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(ABSTRACT)

We observe that the location of non-primary production activities is concentrated
among cities and regions. The pattern of domestic and international trade and the
growth of a nation are intimately related to the country’s regional and urban structure.
The theoretical and empirical essays in this dissertation analyze the consequences of
these observations, seeking to determine the influence of cities on national growth
and vice versa.

Chapter 1 models locales which produce goods for trade outside the locale’s bound-
aries. | use a model that assumes monopolistic competition in both service and traded
goods sectors to study the impact of both a localization externality and a nation-based
externality. The localization externality is related to innovation that occurs because
of agglomeration in a locale. The nation-based externality reflects the idea that some
nations promote competitive industries more successfully than do others. The model
highlights the “success breeds success” (or “failure breeds failure”) pattern associated
with economies in various stages of economic development.

Many current models in urban economics assume that cities are highly specialized
in the production of goods and services, and that specialization leads to growth of
output and employment; Chapter 1 yields such a result. Chapter 2 is an econometric

study examining those assumptions. Using a set of 63 of the largest and potentially



most specialized cities in the United States, I study data for some 40 industries and
sectors in the years 1947, 1956, 1970, 1980, and 1990; I have divided the data into
two periods, 1947 to 1970 and 1970 to 1990, for analyzing dynamic growth patterns.
I find that static specialization is less evident in U.S. cities over time. I also find that
what specialization does exist in a city is not necessarily associated with growth in
an industry in a city. For some industries, increased specialization is associated with
negative growth. Overall, growth in an industry in a city is more often associated with
a growing labor force in that city, which I interpret as an indication of the importance
of diversity.

A change in the distribution of city sizes in an economy is a potential indicator of
change in that economy’s structure. I consider several methods of measuring change
in the city size distribuﬁon in the United States in this century, and conclude that
the distribution is becoming more concentrated over that time period. I use both
parametric and non-parametric distributional approaches to study the dynamics of
the evolution of the U.S. city size distribution. I find that the balance between
manufacturing and service sector employment, agricultural land values and the prime

interest rate have statistically significant effects on the changing distribution.
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CHAPTER 1

LOCATION, INNOVATION AND TRADE:
MICHAEL PORTER REVISITED!?

1 Introduction

Michael Porter (1990) tells the story of the Italian ski boot industry, centered in
the town of Montebelluna. The town has a history of producing leather hiking boots,
specifically in the small, competitive, family-oriented businesses that the Italian milieu
seems to favor. Today, Italian firms based in Montebelluna produce a number of
differentiated products: plastic ski boots in a variety of designs, apres-ski boots, and
plastic molding equipment. Boot component suppliers as well as the boot makers have
specialized, innovated, competed, and gained international success.? We can recognize
many of the themes of recent international trade theory in the Montebelluna story.
Externalities, economic growth, the role of history, and spatial considerations are
reflected in Porter’s case studies. What we want is a model that ties together those
themes and Porter’s empirical observations.

Although we often speak, in international trade theory, of a country “producing”
a good and then “trading”, it is clear that nations do neither. It is locales, defined
as cities or towns, valleys or corridors, that produce and trade. This paper presents

a model built on the notion of locales as the source of the production of goods that

1 would like to thank Yannis Ioannides for his patient help. Nancy Lutz, Catherine Eckel, and
Charles Michalopoulos made helpful suggestions, as did two anonymous referees.

2Porter tells this story in support of his theory linking international trade success to a nation’s
successful industries in The Competitive Advantage of Nations (1990). Many other such “success”
stories are documented by case studies conducted in the 1980s.



makes a nation’s economy improve. Improvement occurs through increased domestic
production and associated real income benefits. These increases are the result of
innovation at the locale level.

The identifying characteristic of these locales is the agglomeration of an industry
cluster, a group of firms whose products are historically and/or technologically re-
lated, and that benefit from locating near one another. These pecuniary externalities
are referred to in the urban economics literature as localization externalities and we
will use that phrase also. With the example of Montebelluna in mind, we will model
a service sector that contributes a differentiated input to a traded goods sector. The
traded goods sector produces differentiated outputs that may be either final goods
or intermediate ones to its consumers; the primary characteristic is that these goods
are traded outside the l;:nca,le.

