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SIMULTANEOUS DETERMINATION OF MARKET SHARE AND ADVERTISING
EXPENDITURE UNDER DYNAMIC CONDITIONS: THE CASE OF A FIRM
WITHIN THE JAPANESE PHARMACEUTICAL INDUSTRY*

Hiroki Tsurumi and Yoshi Tsurumi

I. INTRODUCTION

The major objective of this model is to analyze the simultaneous deter-
mination of market share and advertising expenditure under dynamic conditions.
Obviously the relationship between market share and advertising expenditure
depends upon the market structure of a particular industry, and thus it 1is
essential that the model should be formulated so as to grasp the behavior of
the decision makers, i.e. consumers and firms, within the industry concerned.
Given the industrial framework, imperfect competitors within the industry
would share many behavioral characteristics, with some degree of difference
allowed for each company. Our empirical analysis is applied to the case of the
Eisai Company within the Japanese pharmaceutical industry from 1959 to 1969.
Although the model is limited to this particular company and industry, the
theoretical formulations and estimation techniques together with the parti-

cular distributed lag used may be usefully applied to other cases.

. There are many studies measuring and analyzing, in varying degrees, the

cumilative effects of advertising on sales. For example, Nerlove and Waugh [13]

(1)

have attempted to measure these effects in the case of oranges. Palda [1h]
formulated the problem using the Koyck lag distribution and applied it to
the case of the Lydia E. Pinkhem Medicine Company. Telser [18] studied ad-
(2)

vertising and cigarettes.

# The asuthors would like to thank Professor K. Sato for his valuable comments on
an earlier draft of the paper. This study comes out of an econometric model
of the firm [23].

(1) In their empirical study Nerlove and Waugh adopted a log=linear demand
equation in which the current advertising expenditure and the simple
arithmatic average of advertising expenditure of the past 10 periods
were used as the explanatory variables together with income and price
variables.

(2) Telser's model implies in essence a transformed Koyck lag.
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These studies are single equation analyses dealing with the causal flow
of advertising expenditure to sales, but it is also desirable to analyze the
causal flow of sales success and gains in market shares to advertising ex—
penditure. Hence, in this study we will formulate market shaze equations
as well as advertising expenditure equations, indicating their simultaneous

relationship.

Advertising outlay may very well be regarded as a form of investment
or capital formation. Using this concept, Nerlove and Arrow [12] provided
a dynamic solution to the problem of establishing an optimal advertising
policy for firms which are present value profit maximizers. In this paper,
their solution is modified to the case of a firm which is a present value

sales maximizer subject to present value minimum profit comstraint.

Once the optimal advertising policy is given, and the advertising ex-
penditure equation is formulated, the depreciation rate of current and
past advertisement, or what Nerlove and Arrow call goodwill, will be

estimated.

In the earlier investigations of Palda and Telser on the effects of
advertising expenditure on sales, the Koyck lag was assumed g priori. To
determine whether this particular lag formulation is indeed valid or not
for ocur empirical case study, we will employ gamma distributed lags as

proposed in [21] which can treat the Koyck lag as a special case.

In short, using a case study of a firm, the present paper proposes to do
the following: (i) analyze the simultaneous determination of advertising ex-
penditure and market share; {ii) formulate an optimal advertising policy for
a firm whose behavioral goal is to maximize present value of sales subject
to the minimum level of present valued profit; (iii) estimate the depreciation
rate of goodwill, and (iv) check on the validity of the Koyck lag formulation
using gamma distributed lags. Once the similtaneous model is estimated,
then we will analyze the effects of the competitors' reaction (through an
inerease in their advertising expenditures) on the market share of the

firm by making simulation exercises.




The organization of the paper is now in order: BSection II presents
behavioral hypotheses relating to industrial demand, market share, and
advertising expenditure. As background knowledge for the reader, a brief
discussion of the Japanese pharmaceutical industry and its market structure
is given. ©Section III presents the estimated model, and its results are
evaluated in Section IV. Finally, in Section V, the competitors' reaction
to the firm's advertising policy is examined through some simulation

exercises.

II. BEHAVIORAL, HYPOTHESES OF TNDUSTRIAL DEMAND, MARKET SHARE AND ADVERTISING
EXPENDITURE

2.1 Japanese Pharmaceutical Industry and Its Market Structure: The Japanese

pharmaceutical industry has grown in terms of output 4.8 times in the ten

years between 1959 and 1968. Approximately 60 percent of the industrial output
is produced by eleven companies, although the number of firms in the industry

is said to be around 2,300. The combined market share of these eleven companies

(3)

the net sales of the top nine companies during the latter half of the 1968

in ethical drug is estimated to reach 80 percent. Table 1 below presents
fiscal period. The table indicates three groups of companies smong the top

nine firms: +the first group is Takeda alone vwhose sales are more than three
times as large as those of Sankyo, the second largest. The second group consists
of three companies whose sales range between 20 and 24 billion yen, and the

third group consists of five companies whose sales are 11 to 1L4.5 billion yen. The
Eisal Company wﬁose case we are analyzing belongs to the third group. However,
the company is growing fast at the rate of 11l percent over four years between

1964 and 1968.

(3) The pharmaceutical products are conventionally divided into two
categories: "over—the-counter products" are those sold in
drug stores, "ethical products" are those sold to hospitals.
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Table 1
Net Sales and Growth Rates of Top Nine Companies

Company Net BSales Growth Rate
(100 million yen) (1968/196k)

Group T

Takeda 780 L5.5%
Group II

Sankyo 240 43.0

Shionogi 220 33.5

Tanabe 206 29.5
Group III

Fujisawa 145 75.1

Eisai 130 111.0

Yamanouchi 127 81.0

Banyu 120 119.3

Daiichi 112 36.9

Source: Nihon Keizai Shinbun, June 20, 1969

One of the major reasons why the industry has grown so rapidly up to the
present is that many companies have obtained licenses or know-how for manufactur-
ing new preducts from foreign companies. This fact is illustrated in Table 2
which presents research and development (R&D) expenditure, the number of "star"
products whose sales values are over 100 million yen per month, and the number
of "star" products which are foreign license-based among the leading nine

companies.

Except for the Eisai Company, all other companies have fairly high pro-
portions of foreign licensed products among their "star" products. The stimulant
of foreign licensing is expected to dwindle rapidly in the near future due to
changes in strategies of foreign pharmaceutical companies. With the expected
'liberalization of capital' (as it is phrased in Japan), many foreign companies
are already "landing" in Japan either to open their own subsidiaries or to
buy up existing Japanese firms, rather than continuing the past strategy of
selling "know-how" to the Japanese companies. If the Japanese companies are
to survive or to compete with foreign subsidiaries, they will have to develop
their own products. Consequently, the R&D expenditure may become a key factor,

together with advertising expenditure, in determining the future of any firm.
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Table 2

Research and Development (R&D) Expenditure and
Star Products of the Top Nine Companies

R&D Expen-— R&D Expen-— Star Product| Star Product | (&)/(3)
Firm diture, diture/Sales| Selling 100 | under foreignj x 100
(100 million| Ratio million yen | license
ven) (%) per month (%)
(1} (2) (3) (4) (5)
Takeda 37.0 5.2 27 8 29.6
Sankyo 17.5 7.7 10 2 20.0
Shionogi 15.¢ T.9 11 8 T2.7
Tanabe 15.5 7.8 11 b 36.3
Fujisawa 12.7 9.3 10 T T0.0
Eisai 15.1 12.2 Y 0 0.0
Yamanouchi 9.0 T.T 5 3 £0.0
Banyu 2.3 2.0 6 L 66.7
Daiichi 9.7 9.3 8 3 37.5

Source: Nohon Keizai Shinbun, June 26, 1969

2.2 Consumer Demand for Pharmaceutical Products: The demand for pharmaceutical

products is based on two propositions: the additive utility functions and
the Gompertz curves.

