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Abstract: Problem statement: Recent neoclassical theoretical study, particylarithe endogenous
growth literature, has studied the nature of tHatimship between economic growth and product
quality. However, little attention has been giverthie impact of a rise in product quality on effeet
demand under stagnation. This is because previmgels have assumed that demand is always met
with supply in labor and products markets. Themfdhe question remains as to whether a rise in
product quality increases effective demand whegrstion occursApproach: This study applied an
idea of stagnation and combined it with a qualityder model to account for the relationship between
product quality and effective demand under stagnatUsing this extended framework, this study
examined the impact on effective demand of an Rstibsidy that improved product quality when
stagnation occurfkesults: The results indicated that a rise in product dyaticreased the efficiency

of consumption utility function and thereby enabjebple to enjoy higher utility while consuming the
same amount. However, under stagnation, peopleeschosto increase their utility, causing realized
consumption to decrease and saving to increasesegoently, effective demand decreased and the
stagnation worseneonclusion: From the results, it can be concluded that ude ahd D subsidies
that improves product quality is not appropriateda@ountry where stagnation occurs.
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INTRODUCTION improves or worsens aggregate economic activityeund
stagnation, using a dynamic optimization model.

The Japanese economy has been facing persistent Recent neoclassical theoretical work, particularly
stagnation since the stock market bubble collapsed in the endogenous growth literature, has studied th
1990. Recently, the Japanese government has usegdture of the relationship between economic growth
various policies, such as deregulation, privatoratind ~ and product qualiff®>****l However, they ignore the
subsidies for Research and Development (R anddD), timpact of product quality on effective demand under
stimulate the economy. These policies, calledstagnation because previous models have assumied tha
“Kouzoukaikaku” in Japanese, are intended to foater demand is always met with supply in labor and
recovery in the Japanese economy by stimulatingroducts markets. Thus, the question remains as to
production by encouraging new commodities andwhether a rise in product quality increases eféecti
services. The recent history of business in Jahaws  demand when stagnation occurs.
that high growth rates were attained in the late0s9 In contrast to the literature described above, the
because of the Information Technology (IT) revanti possible existence of a stagnation equilibrium is
(the so-called “IT boom”). However, in 2001, the investigated in Orff. The study of Orf gives a
performance of IT-allied industries deteriorated éime  reinterpretation of Chapter 17 of Keynes’s General
rate of economic growth fell, raising unemployment. Theory, which is concerned with shortage of effeti
Despite the remarkable development of innovativedemand. On8 shows that stagnation may occur when
products by IT industries and despite rapid acee@a two assumptions, which differ from neoclassical
of these products by consumers, why did the growtlassumptions, are fulfilled. These are insatialgjidlity
rate fall and unemployment rise in 2001. In fact,preference, linv'(m)=Rfor m - o (ie., Ond
Japan's GDP growth rate was %&@or 2000 but it fell  introduces money to the utility function) and slisyg
to-1.2 for 2001, whereas Japan’s unemployment ratgrice adjustments. It is found that “Keynes’s rudat
was 4.P6 for both 1999 and 2000 but it rose to%.0 equilibrium condition-may not be fulfilled unless
for 200%". Motivated by this observation, we consumption, c, is less than output, v, i.e., diffec
investigate whether IT investment-enhancing policydemand shortage. This main result is seen from
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“Keynes’s rule” in the steady state, that 4 =ra+w/°*-Rm-c-z (1)
p+1,=R=Vv(m)u(c), wherep+Tyis the nominal

rate of time preferencet, is the instant rate of inflation, Where:

R is the return to equities ant{m)/u’(c) is the liquidity ~a = The real value of total asset holdings comgjstif
premium. From lim/(m)=pfor m - «, the lower riskless government bondgdl:equities lgd and real
bound of the liquidity premium equal$/u'(c). money balances m

