Communication costs, network externalities, and long-run
growth

Colin Davis
Kobe University

Abstract

This note examines the effect of per-period communication costs in a model of expanding
product variety. It is shown that while a decrease in communication costs leads to growth in
aggregate output, this growth is only transitional with the growth rate falling to zero in the
long run as the result of a congestion effect.
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1. Introduction

In recent years the application of new technologies suclheagdnternet, fiber optics
and satellite based systems have resulted in a dramatieatcin communication
costs. There is, in general, a consensus that this reduntmsts has provided an en-
gine for economic growth in developed countries. Increasm@ss to a larger base of
knowledge that occurs with an increased level of econontégiration leads to knowl-
edge spillovers that accelerate the process of productafewent. The dynamics of
this process have been examined in the endogenous groarttlite, for example the
models of Romer (1990) and Grossman and Helpman (1991). ritésextends the
expanding variety model to examine the effects of per-glectmmmunication costs on
long-run growth.

Communications networks possess many of the charactsrasisociated with a
public good, the use of which requires “membership” throtlgh payment of fixed
connection and monthly fees. Harris (1995) presents agtaogument for modeling
communication costs as fixed costs suggesting that onceettessary infrastructure
is in place the actual costs of communication are negligiblather, the public good
nature of a communications network implies the existencevofexternalities. The
first is a cost-sharing externality where average conneetim maintenance costs de-
crease with network connections as fixed costs are sharedbbgea number of users.
The second is a congestion externality where average custsaise with the number
of users as the network becomes crowded. This note adopézdisation for commu-
nication costs introduced by Kikuchi and Ichikawa (2002tthllows for both types of
externalities.

An adaptation of the expanding variety model is consideritld production of fi-
nal goods, intermediates, and communications servicesiopldistically competitive
firms in the intermediates sector require the use of a comeations network when
producing differentiated varieties of the intermediatedéor supply to the perfectly
competitive final goods sector. While the structure of thaleldollows the expand-
ing variety models of the endogenous growth literaturejitreduction of per-period
communication costs leads to neo-classical outcome with geowth in intermedi-
ate varieties and aggregate output in the steady-statedudctien in communication
costs allows for new entry into the market for intermediates/ing the economy to
a new equilibrium with greater aggregate output and consiemp The model con-
cludes, therefore, that reductions in communication clestd to short-run growth.
This growth is only transitional, however, as the growtle naturns to zero in the long
run.

The note proceeds as follows: Section 2 describes the batsigosof the model,
Section 3 examines the equilibrium dynamics and the effefcasdecrease in commu-
nication costs, and Section 4 gives concluding remarks.

2. Themode€

The economy consists of three sectors: final goods, inteateegoods, and commu-
nications. The final goods sector is perfectly competitivéhvinany firms producing
a homogeneous good using a constant returns to scale tegynah the intermedi-
ates sector monopolistically competitive firms productedéntiated varieties. Each of
these firms requires a connection to a communications nktwor

The population growth rate is zero and households suppby latelastically. The



preferences of a representative household are

Uy = /OO e PT(logC(7)]dr, Q)

wherep is the subjective discount rate ahgy C is the instantaneous utility derived
from consumption of the final good at time Households maximize the intertemporal
utility in Eq. (1) subject to a flow budget constraint

A+ C =wL+rA, 2)

and the initial conditiom(0) = Ay, wherew andr are the wage and interest rates and
L and A are labor and assets, respectively. Household assetsraposed of invest-
ments made in the communications and intermediates sedcmtimization leads to
the following first-order conditions:

C=1. 3)
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and the standard transversality condition:

tlim [A(¥) - A(t)] =0,
where is the shadow value of income.
The production function for the final good is
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where Ly is labor employed in th& -sector, X is a composite good consisting of
n varieties of the intermediate input, ande > 1. The final good is the model
numeraire,Py = 1. The Y-sector demands for labor and the composite gboate
given by their marginal value products:
aY

M Py = ) (6)

Y=, X

Demand for intermediate varieties will be symmetric in ¢iquium. Therefore X =

n71zandPyx = nﬁp, wherep is the price of any intermediate variety. The demand
for each intermediate variety is

aY
np

T = ()

Communications services are provided in the form of a ndiwloat is managed
by a natural monopoly. Thls network is capital intensive aodstructed using funds
invested by households. The cost of maintaining the netidrastructure consists of
interest payments to households,

ry(n) = r(F +n?). (8)



F is the base cost of network provision amtlis the cost of congestion associated with
n connected network users. Following Harris (1995), the rahtmonopoly applies an
average cost pricing rufe.
The instantaneous operating profits of a representatigen@diates firm are
n
o= (s — w1 ©
The first-order condition for profit-maximization deterregprice, which will be a
constant mark-up over unit cost= ow/(c — 1). Given this pricing rule and Eq. (7)
instantaneous profits can now be expressed as
Y
r=2 TM. (20)
an n
Development of a new intermediate variety requivgs units of the final good.
Free-entry assures that the present-value of the futuraratof profits will equal the
fixed cost of product development.

