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'‘ABSTRACT

This paper examines the Iimpact of taxes on the
incentive to invest for the Japanese manufacturing
sector in the postwar period. The idyosyncratic
feature of the Japanese corporation tax system as
compared to the U.S5., is the prevelence of tax-free
reserves and the tax deductibllity of a part of
taxes paid by corporations 1in the previous vear.
Our formula for the tax-adjusted Q and the cost of
carpital incorporates this. The main conclusions are
as follows. While the postulated negative relation
with the cost of capital cannot be found, investment
in Japanese manufacturing shows until 1874 a strong
association with the tax-adjusted Q. Since the
change 1In stock prices, not taxes, 1is the primary
source of changes in @, the profitability of capital
is the major determinant of investment.
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1. Introduction

The rapid output growth in postwar Japan is characterized by
the high level of investment which has for almost all vears been
above 30% of the Gross National Product. Economic theory tells
us that investment is governed by the cost and the benefit of
incremental capital stock. Financial rate of return and taxes
determine the cost of capital, while the benefit is the profit-
ability of capital that depends on market opportunities and
technology. The contribution of the neoclassical theory of Hall
and Jorgenson (1971} is that it showed exactly how taxes
influence the cost of capital. whereas the essential feature of
the Q theory of investment is that the determinants of investment
can be summarized by a single index called the tax-adjusted Q
that combines the cost and the benefit of capital. In order to
understand the high level of investment in Japan, it is necessary
to analyze the relative importance of the cost and the profit-
ability of capital and how taxes affect them. The purpose of
this paper is to do precisely that by examining the relation
between investment, the cost of capital, and Q.

The Japanese corporation tax system can potentially exercise
profound impact on the incentive to invest. The Corporation Tax
Law specifies the procedure for calculating taxable income and
the applicable tax rates. The enterprise tax on corporations
paid  in the previous accounting vyear is tax deductible. The

calculation of taxable income also includes accounting deprecia-

tion, inventory valuation, and allowances for accrued costs that
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can be credited to tax-free reserves, The Corporation Law lists
a few tax-free reserves and specifies the maximum amount
creditable to those reserves. Equally important in examining tax
incentives 1is the Special Taxation Measures Law, which provides
additional depreciation and a number of other tax-free reserves.
If the Japanese corporation tax system played a major role in the
high-speed output growth, it must be that investment was
responsive to the cost of capital.

The plan of the paper is as follows. Section 2 incorporates
the various aspects of Japanese tax law into a firm's optimiza-
tion. Section 3 derives the formula for the cost of capital and
the tax-adjusted Q, and identifies the channels through which
taxes influence investment. In section 4 we calculate the cost
of capital and the tax-adjusted Q for the Japanese manufacturing
sector as a whole and examine their relationship to investment.

Section 5 is a brief conclusion.




2. Taxes and the Valuation of a Firm

our task 1in this section is to incorporate various aspects
of the JaPanese corporation tax system into a standard model of a
firm's wvalue maximization problem. The next section will derive
a one-to-one relationship between the investment-capital ratio
and "Q" adjusted for various tax parameters. For the most part,
we will ignore personal taxes and the financial side of the firm.
Modifications of the investment-Q relationship that are necessary
if those factors are considered will be discussed at the end of
the next section. Thus for the time being we will focus on a
100% equity financed firm whose investment finance comes from
retained profits. Because we have to deal with many tax
parameters, the notation will be rather complicated. A glossary
of symbols is provided in Table 1.

Consider a firm in period 0 whose objective is to maximize

its market value which is the present value of its net cash flow:

[+ o]
(2.1) Vo = E C(O.t)(]Tt - Tt - atlt).

0 ¢=0

where C0,t) = (1+ry)”! plecasr, Tl is tne

discounting rate that applies to future net cash flow. T

(i+r

t is

pretax profits, Tt is corporate taxes, a is the price of

t

investment doods, and It is the quantity of investment. Under

Japanese tax law the following are the major items that are

deductible from corporate income.l




(i) DepPreciation Allowances. According to the financial
statements compiled by corporations with the Ministry of .
Finance, virtually all corporations employ either the straight
line method or the declining balance method.

(i1} Special Depreciation. In addition to the ordinary
depreciation, the Special Taxation Measures Law lists asset
types for which additional depreciation for the first vear
(and for some assets, several succeeding years) is permitted.
Since the cumulative amount of depreéiation is unchanged,
special depreciation amounts to deferred tax payments.

(ii1) Investment Tax Credits. Currently, corporations can choose
for certain types of equipments between a special first-year
depreciation of 30% and a tax credit of 7% of the acquisition
cost. Since the amount of the investment tax credits is
negligible relative to total investment expendi ture, we will
ignore it.

