruptcy costs, BC, recapitalization costs, KC, debt, D, equity, E, unlevered value, v, 
levered value, V. For this exercise, we consider a firm for which cash flow follows a Feller 
process. The initial process parameters are initial cash flow, Co, of $0.30, growth of cash 
flow, a, of 5%, standard deviation of cash flows process, a; of 0.50, and long-term mean of 
cash flows, C* , of $1.00. Additionally, we assume a corporate tax rate, r,., of 40%, personal 
tax rate, Tp, of 20%, variable bankruptcy cost, Kir, of 80%, fixed bankruptcy cost, /Qt, of 
$5.00, and variable recapitalization cost. Km, of 0.1%. The term structure of the interest rates 
follows a one-factor CIR process. The initial process parameters are r = 4%, 6 = 7%, K = 
0.65, cr = 0.25, and /I = - 0.15. 

c a a %TS %BC %KC %D %E $v $V 

0.3 0.03 0.5 3.57 0.72 3.14 4.94 6.88 10.30 10.02 
0.5 0.03 0.5 3.84 0.64 3.11 5.33 8.05 11.07 11.15 
0.7 0.03 0.5 3.93 0.59 2.89 5.84 9.39 11.83 12.28 

0.3 0.05 0.5 3.64 0.78 3.13 5.03 7.09 10.49 10.22 
0.5 0.05 0.5 3.85 0.64 2.99 5.52 8.42 11.20 11.41 
0.7 0.05 0.5 4.26 0.57 2.37 6.04 10.87 11.91 13.24 

0.3 0.03 0.25 3.78 0.70 3.05 6.39 5.11 8.13 8.16 
0.5 0.03 0.25 3.99 0.61 2.48 7.61 7.93 9.51 10.41 
0.7 0.03 0.25 4.08 0.54 2.05 8.78 10.34 10.90 12.39 
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Table III - 1 
Comparative Statics of Financial Variables: 

The Impact of a Two-Factor CIR Interest Rate Process on Optimal Capital Structure 
This table describes the comparative statics for debt ratio, d, optimal maturity, M, 
default premium of debt, Rd - r, recapitalization triggering cash flow, C^, 
recapitalization triggering interest rate, r^, bankruptcy triggering cash flow, and 
bankruptcy triggering interest rate, with respect to changes in the parameters of the 
cash flow process: instantaneous factor levels, X and Y, long -term mean of factors, 6x 
and Oy, velocity of factors, KX and /cy, and volatility parameters, ox and cry. 

Impact on Capital Structure 
Increase in 
Variable 

d Rd-r M 

X >0 <0 >0 <0 >0 >0 >0 

<0 <0 <0 <0 >0 >0 <0 

/cx <0 >0 <0 «0 

Ox <0 <0 <0 <0 >0 >0 >0 

Y <0 >0 <0 >0 <0 <0 <0 

Oy <0 <0 <0 <0 >0 >0 <0 

KY <0 >0 <0 «0 «0 «0 

ov <0 <0 <0 <0 >0 >0 >0 
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Table m-2 
The Effect of Term Structure on Optimal Capital Structure: Case of Two-Factor CIR Model 
This table shows how changes of the term structure of interest rates affect optimal capital 
structure: face value of debt, B, coupon ,  i,  maturity, M, leverage, d, credit spread, Rj -  r, 
recapitalization cash flow, C^, recapitalization interest rate, r^, bankruptcy triggering cash 
flow, Cf', and, bankruptcy triggering interest rate, For this exercise, we consider a firm for 
which cash flow follows a Feller process. The process parameters are initial cash flow, Co, of 
$0.30, growth of cash flow, or, of 5%, standard deviation of cash flow process, cr, of 0.50, 
and long—term mean of cash flow, C* , of SI.00. Additionally, we assume a corporate tax 
rate, r<., of 40%, personal tax rate, !>, of 20%, variable bankruptcy cost, Ky, of 80%, fixed 
bankruptcy cost, Kp. of $5.00, and variable recapitalization cost. Km, of 0.1%. The term 
structure of the interest rates follows a two-factor CIR process. The initial process 
parameters arê = 3%, Ox - 5%, /Cx = 0.65, Ox = 0.25, Ax = - 0.20, Y= 1%, = 1%, tcy -
0.15, oy — 0.10, and Ay = — 0.15. 

%Y Oy Ky 

0.5 0.01 0.15 
1.0 0.01 0.15 
1.5 0.01 0.15 

0.5 0.02 0.45 
1.0 0.02 0.45 
1.5 0.02 0.45 

0.5 0.01 0.15 
1.0 0.01 0.15 
1.5 0.01 0.15 

0.5 0.01 0.15 
1.0 0.01 0.15 
1.5 0.01 0.15 

av 

0.10 3.87 
0.10 3.74 
0.10 2.94 

0.10 3.46 
0.10 3.16 
0.10 2.70 

0.10 3.25 
0.10 3.09 
0.10 2.44 

0.25 2.56 
0.25 2.34 
0.25 1.96 

$I M 

0.281 9.93 
0.280 9.30 
0.271 9.00 

0.240 8.58 
0.210 8.05 
0.190 7.54 

0.216 9.39 
0.212 8.12 
0.195 7.82 

0.212 7.73 
0.202 6.36 
0.186 5.56 

%d%Rd-r 

34.49 1.391 
34.30 1.762 
27.65 1.964 

29.81 1.516 
27.59 2.017 
23.98 2.429 

33.66 1.539 
32.54 1.976 
26.09 2.096 

28.18 1.412 
27.04 1.836 
23.76 2.163 

$C^ %Y^ 

1.927 0.15 
1.889 0.14 
1.848 0.11 

1.980 0.17 
1.941 0.12 
1.546 0.10 

1.824 0.14 
1.721 0.14 
1.667 0.12 

1.995 0.13 
1.890 0.11 
1.855 0.11 

$Cf %}'^ 

0.121 6.0 
0.143 6.4 
0.186 6.9 

0.096 5.8 
0.011 6.0 
0.016 6.2 

0.095 6.1 
0.011 6.4 
0.018 6.9 

0.095 7.5 
0.011 8.1 
0.015 8.3 
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Table IV 
The Effect of Term Structure on Optimal Priority Structure 

This table shows how changes of the term structure of interest rates affect optimal capital 
structure: face value of debt, B, coupon , /, maturity, M, leverage, d, credit spread, Rd - r, 
recapitalization cash flow, C^, recapitalization interest rate, r^, bankruptcy triggering cash flow, 
C^, and, bankruptcy triggering interest rate, r^. For this exercise, we consider a firm for which 
cash flows follow a Feller process. The process parameters are initial cash flow, Co, of $0.30, 
growth of cash flow, a, of 5%, standard deviation of cash flow process, cr, of 0.50, and long-
term mean of cash flow, C* , of $ 1.00. Additionally, we assume a corporate tax rate, of 40%, 
personal tax rate, of 20%, variable bankruptcy cost, KV, of 80%, fixed bankruptcy cost, KF, of 
$5.00, and variable recapitalization cost, K„, of 0.1%. The term structure of the interest rates 
follows a one-factor CIR process. The initial process parameters are r = 4%, G = 7%, K — 0.65, 
cr = 0.25, and A = - 0.15. 
Panel A. Effect on Senior Debt 

r e K cFr %i M VoRj- r %d $C^ r" $C^ 

0.04 0.07 0.65 0.25 4.05 0.1539 4.04 38.61 0.913 0.112 0.215 0.89 0.0539 
0.07 0.07 0.65 0.25 4.98 0.1615 3.62 49.92 0.825 0.172 0.289 1.69 0.0443 
0.10 0.07 0.65 0.25 5.12 0.1732 3.54 53.96 0.762 0.178 0.315 1.32 0.0037 

Panel B, Effect on Junior Debt 

/- e K cTr SB $[ M VoRd- r %d SC^ SC^ / 

0.04 0.07 0.65 0.25 0.89 0.0539 10.00 8.467 1.001 1.411 0.032 0.100 0.181 
0.07 0.07 0.65 0.25 1.28 0.0443 9.23 12.811 1.013 1.450 0.039 0.104 0.241 
0.10 0.07 0.65 0.25 1.21 0.0037 8.79 12.763 1.028 1.407 0.053 0.112 0.259 
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Table V 
Summary Statistics: Issue and Fii™ Characteristics 

The table provides a summary of statistics for issue and finn characteristics m &e final sample of 7477 
firms from which 5266 issued debt and the remaining 2?11 issued seasoned equity offe^g m the 
neriod of 1980 - 1995. The issuance data is gathered ffom Secunty Data Corporation (SDC) and 
Opler's Debt Issuance databases. The firms characteristics are obtamed from COi^USTAT database. 
The final sample only includes industrial firms with Standard Industnal Classification (SIC) codes 
from 1000 - 5999 or 7000 - 9999. r-statistics in italics. 

Variable 

Issue Characteristics: 
Total Proceed ($m) 
Price ($) 
Maturity (Years) 
Coupon(%) 

Firm Characteristics: 
Short-term Debt 
Long—term Debt 
Dividend Payout Ratio 
Book-to—Market Ratio 
Profitability Ratio 
Fixed Assets Ratio 
Depreciation Ratio 
R&D Expenditure Ratio 
Advertising Expenditures Ratio 
Size 
Business Risk 
Abnormal Earnings 
S&P Credit Rating 
S&P Credit Rating Squared 
Graham's Marginal Tax Rate 
% A Stock Price 
Non-Debt Tax Shields 
Proceeds of Issue 
Proceed—to—Size Ratio 

Number of Observation 

All Issues 
Mean Std. Dev. 

0.227 
0.251 
0.052 
0.812 
0.175 
0.599 
0.059 
0.016 
0.013 
7.486 
0.044 
4.270 
1.944 
5.287 
0.314 
43.5 

0.008 
3.986 
0.548 

7477 

0.118 
0.138 
0.077 
0.436 
0.114 
0.292 
0.069 
0.038 
0.027 
2.013 
0.035 

149.989 
1.110 
4.056 
0.159 
554.1 
0.023 
1.209 
0.158 

Dept Issues 
Mean Std. Dev. 

