~ A Service of
’. b Leibniz-Informationszentrum

.j B I l I Wirtschaft
) o o o Leibniz Information Centre
Make YOUT PUbllCCltlonS VZSlble. h for Economics ' '

Osano, Hiroshi

Working Paper
Coordination Failure and Long Run Growth

Discussion Paper, No. 831

Provided in Cooperation with:

Kellogg School of Management - Center for Mathematical Studies in Economics and Management
Science, Northwestern University

Suggested Citation: Osano, Hiroshi (1989) : Coordination Failure and Long Run Growth, Discussion
Paper, No. 831, Northwestern University, Kellogg School of Management, Center for Mathematical
Studies in Economics and Management Science, Evanston, IL

This Version is available at:
https://hdl.handle.net/10419/221190

Standard-Nutzungsbedingungen: Terms of use:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen Documents in EconStor may be saved and copied for your personal
Zwecken und zum Privatgebrauch gespeichert und kopiert werden. and scholarly purposes.

Sie durfen die Dokumente nicht fiir 6ffentliche oder kommerzielle You are not to copy documents for public or commercial purposes, to
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich exhibit the documents publicly, to make them publicly available on the
machen, vertreiben oder anderweitig nutzen. internet, or to distribute or otherwise use the documents in public.
Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen If the documents have been made available under an Open Content
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten, Licence (especially Creative Commons Licences), you may exercise
gelten abweichend von diesen Nutzungsbedingungen die in der dort further usage rights as specified in the indicated licence.

genannten Lizenz gewahrten Nutzungsrechte.

Mitglied der

WWW.ECONSTOR.EU é@“}


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/221190
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

Discussion Paper No. 831

COORDINATION FAILURE AND LONG RUN GROWTH

by

Hiroshi Osano®
Shiga University

April 1989

Abstract

This paper explores the long run implications of the coordination problem
between the firm and workers which arises from a shared accumulation process of
the stock of knowledge in the stage of production. Coordination failure
emerging from the accumulation process of the stock of knowledge can produce
multiple, Pareto-ranked equilibrium balanced growth paths in which identical
economies can converge to steady states with different rates of growth. A
reform of the internal organization of firms can increase the long run growth
rate of an economy not only by improving the efficiency of production but also
by changing the expectations of one agent about the other agents’ input
decisions in the accumulation process of the stock of knowledge.

*The author is currently visiting the Department of Economics,
Northwestern University, Evanston, IL 60208, U.S.A.



1. Introduction

The standard neoclassical growth model such as Solow’s (1956) predicts
that the growth rates in per capita income across otherwise identical closed
economies will eventually converge even if these economies start off with
different per capita stocks of physical and human capital. However, as noted
by Kaldor (1961), Romer (1988) and De Long (1988), there are substantial cross
country variations in average growth rates in per capita income. The only way
to account for this empirical fact in the standard neoclassical growth model
is to introduce cross sectional differences in exogenous technological
progress rates; but a successful theory of economic development needs a model
in which cross codhtry differences in growth patterns are endogenously
determined.

Recent work by Romer (1986), Lucas (1988), Rebelo (1987), Azariadis and
Drazen (1988), Barro (1988), and King and Rebelo (1988) has explored the
implications of the class of endogenous growth models pioneered by Uzawa
(1865) in which the long run growth rate is an endogenous outcome of time-
invariant technology and preferences. The endogenous growth model of Romer
(1986) stresses three elements: externalities of new knowledge, decreasing
returns in the production of new knowledge, and increasing returns in the
production of output. His model predicts that growth rates accelerate over
time, rather than constant as in any steady state model, and that large
countries may always grow faster than small countries. On the other hand, the
endogenous growth models developed by Lucas (1988), Rebelo (1987), Azariadis
and Drazen (1988), Barro (1988), and Rebelo and King (1988) do not possess any
form of increasing returns to scale. Instead, their models investigate a case

of constant returns to scale with linear production of human capital or the



"primary capital good". In these models, the possibility of wide and
sustained differences in growth rates in per capita income across countries
can be explained by production patterns with learning-by-doing technology
(Lucas), influences of public policy (Rebelo, Barro, Rebelo and King) or
technological externalities with threshold features (Azariadis and Drazen).

The purpose of this paper is to give an alternative, complementary
explanation for the possibility of wide and sustained differences in growth
rates in per capita income across countries, and to discuss which forces
affect long run growth rates in per capita income. To achieve this purpose,
we consider the problem of coordination among input suppliers to a shared
accumulation process of the stock of knowledge in the stage of production.

The accumulation process of the stock of knowledge inside production
firms includes a broad range of activities such as on-the-job training, basic
scientific research, product development, and innovation in systems and
management. The stock of knowledge generated by the accumulation process can
contribute to the production of goods in several ways. First, the
accumulation of some part of the stock of knowledge increases the stock of
labor in efficiency units because this part of the stock of knowledge is
embodied in human capital of workers. Second, another part of the stock of
knowledge directly increases the production efficiency of firms, for this part
of the stock of knowledge is embodied in some kind of tangible capital such as
conventional physical capital.

To capture the basic idea of the problem of coordination in the
accumulation process of the stock of knowledge inside firms, we assume that
the accumulation process of the stock of knowledge needs labor inputs, both

*

from management (capitalists) and from workers. Then "coordination failure'



arises from the inability of capitalists and workers to coordinate their
actions successfully in a many-person, decentralized economy.! Because of
technological complementarities, capitalists and workers could benefit from a
collusive agreement to allocate more labor inputs in the accumulation process
of the stock of knowledge. Although this agreement would be Pareto-improving,
each agent would have an incentive to shirk, not allocating its stipulated
labor input in the accumulation process of the stock of knowledge. These
features in the accumulation process of the stock of knowledge can generate
multiple, Pareto-ranked balanced growth paths so that identical economies may
converge to steady states with different rates of growth.?