(iv) Enterprise Tax. The amount of enterprise tax paid in the
Previous accounting year can be deducted from this vear's
income. As seen below, the deductibility of the enterprise
tax reduces the "effective" corporate rate significantly.

{v} Tax-Free Reserves. The Corporation Tax Law and the Special
Taxation Measures Law 1list a host of tax-free reserves that
can be deducted from income. For most reserves the amount
deducted must be added back to the next year's income. In the
formulation below we assume this is the case for all tax-free

reserves.2 Thus tax-free reserves, another veicle for




corporations to defer tax payments, is essentially a one-year
interest-free loan granted by the government. The variable
that determines the maximum amount to be deducted from
corporate income and credited to the reserve depends on the
resefve. For example, for the Reserve for Retirement
Allowance it is the wage bill, and for the Bad Debt Reserve it
is the amount of receivables. We will divide various tax-free
reserves into two 4g9roups. The first is employment-related
reserves.3 The second group consists of reserves whose
maximum allowable deduction 1is a function of various other
variables pertaining to the firm that, we assume, are a
function of the "size" of the firm, which we take to be the
reproduction cost of the firm.

The expression for the tax payment Tt that incorporates

these features of Japanese tax law is:

(2.2a) 'I‘t = (ut + vt)x(Taxable Income).

") = - pren —-— bl

{2.2b) Taxable Income = T, DEP, S¢-1 (Ry Ry
(2.2c¢) St = th(Taxable Income).

Here, St is the corporate enterprise tax and Vt is its tax rate.
Tt is the total amount of corporation taxes including the

national and local corporate tax and the enterprise tax. The

overall tax rate is thus u +v . In the‘expression for the




taxable income, R is the maximum amount to be deducted from

4

income and credited to the tax-free reserves in period t. DEP

t
is the sum of ordinary depreciation and special depreciation.

This can be written as

[+
Y Dix,t-x}a
x=0

[

(2.3) DEP, fox?

t-x
where the depreciation formula as of t-x, D(X,t-x) includes
special depreciation.

It is shown in the Appendix that the expression for the

value of the firm under (2.1)-(2.3) can be written as

o
(2.4) v, = } cwo,ti{(1-1

0 Lo M, - (i-z )atIt + [Tt—rt+1/(1+rt)]Rt}

t° 't t

+ Aé - TDR_I + (1+r_1Jy_IS_I,

where
4]
(2.5) Ve = DEIC(t,t+n)(ut+n+vt+n)(~vt+1)(-vt+2n---(-vt+n_1)
(2-6) Tt = Ut + Vt - ytvt!
o]
(2.7) zg = L Clt,t4x)T, DX, t),

x=0
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(2.8) Al = L {cwo,t)r, { ¥ Dix,-xda__1__1}.
0 <o t x=1 X X

Some of these rather formidable expressions are standard. zi
represents the present value of tax savings arising from
depreciation allowances on a vyen of new investment, while Ad is
~ the present value on all assets purchased in the past.

Other notations are novel. The "effective" tax rate 1 is
not simply the sum of u and v. A one-yen increase in the current
enterprise tax means a tax saving of u+v vyen in the next
accounting vyear, But part of the tax saving, v, which is the
amount of reduction in the next vear's enterprise tax, gives rise
to a tax increase of v(utv) in the year after next. This, in
turn, brings about a tax saving of v2{u+v) in the following year,
and so forth. The term y in the expression for 1 is the present
value of tax changes on a yven of the current enterprise tax.
This term 1is rather important: if u = 40%, v = 10% and r = 5%,
its value is about 43%. That is, for every ven of the enterprise
tax paid, the firm recovers in the present value sense 0.43 ven.
The last term in the expression (2.4) for the value of the firm
has a similar interpretation; it 1is the present value of tax
changes arising from the enterprise tax already paid in the
previous’ year. The third term in the braces in (2.4) represents
a subsidy in the form of an implicit interest on a loan of TR

5

yen. Lastly, the term t,R_

0 is the additional current tax when

1

the last year's reserves are added back to current income.




3. The Tax-Adjusted Q and the Cost of Capital

We now derive a one-to-one relationship between investment
and "Q" adjusted for wvarious tax parameters for the value-
maximizing firm, Assuming that the firm is a price-taker, pretax

profits can be written as

(3.1) "t = PtF(KtuLt!It) - WtLt!

where P is the output price, F is the production function, K is
the capital stock, L is labor input, and w is the wage rate.
Adjustment costs are incorporated here because output is assumed
to be inversely related to investment, i.e., 9F/3l < 0. "Bolting
down" new machines is a resource-using activity; as the quantity
of investment increases, a larger fraction of capital and labor
has to be directed to the investment activity, which results in
lower output.

