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Abstract

The purpose of this paper is to investigate what type of fimm chooses long-term loans when the manager
maximizes his expected payoff  Our theoretical model extends previous models i the following tour respects.
First, we allow the case where firms have intemal funds.  Second, we explicitly solve the conditions under which
fims choose long-term debt.  Third, we allow no information anrival for some lenders because it makes a pooling
equilibrium more natural outcome.  Fourth, we explicitly consider the case where there exists a chance of
renegotiation for defaulted short-term debt.

Our theoretical result shows that if'a liquidation risk is present, the firm tends to choose long-term debt when it
has large amount of external debt, when its average revenue is large, and when the manager has his own non-
assignable control rent. It also shows that if'there exists a chance of renegotiation. the firm tends to choose long-
term debt when it has large amount of external debt and when its average revenue is small. ~ We empirically
investigate these hypotheses by using Japan’s panel data for five industries. ~ Except for the electric and electronic
equipment industry, the results support our hypotheses for the case where a liquidation risk is present. However,
in electric and electronic equipment industry, empirical results support our hypotheses for the case where there
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1. Introduction

The purpose of this paper is to investigate what type of firm chooses long-term loans when the
manager maximizes his expected payoff.  Our theoretical model extends Diamond(1991, 1993)
who formulated the choice of loan's term structure by private firms under asymmetric information.
When there exists asymmetric information between lenders and borrowers, short-term debt
lowers a good borrower’s expected financing cost because of a possible arrival of good information.
Thus, when there is no chance of liquidation destroying control rents, short-term debt is preferred
by good type borrowers (see Flannery (1986)).  However, when the funds are not available,
there exists a liquidity risk of loss of control.  This liquidity risk is particularly serious for the
manager if he has a non-assignable control rent through production.' Thus, if the manager’s
control rent is large, long-term debt can be preferred by the firm to avoid the liquidity risk.?

Our theoretical model extends these results into four directions.  First, we allow the case
where firms have internal funds.  This extension is particularly important for our empirical
purposes because most firms finance their projects by their internal funds as well as by external
funds.  Second, we explicitly solve the conditions under which firms choose long-term debt.
The conditions clarify what type of firm chooses long-term debt, and present a benchmark for our
empirical studies. Third, we allow no information arrival for some short-term lenders.
Although this extension complicates our analysis, it is crucial in our analysis to ensure the
existence of a pooling equilibrium when a liquidation risk is present.  Fourth, we explicitly
consider the case where there exists a chance of renegotiation for defaulted short-term debt.
Allowing the possibility of renegotiation, our model introduces another maturity choice problem
for borrowers.

To the extent that external debt is risky debt, our theoretical results predict that the firm
chooses long-term debt as the total amount of external debt increases. ~ However, even if external
debt is risky debt, the firm's average revenue and the manager’s non-assignable control rent have
different effects on the maturity choice depending on whether a liquidation risk is present or not.
When a liguidation risk is present, long-term debt is preferred when the firm's average revenue is
large and when the firm’s manager has his own non-assignable control rent.  This is because the
firm can avoid the liquidation risk of losing them when long-term debt is chosen.  On the other

hand, when there exists a chance of renegotiation, the firm prefers long-term debt when its average

Financial contracts in the case where the manager has a non-assignable control rent have been
extensively discussed by Aghion and Bolton (1992), Hart and Moore (1994, 1995), Von Thadden
(1995), and others.

2 Another case where long-term debt may be preferred by borrowers is that borrowers have

moral hazard problem.  See Rajan (1992).



revenue is small.  This is because larger average revenue makes short-term debt less riskly and
reduces its interest rate payments.  However, the maturity choice of debt does not depend on the
value of manager’s non-assignable control rent when there exists a chance of renegotiation.
Therefore, if the firm chooses long-term debt when its average revenue and the manager’s non-
assignable control rent are large, our model predicts that there exists a chance of liquidation for
the firm.

An empirical part of this paper explores these theoretical hypotheses by using Japan’s panel
data afler the 1970%s.  Except for electric and electronic equipment industry, —empirical results
support our hypotheses for the case where a liquidation risk is present.  However, in electric and
electronic equipment industry, empirical results support our hypotheses for the case where there
exists a chance of renegotiation.  The results hold more significantly for small companies than
for large companies.  In addition, when we split our sample periods before and after 1980, our
hypotheses are supported more significantly by the data after 1980 than before 1980.  The last
result is consistent with a view that a series of financial liberalization erased much of the
compartmentalization between long-term and short-term funds during the past decades in Japan.

