Birthrate

Individual number of children are,

nf (&) = n}(w,, ws; Q) = o< 6,

Q°+1

14
nf(f) - n:(wu)ws; 1) = m, g > OA'

(2

ny (€)' =y (ws, wi; Q) = gaer1 7<%

n;’:(f) = n;(wuawu; 1) = 2 o> 0.

It is clear that for given wage level, those that consume high quality good
devoted even more resources for consumption and thus reduce number of chil-
dren when quality improves. Since the equilibrium relative wage in increasing

in quality, we can say the following,

Claim 5. (i) Skilled consumers have less children . That is , nf < nf for

o< 6 andnf < nk foro>6.

(11) - Skilled consumers have less children when quality of product improves.
That is, dnf /dQ < 0 for 0 < 6 and dn¥ < dQ;0 for o > 6.

(i4) Unskilled consumers that consume low quality product have the same
number of children when quality improves. That is, dnl/d@ = 0 for
o>0. :

Although there is the income effect, the substitution effect dominates
and skilled workers that consumer low quality reduce number of children.
For unskilled consumers that bought high quality good, improvement makes
consumption more attractive (reduce children) but their relative wage be-
comes lower and the substitution effect works in the opposite direction. The
total effect is not clear. ’



Endogenous quality

Assume that level of quality is increasing in the size of the skilled labor.
That is, Q@ = Qr(Ls) is an increasing function of (). Subscript T refers to
“technology” which is what this relationship reflects. We will denote the
inverse relationship between the market equilibrium supply of skilled labor
and quality of L*(Q) by @ = Qum(Ls), which is an increasing function from
Claim 2. The equilibrium level of labor L} and equilibrium level of quality,
Q* = Qu(L?) = Qr(L?), is the intersection of the two curves.

When marginal increase in quality from labor is very large, then the
equilibrium is unstable. Graphically, this would mean slope of Q7 is steeper
than Qu (Qr > @),) - This is the case around equilibrium E; in Figure 7.
A perturbatioﬁ away from E results in either spiral increase in quality and
skilled labor supply or decrease of quality and skilled labor supply. When
technology is mature so that marginal quality improvement is very small,
then equilibrium is stable (Q4 < @),) - This is equilibrium F, in Figure 7.
There may be multiple equilibria, some stable and others unstable. A slight
.perturbation from low quality with small skilled labor force will start a spiral
of labor and quality improvement until E, is reached.

Now using Claim 3, we analyze the effect of deélining population. The
claim implies that the Qs (L) function will shift upward in the L, — () space
(Figure 8).

Claim 6. (i) If the technology is in its infancy, then equilibrium quality
and skilled labor supply increase when population declines. That is ,

8Q* - oL

N < 0, 6N<O'

Qr>Qy =

(i1) If the technology is mature, .then equilibrium quality and skilled labor

supply decrease when the population decreases. That is ,

Q" dL*

‘6N>O’ >0

ON '

Qr<Qy =
When the technology is mature, then declining population results in “con-
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traction” of the economy. That is, quality and supply of skilled labor are
reduced. Claim 5 suggests that lower quality will increase the birthrate. Re-
call that all but unskilled consumers that consumed high quality product will
increase birthrate when quality improves. This situation is consistent with
cohort effect. ,

The situation is different when the technology still has not exhausted in-
creasing marginal returns. The new equilibrium results in more skilled labor
and higher quality. Products are more polarized, skilled labor has higher
relative wages and work more. Utility is derived from more consumption and
there is less children. The cohort effect does not hold because the economy
adjusts to the lower level of population according to the available technology.

Now we consider the effect of more skilled workers, using Claim 4. The
claim implies that the Qa(L;) function will shift downward in the Ly — @
space (Figure 9). Immediately we have the following,

Claim 7. (i) If the technology is in its infancy, then equilibrium quality
and skilled labor supply decrease when the proportion of skilled workers
increase. That is ,

oQ* oL

W<0’ 50 < 0.

Qr>Qy =

(i) If the technology is mature, then equilibrium quality and skilled labor
supply increase when the proportion of skilled workers increase. That

is, 5
20" L
50 > % g

Equilibrium quality will decrease (increase) when technology is in its

Qr<Qy = > 0.

infancy (maturity). When proportion of skilled consumers increase, each
skilled worker needs to supply less labor to maintain the same quality. When
marginal quality from labor is very large, quality must be lower to accom-
modate it. Lower quality (and lower wage) likely to imply higher birthrate.
Thus when technology is sufficiently productive, the increasing skilled work-
ers will increase the birthrate. On the other hand when the marginal product

of labor is low, then higher labor implies higher quality. This may reduce

11



the birthrate.

Claims 6 and 7 suggest that increasing the proportion of skilled labor can
be effective in reversing decline in birthrate whenever the cohort effect may
not hod. This was the case when marginal return from increasing skilled
labor is large. On the other hand, when the technology is mature, Esterlin
Hypothesis is likely to hold and the same policy will prevent the feedback

mechanism that otherwise will function.
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4 Concluding Remarks

We have employed comparative statics of a general equilibrium framework to
understand the long term (stationary equilibrium) effect of declining popula-
tion on the economy, including labor supply and birthrate. We incorporated
vertically differentiated goods in the general equilibrium model based on the
observation .of time series and cross sectional date of birthrate - female labor
participation relationship.

Our analysis suggests that if the technology is productive enough, the
economy will adjust to smaller population ‘and the cohort effect does not re-
verse the trend of declining population. We also showed that increasing the
proportion of skilled consumers (potential workers) can increase birthrate
and reverse the trend precisely when the cohort effect does not hold. We
note that the same relationship between population size and proportion of
skilled consumers means that changing the proportion can prevent the nat-
ural feedback mechanism from functioning when it would have functioned.

The two situations are characterized by if the technology has high marginal
return from skilled labor (infant) or if this has been exhausted (mature).
The economy will correct itself when it is mature, where we also observed
the equilibrium to be stable. Therefore, another possible policy is to let the
technology mature quickly. |

Besides extending the model to a dynamic framework, analysis of an econ-
omy such as Japan requires understanding the effect of international trade.
Assuming Japan will export high quality products, trade should reduce the
substitution effect of high quality product while maintaining or increasing the
income effect. This suggests trade by itself could correct the bias towards
consumption and less children. On the other hand, existing trade literature
(Flam and Helpman (1987), Theonig and Verier (2003)) suggest that trade
will lead to greater specialization, particularly in a dynamic framework. This

is left for future research.
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Appendix

Optimization of u(Qz,n)

Denoting the Lagrange multiplier by A, fist-order conditions are,
Unfe = AP, Unfe =AW, Ung: = AD, Ungr = M,

and the budget constraint. This implies

fo_ 9= _ P

fe e w

When w increases, £, and ¢ decrease while z and z. increase.

Proof of Claim 2

The demand and supply functions, (7),(8), (9), and (10), can be rewritten

as, .
_ Q" Q7
HNK/ o+ da+9N€/ {Q"—}-{l" QU-}—l}dU
_9N£/ QQU do+ (1 - )N(Z/ gerE®
_ foo o¢l—o
=(1—9)N€/1 {%—E}daﬂ—(l—Q)Né/l

LP = (1—9)Nl7/ %da-%@N?/ 1671 4+ ¢7%do.

The claim follows from noting that & is decreasing in ¢ and increasing in
@, and that Q°¢'=7 > 1 for 0 < 6.
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