164.93 
96.83 
13.66 

8.91 

276.69 
14.25 
8.89 
2.76 

SEOs 
Mean Std Dev 

0.224 
0.257 
0.057 
0.832 
0.177 
0.617 
0.059 
0.014 
0.015 
8.053 
0.038 
5.433 
1.659 
4.366 
0.319 

27.3 
o.oos 
4.186 
0.534 

5266 

0.114 
0.129 
0.072 
0.433 
0.110 
0.283 
0.059 
0.027 
0.028 
1.805 
0.030 

178.305 
1.104 
4.064 
0.154 

444 
0.024 
1.137 
0.153 

83.360 
23.47 

312.44 
14.26 

0.235 
0.236 
0.042 
0.766 
0.172 
0.558 
0.061 
0.022 
0.010 
6.134 
0.057 
1.503 
2.621 
7.481 
0.303 

82 
0.007 
3.510 
0.582 

2211 

0.125 
0.156 
0.089 
0.438 
0.123 
0.309 
0.087 
0.054 
0.024 
1.831 
0.040 

18.695 
0.781 
3.077 
0.168 
752.9 
0.020 
1.242 
0.162 

/-statistics 
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Table VI 
Summary of Statistics: Macroeconomic Variables 

The table provides a summary of statistics for macroeconomic variables used in models (1) — (5) in the 
period of 1980 - 1995. The data is gathered from Federal Reserve Board of Governors database and 
Federal Reserve Economic Database (FRED) at Federal Reserve Bank - St. Louis. 

Variable Mean Median 

Short—Rate 7.483 7.318 
A Short-Rate -0.286 -0.430 
Long-Rate 9.538 8.823 
A Long-Rate -0.148 -0.308 
Volatility of Yields 0.397 0.349 
Inflation (Adjusted) 4.357 3.767 
A Inflation (Adjusted) -0.622 -0.180 
Inflation (Non-Adjusted) -0.007 0.002 
A Inflation (Non-Adjusted) -0.006 -0.002 
AAA—Bond Yield 10.226 9.595 

A AAA—Bond Yield -0.127 -0.330 
Spread between Corporate AAA— and 1.715 1.952 
Treasury 20—year Bond Yields 
BAA-Bond Yield 11.476 10.737 
A BAA-Bond Yield -0.156 -0.390 
Spread between BAA-bond and AAA-Bond 1.251 1.177 
Mortgage Rate 11.154 10.350 
A Mortgage Rate -0.202 -0.365 
Spread between Mortgage Rates and AAA—Bond 1.048 1.031 
Spread between 3 —month LIBOR and Treasury Bill Yields 1.296 1.024 
A Spread between 3 -month LIBOR and Treasury Bill Yields -0.010 0.000 
Personal Tax Rate -0.027 -0.153 
A Personal Tax Rate -0.027 -0.007 
Industrial Production (detrended) 2.215 2.290 
Growth in Industrial Production 0.197 0.233 
A Growth in Industrial Production 0.009 -0.001 
GDP (detrended) 6.087 6.385 
Growth of GDP 0.676 0.760 
A Growth of GDP 0.012 -0.003 
Real State and Local Expenditure and Gross Investment 3.754 4.049 
Real Private Residential Fixed Investment 4.192 4.429 
Real Private Non-Residential Fixed Investment 3.969 4.200 
Real Import Goods and Services 4.577 4.942 
Real Gross Domestic Private Investment 5.023 5.210 
Real Government Expenditure and Gross Investment 4.076 4.667 
Real Change in Private Inventories 4.039 4.125 
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Variable Mean Median 

Money Supply — Ml 4.267 4.930 
Money Supply — M2 5.659 6.105 
Money Supply - M3 6.033 6.244 
Total Outstanding Debt 6.313 7.455 
Money Market Retail 4.310 4.350 
Money Market Institutions 2.762 2.552 
Money Market Repurchases 3.193 3.422 
Euro-Dollar 3.660 4.115 
Federal Debt 5.553 6.261 
Private Debt 6.123 7.126 
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Table VU - 1 
Probit Model of Financing Decision with Treasury Term Structure Variables 

Estimated coefficients of a Probit model of firm choices beuveen debt and seasoned equity. A positive 
coefficient indicates a higher probability of debt financing. Each of these variables is defined in 
details in the appendix. Sample: 7477 firms, 5266 debt issuers and 2211 seasoned equity issuers, from 
Security Data Corporation (SDC) and Opler's Debt Issue databases, which have valid corresponding 
accounting data in COMPUSTAT database, diuing the period 1980 and 1995 v«th Standard Industrial 
Classification (SIC) codes from 1000 - 5999 or 7000 - 9999. ChiSquare statistics in italics. 

Treasury Term Structure and Inflation 

Variable Parameter ChiSquare Marginal Effect 

A. Firm Characteristics: 

Intercept 5.1566 25.325 
Div. Payout Ratio -0.0410 0.021 -0.15 
Book—to—Market 0.2731 17.641 5.48 
Profitability Ratio 0.1762 0.428 0.93 
Fixed Asset Ratio 0.2496 8.077 3.36 
Depreciation Ratio -0.7503 3.285 -2.37 
Size 0.4280 156.036 39.63 
Business Risk -2.3153 14.959 -3.68 
R&D Ratio -1.8637 9.315 -3.22 
Advertising Ratio 2.6657 11.162 3.28 
S&P Rating 0.4692 21.980 23.95 
S&P Rating Squared -0.2810 110.228 -52.43 
Graham's Tax Rate -0.4900 1.730 -3.58 
%A Stock Price -0.0021 0.446 -0.53 
A Long—term Debt 0.4950 6.901 2.01 
Non-Debt Tax Shields 1.6700 4.056 1.76 

B. Issue Characteristics: 

Issue Size -0.4073 32.917 -22.65 
Issue Tax Effect 0.2149 5.490 7.25 
Issue Default Effect 1 -0.2046 74.611 -38.04 
Issue Default Effect 2 0.0620 98.601 46.01 
Issue-to—Firm Size 2.2356 37.241 16.21 
Year of Issue -0.0610 42.862 -12.61 
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Treasury Term Structure 

Variable Parameter ChiSqiiare Marginal Effect 
C. Term Structure Variables: 

Short-Rate 0.0429 5.838 5.36 
Long-Rate -0.1594 35.914 -16.17 
Volatility of Yields -0.3064 8.151 -2.72 
Industry Dummy 1 -0.198 3.598 -0.62 
Industry Dummy 2 0.113 1.323 0.38 
Industry Dummy 3 0.036 0.081 0.07 
Industry Dummy 4 0.250 4.273 0.67 
Industry Dummy 5 0.005 0.003 0.02 
Industry Dummy 6 0.047 O.I 15 0.13 
Industry Dummy 7 0.288 3.397 0.46 
Industry Dummy 8 -0.255 5.459 -0.57 
Industry Dummy 9 0.372 8.480 0.73 
Industry Dummy 10 -0.069 0.649 -0.24 
Industry Dummy 11 -0.114 1.868 -0.39 
Industry Dummy 12 -0.021 0.046 -0.06 
Industry Dummy 13 0.063 0.459 0.19 
Industry Dummy 14 0.277 0.954 0.40 
Industry Dummy 15 -0.016 0.022 -0.04 
Industry Dummy 16 -0.565 55.035 -3.05 
Industry Dummy 17 -0.041 0.096 -0.10 

Number of Debt Issues / SEOs 5266 / 2211 
Log Likelihood 6558.05 
MacFadden p" 0.2747 
Chi-square p value 0.0001 
% Predicted Correctly 84.1 
% Predicted Correctly in / out Sample - Time 84.7 / 82.8 
Series 
% Predicted Correctly in / out Sample — Holdout 84.1 / 83.5 



Table VII - 2 
Probit Model of Financing Decision with Macroeconomic Variables 

Estimated coefficients of a Probit model of firm choices between debt and seasoned equity. A 
positive coefficient indicates a higher probability of debt financing. Each of these variables is 
defined in details in the appendix. Sample: 7477 firms, 5266 debt issuers and 2211 seasoned equity 
issuers, from Security Data Corporation (SDC) and Opler's Debt Issue databases, which have valid 
corresponding accounting data in COMPUSTAT database, during the period 1980 and 1995 with 
Standard Industrial Classification (SIC) codes from 1000 — 5999 or 7000 — 9999. The regressions 
also include 17 industry dummies which are not reported. Chi—Square statistics in italics. 

Treasury Term Structure , Inflation, and Corporate 
Term Structure 

Variable Parameter ChiSquare Marginal Effect 

A. Firm Characteristics: 

Intercept -2.288 8.323 0.00 
Div. Payout Ratio 0.107 0.150 0.31 
Book-to—Market 0.274 17.532 4.50 
Profitability Ratio -0.039 0.022 -0.17 
Fixed Asset Ratio 0.278 10.021 3.07 
Depreciation Ratio -0.809 3.838 -2.10 
Size 0.395 141.870 29.97 
Business Risk -2.379 15.761 -3.10 
R&D Ratio -2.049 11.138 -2.90 
Advertising Ratio 2.820 12.526 2.84 
S&P Rating 0.454 20.257 19.00 
S&P Rating Squared -0.288 115.053 -44.00 
Graham's Tax Rate -0.369 0.982 -2.21 
%A Stock Price -0.002 0.440 -0.43 
A Long-term Debt 0.436 5.313 1.45 
Non-Debt Tax Shields 1.985 5.586 1.71 

B. Issue Characteristics: 

Issue Size -0.402 31.551 -18.31 
Issue Tax Effect 0.198 4.681 5.48 
Issue Default Effect 1 -0.204 72.998 -31.05 
Issue Default Effect 2 0.064 106.350 39.20 
Issue-to—Firm Size 2.053 32.345 12.21 
Year of Issue -0.001 0.077 -0.18 
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Treasiuy Term Structure , Inflation, and Corporate 
Term Structure 

