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Abstract

Since the 90s densely populated locations, such as urban areas, have attracted
a disproportionate share of young college-educated workers. We explain this stylized fact
as a result of colocation due to learning externalities among educated workers. Workers
learn from each other when young, increasing their skills and their productivity. Once they
grow mature and their learning decreases, some of them choose to move out of densely
populated areas. As skills grew more transferable thanks to computerization and flexibility
in the 80s and 90s, urban areas became learning grounds for educated young workers.
0 2002 Elsevier Science (USA). All rights reserved.
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1. Introduction

Agglomeration externalities are the centripetal forces that generate and
maintain high density of population and production in small areas such as urban
regions or cities. Several of these externalities are probably at work and have
been analyzed by urban and regional economists. Forward and backward linkages
and market proximity generate, in the presence of transport costs, agglomeration
externalities (Krugman [20], Krugman and Venables [21], Fujita et al. [11]).
Economies of scale and economies of scope generate agglomeration externalities

E-mail address: gperi@ucdavis.edu.

0094-1190/02/$ — see front mattér 2002 Elsevier Science (USA). All rights reserved.
PIl: S0094-1190(02)00510-7



G. Peri / Journal of Urban Economics 52 (2002) 582-607 583

(Abdel Raman and Fujita [1]). Pooling of different workers and firms (Dumais et
al. [8]) or search and matching in local labor markets (Helsley and Strange [15])
generate agglomeration externalities. In this article we focus on local learning
as a source of agglomeration externalities and we derive some qualitative and
guantitative implications from a model that provides interesting insight and
explains some stylized empirical facts.

We have several reasons to focus on “local learning” as a source of
agglomeration externalities. First and foremost, learning by doing and learning
from interactions have been considered important determinants of workers’
skills and productivity by several economists in their theoretical (such as
Arrow [3], Jovanovic and Rob [17], and Lucas [23]) as well as in their empirical
analyses (such as Audretsch and Feldman [2], Foster and Rosenzweig [10],
Glaeser and Mare [14], and Jaffe et al. [16]). Working in a local environment
that promotes interactions with educated and skilled people generates valuable
learning opportunities for workers. “Great are the advantages which people... get
from near neighborhood to one another” Marshailys, and Luc&sasks: “What
can people be paying Manhattan or downtown Chicago rents for, if not for being
near other people?”

However, in spite of the acknowledged importance of learning externalities,
few regional or urban economists have formally modeled them in relation to
location of workers and migration into and out of densely populated areas. While
there are some theoretical models analyzing local human capital externalities
(such as Black and Henderson [4]) and some empirical papers trying to measure
them (such as Rauch [25]) none of them addresses explicitly the issue of workers’
learning over time. The only model addressing exactly this issue is Glaeser [13].
While the model he uses is rather different from ours, several implications of
that model are similar to ours. Crucially, though, that model does not analyze the
role of skills’ transferability in determining the localization of mature workers.
Duranton and Puga [9] also consider the role of cities in promoting learning, but
they focus on learning about new processes to produce goods. They emphasize
the role of cities as “nursery” for new firms.

Finally, a reason to focus on learning externalities is that stylized empirical
analysis shows that densely populated locations, such as urban areas, appeal more
to young educated workers than to anybody else. Young educated workers receive
a lower wage premium than their older colleagues to work in urban areas but, in
spite of this, they are largely over-represented there. It is reasonable to think that
young workers are trading off the current disadvantages of being in cities (high
rent, lower real wages) for the advantages of learning and increasing their future
productivity and income.

1 The quote is from A. Marshall, Principles of Economics, London, 1890.
2 The quote is from Lucas [22].
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Our model focuses on learning externalities as the source of agglomeration
economies in densely populated areas. We explicitly analyze the location deci-
sion of young and mature educated workers to predict where they would work.
The other sources of potential agglomeration externalities (specialization, trans-
port costs, increasing returns) are eliminated from the model to keep it simple and
to focus on learning externalities alone. While learning externalities are simply
assumed in our model, we derive several interesting implications on wages, expe-
rience premia, migration behavior and density of educated workers that match the
stylized facts from data on US cities. The model is kept as parsimonious as possi-
ble. Its solution still relies on simulation techniques (just as most recent economic
geography models a la Krugman [20]) but we derive analytically several interme-
diate results. Using the model we are also able to fully understand the channels
and mechanisms through which centripetal and centrifugal forces operate.