The paper is organized as follows. Section 2 describes the basic
environment under study and presents dynamic competitive market equilibria for
the aggregate economy. Section 3 derives equilibrium balanced growth paths
from the dynamic competitive market equilibria given in section 2. Section 4
discusses the problem of coordination failure implied by the equilibrium
balanced growth paths. Section 5 explores the implications of economic
structure on equilibrium balanced growth rates. The final section is devoted

to conclusions.

2. The Model

We begin with specifying the environment under study. There are two
classes of agents, who are distinguished by their ownership of different
factors. The first consists of infinitely-lived capitalists, who own one unit
of physical capital in each period; since physical capital accumulation is
ignored here, we may think of physical capital as land or entrepreneurial

ability. Their preferences over consumption and leisure are represented by



Here, p 1is the positive discount rate; Cc¢t¢ is their commodity consumption in
period t; and Et is their time devoted to the accumulation of the stock of
knowledge in period t and is restricted by 0 £ Eiv £ 1. The parameters a and
e must satisfy 0 < a < 1 and 0 € e < 1 because V is strictly increasing
and concave in Cct: and 1-E:.3 For simplicity, capitalists are assumed to
devote no time to commodity production. The other class is made up of
infinitely-lived workers, who are only endowed with their one unit of time in
each period to divide between leisure and labor. Their preferences are
written by

o (Cwe¢)2-P  (1-Hy¢-Hge)1l-h

U= 1§ exp (-pt) : dt. (2)
0 1-b 1-h

Here, Cwt is their commodity consumption in period t; Hy: is their labor
supply to commodity production in period t; Hxt: is their labor supply to the
accumulation of the stock of knowledge in period t; and Hy: and Hkt are
restricted by 0 £ Hvt + Hgkt £ 1. The parameters b and h are restricted to
be 0 <« b< 1and 0 < h < 1.

Each capitalist produces commodity in period t using labor and physical

capital. This process follows a constant returns to scale neoclassical

production process given by

Ye = A(Le¢)n(Z¢)t-m, (3)

where Lt is the capitalist’s demand for labor in period t measured in



efficiency units, Z: is her stock of physical capital in period t measured in
efficiency units, and the parameters 4 and n must satisfy 0 < A and 0 < n <
1. Output is used only for consumption and is not storable.

To simplify the analysis, we assume that the capitalist-worker ratio is
equal to unity at the initial period and that there is no population growth.
Thus, each firm is made up of at most one capitalist and one worker. We also
assume that all firms produce the same level of output and accumulate the same
level of the stock of knowledge, so that we will focus our attention on the
representative firm here.

The stock of knowledge generated inside each firm can contribute to the
commodity production of the firm in several ways even though this knowledge
cannot directly help the commodity production of the other firms.4 Some part
of the stock of knowledge accumulated inside each firm is embodied in human
capital of its worker. Let us assume that an increase of one unit in the
stock of knowledge will yield an increase of ¢ unit in the worker’s skill of
commodity production. We also assume that this augmentation in the worker’s
skill of commodity production arises from an increase in his general human
capital but not in his specific human capital; therefore, even if the worker
moves to another firm at period t, he can maintain the level of human capital
attained inside the original firm until period t. Given that all firms
operate at the same level of the stock of knowledge, these assumptions imply

that the capitalist’s demand for the effective work force is expressed by

Lt = a KNy, (4)

where K: is the stock of knowledge of the firm in period t, N: the

capitalist’s demand for hours worked in period t, and a 1is a positive



parameter. Another part of the stock of knowledge is embodied in physical
capital owned by the capitalist. The accumulation of the stock of knowledge
thus increases the stock of physical capital in efficiency units owned by the
capitalist. Since the capitalist is endowed with one unit of physical

capital, the process is represented in the form:
Zy = ¥ Ky, (5)

where ¥ > 0. For simplicity, we assume ¢ = ¥ = 1. Substituting (4) and

{5) into (3) with ¢ = ¥ = 1, we obtain
Yi: = A(N¢)oK¢. (6)

The accumulation process of the stock of knowledge can summarize a broad
range of activities in the stage of production. These activities include on-
the-job training, basic scientific research, product development, innovation
in systems and management, and so on. In the subsequent discussion, we will
suppose that the accumulation process of the stock of knowledge inside the
firm needs labor inputs supplied both by the capitalist and by the worker.s
To incorporate endogenous growth in the present model, we must also eliminate
the diminishing returns to the accumulation process of the stock of knowledge
in some manner. In this paper, we adopt the approach pioneered by Uzawa
(1965) and Lucas (1988), assuming that changes in the stock of knowledge are

governed by the following linear function in Ki:®©
Kt = KtB(E¢)k(Hge) 1"k, (7)

Here, K: = dK/dt, and the parameters B and k satisfy 0 < Band 0 < k < 1.

The striking feature of (7) is that it exhibits sustained per-capita income



growth from endogenous accumulation of the stock of knowledge. This feature
stems from the linearity assumption in the production of the stock of
knowledge. Equation (7) also shows that the stock of knowledge does not
increase if one agent does not devote his or her labor input to the
accumulation process of the stock of knowledge although the other agent does.
This set-up strengthens the possibility of the occurrence of coordination
failure in the productica of the stock of knowledge.?