At the same time, there is another externality at work. Each locale in a nation po-
tentially benefits or suffers from its national identity; that is, every locale is affected by
the underlying advantages and disadvantages that are part and parcel of the country
to which it happens to belong. In some cases, these conditions are tangible, such as
legal arrangements and trade legislation; in other cases, the conditions are cultural—
and much harder to define. Porter says he found this fact repeatedly in his research,
even though some conventional wisdom says that national base matters less today
because of the globalization of economic activity. Porter points to “generalized factor
advantages” —education is a prime example—in addition to more specific advantages
and disadvantages. In the Montebelluna example, there are specific aspects of the
Italian economy that have favored this industry cluster, and undoubtedly there are
other aspects that are less favorable. The inclusion of a national externality in this
model reflects the idea that some nations foster the growth of successfully competitive

industries more surely than do others.



It is worth noting more precisely what is meant by a successfully competitive
industry. Useful examples include ski boots in Montebelluna, Italy, computer goods
in Silicon Valley and aircraft in Seattle in the U.S., among many others. These are
indeed goods that are traded internationally and contribute to the popular notion of
a country’s international success. But these goods are also produced for consumption
among a nation’s many locales. Increased production of these goods in the locales
promotes welfare. Therefore what improves a nation’s economy through domestic
production also helps make it more “competitive” internationally. A competitive
industry is one that trades, presumably substantially, outside its locale. Put another
way, an empirical look at these industry clusters would use world production share—
not just export shares—as a defining characteristic.

The key to this procéss of becoming successfully competitive, in our model, is the
externalities that exist at the locale level. These externalities arise precisely because
of the concentration in one geographic area of people interested in the same types of
production. Porter credits the rivalry between firms in both the service and traded
goods sectors, the communication among firms, the sharing of factor advantages,
and perhaps even the consumer demand conditions in a particular area for these
externalities. Alfred Marshall, of course, said that a particular industry may be “in
the air” in a particular locale.?

Marshall also suggested that the “near neighborhood” effect would cause sub-

3Marshall explains the situation in Book IV, Chapter 10, p. 225, Principles of Economics, 8th
edition: “When an industry has thus chosen a locality for itself, it is likely to stay there long: so great
are the advantages which people following the same skilled trade get from near neighborhood to one
another. The mysteries of the trade become no mysteries; but are as it were in the air, and children
learn many of them unconsciously. Good work is rightly appreciated, inventions and improvements
in machinery, in processes and the general organization of the business have their merits promptly
discussed: if one man starts a new idea, it is taken up by others and combined with suggestions of
their own; and thus it becomes the source of further new ideas. And presently subsidiary trades
grow up in the neighborhood, supplying it with implements and materials, organizing its traffic, and
in many ways conducing to the economy of its material.”



sidiary businesses to grow up in the locale. One way, therefore, to model the localiza-
tion externality is through the variety of products produced by a service sector. The
more goods produced in this sector the greater the localization externality that leads
to competitiveness. In the urban literature (see in particular Francisco Rivera-Batiz,
1988a and 1988b, and Abdel-Rahman and Fujita, 1990), this is modeled by making
the service sector monopolistically competitive; each firm in that sector supplies a
differentiated product to the traded goods sector.? We extend the notion of a lo-
calization externality by specifying how and where innovation occurs, and how its
impact is realized.

This model departs from the urban literature in making the traded goods sector
monopolistically competitive also. This enables us to express the diversity of output
that arises from each iﬁdustry cluster in each locale. Furthermore, the production
function of the traded goods sector is affected by what we call the nation-based ex-
ternality, modeled as a shift factor. Instead of trying to make this factor a function
of the diverse elements that constitute the nation-based externality, we look at “re-
sults”. If output is increasing in the traded goods sector, then the shift factor reflects
this success.

As we will see, there are two elements that make this shift factor important: first,
the amount of output produced will increase the externality; and secondly, the factor
is configured to capture the national milieu. By national milieu, we refer to the
variety of elements suggested above: education in various forms; attitudes toward
risk-taking, toward international trade, toward competition; institutions and their

ability to adapt; and perhaps, government policy. If, for example, a nation has, in

4Rivera-Batiz (1988a) models, and justifies, p.127, a monopolistically competitive service sector.
This treatment looks at agglomeration externalities on both the consumption and production sides.
Rivera-Batiz (1988b) emphasizes the production side. Abdel-Rahman and Fujita’s similar model
(1990) asserts that a variety of intermediate goods increases productivity.



the past, enjoyed significant output, the shift factor may be large. Another nation
may benefit from the shift factor because its national milieu has changed for the
better, even though the initial output of the traded-good firms is small. Perhaps in
another country, the national milieu has become less conducive to the growth of firms,
in which case the actual output of competitive firms will not have as much impact as
if the environment were more positive. We will consider these possibilities and others
in light of the nation-based externality, below.