The proposal of additive utility functions by Frisch (1959) and Houthakker
(1960) has been quickly adopted to & number of empirical applications, since
one can easily derive explicit consumer demand functions from it. From the

maximization of an additive utility function

(2-1) u(xl,.:.,xn) =,ul(xl) + ...+ un(xn)

subject to budget constraint, Sato [16] derived a system of demand functions
of the form

(2-2) dlnx; =n; dln Y/Pa -on; d1n Pi/Pm , i=l,.4.n

where X the quantity of good i+ demanded by a consumer

=
n

the money income of the consumer

the price index with average share weights, i.e.
= 3 1n P, =
d 1n P= 16,4 In P, 6.=P.X /Y
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Pm = the price index with marginal share weights, i.e.
d 1In Pm = Zuid In Pi’ ui= Pi(axi/BY)
n, = the income elasticity of demand for good i
0 = overall average elasticity of substitution ( 1/¢ is egual

to the income elasticity of the marginal utility of income).

(2-2) suggestfdouble-log-demandlfgnctions(y)

{2-3) In x; = n,lIn Y/Pa ~on,1n Pi/Pm +Y; » i=l,...0m

and we shall use (2-3) in estimating the demand functions for pharmaceutical

products.

As we noted in Section 2.1, the Japanese pharmaceutical industry is
characterized by fast growth. When industry is growing fast, a major concern
is to identify when the pace of fast growth will slow down. A mathemstical
function to express the life cycle of such growth may take the form of a
logistic curve. The usual logistic curve is given by

x¥

(2-4) X, = ————
1 1 +1!1e_mt

while the Gompertz curve is given by

"
(2-5) x5 = xga , 0<Bh<1l

where xg is the expected demand for commodity i. The differentiation of
(2-4) and (2-5) respectively yield

dxi xi
(260 g o=exll-—x
i
L ¢ 1n x; 1 dx,
(" 4 j—— *_ - *_
(2=T7) ot X Tt In b(ln x# xi) B(1n x¥ Xi)

(4) In order to integrate (2-2) to derive (2-3), one has to assume constant
coefficients, and as Sato [16 ]says this is indeed a stringent assumption,
but (2-3) is usually adopted in empirical studies as an approximation.




-7 -
where B= - 1n b and it may be called a reaction coefficient.

The usual logistic curve (2-4) has a property that it is symmetric around
the point of inflection, while the Gompertz curve is not. Which curve should
be adopted is an empirical question. After preliminary examination we found
that our data tend to support the Gompertz cuuc've.(5 ) Then feollowing Chow [ 2]

(2-7) may be approximated in discrete form

— — = % -
(2-8) 1n X5 4 1n i 41 Bi(ln X% ¢ 1ln Xi,t—l)
or
m,-1
i . m,
-5 )1 = - * -
(2-8) 1in X g 6ikio(l Bi) 1n Xt ok + (1 Bi) 1n X om,
my=L !
_ K .. 3
Bikfo(l 8L 1n xf,e * (178;) TIn *1,tm,

where xs - is the initial value of X, and L is the distributed lag operator
s U™l

(6)

{or the backward shift operator) ', and as mi + o , e will have

(5) (2-6) and (2-7) may be approximated in discrete form by putting dxi=A x

and dat= At: 1%
AXi t© o
-0 N R T 1 . )
(2-6) X, ¢ x* Fi¢ -1
it
=T )1 = ®
and (2-7)})' Aln X5 4 B;1n x¥ 4 B;1n X5 b1
Then given data we may plot Axi,t/xi,t against Xi,t—l and Aln xi,t against

1n X; £l and see which may fit better into a linear function. Our data suggest
- :

the choice of the Gompertz curve over the logistic curve.

(6) The word distributed lag operator is the term used in econometrics, whereas
’ backward shift operator is used in . electrical engineering and
statistical time series analysis. This operator forms an algebraic space
of a linear operator and in the frequency domain (i.e. Fourier transform)
we have L# exp(-i2mfA), whereA is the time interval. An interested reader
should consult [11 or [3]1 . B(L) in (2-9) is called the transfer function
or, in its Fourier transform, generalized frequency function.
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B.
- = s % = (L) % = %
(2-9) 1n Xi,t l=(l=B£)L in Xi’t 6 1n Xi,t B(L) 1n xi,t

provided that lsi|< 1 and |(1- Bi)LI <1, and &(L) = B;, ¥(L) = 1-(1-B,)L .

The transform function B(L) in (2-9) is the Koyck lag with the moving
‘average operafbr O(L)= Big aﬁ&'%ﬁé"aufarégreésive operator ?(L)=l—(1—Bi)L. In
many empirical studies the Koyck lag is estimated by premultiplying (2-9) by
the autoregressive operator ¥{L) and then rearranging terms. However, it is
well known that this transformation generates an autocorrelsted disturbance
term and the ordinary least squares (or for that matter any simultaneous esti-
mation procedure which does not take care of autocorrelated error terms) estimates
will generally be inconsistent.

Faced with this problem, we may directly estimate B(L) from (2-8)':

Ifm; is sufficiently large, the last term of (2-8)' may be treated as constant.

Then our basic demand function to be estimated is given by

- = ¥ 0+ +
(2-10} 1n X5 4 B(L)1n x4 Yo,i U ¢
m,-1
: k k o
k=0 i
and u, is the disturbance term.

it

The coefficients of L in the polynomial B(L) in (2-10),8; 1> Will be
geometrically declining as the power k increases. One empirical question
one might ask is whether the given data will indeed imply the Koyck lag. To
answer this question B(L) in (2-10} is represented in more general form by
the gamma distributed lags proposed in [211,'{Bi’k= ksi_l e 5 » where s,

is an unknown parameter to be estimated, and for this purpose we use the

(7)

investigation indicates that the coefficient of Lk indeed declines as the

nonlinear least squares estimation technique [11]. If preliminary

(7) The consistency of the nonlinear least squares estimator under certain
regularity conditions is proven by Hartley and Booker [8] . To estimate
the gamms, distributed lags it is necessary to give a priori the value
of mi, i.e. the length of lags. We allowed as great a mumber of lags as

possible with our data. This point is discussed in Section IV.