The activities of agents in the labor market and the production of the
stock of knowledge inside the firm are competitive in the following sense.
The capitalist selects the time paths of Nt (labor demand for the worker) and
E: (labor input devoted by the capitalist to the accumulation process of the
stock of knowledge), taking as given a time path of Hgkt (labor input devoted
by the worker to the accumulation process of the stock of knowledge) and
recognizing that an auctioneer will set wages to clear markets. The worker
also selects the time paths of Hy: (labor input devoted by the worker to
commodity production) and Hgkt, taking as given a time path of E: chosen by the
capitalist and acting as wage takers. Because of technological
complementarities, the capitalist and the worker could benefit from a
collusive agreement to devote more labor supply to the accumulation process of
the stock of knowledge. Although this agreement could be Pareto-improving in
this model, it cannot be supported for the reasons that collusive agreements
fail in asymmetric information models. To make this point clear, we assume
that it would be prohibitically costly to describe Et: and Hgx: in such a way
that an outside court could determine whether or not they have been made.$ As
a result of this imperfect information, each capitalist or worker would have

an incentive to shirk under the collusive agreement, not devoting her or his

|



stipulated labor input in the accumulation process of the stock of knowledge.
We now consider the optimal decision of each agent. Taking Hg: and Wi as
given, the capitalist maximizes her lifetime utility (1) with respect to Cc:,
N{ and E: subject to (i) the accumulation equation of the stock of knowledge,
(7), (ii) the non-negativity constraints associated with Cct, Nt and E¢, (iii)

the time constraint of E: (Ex £ 1), and (iv) the following budget constraint:

Cct = Yr - WNtKt

A(N¢)rKy - W(NKy, (8)

where W: is the real wage rate in period t and is paid to the effective work
force for commodity production;?® and the final equality is obtained from (6).
Note that the capitalist cannot save or borrow, because commodity Y: is not
storable and there is no money in this economy. Taking E: and W: as given,
the worker also maximizes his lifetime utility (2) with respect to Cwti, Hy:
and Hk: subject to (i) the accumulation equation of the stock of knowledge,
(7), (ii) the non-negativity constraints associated with Cwt, Hyt and Hxkt,
(iii) the time constraint of Hy: and Hkt¢ (Hyt + Hke £ 1), and (iv) the

following budget constraint:

Cwt = WiHy K. (9)

The worker cannot save or borrow for the same reasons as the capitalist.
We next proceed to specify the market-clearing conditions for labor and
commodity markets. The market clearing condition for labor in each period

implies that

Nt = Hr. (10)



The market clearing condition for commodity in each period is written in the

form

Cct + Cwet = Yo = A(N¢) Ky, (11)

which is automatically satisfied by budget constraints (8) and (9) and labor
market clearing condition (10).

We now define a competitive market equilibrium for the aggregate economy.
A competitive market equilibrium is a set of market price and quantity
sequences [W¢, Cct, Nt, Et, Cwt, Hyt, Hgt, Kt; O £ t £ o] which satisfies
the following conditions: (a) Taking (Wi, Hkt; 0 § t £ o] as given, [Cct,
Nt, E«; 0 £ t £ o] maximizes (1) subject to (7), (8), the non-negativity
constraints associated with Cct, Nt and E:, and the time constraint of E:; (b)
Taking [Wi, Et; 0 £ t £ o] as given, [Cw:, Hyt, Hke; O § t § o]
maximizes (2) subject to (7), (9), the non-negativity constraints associated
with Cwt, Hyt and Hkt, and the time constraint of Hy: and Hk:; (c¢) The
accumulation equation of the stock of knowledge, (7), and the labor market

clearing condition, (10), hold in all t € [0, o ].

3. Equilibrium Balanced Growth Paths

In this section, we derive equilibrium balanced growth paths from the
dynamic competitive market equilibria defined in the previous section. We
begin by solving the optimal decision problem for the capitalist in the
competitive market equilibria. For this purpose, using (1), (7) and (8), let
us introduce the current-value Hamiltonian for the capitalist’s maximization

problem:



[A(N¢)nK¢ - WeN{Klt-a (1 - Eg)l-e
8 ¢ = . + ptK«B(E¢)k(Hke) -k, (12)
1 - a 1 - e

where p: is the capitalist’s imputed price used to value increments to the
stock of knowledge at period t. We focus on the analysis of an interior
solution case in the text because Appendix A discusses a corner solution case.
The first-order conditions for this problem are obtained as follows:

(1-Ey)1-e

[A(N¢)aK+ - WiNtKi]-2[An(N¢)e-1Ky - WiK¢] =————o— = 0, (13)
1 -e

[A(N¢)PKy — WeNeK]1-a
- (1-Etv)-* + ptK«Bk(Et)k-1(Hge¢)!-k = 0, (14)

1 - a
. (1-E¢)1-e
Pt = ppt - [A(Nt)? - WeNel1-a(Ky)-3 ————— — pB(E¢) k(Hgt) -k,
1 -e
(15)
lim ptKe: exp(-p t) = 0, (16)

t—> o0

where Bz = dp/dt.
We next solve the optimal decision problem for the worker. Using (2),
(7) and (9), let us define the current-value Hamiltonian for the worker’s
maximization problem in the following form:
(WeHytKt)1-® (1 - Hyt - Hgy)t-b

6 w = . + QgKtB(Et)k(HKt)l—k) (17)
1 - b 1-h

where gt is the worker’s imputed price used to value increments to the stock

of knowledge at period t. Since Appendix A deals with a corner solution case,

10



we restrict our attention to the analysis of an interior solution case, and
have the following first-order conditions:
(1 - Hyt - Hge)l-b (WeHy ¢K¢)1-P

(WeKe)t-P(Hyy) -0 - (1 - Hyt - Hgte)-B = 0,
1 -h 1 -b

(18)

(WeHytK¢)1-0
- (1 = Hyt — Hxt)-P + qtKB(1-k)(E¢)k(Hkx¢) "% = 0, (19)