We make all of this specific by looking at the production functions in the locales
and the demand for traded goods in Section 2. In Section 3, we consider the impli-
cations of innovation and look at two resulting effects. The final section, 4, looks at
development categories and international trade cases. These cases are designed to
clarify the role of the na-tion-based externality; a separate exposition of international

trade based on the locale model presented here is the topic of another paper.

2 The Model for Locales

2.1 Production in Locales

Each locale in a nation potentially has three sectors of production. First of all, all
locales produce nontraded goods, which we will bundle together and think of as a
single good, denoted by Gy, where the subscript [ identifies the locale and ¢ the time.
This production satisfies the demand by local residents. In the urban literature,
it is often thought of as housing, or services which are not easily traded (like the
proverbial haircut); in looking at Standard Industrial Classification codes, we would
identify many goods in the retail trade categories as non-traded.

The locales in which we are interested go beyond this local production. They



produce a traded good, by which we mean traded internationally as well as nationally
outside the borders of the locale. Locales do this with the help of a service-sector,
which specializes in producing varieties of intermediate goods. These goods are sold
as inputs to the firms that make up the industry cluster, or traded goods sector. We
denote the output of a firm in the traded goods sector as zj;;, where the subscripts
denote the firm producing variety j in locale ! at time t. The jth firm is one of my,
firms in locale I; there are n such locales in a given country. We will often refer to
that sector as the X-sector.

The output of the service sector, or Q-sector, by firm z, will be denoted by g¢;;.
(The locale with which Q-sector firms are associated is apparent from the context.)
The ith firm is one of §;; such firms in the service sector of locale [.°

We will use the non;traded good produced in time ¢, G}, as the numeraire. We
assume that production of these non-traded goods occurs with constant returns to

scale; it is a function only of the labor used in that sector, Lg;. We write

Gi = Laun. (1)

2.1.1 Production in the X-sector

The most interesting sectors are the ones involved in production of traded goods. We
start with the actual X-sector, where the production function for the jth firm at time
t is assumed to be a product of three factors. The first factor, A;, represents our

nation-based externality, modelled as a shift factor. We will examine the form of this

SWe are not explicitly modeling the fact that each locale supports only one industry cluster (and
its attendant service sector). Following the urban economics literature we could model this based
on the tension between the centripetal force of localization externalities and the centrifugal force of
consumption disamenities. However, that model has been perfected by a number of authors, (see
for example, Henderson (1988)), and would detract from the basic idea we are pursuing. Therefore,
we are assuming the presence of only one industry cluster per locale. See also Krugman (1992) and
Arthur (1990) for interesting perspectives on industry clusters.



factor more closely below; we will treat it as a parameter while we are considering
localization externalities. L;, is the labor employed by the jth firm in the X (traded
goods)-sector at time t. The g;;; is the amount of input ¢ from firm ¢ (in the Q or
service sector) that firm j in the X-sector uses at time ¢. The jth firm’s production
function includes up to & such inputs, with &, being the number of firms in the
service sector in locale [ at time t.

We assume that:
S1r

N g
L = Athjt(Z Q;it)”' (2)

i=1

Because the time element is not useful to us until we discuss the shift factor in Section
2.3, we drop the time subscripts until then.

At any given time, the quantity employed of some input may be zero. We also
assume that labor and the service sector inputs enter the production function in a
Cobb-Douglas manner, so that a + 3 = 1. [See Rivera-Batiz (1988a and 1988b),
and Abdel-Rahman and Fujita, (1990), for a similar treatment.] These service sector
inputs enter through a constant elasticity of substitution expression, which is equal to
p. That allows us to say something about the amount of diversity desired among users
of the intermediate goods. This is one way to express the localization externality:
the greater the diversity of these products, the greater the positive spillover in the
industry cluster. The diversity is measured by p, which we assume to be between
zero and one. The smaller p is, the more diversity we see.