-9 -

s.-1
Koyck lag indicates, then the gamma distributed lags, {k - e £} are replaced

by {e_aik } which can be shown to be the Koyck lag, and the equation is re-

estimated with this particular form of the gamma distributed lag.

The Gompertz curve formulation (2-8) may be interpreted as the usual
adaptive adjustment process in log-linear form, and we may represent the
expected demand, x¥ by (2-3). Then from (2-3) and (2-10) we will obtain

>

t

= niB(L)(ln Yt/Pa -0ln P, /P ) +vY., +u.

1
(2-10) 1n .t it/ T m,t i,o i,

*i,t

where ! is the new constant term. BSince the price index with marginal
i,o

weighting: Pm is wvirtually impossible to obtain, we will represent'Pm by the

price index with average weighting, Pa' Rather than estimating the over-all

average elasticity of substitution ¢ from (2-10). we will use the estimate

of the Japanese Economic Planning Agency given in Sato [16] , which is

o= .687.(%)

The demand equation (2—10)'is estimated for the following eight product
groups on a per capita basis: (i) agents affecting the nervous system and
sensory organs; (ii) cardiovascular agents and agents affecting respiratory
organs; (iii) agents affecting digestive organs and agents for uro-genital
and anal organs; (iv) vitemin preparations: (v) nutrients, tonies and alter-
natives; (vi) dermatological agents; (vii) chemotherapeutics and antibiotic
preparations and (viii) miscellaneous pharmaceutical products. This clessifi-
cation conforms to the practice in the industry. TFor the income variable,
Yt/Pa,t; we shall use per capita real personal consumption and medicare expendi-

ture. Pa is represented by the price index of consumer expenditure.

(8) 0 can be estimated directly from (2-11). However, our data indicate a
strong multicollinearity between Yt/Pa & and Pi t/Pa & thus making the
L] ? 3

estimation difficult. This is due to the fact that while the real
expenditure of the consumer has grown steadily, the price index of pharma-
ceutical product i, P, _, relative to the price index of consumer expendi-

ture, P_ . has tended” *“to decline.
>




- 10 -

2.3 Market Share Determination: Whether a firm tries to expand its market share

or not depends upon the firm's behavioral goal. One of the main objectives of the
Eisal Company is present valued sales maximization subject to a minimum level of

the present value of profit.

If the demand for the industry as a whole is given, then sales maximization may
be interpreted as maximization of the market share, provided that the firm is a price

(9

taker. Amcng the variables the Company controls in order to increase its market
share are advertising expenditure and research and development (R & D) expenditure.
The relationship between the R & D expenditure and the development 6f new products

is now receiving more attention and so it should. As much as we would like to
explore this further, the available data on R & D activities of the firm we invest-
igated are too rough to enable thorough analysis. Consequently, we will focus here
on the relationship between market share and advertising expenditure. For this pur-
pose, we formulate a simple hypothesis that Eisai's expected share of total industrial

demand is proportional to its share of advertising expenditure:
(@-11) 1n (2 ) =, InCot x, ) GO
i, e T W BO_ 1.t

and we introduce the usual adaptive adjustment process:

= e _ (11)
(2-12) 1In Ei,t in Ei,t—l = Bi(lnEi,t In Ei,t—l)
where Xi £ industrial demand for the i-th product at time t
-]
Ei e = expected demand for the i=th product of Eisai at time t
3

(9) How prices of pharmaceutical products are determined will be discussed at the end
of Section IV.

(10) The hypothesis expressed in (2-11) is not as simple as it may look. Many
Japanese pharmaceutical firms regard sales and advertising promotion activities
as the only means of increasing their market shares and sales. Eisal is quite
sensitive to the sales and advertising promotions of its competitors and it
makes an effort to keep up with (or overtake) its rivals in these activities.

One may wonder whether the two variables, AE_ and AO_ in (2-11) should be re-
placed by the advertising expenditure for a particular product, AE, and AO, _.
We have information on AE, _ and A0, .. We have information on AE.’  but not’
on AO £ Furthermore, a&ﬁertisingléxpenditure by the firm tends ~° "~ to have

a spiil—over effect in the sense that even if the advertisement is on product i,
it may serve to promote any other product of the Company.

(11) (2-12) may imply the Gompertz curve formulation as in (2-8)., The reason why
we chose the logarithmic adjustment process is because this formulation implies
constant elasticity of demand with respect to advertising expenditure and the
constant elasticity i1s assumed in deriving the optimal advertising policy. See
Section 2.4.
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= gectual demand for the i-th product of Eisai at time t

i,t
AEt = net stock of effects of current and past advertising
expenditure, or goodwill, of Eisai at time +
AOt = net stock of effects of current and past advertising

expenditure, or goodwill, of companies other than
‘Eisai at time t.

From (2-11) and (2-12) we will obtain

n,—-1
i

AR n.
: k t-k i
o (1-6,)" In 10, Xtk T (1-6,) "In E,

(2-13)  1nE; =8, L

+
i
where y; 1s a constant term containing (1-91) and W, If n, is sufficiently

large, or if (l—ﬁi) is sufficiently small, then treating the tern,

n,
(l—Bi) 11n E; ., 88 zero may not incur much error. (2-13) indicates
9 UL™Ll.

i
again the Koyck lag. Here, however, we will examine whether the Koyck
lag coefficients are indeed valid or not by adopting the same procedure
as we discussed in the estimation of the industrial demand functions; thus
the equation to be estimated becomes

AE

t
- ' =
(2-13) 1n Ei,t ¢(L) 1n Aot Xi,t oYy ot ey

where e., is the disturbance term, and the transform function C(L) is given

it
by the gamma distributed lags:
2t 5;71  x _x-1 n -tk k-1
g(n) = X k e L or ¢{L) = e 1™y
k=1 k=1

(2—13)f will be estimated for the following six product groups:

1,t—ni

(i) ageﬁfs affecting the nervous system and sensory organs; (ii) cardiovascular

agents and agents affecting respiratory organs; (iii) agents affecting digestive

organs and agents for uro-genital and anal organs; (iv) vitemin preparations;

(v) nutrients, tonics and alternatives; (vi) dermatological agents. We
will treat the two remaining product groups as exogenous variables, since
the Eisai Company just began producing chemotherapeutics and antibiotics

(group vii) in the second half of 1967, and since miscellaneous products




- 12 -

(group viii) represent at most 3% of the total sales of the company. For
the estimation of (2-13)' we will use the nonlinear two-stage least squares
used in [22].

2.4  Advertising Expenditure: In Section 2.3 we indicated that the Eisai

Company's goal is to maximize the present value of sales subject to a minimum
level of the present valued profit; Under this proposition let us derive
an optimal advertising policy as follows. First we start with the following
three assumptions.

(1) The firm's net stock of effects of current and past advertising

expenditure, goodwill, obeys the formula

(2-1k) A+S8A=a, or g=A+8A-2a=0

where A = a is current advertising expenditure and. § is

at
the depreciation rate of goodwill.