As we indicated in the previous section, the tax-free
reserves are divided into employment-related reserves (RL) and
other reserves (RK). The former depends on the wage bill (wL)
while the latter is a function of the reproduction cost of the

firm (aK):

t(atl{t).

(3.2) Rt = RLt(tht) + RK




As it will turn out, it does not matter in the final expressions
for the tax-adjusted Q and the cost of capital how R is divided
into the two components.

The firm is assumed to maximize its value 1in (2.4) subject .

to the capital accumulation constraint

(3.3) K, = (1-6)K

t + 1

t-1 t

Since the last three terms inh the expression (2.4) for the value
of the firm is predetermined at time 0, the value maximization is
equivalent to maximizing the first term subject to (3.3). That

is, the firm is assumed to maximize

' [ ]
(3.4) tEDC(o.t){(l-rt)nt - (1-zt)at1t

+ [Tt-rt+1/(l+rt)][RLt(w L )+RKt(ath)]}

tt

subject to (3.3). Letting C(O,t))\t be the Lagrange multiplier

for (3.3), we obtain the following first-order conditions:

(3.5a) (1-t )P, JF, /3K, + [ry-7, /(141 ) JORK, /3K,
- At + (l—é)At+1/(1+rt) = 0,
(3.5b) (1-8)p JF, /31, - (1-z0)ay = Ay,
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(3.5¢) (l-r)(PtSFt/aLt—wt) + [Tt-Tt+1/(l+Ft)]aRLt/3Lt

|
o
.

The last condition vields

(3.6) aFt/aLt = wt/pt.
where
[t, -t /C1+r, ) ]
. _ t "t+1 t
(3.7) Wi o= Wy 1 - T aRLt/aLt.

The second term 1is the reduction in wage rate induced by the

employment-related tax-free reserves. Solving (3.8) for Lt and

substituting it 1into (3.1), we see that pretax profits are a
function of the real wage w*/p adjusted for tax-free reserves,

It pretax profits in real terms is denoted by My = Ht/Pt. we

cbtain by the envelope theorem that

13 =z -
(3.8) on (wt/Pt)/B(wt/Pt) = -L

t t’

(3.9) Jan (w*/Pt)/aK = JF

t (W t £ 79Ky -

If there were no adjustment costs. then 3F/3i = 0, 50 we

have from (3.5Db) At = (1~z£)at.

obtain the following expression for the cost of capital:

Thus from (3.5a) and (3.9) we

L3 > — a
(3.10) ant(wt/wt)/akt = C
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where
(l-zt‘;)at - {1'6](1'Z£+1)at+1/(1+rt]

(3.11) C

f"‘

[Tt‘Tt+1/(l+rt)]aRKt/aKt
(1 - Tt)Pt

The second term represents the reduction in the cost of capital
arising from the capital-related tax-free reserves. This
expression, however, does not capture the effect of the reduced
wage rate on the marginal profit 9n/3K brought about by the
employment-related tax-free reserves. A more meaningful
expression would add to Cy the effect of the employment-related
reserves. Such an expression can be obtained as follows. Using

(3.8), we obtain the following Tavlor expansion:

(3.12) ant(wt/Pt)/aKt = 3nt(wt/Ptl/3Kt - (aLt/aKt)(wt—th/pt.

Combining (3.7), (3.10) and (3.12) we get

(3.13) O, (W /P /3K, = €y,
where
i (1-zt)at - (1-8)(1-z da,,  /(1+r)
(3.14) c, = (1 - 7.0p
t’'Ft
i [Tt‘Tt+l/(l+rt]] : aRKt . aRLt 3L, }
(1 - 1P, 3K, aL, Ak,
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This expression for the cost of Capifal is convenient for
evaluating the overall impact of both types of tax-free reserves
on the incentive to invest.

We now re-introduce adjustment costs. Noting that the
optimal labor input is a function of w' /p and solving (3,5b) for

investment, we obtain the investment-Q relation:

. —_ *
where
A, - (1-z])a
t t° 7t
(3.163 Q, = —
t (1 Tt)pt

This @ 1is referred to as the tax-adJusted @. It is the real
value of the gap between the shadow price of capital (A) and the
effective price of investment goods [(1-z')al, grossed up by the
corporate tax rate. We note from (3.15) that optimal investment
depends also on the adjusted real wage w*/p. It is clear from
the derivation of this optimal investment rule that if the
production function F in (3.1) has the separable form F(K,L,I) =
G(K.LY - C(I,L), optimal investment rule does not involve the
real wage rate.