Variable Parameter ChiSqiiare Marginal Effect 

C. Term Structure Variables: 

Short—Rate 0.055 3.658 5.62 
A of Short-Rate 0.062 18.514 4.91 
Long-Rate -0.663 14.830 -25.14 
A Long—Rate -0.105 2.891 -6.39 
Volatility of Yields -0.353 5.010 -2.57 
Inflation (Non—Seasonally Adjusted) -0.041 1.715 -2.80 
A Inflation (Non-Seasonally Adjusted) -0.010 3.829 -1.53 
AAA-Bonds Yield 1.075 9.330 16.26 
A AAA-Bonds Yield -0.186 3.236 -9.62 
A BAA-Bonds Yield 0.168 4.917 8.95 
BAA—Bonds Yield -0.221 1.421 -21.41 
Mortgage Rate -0.127 5.282 -12.94 
A Mortgage Rate 0.154 10.577 9.35 
Personal Tax Rate 1.648 0.681 1.03 
A Personal Tax Rate 0.184 0.068 0.26 

Number of Debt Issues / SEOs 5266/2211 
Log Likelihood 6574.49 
MacFadden p' 0.2932 
Chi-square p value 0.0001 
% Predicted Correctly 84.8 
% Predicted Correctly in / out Sample - Time 85.1 /83.0 
Series 
% Predicted Correctly in / out Sample — Holdout 84.8 / 84.3 
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Table VIII 
Analysis of Correlation; Term Structure and Inflation Variables 

The table provides a summary of the analysis of the correlation structure between different term 
structure and inflation measures. The data is gathered firora Federal Reserve Board of Govemors 
database and Federal Reserve Economic Database (FRED) at Federal Reserve Bank — St. Louis. 

Short-rate 0.7447 0.9162 -0.4826 0.5174 0.6973 0.2335 -0.0570 
Real Short-rate 0.8067 -0.1843 0.2101 0.0444 -0.1264 -0.0794 
Long-rate -0.1116 0.4318 0.5035 0.1193 -0.0298 
Term Spread -0.2869 -0.5279 -0.2657 0.0663 
Volatility (Curvature) 0.5475 0.1377 -0.0142 
Inflation (Adj.) 0.4728 -0.0868 
Inflation (non-Adj.) 0.1285 
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Table IX 
Robustness Analysis: Variable Interdependencies 

Estimated coefficient of a Probit model of firm choices between debt and seasoned equity. A 
positive coefficient indicates a higher probability of debt financing. Each of these variables is 
defined in details in appendix A. Sample: 7477 firms, 5266 debt issuers and 2211 seasoned equity 
issuers, in Security Data Corporation (SDC) and Opler's Debt Issue databases which have valid 
corresponding accounting data in COMPUSTAT database, for the period of 1980 and 1995 with 
Standard Industrial Classification (SIC) codes from 1000 - 5999 or 7000 - 9999. The regressions 
also include 17 industry dummies which are not reported. ChiSquare statistics in italics. 

Full Sample 
Variable Parameter ChiSquare Marginal Effect 

A. Firm Characteristics: 

Intercept -1.0417 2.043 0.00 
Div. Payout Ratio 0.1024 0.136 0.12 
Book—to—Market 0.2611 15.696 2.24 
Profitability Ratio -0.0034 0.000 0.20 
Fixed Asset Ratio 0.2827 10.259 1.28 
Depreciation Ratio -0.8752 4.426 -1.05 
Size 0.4016 143.320 17.44 
Business Risk -2.2902 14.352 -1.11 
R&D Ratio -1.9781 10.346 -1.52 
Advertising Ratio 2.7913 12.042 1.19 
S&P Rating 0.4316 17.967 10.36 
Sc&P Rating Squared -0.2816 108.723 -20.41 
Graham's Tax Rate -0.3743 0.999 -1.14 
%A Stock Price -0.0020 0.402 -0.12 
A Long-term Debt 0.3770 3.928 0.64 
Non-Debt Tax Shields 1.8978 5.046 0.67 

B. Issue Characteristics: 

Issue Size -0.4105 32.293 -8.95 
Issue Tax Effect 0.1959 4.523 2.45 
Issue Default Effect 1 -0.2031 71.535 -16.60 
Issue Default Effect 2 0.0640 103.682 18.57 
Issue-to—Firm Size 2.1233 33.878 6.74 
Year of Issue -0.0010 0.135 -16.16 
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Full Sample 
Variable Parameter ChiSquare Marginal Effect 

C. Temi Structure Variables: 

Real Short-Rate 0.1067 5.431 -2.78 
A of Real Short—Rate 0.0405 3.699 -1.29 
Term Spread 0.2264 7.272 -7.82 
A Term Spread -0.1071 3.182 -1.14 
Volatility of Yields -0.2047 3.569 -1.53 
Inflation (Non-Seasonally Adjusted) 0.1421 1.257 -0.33 
A Inflation (Non-Seasonally Adjusted) 0.0561 1.146 -1.31 
AAA-Bonds Credit Spread 0.7537 18.685 -0.44 
A AAA-Bonds Credit Spread 0.1722 6.398 1.41 
BAA-Bonds Credit Spread 0.3180 2.512 -0.99 
A BAA-Bonds Credit Spread 0.2463 9.839 0.59 
Mortgage Spread -0.8461 26.467 -14.82 
A Mortgage Spread 0.1051 5.540 1.03 
Personal Tax Rate -3.6664 3.257 -3.82 
A Personal Tax Rate 0.1256 0.032 1.34 
January Dummy -0.1759 3.527 -0.35 
February Dummy -0.3827 18.645 -0.79 
March Dummy -0.4287 26.845 -0.98 
April Dummy -0.2855 11.355 -0.64 
May Dummy -0.4498 30.362 -1.02 
June Dummy -0.1192 2.361 -0.31 
July Dummy -0.3883 / 9.706 -0.80 
August Dununy -0.2507 7.591 -0.51 
September Dummy -0.3439 15.836 -0.72 
October Dummy -0.4129 22.736 -0.88 
November Dummy -0.3406 15.546 -0.72 

Number of Debt Issues / SEOs 5266/2211 
Log Likelihood 6406.56 
MacFadden p~ 0.2944 
Chi-square p value 0.0001 
% Predicted Correctly 84.9 
% Predicted Correctly in / out Sample - Time 85.3 / 82.3 
Series 
% Predicted Correctly in / out Sample — Holdout 84.9 / 84.4 



Table X - 1 
Robustness Analysis: Sample Selection 

To correct for sample selection bias, coefficient of a Probit model of firm choices between debt 
and seasoned equity are estimated using only firms that have shortage of cash for the issuance 
year but have sufficient flmds in the past three years prior to the issue. A positive coefficient 
indicates a higher probability of debt financing. Each of these variables is defined in details in 
appendix A. Sample: 7477 firms, 5266 debt issuers and 2211 seasoned equity issuers, in Security 
Data Corporation (SDC) and Opler's Debt Issue databases which have valid corresponding 
accoimting data in COMPUSTAT database, for the period of 1980 and 1995 with Standard 
Industrial Classification (SIC) codes from 1000 — 5999 or 7000 — 9999. The regressions also 
include 17 industry dummies and 11 month dummies which are not reported. ChiSquare 
statistics in italics. 

Variable Parameter ChiSquare Marginal Effect 

A. Firm Characteristics: 

Intercept 20.0996 75.916 0.00 
Div. Payout Ratio 0.1005 0.129 0.16 
Book—to—Market 0.2279 10.560 1.81 
Profitability Ratio 0.0351 0.015 0.08 
Fixed Asset Ratio 0.2027 4.793 1.17 
Depreciation Ratio -0.7326 2.955 -1.01 
Size 0.4716 149.254 17.96 
Business Risk -2.2980 12.057 -1.48 
R&D Ratio -2.1491 10.692 -1.54 
Advertising Ratio 2.6201 8.567 1.32 
S&P Rating 0.5937 30.425 12.71 
S&P Rating Squared -0.2729 88.028 -21.44 
Graham's Tax Rate -0.1898 0.200 -0.57 
%A Stock Price -0.0012 0.144 -0.13 
A Long—term Debt 0.2056 1.029 0.35 
Non-Debt Tax Shields 1.4921 2.962 0.68 

B. Issue Characteristics: 

Issue Size -0.3823 24.738 -8.78 
Issue Tax Effect 0.1246 1.474 1.75 
Issue Default Effect 1 -0.2271 79.253 -17.90 
Issue Default Effect 2 0.0609 80.484 19.05 
Issue—to—Firm Size l.Alll 33.775 7.32 
Year of Issue -0.1929 108.946 -16.29 
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Table X - 1 (Continued) 

Variable Parameter ChiSquare Marginal Effect 

C. Term Structure Variables; 

Real Short—Rate -0.0829 2.786 -3.03 
A of Real Short-Rate -0.0224 1.986 -1.63 
Term Spread -0.3710 30.537 -5.51 
A Term Spread 0.0053 0.023 0.10 
Volatility of Yields -0.1463 0.741 -0.51 
Inflation (Non-Seasonally Adjusted) -0.0261 0.457 -0.84 
A Inflation (Non-Seasonally Adjusted) -0.0289 3.276 -2.11 
AAA-Bonds Credit Spread -0.1499 0.553 -0.59 
A AAA-Bonds Credit Spread 0.1123 2.523 0.82 
BAA-Bonds Credit Spread -0.2980 1.838 -2.61 
A BAA—Bonds Credit Spread 0.0783 0.833 0.51 
Mortgage Spread -0.9943 32.6/3 -11.91 
A Mortgage Spread 0.1139 5.012 1.11 
Personal Tax Rate -10.4968 19.564 -3.05 
A Personal Tax Rate 1.9457 6.571 1.31 

Number of Debt Issues / SEOs 4796 / 1880 
Log Likelihood 5701.56 
MacFadden p" 0.2817 
Chi-squarevalue 0.0001 
% Predicted Correctly 84.3 
% Predicted Correctly in / out Sample — Time 84.2 / 82.7 
Series 
% Predicted Correctly in / out Sample - Holdout 84.3 / 84.0 
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Table X - 2 
Selection Bias in Estimating the Model of the Debt — Equity Choice 

The Bias on Estimated coefficient of a probit model of firm choices between debt and seasoned equity 
is determined through two methods: Bivariate Probit with Partial Observability. The likelihood of 
extemal financing as well as debt — equity choice is determined. Each of these variables is defined in 
details in appendix A. Sample: 7477 firms, 5266 debt issuers and 2211 seasoned equity issuers, in 
Security Data Corporation (SDC) and Opler's Debt Issue databases which have valid corresponding 
accounting data in COMPUSTAT database, for the period of 1980 and 1995 with Standard Industrial 
Classification (SIC) codes from 1000 - 5999 or 7000 - 9999. Asymptotic t-ratio statistics in italics. 