(2) The firm's market share function is given by
(2-15) m = m(A, z)

where z is any other variable (it can he a vector) which the firm
does not control, e.g. A0. The industrial demand, Q, is given by

the consumer's choice:
(2-16) Q = Q(Yd/Pa, P/Pa)

where Yd/Pa, is per capita real income and P is the price index of

consumer expenditure. Then the firm's demand :qr-is
(2-17) g =mQ = q(4, P, z.)
where =z, 1s again a variable exogenous to the firm and includes Pa'

1

(3) Given the cost function

(2-18) ¢= ¢(q)
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the profit, I, is given by
I = Pq -C(q) - a = Pq(4, z,) - C(qa) - a = R(P,4, z,) - a

where P is the price of g. Then the minimum level of the present

valued profit to be maintained, I¥, may be given by

o2

(2-19) I* =/ e tp-q(a, P, z,) - cla) - a} at = fo, ¥ at

§ 1

where r is the discount rate.

Our problem is now stated in the following Lemma.

LEMMA 1: Under the assumptions (1), (2}, and (3) above and given

the initial value A(O)=AO, the time path of A which maximizes

o0 [+2]

(2-20) e poq(a, P, z)at = /@ at

subject to the constraints (2-14) and (2-19) is given by

w

A= — ——=C'q
(§-1)(8+ r)
= _.ajs --]Lj- = —q--—a -——A . 1 = —-———BC
where § ~3P Tq w= 5 g and C 5q °
PROQF: This is an igoperimetric problem. Let
(=] [s.+}

H( A, P,H,, A) = fO- {e = MY- l(‘t)g} dt =f F 4t
0

Then the necessary conditions for a maximum are given by the following Euler

equations:

(2-20) Fy - —EfFA =0

(2-21) F. .- dF =0
a dta

(2-22) F. - —Q-F. = 0.
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{2-20), (2-21) and (2-22) become

4, _ v, da _ o rb, _ 3C, dg
(2-23) ¥, - thA Paa —ve (P -0 op

6A(t)+»—%£k(t) =0

(o—24) F. -7 = pe TP 4 a(e) =

(2-25)  Fp- 2P =g+ P L _y(grp B2k,

1

|
=

]

From (2-24) we obtain

(2-26)  Alt)= ~ue™™t, ana —%gk(t) i

Il
H
(]

Sybstituting (2-26) into (2-23) and rearranging the terms we have

3q _ , -
P s w(p Bq) +OU + YU =0
or p %%
(2=27) wu =
(P - c")32 (64r)
where C' = %%-. On the other hand from (2-25) we obtain
(-28) = ——alL=8l
ot
where §=hjg%-jﬁ—: Equating {2-27) to (2-28) and rearraning the terms we get
(2-29) A= = C'lq =kC'q
(§- 1)(8+ r) 1

A _ W
where w= 3> and k) = E Y (Ger) )
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(2-29) gives the optimal advertising policy. Whether or not the pro-
portional factor kl stays constant will depend on whether w, §, §, and r are
constant. Our demand function (2-2) implies a constant price elasticity ol
and we have formulated (2-11) and (2-12) to conform to the constant elasticity ;
with respect to goodwill, w.

In actuality the optimal condition (2-29) may only be attained with some
adjustment over time, and thus we apply Jorgenson's investment function [10]
as follows. (2-14) indicates that current advertising expenditure, a, consists
of net goodwill investment, A, and replacement, $A. Now suppose the net goodwill
investment in a discrete time period, NAt, is given by

(2-30) NA, = T(L)( A: -

t t—l)

*
where T(L) is the transform function and At is the expected goodwill at time t.

Then the current advertising expenditure, PREt, will be given by
(2-31) PRE, = NA, + 0AE, . = t(L) (&) - A, ) + 6
-31 REt = NAt AEt—l = T(L Af - At—l + AEt—l

and if we treat (2-29) as representing the expected net stock of goodwill,
then (2-31) now becomes

(2-32) PRE, =k T(L) (Cla, - C} ja. ,) + SAE, ..

We do not have the mafginal ¢ost estimate, C%, 80 let us represent Céqt by
the net sales wvalue, Vt' This is equal to the assumption that the marginal
cost is proportional to the price. AEt—l in (2-32} is the net stock of
goodwill, and given the identity

AEt = I\TAt + 6AEt_l

and (2-31), we will obtain

% )
(2-33) AE, = PRE, +(1-8)AB, = z (1-8)"prm,_ + (1-0)"AE,_, .

If § is sufficiently large or if % is large, we may treat the second term as

zero. Substituting (2-33) into (2-32) and adding the disturbance term €,
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we obtain

b
(2-34)  PRE.= k(L) (V, -V, ;) + & kEO(l—S)kPREt_k_l) re,

It is better to have a large integer value for £ on the summation sign of
the second term above, but this is constrained by the availability of data,
and in our empirical estimation we have to set % equal to 7. As in the
demand and market share equations given earlier, let us represent the coef-
ficients of ¥ in the transform function T(L) by the gamma distributed

lag coefficients {ks_le—k} .

For estimating the market share equations
(2-13) and the advertising expenditure (2-34) we shall use nonlinear two-

stage least squareg%2)

ITI. THE ESTIMATED MODEL

On the basis of semi-annuel data for twenty-one observations from the
second half of 1959 to the second half of 1969,(13) the behavioral equations
presented in the previous section are estimated by such methods as nonlinear
least squares (NLLS) and nonlinear two-stage least squares (NL2SLS). B® denotes
the coefficient of determination adjusted for degrees of freedom, and DW
indicates the Durbin-Watson test statistic. The figure just below a coef-
ficient is the estimated standard error of the coefficient. —%— . or-%%—

in front of each gamma distributed lag is to make the sum of the lag coefficients

equal to unity, e.g. G = ne ¥k , and Z =% 517K,

The List of Variables

The variables are given in alphabetical order. An endogenous variable

in the system is indicated by an asterisk in the upper left hand corner.

(12) The statistical properties of this procedure (e.g. consistency) are not
known yet. This will be discussed in Section IV.

(13) This does not include the lagged observations necessary for the estimation
of the distributed lags.
The Eisai Company has a half-a—year fiscal period of April-September
and October-March., All the data were arranged to conform to this fiscal
period classification.
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net stock of goodwill of Eisai at time t, millions of 1965 yen

net stock of goodwill of ten companies excluding Eisal at time t,
millions of 1965 yen. These ten companies are, in . . alphabetical
order, Banyu, Chugai, Daiichi, Dai-Nippon, Fujisawa, Takeda, Tanabe,
Sankyo, Shionogi and Yamanouchi.