There 1is a simple connection between the tax-adjusted Q and
the cost of capital. By definition, the cost of capital c¢*

satisfies
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(3.17) (1-v,)p,cy + [Tt—1t+1/(1+rt)]8RKt/8Kt

- (1-z;)a, + (1-6)(1-2Z;

t)3y /01+r,.) = 0,

t+l)at+1 t

Subtracting (3.17) from (3.53) we get

(3.18) (i-7 )Pt(aFt/aKt - cy) - [At-(l—z°)a

t t t t]

-(i-z; ) = 0.

+ (1-6)[x f418441

]/(1+r

t+1 t

This can be solved for At-(l-z')a as

t 7t

Clt,s)(1-6)5"¢

(3.19) A -(1-2{:)&t = .

- o
t ] (1 TS)pS(BFs/aKS cs).

ne~-8

That is, the tax-adjusted Q is essentially the present value of
the gap between the marginal product of capital and the cost of
capital. Thus, in the model with adjustment costs, the cost of
capital continues to be an important channel through which taxes
influence investment.

As shown in Havashi (1982), the shadow pPrice of capital A In
the expression (3.16) for the tax-adjusted Q can be made
observable if we assume that (i) the firm is a price-taker and
{2} the environment represented by the production function is
linearly homngeneous. This latier homogeneity assumption in the

present situation has to include the assumption that RL and RK in
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(3.2), the maximum tax-free accumulation of reserves, are also

linearly homogeneous in their respective variables, namely.

(3.20) oRL, /9L, = RL, /L

t t by and 9RK,/3K, = RKt/Kt.

t t t

Under this set of assumptions it seems obvious that the maximized
value of (3.4) is proportional to the initial capital stock (1-

SIK_ S0 the marginal wvalue of capital AU is equal to the

1
average value of capital:

V. - A’ + T.(RL .+RK
(3.21) PN a 0 -1 -

0 (1-6)K_

1 -1

1

Thus the tax-adjusted Q as defined in (3.16) is connected to the
value of the firm. Furthermore, under the homogeneity assumption

the investment-Q relation becomes

(3.22) It/Kt = ¢t(Qt,wt/pt)
This much is standard. A new result here is that the connection
involves the tax-free reserves and the enterprise tax in the
Previous year. The same homogeneity assumption also permits a
simplification of the expression (3.14) for the cost of capital.

Noting that wunder the homogeneity assumption @L/3K = L/K and

using (3.20), we get, for t = @,




) (l—z['))a0 - (l—d)(l—zi)aO/(1+r0)

(3.23) C
0 (1 - TO)PO

[1:0-1:1/(1+r0)]a0 R
(1 - 1

0’Pg 35Ky

For our purpose of empirical implementation, this expression is
convenient because it does not involve the unobservable dL/9JK.

So far we have assumed that there 1is only one kind of
capital. The theoretical model can allow for other kinds of
capital provided that there are no adjustment costs associated
with investment in these other assets. It is fairly straightfor-
ward to show that the marginal value of the first asset (with
adjustment costs) is given by (3.21) if the market value of other
assets (which equals their reproduction cost because there are no
adjustment costs for those assets) is already subtracted from VU.
In our empirical implementation in the next section, the first
asset is deprecliable assets (buildings, structures and
equipments), while the other assets consist of land and
inventories.

We close this section by discussing briefly the issue of
investment finance. So far we have assumed an equity-financed
firm that finances investment by retained profits. So the
discount rate r is the expected equity return and the value of
the firm is the total equity value. How should we modify the

expressions for the tax-adjusted ) and the cost of capital? The

following results on the investment-Q relation have been obtained
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in Hayvashi (1985) for a model of a firm with adjustment costs
under uncertainty and personal taxes: (i) the investment-Q
relation can be derived when at least part of incremental
Investment 15 financed either by retained profits or by new
equity:s (ii1) 1if new equity are used for investment finance, the
value of the firm in the model is simply the sum of equity and
debt outstanding; (i1ii) if retained profits are used, the equity
value receives a higher weight +than debt, provided that the
capital gains tax rate is lower than the dividend tax rate; and
(iv) when incremental investment is financed entirely by debt,
the Iinvestment-@ relation cannot be derived. However, the model
is 1incapable of explaining why corporations in the real world
simultaneously issue new shares and pay dividends. There does
not seem to be any work that derives the cost of capital as the
determinant of investment for a firm without adjustment costs
under uncertalinty and personal taxes. More specifically, it
remains unclear how the discount rate ry is related to the
corporate bond rate and the expected equity return.6 With no
completely satisfactory theory about how investment finance
influence the tax-adjusted Q and the cost of capital, we will
continue to use the expressions derived in this séction. with VU
(the wvalue of the firm) being the value of equity and debt minus

land and inventories.
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4. Empirical Results

The impact of taxes on the 1incentive to invest can be
evaluated by examining how taxes enter the expressions for the
tax-adjusted Q@ and the cost of capital. Since they involve the
present value of various forms of tax savings, we have to make
assumptions about how future tax rates and discount rates are
anticipated. For empirical implementation we assume static
expectations about the tax rates (u, v, 1) and the discount rate.