In Japan, government had a strong influence on long-term credit allocation to designated
sectors for a long time.”  For example, Table 1 shows that for the 1950s and 60s,  nearly 90%
of loans supplied by the city and local banks were short-term funds, while nearly 90% of loans
supplied by the long-term credit banks were long-term funds.  Since long-term funds were used
for capital investment, this implies that long-term funds supplied by the long-term credit banks
(and possibly trust banks) contributed to economic growth in postwar Japan.  However, during
past decades, Japan has experienced a series of changes in the industrial structure and financial
liberalization.  Consequently, much of the compartmentalization between long-term and short-
term funds have been erased in various respects.  Our empirical result in section 10 supports this
view and shows that Japan’s private long-term loans were determined as a consequence of the
manager’s “profit” maximization after the 1980s.

The paper proceeds as follows.  Section 2 presents a basic structure of our model. Section
3 specifies long-term and short-term debt contracts. Section 4 calculates the payoffs of
borrowers with short-term debt for three alternative cases.  Section 5 and section 6 respectively
investigate the maturity choices by good type borrowers and by all borrowers. Section 7

explains the data and the estimation method for our empirical studies. ~ Section 8 reports our

3 In previous literature, Teranishi (1982) is one of the first ones which considered this issue.
In empirical studies, Takei and Teranishi (1991) showed that the allocation of long-term funds
by government accelerated economic growth and productivity in postwar Japan.  Packer (1994)
stressed the role of long-term credit banks that have obtained a license from the Ministry of

Finance under the Long-Term Credit Bank Law.



main estimation results, and Section 9 examines their robustness.  Splitting our sample periods
before and after 1980, section 10 shows that our hypotheses are supported more significantly by
the data after 1980 than before 1980.  Section 11 summarizes our results and refers to a possible

extension.

2. The Model

Consider borrowers who need to fund their indivisible investment projects.  There are three
dates, 0, 1, and 2. All projects require the fixed amount of X in capital at date 0 and produce
cash flows only at date 2 (none at date 1).  Each borrower has his own internal fund of W.
However, since & > IV, he needs to fund external debt of K-I¥ for the project.  For analytical
simplicity, we assume no outside equity: all equity is owned by the borrower.

Borrowers and lenders are risk neutral.  Lenders consume at date 2 and have a constant
returns-to-scale investment technology that returns R per unit invested per period. ~ One unit
invested at date 0 returns R units at date 1; and if this is invested until date 2, the terminal
value is R°.  There are many potential lenders who all observe the same information.  Thus,
borrowers face a competitive loan market at each date, and can borrow as long as lenders receive
an expected return of R per period, per unit loaned.

Borrower’s technological environments are summarized in Figure 1. When successful, each
borrower’s project yields a cash flow of X" which is assumed to be greater than RK (that is, X >
R’K). Tt also produces a non-assignable control rent of C if the management has control right at
date 2. Examples of the non-assignable control rent might be the manager’s desire to keep his
business going, the manager’s consumption of perquisites, or the manager’s disutility from
dismissing long-standing employees.

All projects can be liquidated at date 1 for a liquidation value of . which is assumed to be less
than R(K-W). A successful project yields a higher cash flow when not liquidated, because L <
RK-W)y < X/R.  Ifit is liquidated, the borrower can consume no cash flows nor control rents.
In this case, an optimal financial contract is a debt contract enforced by the right to liquidate if
the debt is not fully repaid.  We assume that projects have no liquidation value at date 2.

There are two types of borrowers.  The two types of borrowers differ only in the probability

that the return X is received from their projects.  The types of borrowers are as follows.

Type G borrower:  The project returns a cash flow of X for sure at date 2.
Type B borrower: The project returns a cash flow of X’ with probability g but returns zero with

probability 1-g.



Since X > R’K, the project of type G borrower has a positive net present value in terms of cash
flows.  On the other hand, for the project of type B borrower, we assume that g.X' < RYK-W).
and gC > R*W.  The first assumption indicates that type B borrower’s project has a ncgative net
present value in terms of cash flows.  However, the second assumption implies that type B
borrowers never liquidate their project when they have the control right to force the liquidation.

The project’s ex ante prospects and the ex post cash flows are private information observed
only by the borrower.  No one but a borrower knows his own type.  Lenders’ information on
borrowers’ type, which is summarized in Figure 2, is as follows. At date 0, lenders only know
that the borrower is type G with probability  and type B with probability 1-f  We assume that
RAK-W) = [f+(1-Hq)X.  This assumption implies that on average, the project has a positive
net present value in terms of cash flows.

At date 1, all lenders receive information sent by borrowers.  However, all borrowers cannot
send the information to lenders. ~ We assume that borrowers can send the information with
probability s (0 <5< 1).  This implies that lenders receive no information with probability 1-s.