Eisai's sales of chemotherapeutics and antibiotics at time +.
millions of current yen '

Eisai's sales of cardiovascular agents and agents affecting respiratory
organs at time t, millions of 1965 yen

Eisal's sales of agents affecting digestive organs and agents for
uro-genital and anal organs at time t, millions of 1965 yen

Eisai's sales of dermatological agents at time t, millions of 1965
yen
Eisai's sales of agents affecting the nervous system and sensory

organs at time t, millions of 1965 yen

Eisai's sales of nutrients, tonics and alternatives at time t,
millions of 1965 yen

Eisal's sales of mistellaneous products at time t, millions of
current yen

Eisai's sales of vitamin preparations at time t, millions of 1965 yen
total population at time t, thousands of persons
price index of consumer expenditure at time t, 1965=100

industrial price level of pharmaceutical product i at time t,
1965=100, i=NS,CR,D,V,NU,DER,BC and OT

price index of Eisai's i-th product at time t, 1965=100, i=NS,
CR.,D,V,NU, and DER

Eisai's advertising expenditure at time t, millions of 1965 yen
net sales of Eisai at time t, millions of current yen

per capita industrial production of chemotherapeutics and antibiotics
at time t, thousands of 1965 yen

per capita industrial production of cardiovascular agents and agents
affecting respiratory organs at time t, thousands of 1965 yen

per capita industrial production of agents affecting digestive
organs and agents for uro-genital and anal organs at time t,
thousands of 1965 yen

per capita industrial production of dermatological agents at
time t, thousands of 1965 yen
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g = per capita industrial production of agents affecting the nervous
system and sensory organs at time t, thousands of 1965 yen

g = ber capita industrial production of nutrients, tonics, and alternatives
at time t, thousands of 1965 yen

= per capita industrial production of miscellaneous pharmaceutical
products at time t, thousands of 1965 yen

per capita industrial production of vitamin preparations at time €,
thousands of 1965 yen

= industrial production of the i-th product.at time t, miliions of
1965 yen, i=NS, CR,D,V,NU,DER,BC, and OT

= per capita real personal consumption and medicare expenditure at
time t, millions of 1965 yen.

Industrial Demand Block

6 P
1 -ak NS, t-k+1
(3- 1) 1n =1.5036 =— L e (lny - 687 lp—/————)
NS, (0592) O et £-k+1 P,
- 15.6587
{.5299)
R = .972
a= 2.0927 DW = 1.16
(.7082) NLLS
1 Y sk PoR, b+l
(3- 2) In Xqp = 2.0148 - L ko e (in Ve k+1—.687 lnfir~4—————')
> (.0759) k=1 - d,t-k+l
- 20,6476
(.5180) §2 - o0
s= T7.1389 _
(1.1370) Dw = 1.72
NLLS
1 W P
(3- 3) 1n Xy = %.gilg)—af- I oe (1n yt—k+l—'687 in PDU,t-kﬂ )
.043 k=1 4, t-k+L
- 15.1h490
6 = .6635 (-3805) B = .983
{.5768) DW = 1.50

NLLS
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3
_ L -ak -
In xy ¢ = %'égig) A kile (1n ¥y _y4q--68
-12.5928
(.0118) R =
‘a= 15.0290 DW =
(.1145) NLLS
3
- A -ak -
o sy 508 2
-17.56Th
a=1k.4689 (.0059) R =
(.0883) W =
NLLS
- 15 L3 -ak(y -.6
in XDER,t—('065g) G k;le DV k+1”
a= 13.0273 (.0025) -
(.0058) DW =
NLLS
1 6
1t Fp,e” 1 gg;?)_é"i (0 ¥ e~
- 13.4777
a= 2.0750
(.8883) (-3035) Ee =
DW =
NLLS
12

P
—k+
7 ln——ELEJ&jE)
d,t-kt+1

P
K+
687 1n—Uaboktl
d,t-k+l

.987
182

P
~k+
87 1n DER,t-k+1 )
d,t=k+1

.881
.582

P
—k+
687 1n—tlatoktl
d,t=k+1l

.988
1.19

1 - For, t=k+1L
.5011 —1—-2 k5t ¥(1n Vo687 1n O, okt

*or,t” (.1326) 2 k=1

- 6.8940
s= 2.0757 (1.1057) g2 .
(.775T) DV =

NLLS

d,t-k+1

JA72
h72
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(II) Eisai's Market Share Equations

6 AR
(329) InE . . = 717 =1 & 2K 1p( —tktl )
NS,t (T oros) © g R0, XNS  6-k+1
a= 2.04Th + 1.1036 —
(1.0766) (.5860) R° = .927
DV = 1.91
NL2SIS
3 AR
(3-10) 1n 658k —— 5 7O 1p( okl 4 )
BoRr,4 ( on53) C g RO, ,,, CR,t-k+l
+ 2.3852
(.0222) e
a=T.8000 DW = .31
{.0684) NL2SLS
T AE
(3-11) 1n Jihog z K5 L™ 1p( =kt 4 )
Enu,t ( o131) RO, . DUkl
+ L.3502
- (.6463)
s A
' DW = .69
NL2SLS
T AE
(3-12) 1n B, . = 1.h7h3 =t 5 oK 1, t‘k+l
Vot (1282) G k=1 ROy 1 RREL
_(h.777h)
1.1929
—2
a= 7715 R = .918
(.4652) DW = 1.31
NL2SLS
T AE
(3-13) 1n = 1.5202 —+— 5 x° LK 1p “k+1
UK (.2109) 2 x=1 O k41 e
ie 5,006
= 3.6219 (3.2992) EQ = .803
(1.8833) DW = .52

NL2SLS
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1 T AR

-1 -k +-k+1
(3-14) in E =1.5510 — % k° 1n( ——== )
DER,t (-3833) Z el 80, 4.1 XDER,t—k+l
(2.493L) §2 _ sue
s = 3.4408 T
(1.1056) DW = 2,95
) NL2SLS
(III) Advertising Expenditure
(3-15) PRE, = .5902 —l—-g e (y - V. ) + .hhok AR
t (- 1557) Z ymq t-k+1~ 't-k (J0328) t-1
s = 2.7009 R = .988
(1.4683) DW = 2.01
NI2SLS
(IV) Identities
(3-16) xi’t = xi,tNt i=NS,CR,DU,V,NU,DER,BC, and OT
(3-17) Ve = i PR, 4%i,6 Y Broe T Eor,t
i=NS,CR,DU,V,NU, and DER
T h
(3-18) AE = I (.5506)" PRE
t 2 t-h

IV. EVALUATION OF THE BEHAVIORAL EQUATIONS

k.1 Industrial Demand Equations: As discussed in Section 2.2, consumer

demand for pharmaceutical products was based on the additive utility function
and the Gompertz curve, Interesting empirical results associated with these

propositions may be the following points: (i) income elasticities, n




.

(1h)

lags. These results are in the estimated equations from (3-1) to (3-8),
and tabulated in Taebles 3 and 4 below.