1 - b
. {1 - Hyt - Hge)1-B
gt = p gt — (WeHye)1-B(Ky)-P - qtB(E+)k(Hkgt) -k,
1 -nh
(20)
lim gqiKi+ exp(-p t) = 0O, (21)
t-> oo

where at = dqi/dt.
We are now in a position to summarize equilibrium growth paths using (7),
(10), (13)-(16), and (18)-(21). Since Cc¢ct given by (8) is assumed to be

positive, equation (13) reduces to

An{N¢)n-1 = Wy, (22)

Rearranging (14) implies

[A(Ny)n - WeNyJtr-a
(Kt)-2(1-Et)-¢ = p«Bk(E¢)k-1(Hgt) 1"k, {23)

1 - a

It is found from (15) with (7) and (23) that

Pt Ki (1 - a)k
—_—cp - —[—_— 1], (24)
Pt Ki (1 - e)E:

11



Substituting (10) into (18) and (19) and rearranging them, we find

(1 - Nt - Hge) -0 (WeNg)1-0
(WeNg) -0 = N{ =———— (1 = Ny - Hgt)"h, (25)
1 -h 1 -b
(WeNy)1-®
(Kt)-®(1 = N¢ - Hgt)~b = geB(1-k)(E¢)*¥(Hge) "%, (26)
1 - b
Substituting (10) into (20) and rearranging it with (7), (25) and (26) yield
ae Ke (1 - KINe
— = p - [ + 1], (27)
qt Kt Hk+

It is immediate from (7) that

—— = B(E:)¥(Hge) -k, (28)

Equilibrium growth paths for this economy, [K:, pt, 9qt, Wt, Nt, Et, Hge; O £
t £ o], are solved simultaneously from equations (22)-(28) for a given
initial value Ko and transversality conditions (16) and (21).

In the subsequent analysis, we will confine our attention to balanced
growth paths on which (i) the stock of knowledge K: and the imputed prices of
the stock of knowledge [p:, q:] are growing at constant rates, and (ii) the
real wage rate W and the input variables [N:, E:, Hx:] are constant. The
restriction of the balanced growth path class is rationalized partly by causal
empiricism (see Lucas (1988) and King and Rebelo (1988)). The preferences and
production technology assumed in this paper ensure that balanced growth is

feasible.
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We now derive equilibrium balanced growth paths from the system of
equations consisting of (22)-(28). Let gk, gp, and gq denote ﬁg/Kz, Eg/pz,
and ét/qt. Since we restrict our attention to balanced growth paths, we can
drop the time subscript from W¢, N{, Ei+ and Hk:, denoting them by W, N, E and
Hk. Taking logarithms of both sides of (23) and (26) and differentiating them

with respect to time, we obtain
gp = —a2gKk;, (29)
gq = -bgk. (30)

Rewriting (22) and rearranging (25) yield

An(N)n-1, (31)

=
1

N=(1l-Db)(l -Hk)/(2 -b ~h). {32)

Substituting gk, gp, and g¢ into (24), (27) and (28) leads to

(1 - a)k
gp = p - gg[ ———————— + 1], {33)
(1 - e)E
(1 - k)N
gq = p - gkl =——— + 1], (34)
Hxk
gg = B(E)k(Hg)!-k, (35)

Equilibrium balanced growth paths [g£x, gp, g€q, W, N, E, Hx] are determined as
the solutions of equations (29)-(35). The balanced growth paths satisfy
transversality conditions (16) and (21) because the asymptotic rates of p: and

gt are given by (33) and (34).

13



To characterize the properties of the equilibrium balanced growth paths,
we must transform the system of eguations consisting of (29)-(35) to a reduced
system of two equations with respect to gx and Hx. For this purpose, we
substitute (29) into (33), and rearrange it as follows:

(1 - a)kgxk
E = . (36)

(1 -e)lp - (1 - a)gk]

Substituting (36) into (35) and rearranging it give us

gk (1 —e){p - (1 - a)ge] «xk/(1-k)
Hx = { } . (37)
(B)1r/(1-k) (1 - a)k

Combining (30) and (34) yields

o Hg

(1 - b)Hxk + (1 - k)N
Substituting (32) into (38) and rearranging it, we see

(1 - b)(1 - k)gk
Hg = . (39)
p(2-b-h)-(1-Db)(1+k~-Db-h)gx

The values of gg and Hg in the equilibrium balanced growth paths are now
determined as the solutions of equations (37) and (39). From these values,
the paths for the other variables can be easily derived.

In Appendix A, we show that a balanced growth path associated with (gxk,
Hk) = (0, 0) becomes an equilibrium balanced growth path generated by the
competitive market equilibria defined in the previous section.!? This

balanced growth path satisfies (37) and (39) even though it corresponds to the

14



corner solution case of (E, Hg) = (0, 0). Therefore, the system of equations
(37) and (39) provides a complete description of the values of gk and Hg in
equilibrium balanced growth paths generated by the competitive market

equilibria in the previous section.

4., Coordination Failure in the Equilibrium Balanced Growth Paths

We now consider the features of the equilibrium balanced growth paths by
exploiting the system of equations consisting of (37) and (39). First, we
restrict the range of gk using (32), (36), (37) and (39) with the time
restrictions 0 < N< 1, 0§ E< 1, 0% Hxk <1, and N + Hx < 1. It
follows from 0 < b < 1, 0 < h < 1and 0 § Hgk < 1 that labor demand for
the worker, N, is always determined from (32) in the range (0, 1). The value
of N also satisfies N + Hx < 1 as long as Hk < 1. Thus, we confine our
attention to the restrictions imposed on gx by (36) with 0 § E < 1 and by
(37) and (39) with 0 £ Hk <1. To simplify the analysis, we assume from now
on that B is great enough to ensure Hg < 1 in (37). Using 0 < a < 1 and O
< e < 1, gk is restricted from (36) with 0 £ E < 1 in the range [0, p (1-
e)/ {(l-a)(l-etk)}). Given 0 < b < 1, 0 < h< land 0 < k < 1, gk is
also restricted from (39) with 0 £ Hgk <1 in the range [0, p /(1-b)).
Furthermore, it is seen from (37) with 0 £ Hk that gk must lie in the range
[0, p/(1l-a)). Combining these restrictions on gk, we now have