These service sector goods enter symmetrically into the production function of firm
J (in the X-sector), an assumption that gives this particular set up its mathematical
tractability. The X-sector firms are price takers for the input from @ because of the
large number of firms in both sectors.

The fixed cost that each firm in the sector faces, denoted by f.;, is of interest to

us because it carries part of the “historical” explanation for industry location. As



expected, these fixed costs represent a barrier to entry; however, we interpret the
fixed costs to represent the history of the locale. That is, the fixed costs for the
industry that has located in [ stand as a barrier to firms producing the very same
goods in a different locale, and thus embody an historical element; the fixed costs
seem to make it cheaper for a firm interested in producing z;; to be located in locale
I than to be located elsewhere because of unique factor and demand conditions. This
will encourage a greater number of such firms to locate in {. Thus f;; is an exogenous
variable in the sense that it is historically determined for locale 1.6 It will be helpful
to obtain an expression for the variable cost function, ¢, for the typical firm in the
X-sector, in order to determine the amount of ¢;; that each jth firm will demand.
The cost function, as a function of w, the wage paid to labor in each of the sectors
(at equilibrium), py;, thé price of the service sector good produced by firm z, and the

amount of r; that is produced, is defined as:
[
co(w, pgi, xj1) = ming, twlej + Y Peiti (3)
i=1

subject to the production function for z;, given in equation (2). Solving for this
cost function is a two-step process, considering first the CES part of the function and

secondly the overall Cobb-Douglas expression. Minimizing accordingly yields

6[ P -
¢ = Az Bue[S pi] e (4)

=1
4
o

where B = [(%)ﬂ + (5).

6By definition, a fixed cost should not vary with the amount of labor or capital used in the
production of the traded good. Therefore, we have to specify what inputs are truly fixed in the
short run. The spirit of this historical interpretation of fixed costs would lead us to consider land-
type resources. Certainly there are locales that enjoy a natural advantage, which may be continuing
(such as a port), or strictly historical (as in depleted mineral resources). However, we would like to
also include less tangible factors. When Marshall (1890) spoke of an industry being “in the air”, he
was speaking of a short-run fixed cost, in our sense of the term. He also was speaking of people.
We propose that a community inclination, manifested in either interest or skills, is fixed in a locale
in the short run. This is not the same as the amount of labor used, nor is it amenable to change in
the short run, (although it may do so in the long run).



These are the total variable costs that a firm in the X-sector faces. 7

The derived demand for ¢;;, as perceived by the ith firm, is given by:

L =(B+ap)
gji = A—— apqpl—l (Z p—l ? T w® . (5)

It follows that the elasticity of demand facing the :th producer in the Q-sector is
=[(1-p)7"], (6)

which indicates that the elasticity of the demand facing any one producer depends on
the desire for diversity from X-sector firms. As noted before, p expresses the constant
elasticity of substitution: if it is close to one, there is little desire for diversity and if
it is closer to zero, there is more desire for diversity.

The derived demand in equation (5) is a function of z;;, the level of output of the
Jth firm. That level can be determined because of the monopolistically competitive
nature of the industry. Free entry and exit of firms in this industry cluster indicates
that equilibrium profits of the jth firm, 7,;, will be driven to zero. Using p,; to

indicate the price charged by the jth firm, we have:

Tzj = Tji Poj — fal—

‘TJIA 'Buw® (21-1 pqz l) p_l =0. (7)

Equation (7) can be solved for z;; and the resulting expression is used in equation (5)
to yield the derived demand for ¢;; as a function of the Q firm’s own price, indices of
the prices charged by all other Q-sector firms, wages, fixed and variable costs in the
X-sector, the price charged by firm j, and parameters. We consider first production

in the Q-sector.

"This and other mathematical derivations have been eliminated due to space considerations. All
derivations are available from the author on request.



2.1.2 Production in the Q-sector

The Q-sector (service sector) is also monopolistically competitive. We assume that
the sector uses only labor, Ly;, as input, and that the labor input involves both a

fixed and variable component, such that:
Lqi = fql + Col G5 . (8)

In reality, we should think of L,; as involving both the labor and the natural resources
“native” to a region, although we use labor as an approximation of these factors.
Fixed costs in this sector reflect underlying, perhaps historic, conditions in the factor
market. These fixed costs make it cheaper for a firm interested in producing z;
to be located in locale [ than to be located elsewhere because of the unique factor
conditions.® The variable component, c,, will become important below as we attempt
to specify the source and effects of innovation.