(ii) oprice elasticities, on, and (1ii) time response form of distributed

Table 3

Estimates of Income Elasticities (fj,) and "Own-price"

Elasticities (6ﬁi) of .7 Japanese Pharmaceutical Products
Per capita demand - Income ~ "Own-price" s
product groups élasticities(ni) elasticities(cni)

with 8= .687
1. agents affecting the
nervous system and 1.50 -1.03

Sensory organs, X

2. cardiovascular agents
and agents affecting 2.01 -1.38

respiratory organs, XoR
3. agents affecting digestive
organs and agents for uro- 1.39 -.95
genital and anal organs, Xy
4. vitamin preparations, Xy 1.18 -.81
5. nutrients, tonies and
alternatives, Xy 1.67 -1.15
6. dermatological agents, - 48 -.33

T. chemotherapeutics and anti-
biotic preparations, Xp 1.28 -.88

+20 -.3h

8. miscellaneous products,

o

Table 3 indicates that except for dermatological agents, XDER’ and

miscellaneocus products, Xop» the estimated income elasticities, ﬁi’ range

(1) Sato [16] calls. on, "own-price" elasticities of demand.
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from 1.18 to 2.01, i.e. thel " estimated income elasticities are above unityng)

The estimated income elasticity of dermstological agents,

Nppge 1S A48, This

may be the result of changes in the living standard as the Japanese economy

has expanded: for example, frost bite used to be a common phenomenon during

winter, but as diet and heating facilities improved it has become rare except

in some rural villages.

Table &L

Time Response Form of Distributed Lags in
Industrial Demand Equations

time *§s *or *nu Xy Nu “DER *re Xor
lags _ _ _ﬂ, 7 _ _ _ _ _ 1
N5 e ™ (] (™Y ({7} | (Y| (5L E)
a=2.0927 | s=T.1389 |a=.6635]a=15.029| a=1k4.4689|a=13,0273| a=2.075 |s=2.0757

0 .8766 L0004 {4850 1.0 1.0 1.0 B74Lk [ .381k

1 .1082 .0102 | .2498 0 0 0 .1098 .2957

2 .013Lh .0bs2 | L1287 .0139 { .1683

3 .0016 .0973 | .0663 .0017 | .08Lk

h . 0002 L1408 | .03k1 .0002 | .0395

5 0 .1586 | .0176 0| .01L7T7

6 .1503 .0091 . 0077

T 1255 | .00LT .0033
sum of

coeffi-{1.0 7283 | .9953 1.0 1.0 1.0 1.0 .9980
cients

above

{15) One might wish to compare these estimated income elasticities of pharma-

centlcal products with income elasticities of other consumer goods in
Japan, The only source we have at hand is Tsujimura's work [20] reported
in {IT]- . His income elasticity estimates for 1960 are for more aggregated
expenditure categories. Among the 16 categories he studied, only five
register income elasticities above unity, and they are cereals; rent;
furniture and household equipment; recreation and entertainment; and
education and micellaneous. expenses. The estimated income elasticity of
the last item, under.  which = pharmaceutical products are classified,

is 1.07.
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On examining Table 4 to see whether the Koyck lags as indicated by
(2-10) are valid or not, we find that in seven out of eight groups the Koyck

(16)

agents and agents affecting respiratory organs, whose time response is well

lags indeed are appropriate. The exception is group II, cardiovascular
distributed over long periods: the sum of the coefficients after 8 pericds
amounts to .7283. On the other hand, the following three products have a

spontaneous time response: (i) vitamin preparations; (ii) nutrients, toniecs,

and alternatives, and (iii) dermatological agents.

To estimate the gamma distributed lags one needs to specify the length

of lags m in {%Eks_le—k}. In this study we first used the maximum length
k=1

of lags which were available from our data. When the estimated length of
lags was shorter than the maximum length of lags, we cut the length shorter
at the point where the lag coefficients were in the neighborhood of zero

(17)

and we re-estimated the equation. The maximum length of lags availsble

from our data for the industrial demand equations was 15.

4.2 Market Share Equations: The market share equation to be estimated was

given by (2-13)'. Table 5 below presents the time response form of distributed
lags:

(16) In the case of miscellaneous products the coefficients decline as a
Koyck type lag indicates. However, the Koyck lag formulation with {e
yielded much poorer resultsithan»With{ks—le—k}, Judged by such rough

-ak }

measures as the estimated standard errors and the coefficient of deter-
mination. Hence, the latter form was retained.

(17) The strategy of choosing m in {ks—le—k} is discussed in [21] . There
it is suggested that one may choose m such that the estimated variance
of the equation is minimized. This strategy tends to be costly because
it requires examination of the range of m, and furthermore the experiment
in [21] indicates that the estimated coefficients do not vary much over
the different values of m. Hence in this study we followed the method
explained above. For (3-4), (3-5) and (3-6), however, we retained the
lags up to the second period although the estimated Koyck type lag
coefficients, a, were around 13.03 to 15.03,indicating instantaenous
reactions.
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Table 5

Time Response Form of Distributed Lags in
Market Share Equations

time | s Ber Enu By By EpER
lags '{e_ak} e | e ™) '{e—ak} K51k '{ks—le_k}
la=2.04Th |a= 7.8 s= 3.9282 | a= .T715 | s=3.6219| s=3.4408
0 .8709 .9996 L0670 5377 .0964 .1180
1 112k .000k .1875 .2486 .2183 .2357
2 0145 0 2262 .11k9 .2326 .2333
3 .0019 .1932 .0531 .1819 L1732
Y .0003 .1366 . 0246 1201 .1099
5 0 .0857 011k .0713 .0631
6 .0k95 ,0053 .0393 .0338
sum of
coeffi-
cients | 1.0 1.0 L9457 9956 9599 9670
above

Table 5 indicates that in three out of six cases the Koyck lag

formulation holds, and especially, has an almost instantaneous

Eog>
response function. In three cases, i.e.,EDU, ENU’ and EDE

lags occurs around the second lagged pericd.

R? the peak of

In formulating the market share equations, (2-11) and (2-12), we
have assumed ' constant elasticity with respect to goodwill. Table 6
below presents the estimates of elasticities of Eisai produets with respect
to Eisai's goodwill. Three groups of products, i.e. vitamin preparations;EV;

nutrients, tonics and alternatives, E L and dermatological agents, E

N DER’
give t - elasticity estimates well above unity. It may be interesting to
note that these are the products in which Eisai has: had relative strength

compared to its competitors.
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Table 6

Estimates of Elasticities of Eisai Produets with
Respect to Eisai's Goodwill

Product groups Elasticity,Estimates

1. agents affecting the nervous systems 07
and sensory organs, ENS

2. cardiovascular agents and agents

affecting respiratory organs, Eog .66
3. agents affecting digestive organs

and agents for uro-genital and b

anal organs, EDU
k. vitemin preparations, Ey 1.k7
5. nutrients, tonics and alterna-

tives, ENU 1.52
6. dermatological agents, EDER 1.55

For the estimation of the market share equations, the nonlinear two-
stage least squares method [22]:was employed. The maximum length of lags
available from our data was six. Consistency of the nonlinear least squares
method was proven in {8] for cases in which the explanatory variables were
nonstochastic and bounded. In our case the advertising expenditure and
market share are simultaneously determined: at least the contemporaneous
market share and advertising expenditure are mutually dependent, thus in-
validating the assumption of nonstochastic explanatory variables. The non-
linear two-stage least squares (NL2SLS) is designed to 'purge' the explanatory
variables which are correlated with the error term from the linearized part
of the nonlinear equation in the same manner as the two-stage least squares
- method operates in the linear model. However, consistency of NL2SLS is not
yet known, and thus one might argue that one should use the maximum likeli—
hood (ML) estimation procedure such as [5] , since consistency of the ML

estimator has been proven by Wald [24]. However, it is usually difficult
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to verify that all of the eight assumptions Wald makes indeed hold for a
particular case. TFurthermore, there is always the problem of small sample
At best, NL2SLS estimates presented here should he treated as

an experimental exercise.