p (1-e) p P

0 § gk < Mln[ ’ [} 1. (40)
(1-a) (l-e+k) 1-b 1-a

We proceed to scrutinize the characteristics of the loci of (37) and (39)

to depict these two curves in the (gkx, Hkx) diagram. Let Hx = ¢ (gkx) and Hx =

15



¥ (gg) denote the locus of (37) and the locus of (39). Totally
differentiating (37) with respect to gx and Hk, we obtain
1-e P gk (1-e)[ p —(1-a)gk] (2x-1).¢1-%k)

é " (gx) = ( - ) { }
k. (B)yi/7¢(1-k) 1-a 1-k (l-a)k

(41)
Further differentiation of ¢ " (gkx) with respect to gk yields
(1-e)2 g€k 2p (1-e)[ p -(1-8)gk] (3k-2)/(1-%k)

¢ " (gx) = (— - ) { }
k(1-k) - (B)1/(1-k) 1-k 1-a (1-a)k

(42)
Given 0 < a< 1, 0 < e 1, 0<< k< 1, 0 < B, and (40), it is found

from (41) and (42) that

< P (1-k)
¢ (gx) 30 iff g« 3 , (43)
1-a
and
2p (1-k)
¢ "(gs) 30 iff g« 3 (44)
1-a

Similarly, totally differentiating (39) with respect to gx and Hx leads to

p (1-b) (1-k) (2-b-h)
¥ (gx) = > 0, (45)
[p (2-b-h) - (1-b)(1+k-b-h)gxk]?

where the final inequality is derived from 0 < b < 1, 0 < h< 1, 0 < k
< 1, 1+k-b-h< 2-b-h, and (40). Further differentiation of (45)
with respect to gk generates

2p (1-b)2(1-k)(2-b-h) (1+k-b-h)

w " (gx) = . (46)
[p (2-b-h) - (1-b)(1+k-b-h)gx]?

16



which implies that

v "(gx) 30 iff 1+kZb+h. (47)

We now discuss the features of the equilibrium balanced growth paths in
the (gx, Hk) diagram using the loci of Hk = ¢ (gkx) and Hkx = ¥ (g€k)
characterized by (40) and (43), (44), (45) and (47). For simplicity, it is
assumed from now on that there exists no difference between the intertemporal
elasticities of substitution in consumption of the capitalist and the worker,
that is, a = b. From (40), this assumption ensures that gk is restricted only

from (36) with 0 £ E < 1 in the following range:

o (l-e)
0 £ gk < . (48)
(1-a)(1l-e+k)
Given the parametric conditions in (43), (44), (47) and (48), the discussion

is divided into the following four cases:

(IY)1 +k 2 a+hande 5 k.

In this case, it is immediate from (47) that » "(gkx) 2 0. Thus, in the

light of (45) and 3 (0) = 0, the Hrx = @ (g€k) locus is depicted by #» (gx) in

Fig. 1.1 It is also found from (43), (44), (48), e £ k and a = b that!?

¢ (gx) > Oand ¢ "(gx) < 0 for gx < p (1-k)/(1l-a),

¢ (gx) £ Oand ¢ "(gx) £ O

o (1-k) 2p (1-k) p (l-e)
for ————— £ gg £ Min [ , 1,
l1-a l-a (1-a) (1-e+k)

17



2p (1-k) o (1-e)
¢ (gx) < 0 and ¢ “(gx) > 0 for Min | , ] < gk.
1-a (l-a)(1l-e+k)

Thus, in view of ¢ (0) = O, the Hx = ¢ (gx) locus can be illustrated by ¢ (gk)
in Fig. 1.1!3 The eguilibrium balanced growth paths are now indicated by the
intersections of the Hx = ¢ (gx) locus and the Hx = » (gkx) locus. As shown in
Fig. 1, two equilibrium balanced growth paths can exist.!4 The point 0O,
associated with the no growth rate of per capita income, corresponds to the
pessimistic state of the capitalist’s and the worker’s expectations about the
accumulation of the stock of knowledge. On the other hand, the point E,
associated with a high growth rate of per capita income, corresponds to the
optimistic state of the capitalist’s and the worker’s expectations about the
accumulation of the stock of knowledge. The difference between the
expectations of these two equilibrium balanced growth paths arises from
technological complementarities of the accumulation process of the stock of
knowledge.

(I)1+k2 a+hande > k.

Fig. 2 depicts the loci of Hk = ¢ (g&) and Hk = » (gk) in this case. As
shown in Fig. 2, we may have two equilibrium balanced growth paths, 0 and E.
()1 +k< a+hande 5 k.

Fig. 3 illustrates a location of the loci of Hx = ¢ (gx) and Hk = » (gk).
In this case, the locus of Hk = ¢ (gkx) is similar to that in Fig. 1, whereas
the locus of Hk = p (g€k) is a concave function of gx. It is still possible
that multiple equilibrium balanced growth paths exist. Fig. 3 indicates an
example that there are three equilibrium balanced growth paths, 0, E;, and

Ez.ls
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(W) 1 +k < a+hande > k.
Fig. 4 describes a location of the loci of Hg = ¢ (gx) and Hg = » (gx) in
this case, and suggests that there exist multiple equilibrium balanced growth

paths.