Debt vs. Equity ; Extemal vs. Non-Extemal 
Variable Parameter t-ratio : Parameter t-ratio 

Panel A. The Effect of Firms Characteristics: This panel presents the impact of firm characteristics on 
both the likelihood of extemal financing, and the likelihood of debt financing, correcting for selection 
bias. 

Constant 2.01316 2.283 3.88242 1.278 
Coefficient on y*t 
Coefficient on y*2 
SIZE 0.01622 4.365 0.04267 2.210 
Altman's ZPROB -0.00056 -0.018 
S&P Rating 0.24451 4.405 0.29893 1.673 
S&P Rating Squared -0.14826 -3.953 -0.17515 -1.459 
Graham's Marginal Tax Rate 0.00957 0.235 0.09837 0.507 
YEAR -0.02140 -2.711 -0.03420 -1.230 
Non-Debt Tax Shields 0.10543 0.478 0.20898 0.176 
Depreciation 0.03866 0.522 0.02557 0.050 
A Stock Price -0.00007 -0.409 0.00009 0.017 
Long-term Debt 0.13799 0.509 
A Long-term Debt -0.00074 -0.013 -0.00486 -0.015 
Short-term Debt 0.07137 0.227 
A Short-term Debt -0.02003 -0.046 
Business Risk 1 -0.01628 -1.724 
Business Risk 2 -0.18844 -1.065 
Dividend Payout 0.00417 0.079 
Book-Market 0.00162 0.521 0.00258 0.485 
Profitability -0.06601 -0.986 
Fixed Assets 0.00030 0.119 
Advertising 0.08866 0.402 
R&D -0.13421 -0.827 
Issue Proceeds to Size 0.91738 30.645 
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Table X - 2 (Continued) 

Debt vs. Equity ; External vs. Non-Extemal 
Variable Parameter t-ratio : Parameter t-ratio 

Regulation Dummy 0.04172 0.029 
Capital Expenditures 0.07478 0.381 
A Capital Expenditures : -0.00460 -0.030 
Exp. (A Cap. Exp.) in One Year : -0.06173 -0.284 
Exp. (A Cap. Exp.) in Two Years 0.02016 0.106 
Exp. (A Cap. Exp.) in Three Years 0.05336 0.227 
Exp. (A Ret. Earnings) in One Year 0.02599 0.150 
Exp. (A Cash Flows) in One Year 0.02685 0.088 
Exp. (A Repurchases) in One Year 0.11368 0.134 
Exp. (A Dividends) in One Year 0.01572 0.053 
Exp. (A R&D) in One Year 0.04718 0.039 
Exp. (A Advertising) in One Year i -0.09075 -0.084 
Exp. (A Fixed Assets) in One Year ! -0.03824 -0.181 
Exp. (A Working Cap.) in One Year ; -0.02149 -0.097 

Panel B. The Effect of Interest Rates and Other Macroeconomic Indicators: This panel presents the 
impact of interest rates and other macroeconomic variables on both the likelihood of external financing, 
and the likelihood of debt financing, correcting for selection bias. 

Real Short—Rate 0.01062 0.473 -0.09156 -1.235 
A of Real Short-Rate -0.00686 -0.696 -0.10274 -4.494 
Term Spread 0.01270 0.317 0.16936 1.030 
A Term Spread -0.01029 -0.408 -0.13266 -1.789 
Volatility of Yields 0.03487 0.540 0.18644 0.873 
Inflation (Non-Seasonally Adjusted) -0.00560 -0.199 -0.13753 -1.542 
A Inflation (Non-Seasonally Adjusted) -0.00709 -0.720 -0.11927 -4.900 
AAA—Bonds Credit Spread -0.01261 -0.127 -0.51135 -1.542 
A AAA-Bonds Credit Spread 0.01293 0.626 -0.01740 -0.176 
BAA-Bonds Credit Spread -0.17647 -1.654 0.22731 0.778 
A BAA-Bonds Credit Spread 0.06596 1.466 -0.02295 -0.212 
Mortgage Spread 0.00073 0.011 -0.02365 -0.094 
A Mortgage Spread -0.01700 -0.507 -0.11843 -1.496 
Personal Tax Rate -0.19043 -1.503 -0.58647 -0.987 
A Personal Tax Rate -0.25665 -1.126 -1.97804 -4.021 

Correlation between the two Probit models. 0.02030 0.053 
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Table X - 3 
Selection Bias in Estimating the Model of Debt - Equity Choice 

The bias on estimated coefficient of a probit model of firm choices between debt and seasoned equity 
is determined through two methods: Amemiya's Generalized Least Square. The likelihood of external 
financing as well as debt — equity choice is determined. Each of these variables is defined in details in 
appendix A. Sample: 7477 firms, 5266 debt issuers and 2211 seasoned equity issuers, in Security 
Data Corporation (SDC) and Opler's Debt Issue databases which have valid corresponding accounting 
data in COMPUSTAT database, for the period of 1980 and 1995 with Standard Industrial 
Classification (SIC) codes from 1000 — 5999 or 7000 - 9999. Asymptotic t-ratio statistics in italics. 

Debt vs. Equity External vs. Non-
Extemal 

Variable Parameter t-ratio •Parameter t-ratio 

Panel A. The Effect of Firms Characteristics: This panel presents the impact of firm characteristics 
on both the likelihood of external financing, and the likelihood of debt financing, correcting for 
selection bias. 

Constant -43.66196 -6.663 46.16321 1.096 
Coefficient on y*| -0.07903 -0.340 
Coefficient on y*2 0.39842 0.435 
SIZE -0.41111 -0.407 0.53681 0.182 
Altman's ZPROB 0.01490 0.005 
S&P Rating -1.44918 -1.225 3.33743 1.014 
S&P Rating Squared 0.92818 0.859 -2.10805 -0.685 
Graham's Marginal Tax Rate -1.20976 -1.194 1.00498 0.320 
YEAR 0.42474 0.421 -0.48066 -0.163 
Non-Debt Tax Shields -1.16489 -0.899 4.08597 1.275 
Depreciation -0.16429 -0.162 -0.50092 -O.J 71 
A Stock Price 0.36280 0.359 0.20824 0.071 
Long-term Debt 1.26414 0.360 
A Long-term Debt -0.00077 -0.001 -0.00387 -0.001 
Short-term Debt 0.25092 0.084 
A Short-term Debt -0.72479 -0.248 
Business Risk 1 -0.21687 -0.214 
Business Risk 2 -1.80294 -1.325 
Dividend Payout 0.47140 0.468 
Book-Market 0.30151 0.297 0.48013 0.164 
Profitability 0.48681 0.484 
Fixed Assets 0.00437 0.004 
Advertising -0.92363 -0.562 
R&D -2.55256 -2.221 
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Table X - 3 (Continued) 

Debt vs. Equity External vs. Non-
External 

Variable Parameter t-ratio Parameter t-ratio 

Regulation Dummy -0.62163 -0.211 
Capital Expenditures 0.15765 0.054 
A Capital Expenditures -0.01361 -0.005 
Exp. (A Cap. Exp.) in One Year 0.36387 0.124 
Exp. (A Cap. Exp.) in Two Years 0.35070 O.I 19 
Exp. (A Cap. Exp.) in Three Years 0.28379 0.096 
Exp. (A Ret. Earnings) in One Year 0.06304 0.022 
Exp. (A Cash Flows) in One Year -0.50623 -0.173 
Exp. (A Repurchases) in One Year -0.89025 -0.281 
Exp. (A Dividends) in One Year 0.26363 0.090 
Exp. (A R&D) in One Year 0.89849 0.227 
Exp. (A Advertising) in One Year 4.18959 1.377 
Exp. (A Fixed Assets) in One Year -0.45334 -0.154 
Exp. (A Working Cap.) in One Year 0.33085 O.I 12 

Panel B. The Effect of Interest Rates and Other Macroeconomic Indicators: This panel presents the 
impact of interest rates and other macroeconomic variables on both the likelihood of external 
financing, and the likelihood of debt financing, correcting for selection bias. 

Real Short-Rate 1.00752 l.OOI -0.42901 -0.140 
A of Real Short—Rate 0.68335 0.679 -0.28002 -0.094 
Term Spread -2.01492 -1.998 0.51879 O.I 51 
A Term Spread 0.91333 0.906 -0.63825 -0.210 
Volatility of Yields -1.069SI -1.050 -0.28831 -0.094 
Inflation (Non-Seasonally Adjusted) 1.42947 I.4I9 -0.71906 -0.224 
A Inflation (Non-Seasonally Adjusted) 0.81351 0.808 -0.31731 -0.105 
AAA—Bonds Credit Spread 5.33344 5.286 -2.43411 -0.426 
A AAA—Bonds Credit Spread 0.30999 0.307 0.17694 0.060 
BAA—Bonds Credit Spread -0.95387 -0.947 0.24241 0.080 
A BAA—Bonds Credit Spread 0.02324 0.023 0.59799 0.205 
Mortgage Spread -0.55931 -0.531 -1.14872 -0.390 
A Mortgage Spread 1.17401 1.166 -0.48541 -0.156 
Personal Tax Rate 6.71942 6.155 -4.55543 -0.657 
A Personal Tax Rate 10.88675 10.658 -5.11081 -0.489 
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Table X - 4 
Robustness Analysis: On the Effect of External Financing 

Estimated coefficient of a simultaneous system of equation involving financing form and source decisions 
form is presented. Simultaneous Probit models of fmancing source, external and non-external financing, 
and financing form, debt-equity choice, is estimated using simultaneous Probit techniques [Maddala 
(1999)]. A positive coefficient indicates a higher probability of external or debt financing. Each of these 
variables is defined in details in appendix A. Sample: 57734 firms, of which 8876 sought external 
financing, in COMPUSTAT, Security Data Corporation (SDC) and Opler's Debt Issue databases for the 
period of 1980 and 1995 with Standard Industrial Classification (SIC) codes from 1000 - 5999 or 7000 -
9999. ChiSqitare statistics in italics. 