We also assume that the received information reveals only some of type G borrowers.  That
is. even if lenders receive the information.  they can identify only some of type G borrowers and
none of type B borrowers.  Let e denote the probability that a type G borrower can reveal his
type at that time.  Then, when lenders receive the information, their subjective probability that a

borrower who did not reveal his type is type G is

(Le)f
(o) f (1)

1 g=
That is. when lenders received the information, they evaluate that the borrower who did not
reveal his type is type G with probability g and type B with probability 1-g.

The received information is not verifiable so that we cannot write contracts contingent on it.
However, the terms of refinancing at date 1 will depend on whether borrowers can reveal their

types or not.

3. Debt Contracts
(1) Long-term debt

Long-term debt is debt floated at date 0 that matures at date 2, with no refinancing at date 1.
The face value % of this debt is set so that lenders who lend K can get expected return of RK.
Under the assumption that gX < R’K, the equilibrium with long-term debt is, if any, a pooling

equilibrium,  realizing that debt is repaid with probability f+(1-f)g. ~ Thus, aslongas *E X,



the face value of a long-term debt is given by

@ - BED
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The lower is £, the higher is the promised interest . owing to the higher default rate of type
B’s.
Recall that at date 1, each lender might receive information about some of type G borrowers.
However, the information, if any, does not influence the face value of long-term debt and
does not lead to liquidation because long-term lenders have no such rights.”  Therefore, the

payofl of a type G borrower with long-term debt is
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On the other hand, the expected payoff of a type B borrower with long-term debt is
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Because [f+(1-f)g] ¥ > gR(K-W) and gC > RW, it always holds that /7°g > 71" > R'W. Thus,

both /T:g and 77°b are always greater than riskless returns of internal fund V.

(i) Short-term debt

Short-term debt is debt financed at date 0, maturing at date 1 with face value r!. The date
1 repayment comes either from refinancing at date 1 or from the proceeds of liquidation at that
date.  If debt is refinanced at date 1, the issued debt matures at date 2. The refinanced short-

term debt at date 1 has different face values depending on the realization of date 1 information.

1+ > X, borrowers cannot issue long-term debt, because they cannot provide lenders with an
expected retum of R°K.  Because RYK-W) = [f+(1-)glX, we can rule out this possibility in the
following analysis.

> When C is small, renegotiation between lenders and borrowers may be possible.  However,

since C is large (that is, gC > R, we can rule out this possibility.



When lenders recetve no information at date 1,  we denote its face value by . When lenders
receive the information at date 1,  we denote its face value by /# for the borrower who revealed
their type as type G and 7 for the borrower who did not reveal his type.

Each face value of short-term debt issued at date 1 is set so that lenders at date 1 get an
expected return of R per unit invested given the information about a borrower at that date. Since
any types of projects produce no cash flow at date 1, the amount that must be raised at date 1 is
equal to #_ that is, the face value of short-term debt issued at date 0.

When lenders receive no information at date 1, the prior of all at date 1 is still that the borrower
is type G with probability fand type B with probability 1-f.  Under our assumptions, all of these
borrowers can always refinance to pay the full face value of their date 0 debt.  Since they pay r !

atdate 1,  the face value of debt issued at date 1 1s

8y = r RAFNg),

because a new debt maturing at date 2 is repaid with probability f+(1-f)q.

Even when lenders receive the information at date 1, the face value of debt issued at date 1 is
casily determined for borrowers who reveal their type.  That is, short-term borrowers who reveal
their type are type G with probability one.  Thus, the borrowers can always refinance to pay
the full face value of their date 0 debt #*.  Noting that a new debt maturing at date 2 is repaid

with probability 1, the face value of debt issued at date 1 satisfies

(6) 1 =r!R.

However, when lenders receive the information at date 1, the determination of the face value of
debt issued at date 1 is more complicated for borrowers who did not reveal their types.  This is
because the borrowers might not be able to refinance to pay the full face value of their date 0 debt.
When the borrower cannot repay in full at date 1, date 0 short-term lenders have the control
rights to force liquidation.  In this case, lenders choose either liquidation or renegotiation so as to
maximize their repayment.

If debt were issued by borrowers who did not reveal their types at date 1, it would be repaid
at date 2 with probability g +(1-g)g.  This implies that the debt maturing at date 1 cannot be

repaid in full by a new debt issue unless

(N g +(1-g)q) XR > r’

because A" is the most a borrower can pay.