These four figures show that coordination failure in the accumulation
process of the stock of knowledge can yield multiple, Pareto-ranked
equilibrium balanced growth paths. In the present model, the coordination
failure emerges from technological complementarities within the accumulation
process of the stock of knowledge inside firms. There may exist some
mechanisms that can overcome the coordination failure. The introduction of
these mechanisms, which is probably related with a reform of the internal
organization of firms, can explain some aspects of takeoffs in economic

development.

5. Determinants of Equilibrium Balanced Growth Rates

Since the present model generates endogenous growth rates, we can explore
how economic structure affects these growth rates. In this section, we
discuss the effects on long run growth rates of the parameters of commodity
production (4 and n), the parameters of the accumulation process of the stock
of knowledge (B and k), and the parameters of the preferences of agents (a, e,
hand p ).

We first examine the effects on long run growth rates of a change in the
parameters of commodity production. In fact, a shift in A or n causes no
effects on long run growth rates because neither (37) nor (39) includes these

parameters. Thus, we obtain the following proposition.
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Proposition 1: Equilibrium balanced growth rates are invariant to a change in

any of the parameters of commodity production (4 and n).

Some remarks about this proposition should be mentioned. First, the
standard endogenous growth model such as Lucas {1988) and Rebelo (1987)
predicts that the equilibrium balanced growth rate is invariant to linear
transformation of the production function of consumption commodities.
Proposition 1 shows that this prediction also holds for the endogenous growth
model with coordination failure. Second, Proposition 1 implies that a change
in n does not affect equilibrium balanced growth rates in the present model.
The reason stems from the fact that commodity production function (3) is
transformed to be linear in the stock of knowledge in this model (see equation
(6)).

We next consider the implications of changing the other parameters.
Suppose that the effectiveness of labor inputs in the accumulation process of
the stock of knowledge changes so that B increases. Then, it is seen from
Table 1 that the Hx = ¢ {(gk) locus shifts down whereas the Hx = » {(gx) locus
does not shift. Given the discussion in the previous section, the analysis of
the effects of the shift in B on long run growth rates is divided into the
following two cases:

(I ) If1l+k 2 a+ h, we can have two equilibrium balanced growth paths
depicted by points 0 and E in Figs. 1 and 2, as represented in the previous
section. If B increases, then the new equilibrium balanced growth solution
with a high growth rate of per capita income lies to the left of E. This
finding implies that the new equilibrium balanced growth path with a high

growth rate of per capita income is characterized by a slower balanced growth
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rate. On the other hand, the shift in B causes no effect on the equilibrium
balanced growth path with the no growth rate of per capita income at O.
()Y If 1 + k < a + h, we may suppose that equilibrium balanced growth paths
are illustrated by points 0, E; and E., as shown in Figs. 3 and 4. Then, the
effects of the shift in B on the equilibrium balanced growth paths, both with
the maximum growth rate and with the no growth rate, are similar to those
obtained when 1 + k 2 a + h. However, the new equilibrium balanced growth
solution with the medium growth rate lies to the right of E;, so that this
solution is characterized by a higher growth rate. In general, we can show
that a rise in B decreases (increases) the equilibrium balanced growth rate of
an equilibrium balanced growth path with »° > ¢ (p’ < ¢ ).

Applying the similar analysis to all the remaining parameters, we can

establish the following propositions:

Proposition 2: Suppose that 1 + k 2 a + h. Then:

(1) If an equilibrium balanced growth path is characterized by the no growth
rate, the long run growth rate is independent of a change in any parameter.
(2) If an equilibrium balanced growth path is characterized by a positive
growth rate, the long run growth rate decreases with the effectiveness of
labor inputs in the accumulation process of the stock of knowledge, B, and
decreases with the intertemporal elasticity of substitution in consumption of
each agent, 1/a. The long run growth rate also increases with the
intertemporal elasticity of substitution in labor supply of each agent, 1/e or
1/h, and increases with the discount rate, p . An increase in the
substitution elasticity of labor inputs in the accumulation process of the

stock of knowledge, k, causes ambiguous effects on the long run growth rate.
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Proposition 3: Suppose that 1 + k < a + h. Then:

(1) If an equilibrium balanced growth path is characterized by the no growth
rate, the result of Proposition 2(1) holds.

(2) If an equilibrium balanced growth path with a positive growth rate is
characterized by v ©~ > ¢ ', the long run growth rate satisfies the result of
Proposition 2(2).

(3) If an equilibrium balanced growth path with a positive growth rate is
characterized by » ° < ¢ ', the long run growth rate increases with the
effectiveness of labor inputs in the accumulation process of the stock of
knowledge, B, and increases with the intertemporal elasticity of substitution
in consumption of each agent, I1/a. The long run growth rate also decreases
with the intertemporal elasticity of substitution in labor supply of each
agent, 1/e or 1/h, and decreases with the discount rate, p . An increase in
the substitution elasticity of labor inputs in the accumulation process of the

stock of knowledge, k, causes ambiguous effects on the long run growth rate.