Thus =z', A' and T can now be written as

[+4]
- _ -X
(4.1) Z{ S T4Zys where z, = g (14r,) D(x,t),
x=0
[+ 4] _tm
(4.2) Ay = Tohps where Ay = g (1+ry) g D(x,-x)a__I__.
t=0 x=1
(4.3) Ty = U+ vy = (U v v ZU04r 40, ).

The z here coincides with Hall-Jorgenson's z. The expression for

the tax-adjusted @ [(3.16) with (3.21)] becomes

V - 1A + TR_1 - 15

[ ACi=6K_ — - (1-12)]a
(4.4) Q=
(1 - 1)p




i8

where the time subscript "0" is dropped for notational ease.

Assuming Zg = zl the expression (3.23) for the cost of capital
becomes
- 1 - Tz a _ r R
(4.5) €= 1 - 1 P [P+ 6 (1-1z)(1l+r) aK I
where
(4.6) P = (l+4r)asa, - 1

1

Is the real discount rate adjusted for changes in the investment
goods price.

The measurement of the tax-adjusted Q and the cost of
capital for the Japanese manufacturing sector as a whole requires
data on: V (market wvalue of equity plus debt minus land and
inventories). u (corporate tax rate), v (enterprise tax ratel, r
(discount rate), A (present value of depreciation allowances on
past investment), R (tax-free reserves), S (enterprise tax), a
(investment goods price), 6 (physical depreciation rate), K
(capital stock), al <(nominal investment), z (present value of
depreciation allowances on new investment), p (output price) and
P (real rate of return). Two principal data sources are the
Ministry of Finance (various fiscal years) and the Tax Bureau
(various fiscal vyears). The former has data on the financial
statements aggregated over all corporations by industries. The
aggregation is done by blowing up the sample aggregates bv the

sampling ratio. These data will be referred to as the Financial
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Statements  data. The latter has data on taxes Ppaid by
corporations and tax-free reserves allowed by the Tax Bureau.
These data will be referred to as the Tax data. Since the time
interval for those two primary data is a fiscal year (from April
to the next March), all the calculations below are for fiscal
years.

The data on V, A, z, al and K are taken from a study by
Homma, Hayashi, Atoda and Hata (1984), which calculated the tax-
adjusted @ for various Japanese industries but which did not take
tax-free reserves and the tax deductibility of the enterprise tax
into account.7 Their data are for the period of 1955 to 1981,
and this determined our sample period. The following is a brief
summary of how the data on V, A, z, al and K are constructed in
their study. (i) The data on nominal investment are taken from
the Economic Planning Agency's Gross Capital Stock of Private
Firms. Although the data includes the noncorporate sector, the
numbers are very close to the nominal investment series
calculated from the Financial Statements data except that the
latter shows erratic movements for the first few years of the
sample period. The data on the capital stock 1is from the
National Wealth Survey. As this survey iIs done every five years,
the Gross Capital Stock data are used for interpolation. Using
the nominal investment series from the Financial Statements data
and the investment goods price index (to be explained later), |1

generated a capital stock series by a perpetual inventory method

with the rate of depreciation of about 9%. It turned out that
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this capital stock series 1is very close to the above capital
stock series.

(iiy The market wvalue of equity is calculated under the
assumption that the ratio of the market value to the book value
for all corporations in manufacturing is the same as that for all
corporations in manufacturing traded on the Tokyo Stock EXchange.
In calculating the market value of equity, the average of daily
stock prices over the fiscal year is used. The market value of
long-term debt is obtained by dividing the interest payments by a
long-term interest rate. The market value of short-term debt is
assumed to be the same as the book value. The value of the firm
is the sum of the market value of equity and debt. However, the
stock market wvaluation of a firm includes the value of land and
inventories, which must be subtracted from the value of equity
plus debt to arrive at the financial valuation of the capital
stock. A perpetual inventory method is used to calculate the
value of land. The price index for land is the Residential Land
Price Index constructed by the Japan Research Institute of Real
Estates (Nihon Fudosan Kenkyvu-Jo). The change in the book value
of land is assumed to be the market value of the change in land.
The market value of land in the base year (1955) is assumed to be
equal to the assesment 9given by the Ministry of Local
Administration for the purpose of levyving property taxes. The
value of inventories 1is assumed to be equal to the book value
because the majority of corporations employ the average method

for inventory wvaluation.
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{iii) To «calculate A and z, the daté on the depreciation
formula D(X,t) are necessary. The asset life for tax purposes is
assumed to be 34 years for buildings, 28 years for structures and
10 vears for equipments in 1970. These numbers are taken from