When (7) does not hold, date 0 short-term lenders choose either renegotiation or liquidation



$0 as to maxinize their repayment.  Since liquidation yields L, the lenders choose liquidation

at date 1 if

(&) g +(1-g)q] YR < L.

On the other hand, the lenders choose renegotiation at date 1 if
@) L < [g +(lg)gl ¥R < r’

When renegotiation is chosen, the borrowers can always refinance short-term debt at date 1.~ We
denote the face value of this short-term debt by 7¢.  In general, this face value generally depends
on the “bargaining power” between lenders and borrowers.  In the following analysis, we
define 1 €[0, 1] as the share of the unallocated surplus that the lenders get afler bargaining.
We also assume that ;i is exogenously given.  Then, because [g +(1-g)g] X/R is the largest
and 1. is the least expected retumns that the renegotiated lenders can get after bargaining, it holds

that
a0y =X +d-u)RLg +(1-g)q)-

The payoff of borrowers with short-term debt depends on whether debt maturing at data 1 is
paid in full or not and on whether either renegotiation or liquidation is chosen.  The next section

considers the expected payoff of short-term borrowers for three alternative cases.

4. The Expected Payoft of Borrowers with Short-term Debt

Case L. Liquidation

At date 1, lenders receive information of borrowers with probability s and do not with
probability 1-s.  In the latter case, debt maturing at date 1 is always repaid in full.  Even in the
former case, debt maturing at date 1 is repaid in full by a type G borrower who reveal his type.
However, when lenders receive the information, the borrowers who did not reveal their types
may not repay their debt maturing at date 1 in full by a new debt issue.  In particular, if (8)
holds, their projects are liquidated at date 1 for L.~ We first consider short-term debt in this case.

Since the conditional probability that a type G borrower reveals his type is fe when lenders

receive the information at date 1,  the expected return of a date 0 short-term lender is written as

(A1) (=)t s sfert v s(1fe)l



= [(L-s)ytsfe] '+ s(1-fe)l.
Equating this to the one-period riskless return R(K-W) implies that

_RE-W) - s(1-fo)L

]2 A
a2 (1-5) + sfe

so that (5) and (6) lead to

[RK-W) - s(1- fe)L)R
[(1-5) + sfellf +(1-)q]
s [RK-) - sQf)LIR
(1-5) + sfe ‘

The payotf of a type G borrower with short-term debt is

(14a) X +C-r®  when lenders receive no information at date 1,
(14b) X+ C-+®  whenatype G borrower reveals his type at date 1,

(14¢) 0 when his project is liquidated at date 1.

Since all type G borrowers are identical at date 0, the expected payoff of a type G borrower with

short-term debt at date 0 is

(15)  IT'g = (I-5)(X + C - ) + se(¥ + C - 1P
= [(1-s)tse](X + C) - AR[RKK-W) - s(1-fe)L].

where 4 = A(l“"') + sef £+ (1- /)q] '
[(1-5) + sfe][f +(1- N4l

Similarly, the expected payoff of a type B borrower with short-term debt at date 0 is written as

(16) 1T = (1-s)q(X + C - )

R[R(K -W) - s(1- fe)L]
[(d-5) + sfllf +(- gl

= (1-)g{(X + O) -

In the following analysis, we assume that 77°b > R/, This assumption ensures the existence
of a pooling equilibrium when a liquidation risk is present. A necessary condition for this

assumption to hold is that s < 1. Thus, a pooling equilibrium with a liquidation risk exists only



if all borrowers cannot send information to lenders.

Case II. Renegotiation

When (9) holds, lenders choose renegotiation even if debt maturing at date 1 cannot be repaid
in full.  In this case, the expected return of the date 0 short-term lenders from renegotiation is
wle +(1-g)q) X/R + (1-x)L.  Thus, noting that the date 0 short-term lenders will have

renegotiation with probability s(1-/2), the expected return of the date 0 short-term lenders is

(17)  [(1-s)rsfe] v+ s(ofe) € 1 [g +(1-2)g] X/R + (1- 10 )L}
Equating this to the one-period riskless return R(K-W) implies that

o REK-W) - s(fe)iplg + (g)glX /R T A-p)L}

18
(e () + ofe

so that

RY(K-W) - s(lfe){plg +(1-g)g)X + (I-p)RL}
[(1-s) + sfe]l f + (1-/)q]

(19a) A=

RZ(K-1) - s(fe)iplg + (-g)glX + (LwRLY

(19b) P =
(I-s) + sfe

Therefore, recalling that 7° = X + (1- ) R L/[g +(1-g)q], the expected payofl of a type G

borrower with short-term debt at date 0 is

Q0)  ITg = (1-5)(X + C - ) + se(X + C - By + s(l-e)¥ + C -5
=B X+ C - ARXK-W) + (1-1)DRL.