Profit in the ¢th firm in the Q-sector is
Toi = qipgi — w(fg + cuqi). (9)

We insert the expression for ¢;; (equation (5)), and maximize the resulting expression
with respect to p,; in order to find the price that a service firm will charge. In doing
so, we assume that there are a large number of Q-sector firms. Therefore, they take
the price index, Y%, Dqgi, for all firms in the sector as given.

Solving yields:

W Cq
Pei = = (10)
p

It is clear that the price is specific to the Q-sector (in locale ), but the price

charged by each :th firm is the same. If the price charged by each firm is the same,

8See footnote (6) on page 8.
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as are the fixed costs and the marginal coefficient of labor, then each firm produces
the same amount, and ¢;; will simply become ¢;. In fact, because the inputs enter
symmetrically, we may simply denote each firm’s output by q. Each X-sector firm

now will have the following production function:
8
zy = AL 60 ¢ (11)

In order to say more about this sector, we must have a demand function for the

X-sector’s traded goods.

2.2 Demand for Traded Goods

Modeling demand for a good that is traded world-wide calls for heroic assumptions.
The demand assumptions used here are simple and, indeed, heroic. In order to make
the process clearer, we assume in this section and below, that there are only two
locales in the country we consider.

First of all, the traded goods sectors in locales across the world produce goods
that would be demanded by both consumers and businesses. However, we begin the
derivation of demand by assuming that demand originates with identical consumers,
located in any one of the locales; we begin by looking at a consumer in locale 1, but
the process is identical regardless of which locale we choose. This consumer demands
three goods: one of these is the non-traded good produced in locale 1, which is G;.
The consumer also has a demand for the line of traded goods produced in her own

locale, and for the line of goods produced in locale 2. We express this as:
il A 22 -4
Uy =G Oo ) (O e3)=  o<r,r <, (12)
i=1 i=1

where )\ is the share of income going to goods produced in locale 1 and o is the share

going to goods produced in locale 2.

11



Each representative consumer maximizes utility subject to a budget constraint,
where p,; is the price of the combination bundle in locale 1 and y is the income of

the representative consumer:

mi mo
Gipg1 + ijlpjl + ijzpjz <. (13)
1=1 1=1

We maximize this expression to find the demand for one firm’s output; if we are
interested in a firm in locale 2, for example, we maximize with respect to z;,, the

output of a single firm in the X- sector of locale 2. We get:

o
T2 = ;y = (14)
m Ty =1 -
( j=21 Pﬁ'z )ijz2
This give us the individual firm’s price elasticity of demand:
€2 =| (1 =13)7" |, (15)

indicating that the elasticity is a function of the desired diversity among consumers
of the traded good produced in locale 2.

Profit maximization requires that the jth producer set marginal revenue equal to
marginal cost. We have an expression for total variable cost in equation (4) above; if
we divide by z;;, we

have an expression for average variable cost (equals marginal cost),

Bp—1
Erpg=ATBuwé, * pf, (16)
so that
1
prﬂ(l - —) = Cz2 (17)
€r2
Solving for p.;; we find that
- a0
Cr2 Bw p
Pzj2 = r_ OT Pgjo = sz)- (18)
2 T2A62 i

12



Because all firms in the sector have the same variable cost,
Pzj2 = Pz2. (19)

By the symmetrical argument, based on a good produced in locale 1, we would find
that:

Pzj1 = Pzr1- (20)

If the price charged by each firm in locale 1’s X-sector is the same, we would expect

the quantity demanded of each firm to be the same. The symmetrical argument holds

for a firm located in locale 2. Therefore, the demand for a locale 2 firm’s output may

be expressed as:

To = Uy . (21)
D2y

and the demand for a ﬁfm in locale 1 would be:

Ay

Dp1my

(22)

I =

This says that demand for the product of a firm in the X-sector of locale 2 varies
directly with the market share enjoyed by the locale 2 industry, and with the income
of a representative consumer; and inversely with its own price, and with the number

of firms in the locale 1 industry. The latter implies (in Chamberlinian fashion) that
increased demand for one locale 1 firm’s product may reduce the demand for another’s,
a point to which we will return later.