Variable Parameter Chi-Square Marginal 
Effect 

Intercept -24.11090 588.262 0.00 
Altman's ZPROB 0.00888 11.446 2.16 
Short-term Debt -0.41900 32.198 -1.39 
A Short-term Debt 0.10730 1.083 0.24 
Long—term Debt -1.11660 314.564 -4.32 
Regulation Dummy -0.27780 0.657 -0.14 
A Retained Earnings in One Year -0.09720 29.471 -1.16 
A Operating Cash Flow in One Year 0.09510 1.784 0.30 
A Stock Repurchases in One Year -0.79900 10.636 -0.72 
A Dividend Paid in One Year -0.14670 2.974 -0.46 
A R&D in One Year -0.42460 3.777 -0.47 
A Advertising in One Year 0.16870 0.432 0.14 
A Fixed Assets in One Year 0.21580 31.608 1.19 
A Working Capital in One Year 0.25190 25.049 1.38 
A Capital Expenditures from Previous Year -0.03350 0.359 -0.12 
Capital Expenditures -0.23410 25.401 -1.08 
A Capital Expenditures in One Year 0.18390 11.867 0.70 
A Capital Expenditures in Two Years -0.17200 6.710 -0.52 
A Capital Expenditures in Three Years -0.30290 15.985 -0.83 
YEAR 0.23470 753.438 30.80 
Book—to-Market 0.15120 51.392 5.30 
Firm Size -0.23100 2310.407 -12.50 
Graham's Marginal Tax Rate -0.57220 109.844 -2.29 
S&P Credit Rating -0.77800 166.825 -8.31 
S&P Credit Rating Squared 0.49990 137.186 7.61 
A Stock Price -0.00035 2.577 -0.24 
A Long-term Debt 0.15100 3.207 0.38 
Depreciation 0.08870 0.528 0.21 
Non-Debt Tax Shields -0.77710 17.986 -0.70 
Issue—to—Firm Size 
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Table X - 4 (continued) 

Variable Parameter Chi-Sqiiare Marginal 
Effect 

Real Short-Rate 0.55880 431.527 26.40 
A of Real Short—Rate 0.29900 861.911 10.90 
Term Spread -1.05070 465.618 -19.80 
A Term Spread 0.43660 282.440 3.96 
Volatility of Yields -0.48810 43.359 -2.94 
Inflation (Non-Seasonally Adjusted) 0.78400 556.116 46.10 
A Inflation (Non-Seasonally Adjusted) 0.36150 1233.954 13.30 
AAA—Bonds Credit Spread 2.91630 599.477 45.40 
A AAA—Bonds Credit Spread 0.13720 34.724 2.11 
BAA-Bonds Credit Spread -0.88870 54.470 -10.50 
A BAA-Bonds Credit Spread 0.08690 3.250 0.63 
Mortgage Spread -0.10870 1.945 -1.79 
A Mortgage Spread 0.50460 189.251 4.79 
Personal Tax Rate 3.68820 637.591 12.90 
A Personal Tax Rate 5.43210 662.738 4.54 
Number of Non-Extemal / External Financing 48858 / 8876 
Number of Debt Issues / SEOs 5266/2211 
Log Likelihood 35635.55 
McFadden fX 0.28085 
% Predicted Correctly - Full Sample 83.3 
% Predicted Correctly in / out Sample - Time Series 84.0 / 82.4 
% Predicted Correctly in / out Sample - Holdout 83.1/81.5 
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Table X - 5 
Robustness Analysis: On the Effect of External Financing 

Estimated coefficient of a simultaneous system of equation involving financing form and source decisions 
form is presented. Simultaneous Probit models of financing source, external and non-extemal financing, 
and financing form, debt-equity choice, is estimated using simultaneous Probit techniques [Maddala 
(1999)]. A positive coefficient indicates a higher probability of external or debt financing. Each of these 
variables is defined in details in appendix A. Sample: 57734 firms, of which 8876 sought external 
financing, in COMPUSTAT, Security Data Corporation (SDC) and Opler's Debt Issue databases for the 
period of 1980 and 1995 with Standard Industrial Classification (SIC) codes from 1000 - 5999 or 7000 -
9999. ChiSquare statistics in italics. 

Variable Parameter Chi-Square Marginal 
Effect 

Intercept 15.34720 161.409 0.00 
Financing Source, j'*! 
Financing Form, y*2 13.87070 5259.107 38.07 
Altman's ZPROB 0.02260 128.265 3.14 
Short-term Debt -0.19490 5.191 -0.37 
A Short—term Debt -0.71360 29.745 -0.91 
Long-term Debt -0.44780 37.564 -0.99 
Regulation Dummy -1.51330 16.980 -0.42 
A Retained Earnings in One Year -0.18550 90.725 -1.26 
A Operating Cash Flow in One Year -0.23210 11.079 -0.41 
A Stock Repurchases in One Year -3.73540 182.525 -1.90 
A Dividend Paid in One Year -0.07920 0.472 -0.14 
A R&D in One Year 2.84070 164.060 1.78 
A Advertising in One Year -2.10720 95.607 -0.97 
A Fixed Assets in One Year -0.43000 99.198 -1.35 
A Working Capital in One Year 1.57930 665.533 4.91 
A Capital Expenditures from Previous Year -0.01190 0.035 -0.02 
Capital Expenditures -0.55230 91.825 -1.45 
A Capital Expenditures in One Year 0.96770 235.966 2.11 
A Capital Expenditures in Two Years 0.21630 7.679 0.37 
A Capital Expenditures in Three Years -0.45660 27.099 -0.71 
YEAR -0.29710 640.759 -22.23 
Book—to-Market 1.00000 1067.984 19.98 
Firm Size 0.54910 2174.652 16.96 
Graham's Marginal Tax Rate 0.80090 161.635 1.83 
S&P Credit Rating 4.11670 2433.579 25.05 
S&P Credit Rating Squared -2.40180 2112.507 -20.83 
A Stock Price -0.00323 76.425 -1.28 
A Long-term Debt 0.67070 38.616 0.96 
Depreciation -0.39960 10.165 -0.55 
Non-Debt Tax Shields 3.87580 174.631 1.98 
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Table X - 5 (continued) 

Variable Parameter Chi-Square Marginal 
Effect 

Real Short-Rate 0.54500 346.124 14.66 
A of Real Short-Rate 0.23640 505.952 4.90 
Term Spread -1.34400 619.540 -14.44 
A Term Spread -0.03650 1.672 -0.19 
Volatility of Yields -1.95010 539.488 -6.70 
Inflation (Non-Seasonally Adjusted) 0.54490 223.207 18.23 
A Inflation (Non-Seasonally Adjusted) 0.31870 882.446 6.70 
AAA—Bonds Credit Spread 2.21990 289.143 19.67 
A AAA—Bonds Credit Spread 0.59970 526.475 5.25 
BAA-Bonds Credit Spread -1.06380 72.818 -7.18 
A BAA-Bonds Credit Spread 1.02480 384.577 4.22 
Mortgage Spread -2.60130 830.567 -24.42 
A Mortgage Spread 0.46560 152.055 2.52 
Personal Tax Rate 0.02510 0.021 0.05 
A Personal Tax Rate 4.07520 310.295 1.94 
Number of Non-Extemal / External Financing 
Number of Debt Issues / SEOs 
Log Likelihood 27664.05 
McFadden p" 0.44172 
% Predicted Correctly - Full Sample 91.1 
% Predicted Correctly in / out Sample -Time Series 88.5/86.3 
% Predicted Correctly in / out Sample -Holdout 87.2/85.9 
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Table X - 6 
Robustness Analysis: On the Effect of External Financing 

Estimated coefficient of a simultaneous system of equation involving financing form decisions (debt vs. 
equity) is presented. Simultaneous Probit models of financing source, external and non-extemal 
financing, and financing form, debt-equity choice, is estimated using simultaneous Probit techniques 
[Maddala (1999)]. A positive coefficient indicates a higher probability of external or debt financing. 
Each of these variables is defined in details in appendix A. Sample: 57734 firms, of which 8876 sought 
extemal financing, in COMPUSTAT, Security Data Corporation (SDC) and Opler's Debt Issue 
databases for the period of 1980 and 1995 with Standard Industrial Classification (SIC) codes from 
1000 — 5999 or 7000 — 9999. Chi—Square statistics in zra/zc5. 

