Service Inventions: Article 29 of Patent Law states that an invention (and therefore the
patent) obtained by an employee as part of employment belongs to the employee. The
employer (firm or government) has the right to practice the patent provided employee is

given “reasonable compensation”.

Nakamura Shuji succeeded in developing the blue light emitting diode (LED) as
employee of Nichia Kagaku Kogyo. Red and yellow LEDs had already been developed
but development of blue was considered to be a decade away. LEDs low energy
property had numerous applications. Nakamura was paid 20,000 yen for the
invention in line with the company regulation on employee inventions. Nakamura
sued for “reasonable compensation” claiming that half of the firm’s net revenue of 120
billion yen can be attributed to the blue LED. The court ordered the firm to pay
Nakamura 20 billion yen. The firm appealed but eventually Nakamura received 6 00
million yen in an out of court settlement. This set off a series service inventions, and

firms such as Hitachi and Ajinomoto were sued.

The court rulings demonstrated that firm internal rules for rewarding inventions,
patent applications and patent registrations did not suffice as “reasonable
compensation”. In case of Olympus, firm regulation states that the firm pays the
employee 3000yen at the time of patent application, 8000 yen when patent was
registered and 200,000 yen when the patent generated revenue. Olympus was sued by
Tanaka Shumpei (inventor of optical pick-up device) for “reasonable compensation”. In
the final ruling, the Supreme Court ordered Olympus to pay Tanaka 2.5 million yen,
based on revenue of about 9 million yen. The final Supreme Court ruling in 2005 also
determined that revenues from abroad (based on foreign patents) should be included in

calculating “reasonable compensation”.

Research Funding

In 2006 total research expenditure in Japan was almost 18 million yen. Private sector
accounted for 80.7% of the total while government’s share was 19% percent. Of the
total government (central and local) funding of 3.4 million yen, 51.2% went to
universities, 40.4% to public research institutions (publicly funded facilities for

experiments and surveys). Only 4.3 % sent to private research. Looking the other

may increase probability of follow up (second generation) innovations taking place, but

it may reduce over all welfare by discouraging ex-ante licensing.
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way around, 50.9% of university research is funded by the government and only 1.2% of

private sector research comes from the government.

Share of government funds in total research expenditure was around 30% in the 1960s
but had dropped to around 20% by 1980. While government expenditure grew at rate
of around 20% in the 1960s and private growth remained around 15%, private
expenditure growth remained above 10% in the 1980s while the'government growth
remained below 10%. There was almost no research funding growth in the 1990s,
government expenditure growth remains close to 0 but private research funding has

been growing at around 1% since the beginning of the decade. (Figures 1 and 2)

Figure 1: Government R&D Funding
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Figure 2: Government R&D Funding
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Breakdown of 2006 university research expenditurel® by field was life sciences 23.2%,
information and communication 4.2%, material sciences 2.7%, environment 2.5%,
nanotechnology 1.2%, energy 1.5 % , marine development 0.42% and space development
0.22%. Breakdown for non-profit sector research was life sciences 19.1%, energy
17.7 %, space development 12.4%, environment 7.3%, information and communication
5.7%, material sciences 4.6%, nanotechnology 0.99%, and marine development 0.42%.

Private sector research was information and communication 21.02%, life sciences '10.1%,
environment 5.6%, energy 4.3 %, material sciences 3.3%, nanotechnology 0.99%, space

development 0.20%, and marine development 0.04%.

University Innovation

Japanese national universities became independent agencies in April 2005. The funding
system is undergoing a change. Universities are turning to intellectual property
licensing as source of funding. (Table 1). Patent applicajcions are on the rise for all
universities. In 2003 there were 32 national universities that had any revenue from
patents. The number increased to 83 in 2005. Total revenue increase from 543 million
yen in 2003 to 638 million yen in 2005. Nagoya University had the largest patent
revenue with 409 million yen in 2003 but the blue LED related patents are beginning to
expire and the university’s patent revenue dropped to 199 million yen in 2005. The
increase in over all revenue means other universities are increasing their patent
revenue significantly. The distribution of university owned patents seem to exhibit the

same skewedness mentioned in Chapter 8.

16 2006 Science and Technology Survey.
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terminant of fertility and labor supply.” Taking this observation into
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1 Introduction

This paper consists of two parts. First, we present a model of consumer
choice where children and consumption experience require both goods and
time. We demonstrate how change in marginal utility of consumption and
change in wages generate different relationship between fertility and labor
participation, i.e., possible source of the difference between cross section and
time series. In the second half, we embed a simplified version of this con-
sumer into a general equilibrium model with heterogenous labor and verti-
cally differentiated products. Through comparative statics, we analyze the
cause and implications of low birthrate in the long run. We show that the
feedback mechanism of the economy may not reverse the declining birthrate,
contradicting an implication of the Easterlin Hypothesis cohort effect. This
is because the labor market structure and product market adjusts to change
in birthrate and thus the cohort effect never materializes.