The expressions above give us the demand for traded goods in from the two locales.
We want the expressions for goods supplied, and we use the free entry zero- profit

condition to see that each firm in the X-sector produces

frl"'l
= JE - l=1.2. 23
1:[ El.[(]. Tl)’ ) ( )

That is to say that an X-firm’s output is inversely related to both its average variable

costs and the desired diversity among the industry cluster’s products. (Recall that

13



a decrease in r represents an increased desire for diversity, as was the case with p.)
Setting the expressions in equations (21) and (22) equal to the expression in equation

(23) gives us the number of firms, m; in each locale:

Ay(1 =)

m = T, (24)
and
ma = —"y“f; rs). (25)

These equations say that the number of firms in a locale’s industry cluster is directly
proportional to the locale/industry’s market share, and to the preference for diversity
for the goods produced in the industry; and inversely proportional to the fixed costs
in the locale.

Given these expressions, we can find the entire output of a traded good in a
locale, by multiplying the output of a single firm times the number of firms. We let

the capital letters denote output for the locale:

X, = W g x, = 92 (26)

Czr1 Cz2
These expressions for output include, in the average variable cost expression, é;,
the expression for the number of firms in the Q-sector in each locale, which we can now
determine. The free entry, zero profit condition in the Q-sector yields the quantity

that will be supplied in the locale (where the S indicates supply):
Qs = & 2L (27)

We define the quantity demanded of the entire Q-sector in a locale by multiplying the
number of firms in the sector times the demand per firm from equation (5). Instead

of z;; in equation (5), we use X, from equation (26) above. Therefore,

Qp: = p; ' Bory, (28)

14



and the expression for Q)p; is symmetric. Setting the expressions for supply and

demand equal, we can find the number of firms in the Q-sector in each locale:

_ Bor(1 - p)
0 = qu?—, (29)
and
_ Bany(1-p)
6 = —_—wfql . (30)

We see that the number of firms in the service sector is inversely related to the
desire for diversity for X-sector goods, but directly related to the desire for diversified
inputs from the X-sector. The parameter indicating the share of Q-inputs in the
manufacturing process, 3, has the expected relation. The higher the fixed costs, fy,
an arbitrary constant according to our historical explanation, the lower the number
of firms in the sector.

The total output in the X-sector in locale 2 now becomes:

. oryApP  Bory(l — p), su-p
X, = ZA Boral— ) 2oz2 (31)
Buwc, w fq2
and
A ApS BAr(1 — p).su-n
X, = 2nAe” BAr ”)] 7 (32)

chfl Y w fo1

It is interesting to note that a decrease in fixed costs would actually lower output by
a single firm. At the same time, it would increase the number of firms. In equations
(31) and (32), we do not see f,;, because total output is the product of output per
firm times the number of firms. This indicates that a decrease (or increase) in fixed
costs 1s a “wash”, industry-wide. We use this expression in Section 3, but before we

move on, we should look at the role of the nation-based externality.
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2.3 The nation-based externality

The nation-based externality has been designated by the shift factor A; thus far. To
amplify the remarks at the beginning of the paper, we note that we are interested in
those aspects of a national milieu that promote growth in industries in various ways.

Marshall noted this externality, asserting that:

In sketching the history of free industry and enterprise we have already
incidentally traced the outline of the causes which have localized the in-
dustrial leadership of the world now in this country and now in that. We
have seen how physical nature acts on man’s energies; ... we have also
seen how the use he makes of these advantages depends on his ideals of
life, and how inextricably therefore the religious, political and economic
threads of the world’s history are interwoven; while together they have
been bent this way or that by great political events and the influence of
the strong personalities of individuals. (op. cit., Book IV, Chapter 10,
pp- 224-25.)

Porter (1990) describes several such situations in modern economies. He notes that
some countries do a better job than others in providing generalized advantages, such
as quality public education. This is a generalized advantage because it applies fairly
equally to all industries. Some nations, he adds, also provide specific advantages
such as university programs and institutes that provide training and research in a
particular industry specialty. We are concerned with nation-wide, generalized factor
advantages in this formulation.