the National Wealth Survey. The calculation incorporates the

major reductions in asset lifetimes for tax purposes that
occurred in 1951, 1961, 1964 and 1969. The Special Depreciation
permitted by the Special Taxation Measures Law is incorporated
into the depreciation formula as follows. The f{raction of
special depreciation in {fiscal vear t, SP(t) is defined as the
ratio of the amount of special depreciation in the Financial
Statements data to nominal investment. If d(x,t) is the
depreciation formula implied by a 4given asset lifetime for a
given depreciation method, the depreciation formula D(Xx,t)
adjusted for special depreciation is: Di(x,t) = [1-SP(t)ld(x,t) +
SP(t) for t = 0 and D(x,t) = E1-SP(t)ld(x,t) for t > 0. The
implicit assumption here isr that the ratio of special
depreciation, SP, is the same for all asset types. The vield on
the Japan Telegraph and Telephone Company's bond is used for the
discount rate. Other information necessary for calculating A and
z are: (1) the share of respective depreciation methods and.(z)
the breakdown of nominal investment into the three asset types
{buildings, structures and equipments). The data on (1) is taken
from the financial statements of corporations traded on the Tokyo

Stock Exchange., Since virtually all corporations employ either

the straight 1line method (about 20%) or the declining balance
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method (80%), only the two depreciation methods are considered.
This share is assumed to be the same for all asset types. The
data on (2) are not available on yearly basis. The breakdown for
1975 (calendar vyear) 1is obtained from the capital formation

matrix in the 1975 Input-Output Table. The breakdowh is assumed

to be the same as that in 1975 for all vears.
Our construction of the investment goods price index (a) is

as follows. From the capital formation matrix in the 1975 Input-

Output Table, we can obtain the breakdown of nominal investment

by industry source. We wuse this breakdown as weights to
calculate the price index as a weighted average of the relevant
components of the Wholesale Price Index. The same weight is used
to calculate the overall depreciation rate (8). The depreciation
rate for individual assets 1is taken from Hulten and Wykoff
(1981). Our estimate of &6 turns out to be 8.99%. We use the
overall Wholesale Price Index for the output price index (p).

Our estimate of u, v, S and R comes from the Tax data. The
corporate tax rate u is the ratio of the national and local
corporation taxes to the taxable income. The enterprise tax rate
v 15 the ratio of the enterprise tax to the taxable income. The
figure for S is directly available from the Tax data. The
measurement of R (tax-free reserves) 1is more problematical.
There are as of 1981 twenty-eight tax-free reserves listed in the
Corporation Tax Law and the Special Taxation Measures Law. Since
corporations may accumulate the reserves above the maximum amcunt

specified by the tax law without any further tax benefits. the
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data on reserves available from the Financial Statements‘data
cannot be used. Furthermore, the Financial Statements data do
not report tax-free reserves separately; some of the tax-free
reserves are merged with the amount of special depreciation and
other reserves that are not tax-free. On the other hand, the
data on only six major tax-free reserves from 1963 are available
from the Tax data. They are: Reserve for Bad Debts, Bonus
Reserve, Reserve for Retirement Allowances, Reserve for Price
Fluctuations, Overseas Market Development Reserve for Small- and
Medium-Sized Enterprises, and Reserve for Overseas Investment
Losses. The amount credited to these reserves (except for the
last two, which are minor relative to the rest) must be added
back in full in the following accounting year, as assumed in our
ltheoretical .model. For lack of alternative data sources, we use
the total of these six tax-free reserves for R.

The data thus obtained that are necessary for calculating
the tax-adjusted Q and the cost of capital are gathered in Tables
1 and 2. The data for 1955 (fiscal year) are not available
because the calculation of @ requires data for the preceding
year. Table 3 contains the tax-adjusted Q and the cost of
capital along with a couple of vdriables that summarize the
impact of taxes on the cost of capital. Since no data are
available for R (tax-free reserves) before 1962, our calculationh
assumes that the ratio of R to aK (the reproduction cost cof
capital) prior to 1963 is the same as that for 1963. As we can

see by comparing the Q series in Table 3 with the data on the
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market wvalue of equity in Table 1, stock prices are the main
source of wvariations in Q. An expected rate of return of 4% is
used for P in calculating the cost of capital by the formula
(4.5). We see from this formula that the direct impact of taxes
on the cost of capital is captured by two terms, (l-tz)/(l-71)
and (R/aKJtr/0(l-1z)(1+r}], We call the former the tax factor,
which influences the cost of capital multiplicatively. The
latter measures the equivalent reduction in the rate of return
caused by the tax-free reserves. These two terms are shown in
the last two columns of Table 3. The rate of return equivalence
of the 1Impact of tax-free reserves is tiny (at most 0.6%). Qur
calculation should, however, be taken as providing a lower bound,
since our data on R includes only six reserves.