/ e [RO=EWln(r)dr = ?, (11)
¢ n

whereR(s) = [° r(s)ds. Note that total households assets are the sum of investment
in network infrastructure and new product development:

A=F+¢+n’ (12)

Differentiating Eq. (11) with respect to time and using Efj0)and Eq. (12) gives a
no-arbitrage condition for the rate of return on investmerat firm in the intermediate
goods sector:

p= 09 (13)

The model is closed with the assumption that the labor manlkatrs. First, note
that labor employed in the intermediates sector is

alc —1)Y
ow

L,=nxr=

Then, the market-clearing condition for labor is

(U—Q)Y.

ow

L= (14)

Choosing units such thd = (o0 — a)/[a(c — 1)]*[(1 — a)o]' %, Eqg. (6) can be
rewritten as

Y =n771L. (15)

The next section examines transition dynamics and steiady-asquilibria.

1See Kikuchi and Ichikawa (2002) for more detail.



3. Dynamics

The system is described by two differential equations. Tist i given by Eq. (2).
Differentiating Eq. (11) with respect to time and using Et@)and Eq. (14), Eq. (2)
can be rewritten as

n Y-C

S 16

n ¢+ 2n? (16)
The second differential equation is provided by the firgtenrconditions for intertem-
poral utility maximization. Using Eq. (13) and Eq. (16) in.Hg) gives
C_(a__o Y _6C
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With network congestion the increase in intermediate firofifg that arises with
an increase in aggregate output will be dominated by theitazsred with greater
network congestion. Growth in the number of varieties ofititermediate input will
eventually stop and the economy will reach a steady stateewnher = C/C = 0.
The zero-growth loci for Eqg. (16) and Eq. (17) are

(17)

C, =Y, (18)

Co = <1 - g(“b +¢2”2)) y + 2@ ;2”2)14. (19)

The short-run dynamics can be examined by linearizing ttstesy around the
steady state.

C | hir hao c-C
n | | har ha n—n

Steady-state values farandC are denoted by andC. Denote the coefficient matrix
by H, where

hy = —2 Y
(¢ +2n2) A
B — (F-n?) (c—a-1) (0 —a)o 2pnY
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Then,
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The system is, therefore, saddle-point stablexfor n®.
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Figure 1: Steady-state equilibria

The phase diagram in Figure 1 summarizes the dynamics ofyters. TheC),
andC¢ loci cross twice allowing for the existence of two steadgtestequilibria. The
equilibrium, E1, is not stable as shown by the directions of movementfandn. The
second equilibriumFs is a saddle point with the stable arms described by the dashed
arrows.

The concave shape df,, requires that the marginal productivity af diminish.

This will be the case whea > 1 + «. The cubic shape af¢ is the result of several
opposing income effects.

0Ce (cr —a [2(c-1)+ a]2n2) aY (2F + 3¢ + 4n?)2pn
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While an increase im increases the productivity of labor in thésector, increasing
the wage rate, profits in the intermediates sector falls @satrof congestion. These
two opposing effects are described by the first term. Investimcome from the com-
munications sector, however, is monotonically increasing. With a diminishing
marginal productivity fom in the final goods sector, the first term approaches zero,
and the second term dominates.

A decrease in the base cost of network provisiBnwill increase the number of
intermediate firms and increase the aggregate level of aulpisee this, first note that
the C,, locus does not shift with changesih The effects of a change ifi on theC¢
locus can be examined using

9Cc _ pl+2n?)

OF 3 > 0.

A decrease in communication costs will shift the locus downwards, and the econ-
omy will move up theC;, locus to a new steady state with a greater number of varieties
and a higher level of aggregate output. The economic gromt¢hded by the reduc-
tion in communication costs will only be transitional, hoxge with the growth rate
returning to zero in the long run.



4. Concluding remarks

This note examines the effects of per-period communicatasts and network exter-

nalities on growth in a model of expanding variety. The madeludes three sectors:

final goods, intermediates, and communications and foarstee intermediates sector
where firms producing differentiated varieties requirer@gtion to a communications
network. Itis shown that the existence of a congestion aztéy leads to a steady-state
equilibrium with zero growth in intermediate varieties amgiregate output. While the
model closely follows the structure of the expanding variebdels of the endogenous
growth literature, the dynamics described by the model aceatassical in nature with

a long-run growth rate of zero.

The model is consistent with the idea that a decrease in conwation costs has
lead to an increase in economic growth. Reductions in conigatian costs move the
economy to a steady state with a greater level of aggregdpiouThis economic
growth is temporary, however, and once a new stationarylibguim is reached the
growth rate returns zero.
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