where B = 1-p s(1-e)+ u s(1-fe)lg +(1-g)g}d and D =s[(1-fe)d - (1-e)[g +(1-g)q]]-
Similarly, at date 0, the expected payoff of a type B borrower with short-term debt is

Q1) ITb = (l-s)gX¥ + C - ™ + sqgX + C - )

i (-9)qR* (K -W)
= {1- 1 [g +(1-2)glH - (1- 1 )sq}X (1= )HL.
{110 [g +(1-g)q} - (1- 1 )sq} +(1C+[(]‘S) L ] # (11 )HIL




gs-)(fe)
[(1-s) + sfell.f + (1 )q]

A

where i =

Because gC > R?W, X >, and X > 7, it holds that /7*b > R*W. Thus, a pooling

equilibrium always exists when renegotiation is possible for short-term borrowers.

Case [lI.  No loss of control right
When (7) holds, the debt maturing at date 1 is always repaid in full by a new debt issue.  In

this case, the retumn of a date 0 short-term lender 1s R,  that is, #'=R.  Thus, itholds that:

(22a) = RUK-IWYVIF (Nl
2ty A= RAK-W),
(22¢)  r° = RAK-WY [g +(1-g)q).

The expected payoff of a type G borrower with short-term debt at date 0 is

(23) ITg = (1-s)(X + C - 1™ + se(X + C - %) + s(l-e)¥ + C - 1)

RN () B (o0

f+0S)q g (l-9)q

Similarly, at date 0, the expected payofl of a type B borrower with short-term debt is

(24)  ITb = (L-s)g(x + C - ™) + sqX + C - %)
(1-5) N s

= gX + qC - RY(K- :
A I g e g

Because gC > R, TT°b > R*W.  Thus, a pooling equilibrium ajways exists when short-term

borrowers never lose their control right.
5. The Maturity Choice By Type G borrowers

If the funds were available, a type G borrower would pay to retain control.  However,
when the funds are not available, there exists a liquidity risk of loss of control.  If the liquidity

risk is present,  then long-term debt can be preferred by type G borrowers.  In fact, when there

exists a possibility of liquidation, subtracting (15) from (3) leads to:

- 10 -



(25) IT'g — [T'g = s(l-e)}X + C) - A R s(1-fe)L

se(l- 1)

RY K-,
[f+(1-gll-s+ sfe)

The above result indicates that if projects can be liquidated at date 1 for L, long-term debt is

preferred by type G borrowers if

e(l- /g

(26 l-e}(X + ) +
(20 (hex . [/ +-gld-s+sfe)

RYK-W)y> AR (1-fe)L.

Therefore, long-term debt tends to be preferred by type G borrowers if X (the successful output), C
(the control rent), and K-I¥ (the amount of external debt) are large and if L (the liquidation value)
1s small.

This result, however, needs to be modified if there exists no possibility of liquidation.  For

example, when renegotiation is chosen, (3) and (20) lead to

se(1- f)q
[f+ - gl(l-s+ sfe)

Q7 Il'g — IT'g=-(B-1)X + RYK-W) - (1- 1 )DRL.

Thus, long-term debt is preferred by type G borrowers if

se(1- 1)
L+ (- qlL-s+ sfe)

(28) RK-W) > (B-1)Y+(1-p)DRL.

The condition (28) implies that as in the case where a liquidation risk is present, long-term debt

tends to be preferred by type G borrowers if K-#is large.  However, since

pse(1- gl +s{ f+(1- /Hgl}
[+ (- )ql(d-s+ sfe)

it also implies that short-term debt is preferred if X is large unless ¢ = 0. In addition, C has
no eftect on the maturity choice.
Finally, when debt maturing at date 1 is always repaid in full by a new debt 1ssue, (3) and (23)

lead to

-11-



I-s
(29)  [I'g — Il°g = -‘—-—(—32-—--18(1{-140 < 0.

S+

Equation (29) implies that short-term debt is always preferred by type G borrowers.  This result
ariscs because short-term debt lowers a good borrower’s expected financing cost through a possible
information arrival at date 1. Thus, when external debt is riskless, long-term debt is never

preferred by type G borrowers.

6. The Maturity Choice by All Borrowers

In our model, choosing a maturity that only type B borrowers would prefer would reveal that
the borrower was type B.  In this case, no loan would be made to him because gX < Rz(K'-W).
However, because type B’s expected payoff is positive, it is not a desirable outcome for the type
B borrower.  Thus, the maturity of debt that is preferred by type G borrowers is also chosen by

type B borrowers, and the results in the last section can be generalized as follows.