Variable Parameter Chi-Square Marginal Effect 

Intercept 16.30650 84.209 0.00 
Financing Source, >'*i -1.08710 15.776 -6.23 
Financing Form, y*2 
Dividend Payout 0.00014 0.000 0.00 
Profitability 0.02770 0.014 0.05 
Fixed Assets 0.21230 7.316 6.62 
Business Risk -2.70830 22.457 -1.70 
R&D -1.79740 11.255 -1.30 
Advertising 1.33170 3.842 0.71 
YEAR -0.17240 121.149 -14.86 
B ook-to-Market 0.23580 16.387 5.43 
Firm Size 0.23690 413.483 8.43 
Graham's Marginal Tax Rate 0.31180 6.714 0.82 
S&P Credit Rating 1.45830 119.717 10.22 
S&P Credit Rating Squared -0.89320 93.225 -8.93 
A Stock Price -0.00267 0.969 -1.22 
A Long-term Debt 0.42600 6.479 0.71 
Depreciation -0.25520 0.530 -0.40 
Non-Debt Tax Shields 2.05440 7.415 1.21 
Issue-to—Firm Size 0.69550 43.482 2.44 
Real Short—Rate -0.01140 3.056 -0.35 
A of Real Short-Rate -0.00340 1.060 -0.08 
Term Spread -0.12820 4.404 -1.59 
A Term Spread -0.14460 10.008 -0.86 
Volatility of Yields -0.42280 10.219 -1.67 
Inflation (Non-Seasonally Adjiosted) -0.06800 1.517 -2.62 
A Inflation (Non-Seasonally Adjusted) 0.00264 0.034 0.06 
AAA-Bonds Credit Spread -0.16500 0.599 -1.68 
A AAA—Bonds Credit Spread 0.15010 5.773 1.51 
BAA-Bonds Credit Spread -0.08620 0.234 -0.67 
A BAA-Bonds Credit Spread 0.31460 25.193 1.49 
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Table X - 6 (continued) 

Variable Parameter Chi-Square Marginal Effect 

Mortgage Spread -0.68540 16.539 -7.41 
A Mortgage Spread -0.00474 0.013 -0.03 
Personal Tax Rate -1.02190 8.242 -2.34 
A Personal Tax Rate -0.43190 2.719 -0.24 

Number of Debt Issues / SEOs 5266/2211 
Log Likelihood 8141.14 
McFadden p" 0.27748 
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Table XI 
Macroeconomic Conditions and Financing Decisions - Change in Debt Ratio Perspective 

Estimated coefficients are from an OLS and a Heckit models of the change in firm's debt ratio, correcting 
for sample selection bias due to the likelihood of raising external capital. Each of these variables is defined 
in details in appendix A. Sample: 7477 firms, 5266 debt issuers and 2211 seasoned equity issuers, in 
Security Data Corporation (SDC) and Opler's Debt Issue databases which have valid corresponding 
accounting data in COMPUSTAT database, for the period of 1980 and 1995 with Standard Industrial 
Classification (SIC) codes from 1000 - 5999 or 7000 — 9999. The regressions also include 17 industry 
dummies and 11 month dummies which are not reported, t—ratio statistics in italics. 

OLS Model of Heckit Model of 
A Debt Ratio A Debt Ratio 

Variable Parameter t-ratio Parameter t-ratio 

A. Firm Characteristics: 

Intercept 0.1485 1.66 -0.1161 -0.6 
Dividend 0.0560 0.59 0.0293 0.31 
Book-to-Market 0.1052 7.74 0.1011 7.46 
Profitability -0.1312 -1.51 -0.1392 -1.6 
Fixed Assets 0.0506 1.91 0.0460 1.74 
Depreciation -0.1689 -1.24 -0.1620 -1.19 
Size 0.0575 9.29 0.0590 9.1 
Business Risk -0.9262 -4.86 -0.8929 -4.69 
R&D -0.8460 -4.74 -0.8424 -4.75 
Advertising 0.8710 3.7/ 0.7915 3.39 
S&P Credit Rating -0.1395 -21.75 -0.1400 -21.84 
S&P Credit Rating Squared -0.0131 -5.45 -0.0105 -4.31 
Graham's Marginal Tax Rate 0.0935 2.37 0.0956 2.42 
A Stock Price -0.0006 -0.66 -0.0005 -0.5 
A Long-term Debt 0.2232 3.56 0.2164 3.46 
Non-Debt Tax Shields 0.9464 3.47 0.9972 3.66 
YEAR -0.0002 -0.24 -0.0002 -0.27 
Inverse Mills Ratio -0.0742 -3.56 
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Table XI (Continued) 

OLS Model of Heckit Model of 
A Debt Ratio A Debt Ratio 

Variable Parameter t-ratio Parameter t-ratio 

B. Macroeconomic Variables: 

Real Short-Rate 0.0139 3.48 0.0789 2.65 
A of Real Short-Rate -0.0036 -0.77 0.0119 0.85 
Term Spread -0.0220 -5.26 -0.0675 -4.33 
A Term Spread -0.0238 -2.46 -0.0001 -O.Ol 
Volatility of Yields -0.0624 -1.51 -0.0145 -0.29 
Inflation (Non-Seasonally Adjusted) 0.0149 2.65 0.0586 2.86 
A Inflation (Non-Seasonally Adjusted) 0.0024 1.52 0.0176 2.74 
AAA-Bonds Credit Spread 0.3407 656 
A AAA-Bonds Credit Spread 0.0465 2.25 
BAA-Bonds Credit Spread -0.0191 -0.31 
A BAA-Bonds Credit Spread 0.0670 2.79 
Mortgage Spread -0.2012 -4.09 
A Mortgage Spread 0.0406 2.91 
Personal Tax R.ate -0.9389 -1.55 
A Personal Tax Rate 0.0706 0.33 

Adjusted R" 0.2432 0.2523 
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Table XII 
Why Interest Rates Matter: Aggregate Prosperity 

Estimated coefficients are from Heckit models of the change in firm's debt ratio, choice-based 
and annual-based, as well as a Probit model of choices bet\veen debt and seasoned equity. 
Model (5), accounting for distortions in bankruptcy costs. In the Probit, a positive coefficient 
indicates a higher probability of debt financing. Each of these variables is defined in details in 
appendix A. Sample: 7477 firms, 5266 debt issuers and 2211 seasoned equity issuers, in 
Security Data Corporation (SDC) and Opier's Debt Issue databases which have valid 
corresponding accounting data in COMPUSTAT database, for the period of 1980 and 1995 with 
Standard Industrial Classification (SIC) codes from 1000 — 5999 or 7000 — 9999. The 
regressions also include 17 industry dimimies and 11 month dummies which are not reported. 
Additionally, the results for firm and choice characteristics are similar to those of Table HI and 
V, hence not reported, t-ratio statistics in italics. 

Heckit Model of Probit 
A Debt Ratio Choice-based 

Variable Parameter t-ratio Parameter t-ratio Marginal 
Effect 

C. Term Structure Variables; 

Real Short—Rate 0.0492 3.07 0.0975 3.017 1.86 
A of Real Short—Rate 0.0165 2.00 0.0591 4.655 1.54 
Term Spread -0.1288 4.92 -0.2515 6.801 2.75 
A Term Spread -0.0361 2.73 -0.0960 3.516 -0.12 
Volatility of Yields -0.0222 0.44 -0.0776 0.208 0.57 
Inflation (Non-Seasonally Adjusted) 0.0189 1.36 0.0388 0.665 0.35 
A Inflation (Non-Seasonally Adjusted) 0.0223 1.65 0.0752 1.246 0.24 
AAA—Bonds Credit Spread 0.2972 4.64 Q.1211 10.405 0.46 
A AAA-Bonds Credit Spread 0.0295 1.31 0.1459 3.467 2.72 
BAA—Bonds Credit Spread 0.0685 0.93 0.7132 8.472 0.20 
A BAA—Bonds Credit Spread 0.0111 0.42 0.0688 0.615 -3.16 
Mortgage Spread -0.0983 -1.90 -0.6037 11.897 0.18 
A Mortgage Spread 0.0197 1.30 0.0406 0.670 -0.25 
Personal Tax Rate 0.1042 0.16 -1.8659 0.682 -0.15 
A Personal Tax Rate -0.0828 -0.38 -0.5088 0.492 0.84 
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Table XII (Continued) 

Hecldt Model of Probit 
A Debt Ratio Choice-based 

Variable Parameter t-ratio Parameter t-ratio Marginal 
Effect 

D. Prosperity Measures: 

Proportional Profitability Ratio 0.0287 1.8/ 0.1281 5.470 -0.51 
Std. Dev. of Proportional Profitability -0.0887 -3.00 -0.2494 7.248 2.50 
Ratio 
Industrial Production 0.0001 0.41 0.0006 0.388 0.49 
Growth in Industrial Production 0.0200 0.98 0.0977 2.073 -0.50 
A Growth in Industrial Production -0.0239 -2.63 -0.0733 5.971 0.57 
GDP 0.0382 4.20 0.1186 14.047 -0.96 
Growth of GDP -0.1350 -2.55 -0.4474 6.318 -0.14 
A Growth of GDP -0.0007 -0.14 -0.0139 0.596 0.44 

Number of Debt Issues / SEOs 5266/2211 
Adjusted R" (for Probit MacFadden p") 0.2582 0.2952 
Chi-square p value 0.0001 0.0001 
% Predicted Correctly 84.9 82.0 
% Predicted Correctly in / out of sample 85.3 / 82.0 85.5 
— Time Series 
% Predicted Correctly in / out of sample 85.5 / 83.0 83.0 
- Holdout 
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Table XIII 
Why Interest Rates Matter: Aggregate Prosperity and Monetary Conditions 

Estimated coefficients are from Heckit models of the change in firm's debt ratio, choice-based and 
annual-based, as well as a Probit model of choices between debt and seasoned equity. Model (5), 
accounting for distortions in bankruptcy costs. In the Probit, a positive coefficient indicates a higher 
probability of debt financing. Each of these variables is defined in details in appendix A. Sample: 
7477 firms, 5266 debt issuers and 2211 seasoned equity issuers, in Security Data Corporation (SDC) 
and Opler's Debt Issue databases which have valid corresponding accounting data in COMPUSTAT 
database, for the period of 1980 and 1995 with Standard Industrial Classification (SIC) codes from 
1000 - 5999 or 7000 - 9999. The regressions also include 17 industry dummies and II month 
dummies which are not reported. Additionally, tlie results for firm and choice characteristics are 
similar to those of Table III and V, hence not reported, t-ratio statistics in italics. 