Therefore, it may be the case tha R=p/u(y) @ = by+b+m

requires that <y, implying that, under a sluggish price ' = The real market rate of return:

adjustment, effective demand shortage with deffatio

(i.e., stagnation) occurs. Furthermore, using sach W (= W/P) (the real wage rate)

model, On8! considers the effective demand effects of

various demand stimulus policies, such as additiona/Vhere:

fiscal spending and monetary expansion. HoweverW = The nominal wage rate

ond® ignores the impacts of a rise in product qualityP = Price level and

on effective demand. ¢° = Labor supply, determined according/te min[s,

This study applies the idea of stagnation in ®no x+@] which implies that realized labor supply is
and combines it with the quality ladder model of determined on the short side either as inelastic
Grossman and Helpm@nto account for the relationship labor supply s or as the actual labor demanded by

between product quality and effective demand under = manufacturing£ x) and R and D activities(@)
stagnation. This combination implies that the prtidun

side of the model is more complicated than the rnofle In addition, ¢ denotes a consumption index defined
ond®. In Ond” there is one commodity with outpyt  below, z is thelump-sum tax and R=(r+Tm) is the
that is produced costlessly by firms (like a miheging  nominal market rate of return whem, the instant
or a tree). Adopting the production side of Grossmad  inflation rate. Lower case letters denote real aldes
Helpmar® implies infinitively many commodities and capital letters denote nominal variables. Thius,
produced with labor as the production factor.nominal budget equation is represented by:
Furthermore, firms possess market power. Using this

extended framework, the study examines the effeaho A = RB+W/5-Pc-Pz

R and D subsidy on the steady state levels of tafeec

demand. where, B denotes the sum of equitigs,) and riskless

MATERIALSAND METHODS government bond¢=Bg). The lifetime utility of the
household is given by:
This study build[éls]n on JohBb We integrate

Grossman and Helpmanand the idea of stagnation in , _ [ -pt

ond® to consider a monetary economy with innovation!J - .[0 [og crv(me 't 2)

The model here also shares similarities with other

quality ladder models such as those in Grossman and(m)>0, v*(m)<0, v'(x) =3 >0

Helpma®®! and Segerstrofii!?. The representative

household has preferences over a continuum ofVhere:

products indexed by j and for real money balantes. 109 ¢ = Instantaneous utility defined below

set of products consists of the interval [0, 1] séo Vv(m) = Liquidity preference

measure is one. Each product j can be improved bp = The subjective discount rate

innovation. These improvements require profit-

motivated R and D investment. The state-of-the-art In addition, () = >0 implies that there is no

product in each industry is produced using linearsaturation point in the individual’s liquidity pesence

technology with labor. The government promoteseven if real money balances m keep incrgasin

innovation through an R and D subsidy and imposes @no et al."” attempt to provide a justification for the

lump-sum tax on households or issues risklesexistence of insatiable liquidity preference bytites

government bonds in order to finance the subsidy. for it empirically in Japan using two data sets,
prefectural and individual. In their empirical

Household: The real-flow budget constraint of the investigation, Ono et al.'” use two different

representative household is: econometric methods-parametric and nonparametric.
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Onoet al.* show that insatiable liquidity preference is We return to the dynamic problem. The

significantly positive at standard significancedésy Hamiltonian is given by:
Before turning to the dynamic problem, we
consider the composition of a given level of E atle H =[log e+ v(m)]Je ™+ p[ra+ w/°*~ Rm-e - Z]
instant to maximize log c. Instantaneous utilitygigen ] » )
by: The first-order conditions for this problem are
(UVe)e®™ = p and -1 = ry, vV(m)e™ = Ry and the
o ) r s transversality condition is lim.a = 0. From the first
log c(t)= jolog[znqn(J)Xm(J)]dJ () order conditions, we obain:
Where: p+ele+m=R=Vv(m)e (6)
dn(j) = The quality of the nth generation of product in

ond?¥ calls this “Keynes’s rule"The Left Hand
Side (LHS) of (6) shows the time preference ratd an
the Right Hand Side (RHS) represents the liquidity
premium of money, which is the marginal rate of
ﬁubstitution between consumption and money holdings

industry j
Xn(j) = Consumption of quality n of product j at time t

Here, we assume,@ = Agn-1(j) and we take\>1
to be an exogenous parameter and identical to a

quality of each product offers one unit of servar®  gach product quality, one unit of labor is needed t
therefore, ) =A", which represents the highest .,quce one unit of output; that is y&)/(j), where,
quality after n |mpr0vem§nts of pr.Odl.JCt!' . y(j) is the firm’s output/(j) is labor input. This makes
We now t?ke a partlcular. point n tlmg and deflnethe marginal cost of every product equal to the inaim
nominal spending E at that point of time as: wage rate W. In addition, we assume that all prediic
e (or leaders) offering the state-of-the-art prodanctach
E(t) :J'Oznzo Pt ( )Xne( 1) di industry j compete as price-setting oligopolists.
Following Grossman and Helpmnthe outcome

where, R(j) is the price of quality n of product j at time of oligopolistic gompetition in industry j is asllﬁnws.
t. Subject to this, the individual determines(jx to The leader offering the state-of-the-art produetcfices

maximize (3). limit pricing in the Bertrand-Nash equilibrium, tiedy
The household then spends its nominal income griving the nearest competitor from the market:

(t) evenly across all product lines and purchases B ()=

; L . . G)y=Aw (7

single variety in each line that offers the lowgsality-

functions: maximum profits for industry j. In addition, as W i
(0 given, (7) yields P (j)= P, 0j. These relationships

E(t

for n=n,(]) imply that each industry leader supplies the same
X =4 P (1)) ' 4) guantity. From (4) and (7), the nominal jtrébw
0 otherwise (=MNg) is:

and the price index corresponding to (3) is: Me=[1 ~(UNIE ®)

& Dividing (8) by P yields the real profi )
1 P(i
” eXp[L’ IO{QE Jﬂ d} ®) m=i-@ie ©)

3 The stream of real profits for the leader contgue
where, P (j) and g (j) are the price and quality, untii someone else (or an entrepreneur) succeeds in
respectively, of the state-of-the-art product. Wialls improving upon the leader’s product.

refer to (5) as the price level. Then, from (3, &), Next, we turn to R and D races. We assume that
we obtain c= e (= E/P), where erepresents real forward-looking entrepreneurs decide on the amodint
consumption expenditure. R and D investment and that the assumed R and D

technology is linear, in which the instantaneous
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probability of success in innovation is directly Market Equilibrium and Dynamic System: The
proportional to labor devoted to this activity. In money market, equity market and bond market are
addition, we assume entrepreneurs issue equities wssumed always to clear:

finance the cost of R and D and all profits are

distri'bluted to shareholders as divid'ends Whgn RR&ND m=ps/p, he=k, b =D (12)
activities result in success. To consider the itigerfor

entrepreneurs to engage in innovativg R anql D_klet where, M represents total nominal money supply. In
denote the expected discounted profit for winnimg a ¢ 1apor market, labor is demanded by manufaagurin
innovative R and D race. An gntrepreneur thatand R and D activities. Innovators requige units of
undertakes R and D activities at intensityfor an lab hil facturi : — /) units of
interval of time of length dt succeeds in develgpthe abor, while manufacturing requires x ¥ = £) units o

next generation of the targeted product with prdlgb :agor.dHencec,j f_ro;r: th:unlty O.f n;dustry n:ess:@altt
1dt. This effort requiresp units of labor forthe same Sd'agt Zr;caenss Ilsab(;?'desmr;%rglri]r? tvr\:ggre;alawf)rlgleas in
interval. Under the symmetric equilibrium, any J ’

8] ;
entrepreneur undertakes R and D activities withabqu O;d t W?. allso ashsumdef thatl tnoy:wlnalh wf;%e—rate
intensity, regardless of the product | or its cotre adjus mgn IS siuggish and formulate it as theolwihg
quality level. Free entry into the innovative R abd process.
race, therefore, implies:

W/w =aflix(e k) + a)/s] -3 =afl(@-eerk+ @) -1 (13)
(1 - Y)ew=k with equality whenevear-0 (10)

where, a is the constant exogenous parameter that
where, T is R and D subsidy spending. The free entryrepresents the speed of nominal-wage adjustment and
condition (10) is compatible with corner solutioims  x = x(e, k) is derived by using (4), (7) and (10). Jofio
which innovation halts i.e.= 0 when(1 - T)gw = k. Matsuzaki! and Oné" also use this type of sluggish

adjustment mechanism. From (13),a8justs according
Government and No-arbitrage condition: We  to the ratio of excess labor demafifg(e, k) + @) —
suppose that the government provides a subsidy to B labor supplys. Naturally, when full employment

and D activities, which it finances out of a lump¥s | 54s ie. *@ =s, (13) yieldsW /W =0, Oa. From
tax or by issuing riskless government bonds. Toeegf v&g) and (1’1) We obtain: ’

the government operates in accordance with its flo
budget constrainth® = rb° + Tw@n - z where § qlq=r+1 —[(1- WAk (14)
represents real supply of riskless government honds
We also assume that whenever the government changes
the subsidy, it adjusts the time path of debt and/o
lump-sum tax to satisfy its budget constraint.