Proposition (i) When [g +(1-2)q] X7R < L, there exists a chance of liquidation at date 1. In
this case, long-term debt is preferred by all borrowers if (26) holds. (1) When L < |g +(1-g)q]
X/R < R, lenders choose renegotiation at date 1. In this case, long-term debt 1s preferred by all
borrowers if (28) holds.  (iii) When [g +(1-g)g] X/R > R, debt maturing at date 1 is always
repaid in full by a new debt issue. In this case, long-term debt is never preferred by all

borrowers.

Proof.  When debt maturity at date 1 is always repaid in full, »' = R, Thus, the conditions (7)
and (9) are rewritten as  [g +(1-g)g] XY/R > Rand L < [g +(1-g)q] X/R <R.  Therefore, noting
that the maturity of debt that is preferred by type G borrowers is chosen by all borrowers, the

results in the last section leads to the proposition. [QE.D]

In previous studies such as Rajan (1992), it was shown that the choice between long-term debt
and short-term debt is irrelevant when there exists a chance of renegotiation.  This is because
there exists only a single type of borrowers in their models.  However, in our model, there exist
two types of borrowers.  Thus, although the expected profits are always zero for date 0 lenders,
the choice between long-term debt and short-term debt can affect the share of the surplus between
type G and type B borrowers.  Therefore, the choice between long-term debt and short-term debt
is not irrelevant for all borrowers even when there exists a chance of renegotiation.

In general, unless X is large enough, there exists a chance of liquidation or renegotiation at date

-12-



. Thus, the condition (26) and (28) imply that long-term debt is preferred when K- is large.
In other words, to the extent that external debt is risky debt, our theoretical results predict that
the firm chooses long-term debt as the total amount of external debt increases.

However, even if external debt is risky debt, the effects of X and C on the maturity choice
depend on whether a liquidation risk is present or not. ~ When a liquidation risk is present, the
condition (26) implies that long-term debt is preferred when X and C are large.  This is because
the firm can avoid the liquidation risk of losing X and C when long-term debt is chosen. ~ On the
othier hand, when there exists a chance of renegotiation, the condition (28) implies that long-term
debt is preferred when X is small.  This is because larger value of X makes short-term debt less
riskly and reduces its interest rate payments.  However, the maturity choice of debt does not
depend on the value of ' when there exists a chance of renegotiation.  Therefore, if the firm
chooses long-term debt when its average revenue and the manager’s non-assignable control rent
are large. the model implies that there exists a chance of liquidation for the fim.  In the
following sections, we will explore the validity of these theoretical hypotheses by using Japan’s

panel data after the 1970s.

7. Data and the Estimation Method

The purpose of the following sections is to investigate what type of firms have chosen long-
term loans in Japan after the 1970's.  If a liquidation risk is present, our theoretical model
predicts that long-term debt is chosen (a)when the firm's average revenue is large.  (b)when the
firm’s manager has his own non-assignable control rent, and (c)when the firm has large amount of
external debt.  On the other hand, if there exists a chance of renegotiation, our theoretical model
predicts that long-term debt is chosen (d)when the firm's average revenue is small and (e)when the
firm has large amount of external debt.

We empirically investigate these theoretical hypotheses by using Japan’s panel data for five
industries: iron and steel, chemicals, non-ferrous metals, electric and electronic equipment, and
transportation equipment.’  We chose these five industries partly because they provide a large
number of firm’s data as a sample and partly because they were or have been leading industries in
Japan.

We use financial data for a sample of firms which have been listed in the first and second

sections of the Tokyo Stock Exchange from the period 1970 through 1996.  Our sample in

% The number of firms in our sample is 50 for iron and steel industry, 125 for chemicals industry,
74 for non-ferrous metals industry, 186 for clectric and electronic equipment industry, and 73 for

transportation equipment industry.
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principle includes {irms listed continuously during the sample period.  However, it excludes
the data of a firm whose external borrowing was zero because it violates the assumption of our
theoretical model (ie., K- > 0). It also excludes firms which ceased listing in the Stock
Exchange due to bankruptcy and other reasons.”  The financial data of the firms are obtained
from the Nikkei-Needs Company data sources.

In the following analysis, we define long-term debt as bank borrowing whose term to
maturity is over one year. ~ We then calculate each company’s long-term debt ratio by dividing
the amount of the long-term borrowing by the amount of total bank borrowing.