A basic aSsumption behind the formulas (4.4) and (4.5) is
that R, the amount deductible from corporate income, 1is
Proportional to the capital stock. In order to check the
validity of this assumption, we 1looked at the financial
statements of individual firms in manufacturing publicly traded.

The source of the data is the NEEDS Company Data compiled by the

Nihon Keizai Shimbun. From data on accounting depreciation and
the book wvalue of depreciable assets, the market value of the
reproduction cost of capital (aK) is constructed by a perpetual
inventory method for about 620 firms for the fiscal years 1865 to
1981. Although +this data set consists mainly of individual

financial statements, there 1is an item that reborts since 1976

the maximum amount to he credited to the Reserve for Retirement




Allowances. This amount is regressed on the capital stock for
each vyear. Table 4 reports the regression results. Although the
intercept term 1is significant, the capital stock coefficient is
very close to that in the regression without the intercept.

The data 1in Table 3 are graphed in Figures 1-6. The
investment-capital ratio, the tax-adjusted Q, the cost of capital
and the tax factor are plotted against time in Figures 1 to 4.
The declining trend in the cost of capital is mainly due to the
decline 1in the price of investment goods relative to the output
price. The tax rate t is the major reason for changes in the tax
factor. The investment-capital ratio is plotted against the tax-
adjusted Q@ in Figure 5. Until 1974 there is a fairly strong
positive relationship between I/K and Q, but since then the
correlation turns into negative. By historical standards, Q in
recent years 1is too high in relation to investment. Two
explanations come into mind for the puzzling behavior of Q after
1974, both of which rely on the sharp rise in energy prices. The
first is to note that the relationship between 1/K and Q as given
in (3.22) 1involves real factor prices whose component incluhes

energy prices. Energy inputs are needed to install new machines

within the firm. As energy prices go up, the installation
activity gets depressed. This explanation seems a little far-
fetched. The second explanation relies on the heterogeneity of

capital, There is no ex-post substitutability between energy and

capital, Our calculation of the capital stock gives equal

weights (o 9g9as guzzlers and 9as misers. while in the financial




markets gas guzzlers are heavily discounted when energy gets
expensive. However, 1f this explanation is correct, Q should be
undervalued, which it is not. The behavior of Q in recent vears
remains a puzzle.

However, @ looks good if compared with the cost of capital.
The plot of I/K against the cost of capital in Figure 6 shouws a

positive correlation.

5. Conclusicn

While the postulated negative relationship with the cost of
capital does not exist, investment in Japan shows, at least until
'19?4, a strong positive assoclation with the tax-adjusted Q.
However, most of the action in @ comes not from taxes but from
stock Prices. As stock prices are a good summary of future
profitability, we may conclude that market opportunities and

technological change have heen the major driving force behind the

high invstment level in postwar dJapan.

1
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Appendix: Derivation of the Valuation Formula

In this appendix we derive the formula (2.4) in the text.
Combining (2.1), (2.2a) and (2.2b), the value of the firm is
written as

oo
(A.1) V, = tEOC(o.t)[(1-ut-vt)nt + (U v X+ (U bV IS

- atl ]|
where
(A.2) co,t) = (er leecaar, Tl if s <ty =1 s =t
(A.3) X, = DEP, + (R, - R,_,).

With this notation (2.2b) becomes

(A.4) Sy = v (M - X)) - ViSiogo
which can be solved for St-l as
t-1
(A.5) S,.1 = vt_li=0V(1.t-2)Yi - vt_IV(O.t—2)S_1,
where
(A.6) Y, =T
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(A.7) Vii, j) = f*VI)(—Vi+1)"'(—VJ) if i = 3, if i > 3.

Substituting (A.5) into (A.1) we obtain .

n
ne-18

(A.8) vy C(O,tJ[nt - (ug+v )Y, - a1y

t=0 t
t-1

C(U,t)[(ut+vt)vt_1i§UV(i,t—2)Y1]

-+
ne-18

t=0

|
N8

ca,t)ltu+v v, VO, t-2)]s_, .

t=0

The summation in the second line can be rewritten as:

@ t-1
L L [cw,tyu +v v, Vi, t-2)Y,1
t=0 1o Ve V-1 i

o ]