This paper is in the spirit to papers in growth and trade that take into
account the reaction of the economy in the long run (Acemoglu (1998), Flam
and Helpman (1987), Thoenig and Verdier (2003)). Acemoglu (1998) showed
that while in the short run, labor input is reduced in response to scarcity of
skilled labor and high wages, skilled labor supply increase in response triggers
technological change that makes skilled labor even more productive, raising
skilled labor wage in the long run. Our analysis suggests that a similar long
term adjustment of the economy will prevent a natural feedback mechanism
from working. That is, smaller population will increase marginal product of
labor more productive in the short run but consumption pattern will change

in the long run reducing such an advantage.



2 Re-examination of female labor participa-

‘tion - birthrate relationship

Large Time series among many OECD countries show negative relationship
between female labor participation and TFR (Figure 1) , while cross coun-
try in 2005 (average of years 1985-1996 as well as year 2000, Sleebos (2003),
d’Addio and d’Ercole (2005), Da Rocha and Fuster (2006)) show a positive
relationship. In Japan, although time series relationship has been negative
for 1980 - 2000 (Figure 1) , cross section among prefectures show positive
relationship in 1987 and 2002 (Figure 2). Obviously conditions that dif-
fer across regions in Japan are different from difference between two points
in time. We also note that countries with high per capita GDP have low
birthrates (Figure 3), suggesting low fertility may be correlated with high
consumption. In this section we introduce a consumer optimization model
to capture differences in income difference and quality of consumption.

. We assume that a utility of a household depends on number of children,
n, consumption of a good z. Both child rearing and consumption of a good
requires time. Number of children is determined by amount of good z., and

time devoted, £,

n=f(acc,€c), fz >Oafl>0'

Subscripts on functions denote partial derivatives. The utility of consumer is
actually determined by amount of z, which is consumption experience that

depends on amount of the good, z, and time devoted, ¢,
Z=g($,€), ga:>07.gﬂ>0-
Utility function is,
w(n, z),un > 0,u, > 0.

Budget constraint depends on price of good and wage, and labor endowment,
¢
px + pxe + wl + wl, = wh.

Figure 4 demonstrates the optimization problem. The opportunity set is
!

2



defined as,

{(zn)n = f(zc,€), z=g(z,0), plx+z)+wl+L)=wl}.

The frontier is downward sloping (see Appendix). It reflects the budget
constraint as well as the technologies, g and f.

We further index consumption ( consumption experience) by quality, Q.
Utility function is

u(Qz,n)

where z measures quantity of consumption. First-order condition for utility

maximization are,

fo _9:_ P

fe-ge w’ (1)
Un _ ~9z =

w O @)

Equation (1) implies less labor intensive consumption and child rearing method
will be used when wage increase. The time series of female wage has been ris-
ing in Japan would lead to less labor intensive methods which means greater
labor participation. Equation (2) implies better quality of consumption leads
to more consumption and less children.

Higher wage but not significantly higher quality means positive relation-
ship. However with the same higher relative wage and higher quality con-
sumption means negative relationship between labor participation and fer-
tility. Availability of consumption goods, such as entertainment and restau-
rants, is much greater in larger cities. This means higher (), meaning less

children and more consumption in cities.}

1For instance, there are 191 Tokyo restaurants listed in the Michelin restaurant guide,
compared to 64 in Paris and 42 in New York (Robinson (2007)). Same hours spend at a
Tokyo restaurant yields higher Qz on the average compared to other locations in Japan.



3 General Equilibrium with high quality prod-
uct and heterogenous labor

In this section we analyze a general equilibrium in which consumers have a
utility function that reflect the previous analysis, although somewhat sim-
plified. Consumers differ by two attributes, their preference and quality of
labor. Consumers choose either to consumer high quality product or stan-
dard (low quality) product. Child bearing choice differ according to which
product they choose, as well as if they are skilled or not. Skilled workers
produce the high quality product and the labor supply level determine the
level of quality. '

Consumers

We simplify the consumer’s problem so that she chooses between consump-
tion (z) and childbearing (n). Her preference is represented by the following

utility function which also depends on the quality of the good consumed, @,
U,(n,z) = (Qzf +nf)?, 0<p<L. (3)

Consumers preference, p, is distributed uniformly over [0,1]. Consumption
good is either the standard (low quality) @ = 1 or high quality @ > 1.
Consumer’s labor endowment is ¢ and wage is w which is also the oppor-
- tunity cost of children. Denoting price of the good by p, consumer chooses
consumption and number of children to maximize (3) with respect to the
budget constraint,

pr + wn = wél.

Each consumer’s consumption and number of children given quality @ is

determined by the utility maximization given the budget constraint,

Q¢ e l
Er @@y PO g O

(P, w; Q) =

1
where 0 = —— > 1.
1-p



Consumption is increasing and number of children is decreasing in quality,

as in the previous section. The indirect utility is,

1

v (p,w; Q) = £ (Q"(%)"‘1 + 1) )

The consumer must choose which quality to consume. If her marginal utility
from more consumption is relatively large, she devotes less resources to chil-
dren and has fewer children. If the quality is low and not as beneficial, she
derives utility by having many children. She compares the utility levels from
consuming each quality and buys whichever yields higher utility. We denote
the prices of the goods with different qualities by py and p. Consumer will
buy the high quality good when

Vo (PH, w; Q) > vo(pr, w; 1).