Heckit Model of Probit 
A Debt Ratio Choice-based 

Variable Parameter t-ratio Parameter t-ratio Marginal 
Effect 

C. Term Structure Variables: 

Real Short—Rate 0.03346 1.79 0.02180 0.35 0.51 
A of Real Short-Rate -0.00507 -0.95 -0.01380 -0.75 -0.65 
Term Spread -0.02183 -0.65 -0.25850 -2.30 -2.36 
A Term Spread -0.01143 -0.86 -0.04140 -0.93 -0.48 
Volatility of Yields -0.04868 -0.91 -0.28660 -1.60 -0.66 
Inflation (Non-Seasonally Adjusted) 0.04600 2.59 0.08460 1.44 1.85 
A Inflation (Non-Seasonally Adjusted) -0.00373 -0.70 -0.01070 -0.58 -0.50 
AAA-Bonds Credit Spread 0.07777 0.97 -0.06800 -0.25 -0.17 
A AAA-Bonds Credit Spread -0.00951 -0.39 -0.00369 -0.04 -0.02 
BAA—Bonds Credit Spread 0.04445 0.52 0.53030 1.91 3.03 
A BAA-Bonds Credit Spread 0.02659 0.89 0.13690 1.38 0.60 
Mortgage Spread -0.05004 -0.76 -0.43000 -1.94 -3.37 
A Mortgage Spread 0.01645 1.02 0.04130 0.78 0.27 
Personal Tax Rate -1.12303 -1.40 -5.48960 -1.98 -1.09 
A Personal Tax Rate 0.24705 0.99 0.79380 0.94 0.35 
3-month LIBOR Spread 0.00691 0.59 0.00501 0.13 0.15 
A 3-month LIBOR Spread -0.00544 -1.32 -0.01810 -1.34 -0.73 
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Table XIII (Continued) 

Heckit Model of 
A Debt Ratio 

Probit 
Choice-based 

Variable Parameter t-ratio Parameter t-ratio Marginal 
Effect 

D. Prosperity Measvires: 

Real State and Local Exp. and Gross -0.09456 -1.62 -0.22650 -1.15 -2.32 
Investment 
Real Private Residential Fixed Investment 0.13939 1.78 0.47970 1.86 3.82 
Real Private Non-Residential Fixed 0.18900 3.19 0.53840 2.72 4.54 
Investment 
Real Import Goods and Services 0.05743 0.91 0.29630 1.41 2.99 
Real Gross Domestic Private Investment -0.48718 -3.36 -1.60290 -3.37 -9.97 
Real Government Exp. and Gross -0.01648 -0.31 -0.14410 -0.82 -2.19 
Investment 
Real Change in Private Inventories 0.17581 2.89 0.56940 2.84 2.72 
Money Market Retail -0.04333 -0.78 -0.09670 -0.53 -0.74 
Money Market Institutions 0.03541 1.23 0.10690 1.07 1.31 
Money Market Repurchases 0.04792 2.56 0.18360 2.99 1.97 
Euro-Dollar 0.00582 0.31 0.00672 0.11 0.08 
Federal Debt -0.00576 -0.16 -0.03590 -0.30 -0.75 
Private Debt 0.18692 3.11 0.58520 2.90 11.86 

Number of Debt Issues / SEOs 5266/2211 
Adjusted R" (for Probit MacFadden p") 0.2659 0.3045 
% Predicted Correctly / Chi-square p value 85.4/ 

0.0001 
% Predicted Correctly in / out of sample - 85.7 / 80.9 
Time Series 
% Predicted Correctly in / out of sample - 86.0/83.5 
Holdout 
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Table XIV 
Why Interest Rates Matter: Distortions in Tax Shield 

Estimated coefficients are from Heckit models of the change in firm's debt ratio, choice-based and 
annual-based, as well as a Probit model of choices between debt and seasoned equity'. Model (5), 
accounting for distortions in tax shields. In the Probit, a positive coefficient indicates a higher 
probability of debt financing. Each of these variables is defined in details in appendix A. Sample: 
7477 firms, 5266 debt issuers and 2211 seasoned equity issuers, in Security Data Corporation (SDC) 
and Opler's Debt Issue databases which have valid corresponding accounting data in COMPUSTAT 
database, for the period of 1980 and 1995 with Standard Industrial Classification (SIC) codes from 
1000 — 5999 or 7000 — 9999. The regressions also include 17 industry dummies and 11 month 
dummies which are not reported. Additionally, the results for firm and choice characteristics, term 
structure variables and prosperity measures are similar to those of Table VIII and IX, hence not 
reported, t-ratio statistics in italics. 

Heckit Model of Probit 
A Debt Ratio Choice-based 

Variable Parameter t-ratio Parameter t-ratio Marginal 
Effect 

E. Tax Effects: 
Real Short-Rate x marginal tax rate 0.0055 0.35 -0.0071 0.019 -0.05 
Term Spread x marginal tax rate 0.0245 0.81 -0.0008 0.000 0.00 
Volatility of Yields x marginal tax rate -0.3016 -1.49 -1.2552 3.554 -0.64 
Inflation (Non-Adj.) x marginal tax rate 0.0167 1.04 0.0199 0.144 0.15 

Number of Debt Issues / SEOs 5266/2211 
Adjusted R" (for Probit MacFadden p") 0.2617 0.3032 
Chi-square p value 0.0001 0.0001 
% Predicted Correctly 85.7 
% Predicted Correctly in / out of sample - 85.2/81.1 
Time Series 
% Predicted Correctly in / out of sample - 85.3 / 82.9 
Holdout 
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Table XV 
Why Interest Rates Matter: Distortions in Financial Distress Costs 

Estimated coefficients are from Heckit models of the change in firm's debt ratio, choice-based and 
annual-based, as well as a Probit model of choices between debt and seasoned equity. Model (5), 
accounting for distortions in bankruptcy costs. In the Probit, a positive coefficient indicates a 
higher probability of debt financing. Each of these variables is defined in details in appendix A. 
Sample: 7477 firms, 5266 debt issuers and 2211 seasoned equity issuers, in Security Data 
Corporation (SDC) and Opler's Debt Issue databases which have valid corresponding accounting 
data in COMPUSTAT database, for the period of 1980 and 1995 with Standard Industrial 
Classification (SIC) codes firom 1000 - 5999 or 7000 — 9999. The regressions also include 17 
industry dummies and 11 month dummies which are not reported. Additionally, the results for 
firm and choice characteristics, term structure variables and prosperity measures are similar to 
those of Table VIII and IX, hence not reported, t-ratio statistics in italics. 

Heckit Model of Probit 
A Debt Ratio Choice-based 

Variable Parameter t-ratio Parameter t-ratio Marginal 
Effect 

E. Default Effects: 
A Profitability -0.2125 -1.71 -0.0959 0.062 -0.35 
Real Short-Rate x A Current Liab. Ratio 0.0021 -2.05 0.0031 0.057 0.15 
A real Short-Rate x Current Liab. Ratio 0.0011 -0.15 0.0250 0.055 0.60 
Term Spread x A Current Liab. Ratio 0.0009 1.80 0.0004 1.012 0.72 
A Term Spread x Current Liab. Ratio 0.0002 1.07 0.0001 0.023 0.17 
Volatility of Yields x A Current Liab. Ratio -0.0198 -3.59 -0.0349 1.826 -1.42 
Inflation (Non-Adj.) x A Current Liab. Ratio 0.0001 -0.63 0.0001 1.069 0.38 
A Inflation (Non-Adj.) x Current Liab. Ratio -0.0002 -0.17 0.0038 0.404 0.24 

Number of Debt Issues / SEOs 
Adjusted R" (for Probit MacFadden p~) 0.2625 0.3035 
Chi-square p value 0.0001 0.0001 
% Predicted Correctly 85.9 
% Predicted Correctly in / out of sample — 85.5/81.8 
Time Series 
% Predicted Correctly in / out of sample — 85.6/83.1 
Holdout 
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Table XVI 
Models of Maturity and Capital Structure with Macroeconomic Variables 

Estimated coefficients of a system of simultaneous equations of the debt maturity and the change in 
debt ratio, correcting for firm choices between external and non-extemal financing, and firm choices 
between debt and equity financing. Each of these variables is defined in details in appendix A. 
Sample: 7477 firms, 5266 debt issuers and 2211 seasoned equity issuers, in Security Data 
Corporation (SDC) and Opler's Debt Issue databases which have valid corresponding accounting data 
in COMPUSTAT database, for the period of 1980 and 1995 with Standard Industrial Classification 
(SIC) codes from 1000 - 5999 or 7000 - 9999. The regressions also include 17 industry dummies and 
11 month dummies which are not reported, t-ratio statistics in italics. 

Panel A. Estimated coefficients for the change in debt ratio from a simultaneous equation involving 
change in the debt ratio and the maturity is reported. For equity, the maturity is assumed to be 200 
years. The coefficients for measures of aggregate prosperity, tax distortions and distress costs 
distortions are not reported. 