Some comments about these two propositions are in order. First, if 1 + k
2 a + h, we always obtain » * > ¢ ' on the equilibrium balanced growth path
with a positive growth rate, as depicted in Figs. 1 and 2. Thus, we may state
that Proposition 3 holds true irrespective of whether a + h is greater than 1
+ k. Furthermore, if the worker’s intertemporal elasticities of substitution
in consumption and labor supply are small enough, we can exclude the case of
Proposition 2. Second, the standard endogenous growth model developed by
Lucas (1988) and Rebelo (1987) predicts that the equilibrium balanced growth
rate Iincreases with the effectiveness of investment in human capital or the

stock of knowledge, increases with the intertemporal elasticity of
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substitution in consumption, and decreases with the discount rate. However,
their results are confirmed in the endogenous growth model with coordination
failure only if an equilibrium balanced growth path with a positive growth
rate is characterized by ¢ ° < ¢ . Furthermore, the opposite results are
obtained in this model if an equilibrium balanced growth path with a positive
growth rate is characterized by v > ¢ ’. The reason is attributed to the
fact that, in this model, parameter shifts affect long run growth rates by
changing the expectation of each agent about the level of labor input devoted
by the other agent to the accumulation process of the stock of knowledge.
Thus, if an increase in the effectiveness of the accumulation of the stock of
knowledge leads one agent to expect that the other agent devotes less labor
input to the accumulation of the stock of knowledge, then the long run growth
rate declines. Third, if the equilibrium balanced growth paths with » *~ >

¢ ' are unstable, we can state that the results of the standard endogenous
growth model still hold in the present model. Since the features of the
equilibrium balanced growth paths with p’ > ¢ ’ seem to be counterintuitive,

we may conjecture that these equilibrium balanced growth paths are unstable.

6. Conclusions

This paper has considered the long run implications of the coordination
problem between the capitalist and the worker which arises from technological
complementarities within a shared accumulation process of the stock of
knowledge in the stage of production. Coordination failure emerging from the
accumulation process of the stock of knowledge can produce multiple, Pareto-
ranked equilibrium balanced growth paths in which identical economies can

converge to steady states with different rates of growth. This finding
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suggests that a reform of the internal organization of firms is beneficial not
only by improving the efficiency of production but also by changing the
expectations of one agent about the other agents’ input decisions in the
accumulation process of the stock of knowledge inside the firms. This paper
has also explored the implications of economic structure on equilibrium
balanced growth rates. The obtained results have shown that the conclusions
derived from the standard endogenous growth model are not necessarily

confirmed in the endogenous growth model with coordination failure.
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Appendix A

This appendix shows that a balanced growth path associated with (E, Hk) =
(0, 0) satisfies the equilibrium conditions generated by the competitive
market equilibria defined in section 2.

We begin with deriving the equilibrium conditions under the assumption
that all inequality constraints except the non-negativity constraints of E.
and Hx: are satisfied with strict inequality. To this end, let us notice that
the first-order conditions from the capitalist’s and the worker’'s problems
with the inequality assumption mentioned above are represented by (13), (15},
(16), (18), (20), (21), and the following equations:

[A(N¢)®Ky - WNiKy]1-a

- (1-E1)-¢ + ptKiBk(E¢)k-1(Hge)1-k + 2 ¢ = 0,
1 - a

(Al)

(WiHy K¢) 1-D
- (1 ~ Hyt - Hgt)-d + gtK«B(1-k)(E¢)k(Hg:) "% + u» + = 0,
1 - b

(A2)
where A + and u :+ are the nonnegative multipliers associated with E: 2 0 and
Hkt 2 0. Rearranging these first-order conditions with accumulation equation
(7) and labor market clearing condition (10) produces the equilibrium
conditions, which are expressed by (15), (16), (21), (22), (25), (28), and the
following equations:

(1 = Nt - Hge)t-n

At = pqr - (WNy)1-b(Ky)-b - g«B(E:)k(Hgt) 1"k,
1 -h

(A3)

[A(N¢)® - WiNe]tr-a

(Ki)1-a(1-E¢)-® = ptK«Bk(E¢) k-1 (Hge) 1~k + A,
1 - a
(Ad)
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(WiNtK¢)1-0b
{1 = Nt - Hge)-0 = qeKeB(1-K)(Et) & (Hge) "k + g . (AD)
1 - b
We next show that growth paths with (E, Hg) = (0, 0) can be constructed

so as to satisfy the equilibrium conditions specified by (15), (16), (21),

(22), (25), (28), (A3), (A4) and (A5). Let us define the growth paths by

E: = 0, (A6)
Hke = O, (A7)
Nt = (1 - b)/{2 - b - h), (A8)
Wi = An(Ny)a-1, (A9)

[A(N¢)R - WeN¢Jl-2a(Ky)1-a
At = , (A].O)
1 - a

(WiNtKt)1-bp(1 - N¢)-n
ot = y (Al1)
1 - b

Kt = 0, (Al12)

[A(N¢)D - WeNgJt-a(Ke)-2
Pt = pPr - ’ (Als)
1 - e »

(WiNg)1-P(K¢)-P(1 - N¢)1-h
gt = pQt - . (A14)
1 - h

It is immediate that these growth paths satisfy (15), (22), (25), (28), (A3),

(A4) and (A5). Given that the capitalist’s consumption and the worker’s
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consumption are positive, it is also found from (Al13) and (Al4) that the
transversality conditions of (16) and (21) are satisfied. Thus, the growth
paths defined by (A6)-(Al4) are proved to be equilibrium growth paths.

We now confine our attention to balanced growth paths on which (i) the
stock of knowledge K:, the capitalist’s and the worker’s imputed prices of the
stock of knowledge [p:, qit], and the nonnegative multipliers [A t, u t] are
growing at constant rates, and (i1i) the input variables [N:, E:, Hkxt] and the
real wage rate W:. are constant. To derive a balanced growth path from the
equilibrium growth paths defined by (A6)-(Al4), we drop the time subscript
from Nt, Et, H: and Wi, and denote A /A ¢« and 4 t/u « by gw and gx. Taking
logarithms of both sides of (Al0) and (All) and differentiating them with

respect to time, we see
gm = Ex = gx = 0, (Al15)

where the final inequality follows from (Al2). Thus, we obtain a balanced
growth path from (A6)-(Al4) by dropping the time subscript from all variables
except p: and q+. This balanced growth path is verified to be an equilibrium
balanced growth path because it is generated by the equilibrium growth paths

given by (A6)-(Al4).