Next, we consider the stock-market valuation oflog D(t) = Elogq(j)dj+ log x(e, k) (15)
profit-making firms. A no-arbitrage condition retat
expected equity returns to the return on a riskbessl.

As R and D outcomes in different industries are
uncorrelated, the risks facing any industry leader )
idiosyncratic. Shareholders can therefore earn-esko jologqt(j) dj=>"" f(m,t)log\" = tlogh (16)
return by owning a diversified portfolio. Thus, the
expected return on any equity must equal the retarn
an equal size investment in a riskless bond:

Substituting (4) and (7) into (3) yields:

The first term of (15) is rewritten as:

where f(m, t) shows the probability that a given
product will take m improvements in quality over a
time length t. The third term of (16) is derivedr the
properties of the Poisson distribution ahdlenotes the
expected number of improveméhtsFrom (5, 7 and
16), we have IlogP = logW+logA-itlogh and
differentiating this with respect to time yields:

T/k+K k=1 =1 (11)

In (11), the third term of the left hand side le t
rate of capital loss in case that an entreprengtoeeds
in developing the next generation of incumbent e¢ad
product. . .
P/P(=1p) = W/W-tlog A a7
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From (13) and (17), the dynamic of real balancesp+a([(1-1)(A-1)“¢p/s]-1) = R = pe” (21)
is:
Then, from (21), we obtain the following the
m/m=-Tp = —a([(1-1)ge/Ak+@)/s]-1)+logh  (18)  Steady-state consumption value:

From (6, 13 and 17), “Keynes’s rule” is rewritten € = {p+a([(1-1)(A-1)"‘gp/s] - 1)}/B (22)
as:

First, we find the condition required for steady-
p+ e /eta([(1-T)pe/Ak+@)/g-1)-tlogA =R=v/(m)e (19)  sState consumption under stagnation. Steady state
consumption under stagnation must not only exceed
zero, but also must be below the full-employment
production level. Thus, steady-state consumptioistmu
satisfy O<e<e, where ¢ is the full-employment
production level that is compatible with the labor
market clearing condition:

Thus (10, 12, 13, 14, 18 and 19) and=R+T%
constitute an autonomous dynamic system for m, K,
r, R, W and P. We turn in the next section to the
characterization of the steady state with stagnatio

Steady state with stagnation: In this study, we define 0 0

the steady state with stagnation as the state ichwh x(e', k{e))/s=1(= x(e" k{e))=5)

effective  demand shortage and involuntary

unemployment coexist and innovation halts, therebywhere, Xe”, k(€")) is the total labor demand and s is the
bringing persistent deflation. The steady statehwit total labor supply. Substituting(et, k{e))/s= 1 into
stagnation, therefore, is represented a peir k) in  (21) yields the full-employment production éas
whicht =0,R =0,4 =0,k =0,1=0,6=0,1<0 & = p/B. From ¢ = p/B and (22), for0<e’<e, the
and m >0 hold. The above definition means that notfollowing condition must hold (Fig. 1):

only the real and nominal rates of interest aredjxut 4

also g, k and e remain constant. In addition, f@ag), 1>(1~ DA = 1) ¢p/s andp>a (23)
(16) andi = 0, we have log Ot) = logx (e, k). As €’
and K are constant, (" k") and D (= €) are also
constant in the steady state. Furthermore, thedystea%.e.,x(em' K(e))s<1(~ x(&’ k{eY)<s). From (21),

state with stagnation requires the existence 0h o of labor d d v in th o
involuntary unemployment, causing nominal wages!"€ ratio of labor demand to supply in the steaayes

nominal prices and the price level to continuedoliie ~ ¢a@n Ple rewritten  as (&, kDée%)/S = (1-7
and therefore m diverges infinitely. This is beegus (A —1)"@p/s. Therefore, for e k{e))/s<1, the
from (7), (17) and =0, P/P (= 1) =P (j)/P() = W /W following condition must hold:
holds in the steady state.