We regress the long-term debt ratio on the constant term and three explanatory variables:
debt/asset ratio, profit/asset ratio, and normalized stock price.  Among these three explanatory
variables, debt/asset ratio, which is calculated by dividing bank borrowings by the total assets, is
included as a proxy of the amount of external debt, K-1¥.  Since long-term debt is preferred when
K-W is large if external debt is not riskless, the coefficient of the total borrowing/total asset ratio is
expected to be positive,

The profit/asset ratio, which is calculated by dividing operating profit by the total assets, is
included as a proxy of the firm's revenue, X.  Our model implies that long-term debt is chosen
when Y is large if a liquidation risk is present and that long-term debt is chosen when X is small if
there exists a chance of renegotiation.  Thus, we expect that the coeflicient of the profit/asset
ratio is positive if a liquidity risk is present but is negative if there exists a chance of renegotiation.

We use the normalized stock price as an explanatory variable in order to approximate how
small the manager’s non-assignable control rent is.  To the extent that stockholders can observe
the size of the manager’s control rents, the control rent reduces the firm’s stock price. ~ Thus,
the stock price, which is normzlized by dividing the adjusted stock price by the value of net worth,
is inversely correlated with the size of the manager’s control rent, C.  Because long-term debt is
chosen when C is large if a liquidation risk is present, we can expect that the coefficient of the
normalized stock price is positive if a liquidation risk is present. However, without any
liquidation risk, the coefficient of the normalized stock price is expected not to be significantly
different from zero.

Since operating profits fluctuate in the short-run, we use the average of operating profits per
total assets during past three years.  For other explanatory variables, we use the values of a year
before.  We use these lagged values partly because we need to avoid the simultaneous bias and
partly because the firm’s maturity choice is made based on past information.  In the regressions,
we estimate both fixed effect and random effect models.  We also calculate the statistic of

Hausman and Taylor (1981) to test the consistency of the random effect model.

” However, it includes firms which ceased listing in the Stock Exchange due to mergers and

acquisitions by other firms.
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8. Basic Estimation Results

Table 2 reports our empirical results for five industries where we include all data of companies
listed in both the first and the second sections of the Tokyo Stock Exchange.  In the table, we can
easily see that the coefficient of the debt/asset ratio is positive and statistically significant in both
fixed and random effect models for all industries.  This indicates that Japanese firms tend to
prefer long-term debt to short-term debt when their external debt is large.

In addition, except for the industry of electric and electronic equipment, the coefficient of the
profit/asset ratio is positive and that of the normalized stock price is negative.  In particular,
estimated coefficients are statistically significant in most cases.  Therefore, except for electric
and electronic equipment industry, we can conclude that our estimated coefficients are highly
consistent with our theoretical hypotheses where a liquidation nisk is present.

On the other hand, in electric and electronic equipment industry, the coefficient of the
profit/asset ratio is significantly negative and the normalized stock price is not significantly
different from zero.  This is consistent with our theoretical model where there exists a chance of
renegotiation. Therefore, in electric and electronic equipment industry, we can support the
hypotheses for the case where there exists a chance of renegotiation.

The basic results are essentially the same even if we split sampled companies into those listed
in the first section and those listed in the second section of the Tokyo Stock Exchange. In
particular, as we can see in Table 3-(ii), the estimated coefficients based only on the company
data listed in the second section are similar to those in Table 2.

Even when we estimate the same equation based only on the company data listed in the first
section, the estimated coefficients are similar to those in Table 2 for three industries: chemicals,
non-ferrous metals, and electric and electronic equipment (see Table 3-(ii)).  However, for
transportation industry, the coefficient of the profit/asset ratio is significantly negative which is
inconsistent with our hypothesis.  In addition, for iron and steel industry, the coefficient of the
normalized stock price takes a wrong sign, although it is not significant.  These inconsistent
results may have arisen because some companies listed in the first section are so large that our

model of asymmetric information is less appropriate to describe their borrowing behavior.

9. The Use of Other Explanatory Variables

In the last section, we used the debt/asset ratio as a proxy of the amount of K-/, and found that

it has a positive effect on the long-term debt ratio for all five industries.  The purpose of this
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section is to see some robustness of these regression results by replacing the debt/asset ratio by
other explanatory variables.  Specifically, we use tangible fixed asset to capture the size of the
firm's projects, K. We also use either net cash flow or net worth as a proxy of the firm's internal
funds, ¥, *

To avoid heteroskedasticity, we make all of these variables divided by total assets.  As long
as external debt is riskiess, our theoretical result predicts that the coefficient of the normalized
tangible fixed asset is positive but the coefficients of the normalized net cash flow and the
normalized net worth are negative in the regressions.