Because of the diverse aspects of this externality, we measure the nation’s ad-
vantage by the growth of output in the traded goods sectors of either (or both) of
our locales. In other words, because we cannot possibly specify all the factors that
promote growth in various national environments, we consider the result of those en-

vironments, a technique suggested in the learning by doing models of Arrow (1962),

Uzawa (1965) and Romer (1986). We define X, to be the sum of the production of
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the traded-good industries in all (both) locales at time ¢, and therefore,
t
A= [ X.dr, (33)
0

where v is a positive-valued parameter designed to reflect those factors that promote
or hinder growth as discussed above. A at time ¢t reflects past outputs across locales
and across time from 7 = 0,...,t As we have said above, there are a variety of
such factors: education, attitudes, government policy, etc. One nation may enjoy a
significantly large and positive v at a point in time because of one subset of factors;
another country may enjoy an advantage because of a different subset of factors.
A lower value of 4 implies that a country’s policies are actually reducing the output
growth of its industries, and this will help explain our “failure breeds failure” scenario
below. |
Clearly, X, is proportional to A, and we denote the factor of proportionality as
k. For our purposes below, we let
Ble=1) 4y
ko= (et + cgg) (yawr © ), (34)
where [ is an index of time-invariant parameters and fixed costs in the Q-sectors. We

note that
A= vk A, (35)

and therefore

A, = Age™, : (36)

which is to say that the growth rate of the nation-based shift factor, A/A,is ~k.
We see that A,, the nation-based externality shift factor can change for either of
two reasons: unanticipated shocks cause changes in either k or 4. We discuss the

comparative statics of this formulation below.
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3 Innovation and Comparative Statics

In order to consider the benefits of both localization and nation-based externalities
to a locale’s economy, we need to think carefully about the role of innovation in this
model, and about the interrelationships of the variables we have developed.

Key equation are (31) and (32), which give us total production in the traded good
sector of a locale. We use this equation to see the impact of A;, the shift factor, and

cql, the variable cost factor from the Q-sector.

3.1 Specifying innovation

Rivera-Batiz, and Abdel-Rahman and Fujita, op.cit., use a monopolistically-competitive
service sector to convey the idea that a larger variety of services increases the produc-
tivity of the traded-goods sector. The Dixit-Stiglitz production that they (and we)
use embodies this assumption. We can see this most clearly in our model in equation
(23), the equation which gives us the output of a single X-sector firm. We rewrite it

here in expanded form to highlight the role of §;, the number of firms in the Q-sector

in locale [: o
fari AS Pﬁ
I = s (37)
(1 - 7'[) chgl

The presence of more Q-sector firms, which means that there are more inputs available
for the X-sector, increases the output of each X-sector firm (and of the X-sector
as a whole). However, the question remains: why do a greater variety of inputs
increase productivity? We follow the suggestion of Porter—which is related to the
earlier suggestion of Marshall, as quoted in the footnote in Section 1—that the key is
innovation. New products (new inputs) are generated in the Q- and X-sectors because
the concentration of people in related businesses leads them to innovate. While we

recognize that there are potentially other forces at work, and other benefits of the
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localization externality to be had, we assume that the localization externality in this
model depends on innovation. It is helpful in this case to distinguish between process
innovation and product innovation. Process innovation is the advantage that comes
from producing a good in an innovative way. Product innovation is the advantage
that results when firms make a better end-product. We will use process innovation to
illustrate our comparative static effects.

Put most simply, process innovation reduces production costs. Perhaps a new
technology is developed that reduces costs. Perhaps someone simply sees a better
way of applying existing technology so as to reduce costs. In the real world, we might
see the results of process innovation in increased output per worker. Whatever the
particular nature of the process, we have several options in expressing it in this model.

We could assume th;at an increase in process innovation decreases either the vari-
able cost or fixed cost components in the Q-sector, or the fixed cost components in
the X-sector.? However, we have chosen in this model to let f,; and f,; carry the
“history” of the locale. Therefore, we will assume that process innovation lowers the
variable cost component in producing Q-sector goods.

If we say that an increase in innovation reduces c,;, we can show precisely the
increase in production of z; by the jth firm in the X-sector. Equation (10) tells us
that a reduction in ¢, lowers the price charged by a representative Q-sector firm.
Equation (16) shows us that the reduction in this price lowers average variable cost
for the X-firm, (because the price of g is part of the variable cost component). We
can see this effect summarized in another way in equations (31) and (32), in which

a decrease in ¢y clearly increases output throughout the X-sector in both locales.