Now, we find the conditon required for 1>(1-T)(A - 1) '¢p/s (24)
unemployment and consumption to coexist under
stagnation in the steady state. Here, we assume for R
simplicity that v(m) = B>0 at the initial time, so that the A RHS of (21
transition process does not exist in this modaiesireal
balances disappears from “Keynes’s rule”, (19). The p
economy therefore jumps immediately to the steady
state at the initial time. Then, (19) is rewrit&s

Next, we find the condition required for
unemployment to exist in the steady state,

LHS of (21
pra([((1-1)ge Ak )/s]-1) = R=Be” (20)

Furthermore, since remain constant,= p is valid
from (6). Hence, from (9) and (11), we obtain:

k’= (1 - (UN)(eTp)

Substituting this into (20) yields: Fig. 1: Steady state with stagnation
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From (23) and (24), if a steady-state consumption
is e'<e, then we obtain (e, k(e))/s<1 and thus A
unemployment also occurs in the steady state. For
reasons mentioned above, if we set the conditions,
1>(1-1)(A -1 "gp/s andp > a, then an economy

RHS of (21

can fall into stagnation in which unemployment aamd LHS of (21)
effective demand shortage coexist. To sum up, the
parameters of this model must satisfy (23) for
x(e", k{e"))/s< 1 and0 < e”< & to hold together in the :
steady state. !
The conditions (23) show that ¢f anda are low i . e

enough,A and s are large enough, then an economy 0 ot €— el ef=plp

falls into stagnation. Intuitively, these parameter

conditions show a high quality increment (from BA)  Fig. 2: The effect of R and D subsidy

and a low R&D labor cost (from low and larges) so

that higher quality and frequent innovations arecausing realized consumption to decrease and saving
possible. It not only enables the household to yenjoincrease. Consequently, effective demand decreases.
enough consumption but also lowers the timeFigure 2 shows the effect of the subsidy on eféecti
preference rate of Keynes'’s rule (21). The latigplies ~ demand using Keynes's rule (21). Here, if we coersid
that the desire for consumption decreases, whike ththe consumption index represented by (3) along with
desire to hold money increases. Thus, insufficienfinal goods production function where the input is
consumption is attained, causing an effective demanintermediate goods, the index level can be takethes
shortage and consequently an economy falls int@roductivity of production technology. In this casee
stagnationFurthermore, from (18) and (19), the steadycan give the proposition another intuition. Thaffist,
state  validates the transversality conditionfor given steady state consumption, innovation
m/m=-16=p - Pe”< p. In what follows, we assume Stimulated by the rise in the R and D subsidy iases

that (23) is valid so that a steady state with rsasign the efficiency of the production function of fingbods.

exists in this economy. It enables final goods producers more output uttieg
same intermediate input. However, under stagnation,
RESULTS effective demand shortages persist. Hence, whet fin

goods producers produce more efficiently due to the
We now consider the effects on effective demandsubsidy, demand for the intermediate input will
of an unanticipated increase in an R and D sultsidy decrease and employment required by the interneediat
leads to an increase of product quality, underrsttign.  sector will also decrease. This decrease in empoym
From (21), the impact on effective demand of a ise leads to a decrease in the rate of time preference

the subsidy is: through a decline in the inflation rate (LHS of Y21
falls) and consequently consumption (or effective
defldt = —agp(A - 1) /s < 0 demand) falls (e~ e").

Thus, we obtain the following proposition: DISCUSSION

Neoclassical macroeconomics has devoted
enormous energy to the question of whether R and D
subsidy increases economic growth. However, most
models in the endogenous growth literatures aredas
on the assumption of full employment. By contr#isis
study has provided a characterization of the rdl& o
and D subsidy in the determination of effective dadh
under stagnation.

Proposition 1: In the steady state with stagnation, an
increase of an R and D subsidy that leads to arase
of product quality decreases effective demand.

The above proposition is explained intuitively as
follows. The rise in the R and D subsidy initiathises
product quality and thereby increases the effigieoic
the consumption utility function. It enables peopde
enjoy higher utility by consuming the same amount.
However, it lowers the time preference rate of Kesja CONCLUSION
rule, while not affecting the liquidity premium tha
represents the desire to hold money. Hence, under The main result is as follows. A rise in the R @&hd
stagnation, people feel they are consuming ekadgs subsidy that leads to an increase of product qualit
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enables people to enjoy higher utility by consuntimg

6.

same amount. However, it lowers the time preference

rate, while not affecting the liquidity premium tha

represents the desire to hold money. Hence, under

stagnation, people feel they are consuming excelysiv

causing realized consumption to decrease and theé.
stagnation worsens furthermore. Thus, we obtain a

policy implication from this model that the use of

subsidies is not appropriate for a country where

stagnation occurs. In addition, this study generate
realistic predictions about the effect of the IValution 8.
on Japan’s business recession.
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