‘Table 4 reports our empirical results for five industries where we include all company data
listed in both the first and the second sections of the Tokyo Stock Exchange.  In the table, the
coefficients of the normalized net cash flow and the normalized net worth are negative in all cases.
This implies that as our model predicts, Japanese firms tend to prefer short-term loans to long-term
loans when they have large amount of internal funds, ¥/,

In addition, the estimated coeflicients of the other explanatory variables are also consistent with
our theoretical hypotheses in most cases.  In particular, the coefficient of the normalized tangible
fixed asset is positive except for the transportation equipment industry.

In the transportation equipment industry, the estimated coefficients are statistically significant
and consistent with our theoretical models except for the normalized tangible fixed asset.
However, the coefficient of the nonmalized tangible fixed asset is not consistent with our
hypothescs. These less significant results may have occurred because the transportation
equipment industry includes firms whose external borrowings were small (see Fukuda and i
(1994)).  Although our sample excludes firms whose external borrowings were zero during the
sample period, some firms whose external borrowings were positive but small may violate the

assumption of our theoretical model that K-/ > 0.

10.  Estimation Results Based on Different Sample Periods

As we explained in the introduction, government had a strong influence on long-term credit
allocation to designated sectors during the high growth period.  However, because of a series of
changes in the industrial structure and financial liberalization, much of the compartmentalization

between long-term and short-term funds have been erased in Japan during past decades.  This

8 . . S

Net cash flow = afler-tax current income - reversal of surplus reserve + provision for surplus
reserve -+ actual depreciation & amortization ~ dividends — bonus to directors.  Net worth =
paid-in capital + proceeds-new share + capital reserve + legal revenue reserve -+ other statutory

reserve + total other surplus.
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implies that our theoretical model which is based on the manager’s “profit” maximization problem
and the competitive final financial market should fit better for recent sample periods than for
earlier sample periods.

The purpose of this section is to examine whether our theoretical hypotheses hold more
significantly by the data after 1980 than before 1980.  We split our sample periods before and
after 1980 because Japan experienced a series of financial liberalization in the 1980s.  Except
for sample periods, the data source and estimation methods are the same as what we explained in
section 7.

Table 5 reports our empirical results for five industries where we include all company data
listed in both the first and the second sections of the Tokyo Stock Exchange.  In the estimation
based on the data after 1980, the results are essentially the same as those in section 8. That is,
the coefficient of the debt/asset ratio is positive for all industries.  Except for the industry of
electric and electronic equipment,  the coeflicient of the profit/asset ratio is positive and that of the
normalized stock price is negative, although the coefficient of the profit/asset ratio is less
significant for industries of chemicals and transportation equipment.

However, based on the data before 1980, the estimated coefficients sometimes take wrong
signs.  In particular, when the fixed effect model is estimated, the coefficient of the debt/asset
ratio turns out 1o be negative for three industries: iron and steel, chemicals, and non-ferrous metals.
In addition, the coefficient of the profit/asset ratio turns out to be negative for the transportation
industry.  These estimated coefficients are not consistent with our theoretical hypotheses and
imply that our theoretical model based on the manager’s “profit” maximization problem does not

fit well before financial liberalization in Japan.

11. Concluding Remarks

This paper investigated what type of firms choose long-term loans.  Formulating the choice
of loan's tenm structure by private firms, our theoretical results showed the conditions under
which firms prefer long-term debt.  In particular, we demonstrated that if a liquidation risk is
present. the firm tends to choose long-term debt when it has large amount of external debt,
when its average revenue is large, and when the manager has his own non-assignable control rent.
We also showed that if there exists a chance of rencgotiation, the firm tends to choose long-term
debt when it has large amount of external debt and when its average revenue is small.

We empirically investigated these theoretical hypotheses by using Japan’s panel data for five
industries: iron and steel, chemicals, non-ferrous metals, electric and electronic equipment, and
transportation equipment. Except for the electric and electronic equipment industry, the

empirical results supported our hypotheses for the case where a liquidation risk is present.  In
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particular, the results supported our hypotheses more significantly when we used the company
data listed in the second section of the Tokyo Stock Exchange and the data after 1980.

In our empirical studies, we restricted firm’s external funds to bank borrowings and did not
include bond issues in the long-term funds.  This is because until very recently, the bond
market in Japan has not been well developed.  However, during past two decades, large firms
are turning more and more to the capital markets to raise funds for capital investment, which is in
turn reducing their demand for bank loans.  On the other hand, demand for long-term funding
is up from other sectors, most notably smaller companies that need to finance capital investment
and private individuals looking for housing loans.  Allowing these structural changes in the

financial markets would be a possible extension for our empirical research.
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Figure 1.  Technological Environments of Borrowers
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Figure 2.  Information Structure for Lenders
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