This condition is equivalent to,

InZZ

o<b6=——2—. (5)
ln‘;—;’ —InQ

Since ¢ > 1, there will be no demand for the low quality good if In % <ln@.
This occurs if low quality product is more expensive (pr > py) since @ > 1
and py > pr but the price premium for the high quality is small relative to
difference in quality. It does not depend on the level of income.
Consumer’s labor supply is the hours not devoted to raising children,
QO’

by (p,w; Q) = £~ (p,w; Q) = P = ‘ (6)

Markets
The labor each consumer supplies is either skilled (s) or unskilled (u). There
are total of N consumers, and 6 € (0, 1) of the consumers are skilled. Labor

endowment, /, is the same for both types. We denote wages for skilled and

unskilled by ws and w,. Production technology is constant returns to scale



in labor: one unit of skilled labor produces one unit of high quality product
and one unit of unskilled labor produces one unit of the standard product.
Furthermore we assume both products are supplied competitively. Thus we
have py = w, and pr, = w,.

One skilled worker’s demand for high quality product is , denoting relative
wage by { = 2= > 1 and using (4),

Hiey _ % L @l . Im¢
Ty (g) - za(wsawsa Q) = QU-—*-_]_, o< 0= lnf an
and demand for low quality is,
£HE) = 23w 04 Q) = ot 0> 6
(gt +1)

There will be positive demand for the low quality only if £ > 1 since £ = %*Li.
We make the following observation

Claim 1. High skilled consumers consume more of both quality, z(¢) >

21 (€) and <L(€) > aL(¢).

Total demands from all the skilled workers for high quality product and

low quality product are ,

Higy _ - Ligy — Ly,
XH(€) = 0N / 2(6)ds, XE(E) = 0N / ztdo

Similarly for unskilled workers, we have the individual demands for high

quality good,

Hion N Q°l . Img ‘
mu (6) _xo‘(w57wu’Q) - ga (QU§1—0+1)’ o< 0= lng an
and demand for low quality good,
L ‘ )
Loy (6) - xo(wuawua Q) 5 g>0.



Total demands for each quality from all unskilled workers are,

xi©) = [ oo, x40 = [ sterio

Since production of one unit of good requires one unit of labor, demand for
skilled and unskilled labor, L? and LD are,

LY(€) = ONXT(€) + (1 - O)NX](8), (7)
L7(€) = ONX(6) + (1 — O)N X, (€)- (8)

Labor supply is constructed in a similar manner from individual supplies.

Individual labor supply as function of relative wage is , using (6) ,

(7€) = 0w w4; Q) = Q?—:i, v<s
P€) = 05w, i 1) = g—lﬁ o> 6
B = i Q) = g 0 <5
O = Blwnwil) = o 0>0

Aggregation yields the total labor supply of each type,

Ne/ { Qd+1+(1—o) Qzal}da, )
N(Z/ {QU+§10 (1-49)5}@. (10)

It is easy to show, from (5), that & is decreasing in ¢ that LP and L% is

decreasing in £ = 2= and LS and L2 are increasing in £. Equilibrium relative
wage for a given quality level, £*(Q), is determined by the skilled labor market

clearing condition,
LJ(€) = L3(€)-

The unskilled labor market has cleared by Walrus Law.



Comparative statics

We first see how the equilibrium labor supply and relative wage change with
quality.

Claim 2. (i) LS, LS and L? are increasing and LY are decreasing in Q.

(i1) Equilibrium relative wages and level of skilled labor are increasing in

quality. That is, 0¢*(Q)/0Q > 0 and AL (Q)/0Q > 0.

(See Figures 5 and 6. Proof is in the Appendix.) Higher quality makes
consumption attractive for skilled workers and also increase proportion of all
workers that consumer the high quality product. Thus both demand and
supply of skilled labor is increasing in quality. The same effect increases
the supply of unskilled workers and reduces demand for low qualify good.
The latter effect implies demand for unskilled workers decreases when quality
improves. |

Skilled labor supply is increasing in pbpulation, OLS /ON > 0, from (9)
and demand is also increasing in population, LP/ON > 0, from (7). (See
proof of Claim 2 in the Appendix.) This implies

Claim 3. Both equilibrium skilled and unskilled labor will increase when
population increases, OLt/ON > 0 and 0L} /ON > 0.

Again, using the proof of Claim 2 in the Appendix, both demand and
supply of skilled labor is also increasing in proportion of skilled consumers,
LS /86 > 0, from (9) and OLP /80 > 0, from (7).

Claim 4. Equilibrium skilled labor and equilibrium relative wage are increas-
ing in the proportion of skilled consumers,0L%/00 > 0 and 0&*/06 > 0.