®For another treatment of fixed and variable cost components in a monopolistic competition
model, see loannides, 1994. There the fixed and variable cost components in the single monopolistic
competition sector are functions of manufacturing capital.
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Therefore, by specifying the role of innovation in the localization externality, we can
see clearly the predicted increase in productivity in the X-sector.

But there is another impact on output because of innovation: A; increases.through
the impact on the auxiliary variable, k, of decreasing variable costs, increasing X-
output. Note the role of A, in equation (36). If either ¢,y or ¢g2 decreases, k increases.
This increases A;, and further increases output. Of course, for this positive feedback
to have its optimal effect, v must be significantly large. It is in this sense that a
“good” national environment acts positively on the potential for increases in output.

We compare situations of “good” and “bad” national environments, below.

3.2 Resulting Effects

We designate the initial effect of process innovation in terms of efficiency; we designate
the second result of process innovation in terms of its national externality effect, and

discuss each in turn.

3.2.1 The efficiency effect

By the efficiency effect, we mean the kind of increase in productivity that initially
comes about because of process innovation. As we noted above, a decrease in ¢y
increases equilibrium output by a representative X-firm, by the entire X-sector, by a
representative QQ-firm, and by the Q-sector. More output is achieved without using
more of our fundamental resource, labor. To see this, consider once again at equation
(8), which tells us the amount of labor need by each Q-firm, and equation (28), which
gives us the demand for the Q-sector’s product. We see in equation (28) that the
variable cost, ¢y, cancels out, leaving us with no change in labor required in the Q-

sector. Employment does not increase with the increased productivity of intermediate



inputs in our Cobb-Douglas formulation of the X- sector, and the number of firms
in the X-sector remains the same.’® Only output increases with process innovation,
telling us that this one locale produces more efficiency with its share of the world’s
resources. However, another benefit follows from the increase in efficiency.

The increased output is reflected in a decline in p,, the price of the X-sector good.
If ¢, falls due to process innovation, p, falls (equation (10)). That lowers the cost of
producing traded goods in the X-sector and their price (equation (18)). Hence, real

Incomes increase.

3.2.2 The national externality effect

Process innovation potentially leads to what we may call the national externality
effect. Because innovatibn leads to an increase in k, A, increases—provided that the
national environment supports a significantly large 4. See equation (36). Because
the increase in A; boosts output in each locale, prices of all traded goods fall. Again,
real incomes increase.

We emphasize that increased innovation in one locale, made possible by the ge-
ographic concentration of an industry, benefits the entire economy—the innovating
locale and the other locale in our two-locale case. This happens in this model because
an increase in the output in any locale is understood to be an indication that the na-
tional milieu favors innovation. Whatever is good in the national milieu is therefore
available to each and every locale; we do not know the cause of this favorable milieu
in this model, but we see its impact in this national externality effect.

To summarize our two effects, process innovation initially increases output, not

10\Ve can easily derive the total labor supply needed in the locale in all three sectors; that ex-
pression is Ly = %',L + Gi:. We present this to emphasize that labor force does not increase with a

decline in cg.



by increasing employment, but through a more efficient use of resources. Process
innovation first improves output directly; process innovation also works through the
national externality shift factor to further increase output in the innovating locale
and in all other locales. The price of an X-sector good falls, increasing real income
to the extent that the representative consumer buys traded goods.

In this model, an increase in one nation’s standard of living is not part of a
zero-sum game; opportunities exist for specialization, localization externalities and
growth of income in a number of countries at the same time. Which countries gain and
which gain the most may depend on ~4-type factors as well as historical antecedents
embodied in fy and f;. We will show this specifically in Section 4.2 as we consider

the possibilities for trade between locales and between countries.

4 National Production and Trade

The purpose of this section is not so much to provide a model of international trade
as it is to clarify, by example, the workings of the locale model presented above.
In so doing, we can illustrate Porter’s categories of economic development. These
categories can usefully be related to our nation-based externality. Furthermore, the
categorization helps us discuss the patterns in international trade that may be exam-
ined through the locale model. We present Porter’s four categories of production in

the first subsection and then consider a brief application to international trade.

4.1 Types of Production

Porter (op.cit., Chapter 10) asserts that nations may be (roughly) grouped into four
categories: factor-driven, investment-driven, innovation-driven, and wealth-driven

production.
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