4.3 Advertising Expenditure: The advertising expenditure equation was given

by (2-32). Estimation of this equation presents the following two interesting
empiricel points: (i) time response form of distributed lags, and (ii) estimation
of the depreciation rate of goodwill, §. Recall that goodwill, AEt’ is given
by

)2

by (1-6)k PRE
=0

i}

AR t-k

where PREt is the advertising expenditure at time t. Due to the constraint
of limited data we set % at 7. Then the advertising expenditure equation,

PREt, is given by

T
k
= - + -
PRE, = k(L) (V, -V, ;) L (1-8)" PRE,_, , + €,

k=0

l s=1 -k _k-1 .

where T(L) = Ik e "L —, and €, is the disturbance term. The non-
=0

linear estimation method (NL2SLS) allows us to estimate &, which enters in
the equation as the 8th order polynomial. The estimated O is given in (3-16)
as 449k, This indicates that approximately 45 percent of goodwill will de-
preciate in one period (i.e. half a year), indicating a high rate of depre-

ciation.

(18) Given these difficulties one way of examining different nonlinear esti-
mation technigues is to conduct Monte Carlo experiments, although any
Monte Carlo experiment suffers from its intrinsic problem that results
depend on the particular specification of the model, nature of exogenous
variables and error term. Goldfeld and Quant [7].examined some aspects
of simple nonlinear simultaneous equations using the Monte Carlo method.
As exogenous variables for NL2SLS we used the following: population,
consumer expenditure, price index of consumer expenditure, competitors'
advertising expenditure, and the general price index of all pharmaceutical
products.
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We used this estimate of the depreciation rate to derive goodwill

of competitors, AOt, and hence it is given as

PRO

k
) t-k

7
A0, = YL (.5506
k=0

where PROt is the competitors' advertising expenditure at time t. To
obtain some measure of real advertising expenditure, we deflated the
current advertising expenditure by the price index of consumer services.
This price index is chosen because it reflects the range of advertising
activities of the pharmaceutical industry, i.e., from advertising in the

mass media to expense account entertaining.

The time response form of lags in the advertising expenditure
eguation is presented in Table T below, indicating that the peak response

cecurs at the first lagged period.

Table T

Time Response Form of Distributed Lags
in Advertising Expenditure Equation

time lags coefficients
-{kS—le—k}
5=2.7009

2411
.2883
.211h
.1269
.0682
.03k2
L0164

[ A Y IV ™)

Sum of coefficients
above .9865
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In the model presented.in Section III the prices of pharmaceutical
products of the industry and those of the Eisai Company were treated as exogenous
variables. This is due to the fact that in Japan the prices of ethical drugs are
determined annually by the number of medicare points each product can get from the
Medicare Commission. The prices of pharmaceutical products sold over the counter
are influenced by the prices of their counterparts in ethical drugs. Hence without
loss of validity in the model, the prices may be treated exogenously.(lg)
V. COMPETITORS' REACTION TO THE FIRM'S ADVERTISING POLICY: A SIMULATION

EXPERIMENT

The model given in Section ITI was solved by a modified Siedel method. First,
a sample period simulation was made to check whether the model explains the actual
values of the endogenous variables, and for this purpose the actual values of the
endogenous variables were used. The computed values of endogenous variables were
reasonably close to the actual values, judged by the Theil inequality coefficients
which ranged in our case from .003 to .09. Since there are no well developed
significant tests for the coefficients or for any other measure of sample period
simulation within the framework of finite sample distributions, the Theil inequality
coefficients given here should be regarded as a rough test of the workability of the

model.

After the sample period simulation was done, we made two forecasting exercises
for the four and half years between 1970,I and 1974.1 to examine how a
possible competitors' reaction to the Eisai Company's advertising policy

would influence the various activities of the firm. In the first

(19) This does not mean that there is no '"price cutting." This effectively does
happen, behind the scences and by personal agreement between the retail
salesman and the physician or pharmacist, usually in the form of adding a
bonus supply of drugs to the amount purchased at the official rate. The
costs of bonus supplies are regarded by the firm as sales and promotion ex-
penditures, rather than being interpreted as "price cutting" in the usual
sense of price competition, Recently the Japanese government banned the
practice of adding a bonus supply.
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forecasting simulation we assumed that the competitors' advertising activity
does not respond to that of the Eisal Company. In the second forecasting
simulation, we relax this assumption by introducing a "reaction function"
which expresses the competitors' advertising expenditure as a function of

Eisai's advertising expenditure.

First, we start with a basic forecast based on the set of exogenous
variables given in Table 8. 1In Table 8 most of the key exogenous variables
such as population, consumption, and medicare expenditure are based on the
time trend of the period from 1959.I to 1968.II. The assumptions which gave
rise to the exogenous variables are given under Table 8. If any other reasonable
forecasts of national economy are available, one may use them instead of the
time trend values.

The time trend estimate of consumption expenditure, CE,, gives an

s
average growth rate of approximately 2.76 percent per half atyear (or 5.6
percent per annum). The consumption expenditure has grown at an average rate
of 4.1 percent per half a year (or 8.4 percent per annum) in the five years
between October 1964 and September 1969. In view of this past performance

of the Japanese economy, 2.76 percent per half a year may be a conservative
estimate, if one supposes that the high growth rate of the late sixties is

+t0 be continued.

From the exogenous variables we have obtained the forecast values of
the endogenous variables. Forecasts of industrial demand for pharmaceutical
products are given in Table 9. Table 10 presents forecasts of the Eisai

Company's activities and its market shares.

Table 10 indicates that given the exogenous variables of Table 8, the
Eisai Company will double the value of net sales in four years from 170.6k4
billion yen in 1970.I to 371.5 billion yen in 1974.I, indicating & rate of
growth of 117.7 percent. As indicated in Table 1 in Section II, the Eisai
Company grew 111 percent in the four years between 1964 and 1968. Table 10
indicates that the company can expect to grow in similar fashion in the

coming four years,




- 31 -

Tsble 8

A Set of Exogenous Variables Used for the
Forecasting Exercises

1970.I 1970.IT 1971.I1 1971.II 1972;1 1972.I1 1973.I 1973.II 197h.I

N 103488 104006  10ks52% 105041 105559 106077 106594 107112 107630
CE 27076 27891 28706 29521 30336 31151 31966 32781 33596
MED 1192 1247 1302 1357 1h12 1h67 1522 1577 1632
PRO 45086 46529 48018 Lossh 51140 52776 54465 56208 58007

Assumptions
1. Population, N, grows according to the time trend of 1959.I1--1968.11I.