Appendix B

The purpose of this appendix is to explore the implications of economic
structure on equilibrium balanced growth rates. To this end, we must examine
the effects of a change in each structural parameter on the loci of Hg =
¢ (gx) and Hk = 9 (gx). These results are represented as follows (note that b

is assumed to be equal to a):
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(1) Partial differentiation of ¢ and » with respect to B;

- (1l - a)gk] k. (1-k)

} ,

(2k-1)/(1-k)

(2k-1)/(1-k)

o9 (B) (k-2)/C1-k) . gg (1 - e)lp
= - {
oB 1 -k (1 - a)k
oV
— = 0.
JB
(2) Partial differentiation of ¢ and » with respect to a;
9% (1-e) p gx (1-e)[p -(1-a)gk]
—_ = { }
Jda (1-a)2(1-k)(B)1/(1-k) (1-a)k
oY (1 -=k)[p (1l -h) + (1 - a)2gxklgx
da [p(2 -a-h) -(1-a)(l +k~-a-~-h)ggl?
(3) Partial differentiation of ¢ and ¥ with respect to e;
o9 [p-(l-a)gklex (1-e)[ p -(1-a)gx]
— = { )
Je (1-a)(1-k)(B)1/(1-k) (1-a)k
QY
—_— =0,
de
(4) Partial differentiation of ¢ and i with respect to h;
o
—_— =0,
oh
o (1 -a)(l -k)[p - (1 - a)gklex
oh [p(2 ~-a-h) -(1-2a)(l +k-a-~-h)gkg]?
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(5) Partial differentiation of ¢ and p with respect to p ;

3¢ (1-e)gk (1-e)[ p ~(1-a)gk] (2x-1)/(1-x)

-— = { } ) (B9)
EYe (1-a)(1-k)(B)1/(1-%) (l-a)k

Ry (1 - a)(l - k)(2 -a - h)gk

-_— = - . (B10)
pYe) [p{2 —-a-h) - (1 -a){l+k-a-h)gk]?

Given 0 < a < 1, 0< e< 1, 0< h<< 1, 0< k< 1, 0 < B, 0 < p and

(48), we obtain the results summarized in Table 1.
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Notes

1. For various models of coordination failure, see Cooper and John (1988).
2. As indicated above, Azariadis and Drazen (1988) showed that technological
externalities with threshold features can produce multiple balanced growth
paths in their endogenous growth model. Their threshold features imply that
the effectiveness of investment in human capital rises very rapidly if the
stock of human capital achieves some critical values. On the other hand, our
model need not assume such threshold externalities in the accumulation process
of the stock of knowledge to verify the possibility of multiple balanced
growth paths. Prescott and Boyd (1987) have developed an overlapping
generation model of endogenous economic growth in which workers’ productivity
depends not only on their own human capital but also on that of their
coworkers. Although the spirit of their study is close to ours, they exhibit
that there exists the unigue equilibrium balanced growth path. The difference
stems from their assumption that young workers can make with old workers
contract arrangements such that strategic complementarity effectively
disappears.

3. Note that (a)-! is the intertemporal elasticity of substitution in
consumption and (e)-! the intertemporal elasticity of substitution in labor
supply. The parameters b and h defined below are also interpreted in a
similar way.

4. This qualification implies that the stock of knowledge accumulated inside
each firm displays no spillovers among firms. Several studies, however,
discuss the implications of spillovers of knowledge in the economy. See Romer

{1986), Lucas (1988), Stokey (1988), and Grossman and Helpman (1988).
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5. It is possible to construct a model in which the capitalist invests her
foregone consumption instead of supplying her labor effort to accumulate the
stock of knowledge. However, our main conclusions are not modified by this
alternative specification.

6. For the justification of the linearity assumption, see Lucas (1988).
Note that an increase in the stock of knowledge raises the efficiency of the

capitalist’s or the worker'’s labor input for the accumulation of the stock of

knowledge.
7. Our main conclusions do not rely on the specific functional form of (7).
8. It is important to emphasize that E: and Hgx: are observable to the

capitalist and the worker. The difficulty that the agents face is conveying
this common information to the court.

9. We assume that the stock of knowledge K: is publicly observable, so that
wages are paid to labor supply measured in efficiency units. Note that the
assumption of public observability on Kt does not imply that E. and Hk: are
publicly observable.

10. Note that this result depends on the assumption of the multiplicative
functional form of (7).

11. Note that ¥ (p (1l-e)/[(1-a)(l-e+k)]}) < 1 because E = 1 and Hx < 1 at
gk = p (l-e)/[(1-a)(1l-e+k)] with the assumption of a = b. This remark also
holds in Figs. 2-4.

12. More precisely, if 2p (1-k)/(1-a) 2 p (1-e)/[(1-a)(l-e+k)], the Hg =

¢ (gx) locus does not have any portion on which ¢ "(gx) < 0 and ¢ “{(gx) > O.
13. Note that the Hgx = ¢ (gk) locus lies everywhere below the Hx = 1 locus

in the range of (48) because B is assumed to be great enough to ensure the

relation between these two curves. This remark also holds in Figs. 2-4.
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14. Although Fig. 1 suggests the existence of two equilibrium balanced
growth paths, it is possible that there exists the unigue equilibrium balanced
growth path characterized by the no growth rate of per capita income. This
remark also holds in Fig. 27

15. Although Fig. 3 exhibits an example of three equilibrium balanced growth
paths, we may have less than or more than three equilibrium balanced growth

paths. This remark also holds in Fig. 4.
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Table 1
The effects of parameter changes on ¢ and

@ Y

B - 0
k i o}
a + -
e - 0
h 0 +

%

i

| o + -

L

Notes: +:. upward shift; -: downward shift; 0: no shift; ?: ambiguous effect.

The derivation procedure of the results is shown in Appendix B.
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