<
tEU nEl[C(U,t+n)(ut+n+vt+n)vt+n_1V(t,t+n—2)Yt]

oo
Co,t)[ ¥ Ctt,t+n) (u

+V )V, V(t+l,t+n-1)]Y
b t t
0 n=1

t+n “t+n

it
18

t

i
ne18

OC(U,tJyttht,

where

C(t,t+n) (u

[¢4]
(A.9) vy * )

t+n+vt+n)V(t+1,t+n-1).
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Using this y{, the summation in the third line can be rewritten

as

@xO
g C(U.t)[(ut+vt)vt_1V(U,t-2)]S_l
t=0
©
= -IDEIC(—I.n-l)(un_1+vn_l)V(U,n-2)](1+r_1)S_l
= -Ul+r_,)y_,5_,.
Thus (A.8) becomes
@xO
(A.10) Vy = tEO[C(O,t)(Ht - oY) - a ]+ (ler_ Dy S
@xO
= tEOC(O,t)[(l—Tt)Nt - a I ]+ (er_py_ s,
oo X
+ Y C(0,t)T,DEP, + Y C(0,t)1,(R,-R ).
t=0 L S 1R S S |
where
{A.11} Ty = Uy ot Vi T YV

Now., i1 15 shown in Havashi (1982) that the second summation
in (A, 10). the present value of rtDEPi. where DEPt is defined in

£2.3Y in the text, can be decomposed as:




4 4]
(A.12) tEOC(U,t)(l—zi)atIt + AO,

where z' and A’ are defined in the text [see (2.7) and (2.8}1].
Furthermore, it is easy to show that the third summation 1in

(A.10) becomes

a
(A.13) g Clo,t)T (R, -Ry () = R

C(O,t)[Tt-T
t=0 t

. /(1+rt)]Rt -7

t+l 0-1-

nr-18

Substituting (A.12) and (A.13) into (A.10) we obtain the formula

(2.4) in the text.




Footnotes

1. For a good description of the Japanese corporation tax system,

see An Outline of Japanese Taxes published by the Printing Bureau

under authorization of the Tax Bureau of the Ministry of Finance.

2. For a few tax-free reserves, the law permits corporations to
spread the amount to be added back to income over several years.
The tax-free reserves for which the data are available to us are
the types described in the text.

3. The Reserve for Retirement Allowances and the Bonus Reserve
are examples. In the theoretical model we will assume for such
reserves that the amount creditable to the reserve is a fraction
of the current wage bill and that the amount credited must be
added back in full to the next vear's income. However, the
Reserve for Retirement Allowances does not exactly satisfy this
assumption. According to the law, the amount creditable to this
reserve during the current year is either (i) the difference over
the vear in a hypothetical total severance pay that the firm must
pay 1if all the employees retire now, or (ii) a fraction of the
current total wage bill. Furthermore the amount to be added back
to 1income 1is the actual severance pay during the current year.
So if the firm hires a worker, it can deduct from income either
the hypothetical severance pay accruing to the worker or the
fraction of the worker's current salary, and the corresponding
increase in income occurs when the worker actually retires, which
may be several decades from now. Let R be the amount accumulated
in the reserve. If the firm chooses (i) above, R is the
hypothetical total severance pay. If the firm chooses (ii), the
change in R is the fraction of the current wage bill. Provided
that the present wvalue of the future corresponding increase in
income 1is negligible, the tax benefit arising from this reserve
comes only from the decrease in current income, which equals the
change in R. This is equivalent to the assumption in the text
that the firm can deduct from current income the entire amount R
but that the previous year's R must be added back in full to
current income.

4. For the Reserve for Retirement Allowances, R is the amount
that has been accumulated. See footnote 3.

5. That the tax-free reserves influence the cost of capital
through this term was noted in Ikemoto, Tajika and Yui (1984).

6. Auerbach (1979) shows that the discount rate is a weighted
average of the corporate bond rate and the expected equity rate
of return for a case where there are no uncertainties but where
the corporate bond rate is an exogenously given function of the
debt-equity ratio.
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7. Mr. Kuniaki Hata of the Tax Bureau was in charge of all the
calculations in this study.
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TABLE 4

With Intercept Without
Intercept
Fiscal Sample tlean of Constant Capital R2 Capital
Year Size Capital Stock Stock
Stock
1976 626 20826 759 0.062 0.69 0.064
(5.5) (37.8) (39.6)
1977 626 21892 1062 0.055 0.59 0.057
(5.9 (29.8) (31.2)
1978 620 22362 1146 0.058 0.60 0.061
(5.9) (30.1) (31.5)
1979 618 23688 1165 0.058 0.62 0.061
(6.0) (31.5) (32.9)
1980 616 25096 1181 0.062 0.64 0.065
(5.9) {33.1) (34.6)
1981 613 25247 998 0.067 0.67 0.070
(5.2) (35.3) (37.0)
Note: The dependent wvariable is the maximum allowable limit on
the amount deductible corporate income as credits to the
Reserve for Retirement Allowances. Numbers in parentheses are

the t wvalues.

The reserve and the capital stock are measured in
millions of ven.
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