2. Consumer expenditure in billions of 1965 yen, CE, grows according to the
time trend of 1959.I--1968.ITI.

3. Medicare expenditure, MED, grows according to the time trend of 1959.I-1968.II.

k., Competitors!' advertising expenditure, PRO, grows at 3.2 percent per half a
year (average of 1959.I--1968.II growth rates).

5. The relative prices, P./P., in the industriel demand equations (3-1)--(3-8)
stay at the same level as in 1969.II.
The prices of Eisai Produects, PEi’ stay at the same level as in 1969.1IT

T. The rate of growth of chemotherapeutics and antibiotics of the Eisai
Company is the same as that of the industry.

8. The sale of miscellaneous products of the Eisai Company stays at the same
level as in 1969.II.

However, can the company expect to maintain such a high rate of growth 7
ih £ﬁé §59t the company was Sufficiently small and thus competitors have not
been sensitive to the expansion of the Eisai Company. If the company maintains
its high rate of growth by cutting into the competitors' market shares, the

latter will feel it necessary to react to Eisai's sales activities.

The fact that in the past Eisal's competitors did not react much to its

advertising activity may be indicated in the following regression over the
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Table 9

Forecasts of Industrial Demand Based on the Set of
Exogenous Variables Given in Table 8

1970.1 1970.1IT 1971.1 1971.11T 1972.1 1972.11 1973.1 1973.11I 197k.1
*§s 1.06k9 1.1123 1.1626 1.2138 1.2658 1.3185 1.3719 1.4261 1.4809
Xop .6023 .6829 .TTho 8755 .9799 1.0838 1.1846 1.2814 1.3749
X0y A737 L4997 .5239 . 5473 .5703 .5932 6162 .6393 .6626
xy .7159 .Th20 .7683 .TO46 .8212 .8478 8746 .9015 .9285
X L7622 .8018 .8h21 .8833 .9252 .9679 1.011h 1.0556 1.1006
. .2024 . 2054 .2083 .2112 .2140 .2169 .2196 .2223 . 2250
X4 807k .8379 .8699 .9024 .9351 .9681 1.0013 1.0348 1.0686
X 154 L1576 .1603 .1629 .1653 L1676 .1700 L1722 L1745
Xys 110206 115690 121515 127408 133615 139863 146240 152750 159389
xR 62329 71023 80999 91962 103438 114968 126271 137256 147980
Xy 49019 51971 54T6L 57489 60201 62927 65683 68479 T131T
X 74089 T7175 80302 83k71 86681 89934 93227 96562 99938
Xy 78883 83391 88024 92781 97664 102671 107805 113066 118455
- 20947 21362 217Th 22185 22595 23003 23410 23816 oho2]
Xga 83558 87146 90927 oL4786 98708 102694 106738 110843 115008
Xop 15975 16388 16757 17107 1747 17783 18117 18449 18779
X 495006  5241kh 555062 587277 620349 653843 687489 721220 755087
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Table

10

Forecasts of Eisal Activities

1970.I 1970.1I 1971.1 1971.11 1972.1 1972.11 1973.1 1973.1I1 197L4.T
Eyg 4086 4359 LETS 5041 5435 5865 6332 6841 7396
Ewn 3531 3942 Lh20 4968 5551 6163 6796 TL53 8140
L 2480 2593 2708 2826 2946 3070 3197 3330 3469
By 3965 4h35 4983 5643 6408 7297 8324 9513 10891
By 1943 2277 2640 3042 3505 Lok48 4678 5430 6315
LA 796 852 91k 990 1083 1192 1318 146k 1631
PRE L86Y 5252 5674 6165 6706 7311 7980 8728 9566
v 1706k 18641 20438 22537 24848 27431 30302 33526 37151
AR 7518 8139 8798 9553 10379 11300 12322 13460 14734
Market Shares
Eyg L0371 0377 ~0385 .0395 .0ko7 .0k19 .0433 .0Lk8 .okl
Eog .0566 .0555 .0546 .0540 L0537 .0536 .0538 .0543 .0550
Eny .0506 .0kg9 .0kos .0k92 .0489 .0488 .O48T .0486 .0k86
E, .0535 .0575 .0621 .0676 .0739 .0811 .0893 .0985 .1090
L .0246 .0273 .0300 .0328 .0359 .039k .0L3L .0480 .0533
E .0380 .0399 .0k20 .04k46 .0kT9 .0518 .0563 .0615 L0674
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sample period, 1959.II -~ 1969.II.

7
1 -3k
(5-1) APRO, = T.2746 —=— I e APRE,_ .. + 327.0957
(5.0017) k=1 (981.389L4)
=2 _
a=1.4952 R =.292
(1.84%01) DW = 1.18
| NLLS
where APROt = increment in the competitors' advertising expenditure at
time t

APREt = increment in Eisai's advertising expenditure at time t.

The estimated coefficients and the coefficient of determination adjusted for

degrees of freedom are hardly significant.

However, the competitors may now tend to react strongly against
Eisai's advertising activity. As an exercise, suppose that from 1970.I
the competitors' advertising activity begins to react as given in (5-1).
Then what will happen to Eisai's net sales and market shares 7 Table 11

presents the result.

From Table 11 we notice that Eisai's net sales, V, will increase by
58.9 percent in four years from 168.1 billion yen in 1970.I to 267.0 billion
yven in 19TL.I, and this is a marked decline from the rate of growth of
117.7 percent as shown in Table 10. If the Eisai Company is to maintain
its past high rate of growth in the face of the competitors' reaction,
the company will have to increase its advertising activities. Also it
will have to emphasize efficient research and development (R&D) expenditure

which may yield new products.




Teble 11

Forecasts of Eisai Activities When the Competitors!
Advertising Expenditure Reacts to that of Eisai as
Given in (5-1)
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1970.T 1970.II  1971.I 1971.II  1972.1 1972.I1I  1973.I 1973.IT  197k.I
L 3980 k129 4322 Lso7 4709 4906 - 5110 5317 5527
L 3hh1 3750 k122 Lhob 4893 5268 563k 5983 6318
. 2kT7 2577 2670 2754 2832 2905 297k 3042 3109
Ey 38k 4110 BT k725 5066 5413 5TTT 6159 6558
By 1931 2215 2ko1 2750 3019 3206 358k 3903 hoh3
EpgR 790 826 857 887 922 957 99k 103k 107k
PRE L4838 5109 5415 5683 5982 6261 6543 6832 7126
v 16807 17831 19109 20240 21551 22769 2Lok6 25360 26699

AE 7498 7965 8489 892k 9413 9863 10322 10788 11262

Market Shares

Eyg .0361 .0357 .0356 .0353 .0352 .0351 .03k49 .0348 L0347
Eg .0552 .0528 .0509 .0489 .0LT3 .0k458 vo:rm .0436 .ok27
By .0505 0496 .0488 L0479 L0470 .0k62 mo:mw .OLhh .0k36
Ey .0519 .0533 .0550 .0566 .058L .omom .0620 .0638 .0656
By L0245 .0266 .0283 .0296 .0309 .0321 .0332 .0345 .0358
E L0377 .0387 .0394 .0400 .0k08 .0k16 .0k25 .043L L0443

DER
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