IT3SLS FIML 1T3SLS 
with Prosperity, 

Tax, and Distress 
Effects 

Variable Parameter t-ratio Parameter t-ratio Parameter / -ratio 

A. Firm Characteristics: 

Intercept 0.6356 1.07 -1.3810 -2.59 0.8126 1.56 
Y ear-to-Maturity -0.1400 -1.17 0.2285 3.14 -0.1934 -2.30 
Dividend 0.0143 0.21 0.0543 0.33 0.0041 0.09 
Book-to-Market 0.0534 1.22 0.1766 5.05 0.0332 1.12 
Profitability -0.0569 -1.04 -0.2982 -1.87 -0.0291 -0.48 
Fixed Assets 0.0166 0.53 0.0916 1.80 0.0008 0.04 
Depreciation -0.0496 -0.30 -0.3194 -1.27 0.0103 0.10 
Size 0.0051 0.12 0.1491 4.90 -0.0168 -0.62 
Business Risk -0.4050 -0.94 -1.7455 -4.06 -0.1052 -0.64 
R&D -0.3903 -1.06 -1.5906 -4.06 -0.2629 -0.90 
Advertising 0.3967 0.87 1.3322 2.94 0.1541 0.67 
S&P Credit Rating -0.1056 -3.53 -0.1956 -9.17 -0.0915 -4.55 
S&P Credit Rating Squared -0.0008 -0.10 -0.0269 -3.99 0.0042 1.05 
Graham's Marginal Tax Rate 0.0571 1.63 0.1601 2.12 0.0740 0.92 
A Stock Price -0.0003 -0.43 -0.0006 -0.35 -0.0001 -0.16 
A Long-term Debt 0.1035 1.14 0.3889 3.16 0.0480 0.95 
Non-Debt Tax Shields 0.4772 1.16 1.8841 3.31 0.2128 0.89 
Year -0.0004 -0.85 0.0001 0.06 -0.0004 -1.03 
Inverse Mill's Ratio -0.0324 -1.31 -0.1512 -3.50 -0.0088 -0.97 
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Table XVI (Continued) 

IT3SLS FIML IT3SLS 
with Prosperity, 

Tax, and Distress 
Effects 

Variable Parameter t-ratio Parameter t-ratio Parameter t-ratio 

B. Macroeconomic Variables: 

Real Short-Rate 0.0430 1.46 0.1390 4.82 0.0197 1.68 
A of Real Short-Rate 0.0027 0.30 0.0271 2.11 0.0008 0.08 
Term Spread -0.0472 -2.79 -0.1027 -3.35 -0.0596 -1.92 
A Term Spread -0.0071 -0.86 -0.0122 -0.54 -0.0055 -0.34 
Volatility of Yields -0.0131 0.39 -0.0578 -0.62 -0.0798 -1.13 
Inflation (Non-Seasonally Adj.) 0.0289 1.12 0.1073 4.46 0.0053 0.74 
A Inflation (Non-Seasonally Adj.) 0.0058 0.54 0.0369 2.76 0.0035 0.31 
AAA-Bonds Credit Spread 0.2158 2.08 0.5505 4.74 0.1554 2.57 
A AAA-Bonds Credit Spread 0.0154 0.58 0.0986 2.38 -0.0009 -0.05 
BAA-Bonds Credit Spread -0.0800 -1.32 0.0808 0.69 -0.0800 -1.25 
A BAA-Bonds Credit Spread 0.0150 0.34 0.1527 2.95 -0.0216 -1.20 
Mortgage Spread -0.0363 -0.26 -0.4720 -3.78 0.0638 1.03 
A Mortgage Spread 0.0210 1.22 0.0730 2.64 0.0066 0.80 
Personal Tax Rate -0.0176 -0.02 -2.3549 -1.95 0.7129 1.78 
A Personal Tax Rate 0.0138 0.10 0.1610 0.41 -0.0720 -0.69 
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Table XVI (Continued) 

IT3SLS FIML IT3SLS 
with Prosperity, Tax, 
and Distress Effects 

Variable Parameter t-ratio Parameter t-ratio Parameter t-ratio 

Panel B. Estimated coefficients for the maturity from a simultaneous equation involving change in 
the debt ratio and the mamrity is reported. For equity, the maturity is assumed to be 200 years. The 
coefficients for measures of aggregate prosperity, tax distortions and distress costs distortions are not 
reported. 

IT3SLS FIML IT3SLS 
with Prosperity, Tax 
and Distress Effects 

Variable Parameter t-ratio Parameter t-ratio Parameter t-ratio 

A. Firm Characteristics: 
Intercept 4.1501 12.56 2.9415 8.87 4.2585 13.03 
A Debt Ratio -3.6562 -25.41 -3.4021 -24.94 -3.6326 -38.00 
Book-to-Market 0.0056 0.19 -0.0520 -1.88 0.0048 0.19 
Earning Growth 0.0000 0.16 0.0001 0.87 0.0000 -0.43 
FLxed Assets -0.0201 -0.44 0.0174 0.39 -0.0239 -0.52 
Depreciation 0.2508 1.38 0.2691 1.51 0.2664 1.48 
Non-Debt Tax Shields -0.0961 -0.22 -0.5136 -1.19 -0.0852 -0.20 
Size -0.1369 -14.84 -0.1054 -10.76 -0.1414 -18.08 
Graham's Marginal Tax 0.0999 1.48 0.1076 1.62 0.0941 1.41 
S&P Credit Rating -0.2292 -10.15 -0.1337 -6.59 -0.2310 -13.58 
S&P Credit Rating Squared 0.0234 6.33 0.0152 4.07 0.0245 6.80 
Regulation Dummy 0.7573 1.96 1.0116 2.68 0.4475 1.33 
Issue-to-Firm Size 0.6867 11.13 1.8536 24.97 0.5948 13.04 
Year -0.0020 -1.46 -0.0018 -1.28 -0.0021 -1.48 
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Table XVI (Continued) 

IT3SLS FIML IT3SLS 
with Prosperity, Tax, 
and Distress Effects 

Variable Parameter t-ratio Parameter t-ratio Parameter t-ratio 

B. Macroeconomic Variables: 

Real Short-Rate 0.0349 1.47 0.0149 0.65 0.0326 1.49 
A of Real Short—Rate -0.0180 -1.60 -0.0123 -I.I I -0.0190 -1.71 
Term Spread 0.1219 4.31 0.1320 4.74 0.1177 4.31 
A Term Spread -0.0415 -2.01 -0.0288 -1.43 -0.0427 -2.07 
Volatility of Yields 0.1317 1.58 0.1122 1.37 0.1355 1.62 
Inflation (Non-Seasonally 0.0034 0.18 -0.0093 -0.50 0.0020 O.I I 
Adjusted) 
A Inflation (Non-Seasonally -0.0161 -1.41 -0.0132 -1.17 -0.0171 -1.53 
Adjusted) 
AAA-Bonds Credit Spread 0.3345 3.26 0.1973 1.99 0.3292 3.46 
A AAA-Bonds Credit Spread -0.0520 -1.45 -0.0662 -1.89 -0.0521 -1.46 
BAA-Bonds Credit Spread -0.4945 -4.69 -0.4668 -4.52 -0.4920 -4.67 
A BAA-Bonds Credit Spread -0.1260 -2.95 -0.1443 -3.46 -0.1278 -3.06 
Mortgage Spread 0.4849 5.49 0.6093 7.10 0.4818 5.60 
A Mortgage Spread 0.0078 0.32 -0.0069 -0.28 0.0065 0.27 
Personal Tax Rate 3.5305 3.42 4.1755 4.14 3.5186 3.42 
A Personal Tax Rate -0.1332 -0.36 -0.1388 -0.39 -0.1459 -0.40 

System of Equation R" 0.4706 0.5592 
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Figure l.A. The Impact of an Increase in the Instantaneous Rate: The effect of an increase in the 
instantaneous rate is demonstrated in this figure. As the instantaneous rate rises, a normal yield curve 
becomes flatter and eventually inverted. 
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Figure l.B. The Impact of an Increase in the Mean Reversion: The effects of an increase in the mean 
reversion parameter are demonstrated in these figures. As the mean reversion parameter rises from 0.60 
in the base case (black line) to 2.0 (gray line), a normal yield curve becomes steeper in short maturities 
and flatter in longer maturities. For a similar change, an inverted yield curve becomes flatter. 
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Figure l.C. The Impact of an Increase in the Volatility: The effects of an increase in the volatility 
parameter are demonstrated in these figures. As the volatility parameter rises fi-om 0.25 in the base case 
(black line) to 0.50 (gray line), a normal yield curve becomes flatter (i.e., yields across all maturities 
decrease). For a similar change, an inverted >'ield curve also becomes flatter. 
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Figure 1 .D. The Impact of an Increase in the Long-term Mean: The effects of an increase in the long-
term mean of the interest rate process are demonstrated in these figures. As the long-term mean rises 
firom 0.07 in the base case (black line) to 0.12 (giay line), a normal yield curve becomes steeper (i.e., 
yields across all maturities increase). For a similar change, an inverted yield curve also becomes normal. 
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Figure 2.A. Number of Debt Issues: The aggregate number of debt issues for all issuing firms is plotted in 
a quarterly basis. Source; SDC and Opler's Debt Issues for the period of 1980 - 1995. The issuing firms 
are industrial firms with SIC codes of 1000 - 5999 or 7000 - 9999. 
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Figure 2.B. Number of Seasoned Equity Offerings: The aggregate number of seasoned equity offerings 
for all issuing firms is plotted in a quarterly basis. Source: SDC and Opler's Debt Issues for the period of 
1980 - 1995. The issuing firms are industrial firms with SIC codes of 1000 - 5999 or 7000 - 9999. 
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Figure 3.A. Debt Issue Proceeds as a Percentage of Firm's Market Value: The average ratio of debt issue 
proceed to the issuing firm's market value is plotted in a quarterly basis. Source: SDC and Opler's Debt 
Issues for the period of 1980 - 1995. The issuing firms are industrial firms with SIC codes of 1000 - 5999 
or 7000 - 9999. 
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Figure 3.B. SEO Proceeds as a Percentage of Firm's Market Value: The average ratio of seasoned equity 
offering proceed to the issuing firm's market value is plotted in a quarterly basis. Source: SDC and 
Opler's Debt Issues for the period of 1980 - 1995. The issuing firms are industrial firms with SIC codes 
of 1000 - 5999 or 7000 - 9999. 
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Figure 4.A. Aggregate Debt Issue Proceeds as a Percentage of Aggregate Finn's Market Value: The 
average ratio of aggregate debt issue proceeds to the total market value of all issuing firms is plotted, 
using quarterly data. Source: SDC and Opler's Debt Issues for the period of 1980 - 1995. The issuing 
firms are industrial firms with SIC codes of 1000 - 5999 or 7000 - 9999. 
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Figure 4.B. Aggregate SEO Issue Proceeds as a Percentage of Aggregate Firm's Market Value: The 
average ratio of aggregate seasoned equity offering proceeds to the total market value of all issuing firms 
is plotted, using quarterly data. Source: SDC and Opler's Debt Issues for the period of 1980 - 1995. The 
issuing firms are industrial firms with SIC codes of 1000 - 5999 or 7000 - 9999. 
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Figure 5. The Process of Financing Decisions. If the firm requires additional (i.e. external) funds, 
it then chooses either debt or equity. Debt can be raised from public or private sources. Public 
debt is either convertible or non-convertible. 
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