The key insight of our model concerns the choice of location of educated
workers. To keep their choice simple we consider only two locations, similar to
what most of the “new economic geography” models (a la Krugman [20]) do. The
model is general enough that we can interpret the high-density location as a city,
or a metropolitan area or simply as a highly populated region and the low density
area as the countryside, the hinterland of a city or simply as a scarcely populated
region.

The model has three different types of equilibria that we may suggestively
associate to three stages of urban development. Each equilibrium is the only
locally stable one within a certain range of values of two key parameters: the
intensity of learning and the transferability of skills. Assuming that learning from
interactions exists, the first crucial issue is how intense it is. We can think of
“the intensity of learning” as the frequency of interactions, or as the intensity
of learning from each interaction. Such intensity has to be large enough to
even generate an equilibrium with agglomeration. As productive tasks become
more complicated, the potentiality and the intensity of learning from interactions
increases. Weak learning externalities generate a disperse equilibrium with both
locations equally populated: when benefits from learning are too small, the
negative crowding effects of living in a dense location cause maximum dispersion
of workers. We call this outcome, that represents a dispersed, little urbanized
economy, type | equilibrium.

Anincrease in the “intensity of learning” generates at some point benefits from
colocating as educated people learn from each other. Young workers would then
work in the dense location. The decision of where to work as they turn mature,
though, depends on the second key parameter: the transferability of their skills. If
skills learned in a location are not easily transferred because they are specific
to the location (i.e., to the establishment or to the firm or to the city) where
they have been accumulated, then moving as a mature worker causes a large
loss of skills and of productivity. In this case, even when the learning period
is over, mature workers stay in dense areas. In spite of crowding effects and
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no benefits from learning they would be worse off if they moved because of
the loss in productivity. We call this equilibrium, featuring high intensity of
learning and low transferability of skills, type Il equilibrium. Companies with
specific technologies, firm-specific machinery, no standardization, no common
language, no largely available computer software generate very specific skills.
In this situation type Il equilibrium is likely to prevail. Up to the 1960s such
was the general structure of production. As a consequence urban areas had high
concentration of young and mature workers alike.

Finally, as skills become more transferrable because of increased generality of
technology, availability of computers, development of common procedures and
languages, mature workers move out of dense locations as soon as the learning
period is over. Young workers are still attracted to dense locations. Some mature
workers though move to less dense areas where, thanks to the skills learned, they
enjoy higher wages and lower rents. We call this last scenario, characterized by
high intensity of learning and high transferability of skills, type Il equilibrium.
This picture broadly fits the characteristics of post 1980s production, based on
smaller, largely computerized, firms that emphasize general purpose skills. In
line with the predictions of our model, since the eighties, urban areas have been
the learning laboratories for young workers, while mature workers have moved
increasingly to less dense areas outside cities or in the hinterland.

The paper is organized as follows. Section 2 provides stylized facts on
wages, experience premia, concentration of educated workers and migration in
1970 and 1990. In Section 3 we describe the model. In Section 4 we analyze
the conditions, characteristics and properties of the three types of steady state
equilibria. Section 5 discusses the results, provides some measures of skills’
transferability and concludes.

2. Stylized factson productivity and learning

Itis useful to present some stylized facts about college-educated workers, their
location and their wages. We derive them by analyzing the Public Use Microdata
Samples of the US Census for year 1970 and 1990. While some of these facts
were already pointed out in previous studies, it is useful to summarize all of them
here. We present in Table 1 the qualitative features of the data that our model
should match.

Table 1 describes facts relative to college-educated workers only. We focus on
them because they are the workers who have highest learning potentialities from
interactions and they are the more mobile workers. Stylized facts are relative to
1970 and 1990. We report in regular fonts those facts that are unchanged between
1970 and 1990 and in bold fonts those that changed between the two years.
Our classification distinguishes between densely populated areas (High density)
and less dense areas (Low density). We also consider migration between them
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Table 1

Stylized facts on college-educated workers

Area 1970 1990

High density Higher concentration Higher concentration
Higher experience premia Higher experience premia
Lower real wage for young Lower real wage for young
Balanced young-matureratio High young-matureratio

Low density Lower concentration Lower concentration
Lower experience premia Lower experience premia
Higher real wage for young Higher real wage for young
Balanced young-mature ratio L ow young-matureratio

Migrations Low High

The stylized facts are obtained from author’s elaboration on PUMS 1970 and 1990 data. Details in
the text and in Appendix A.

(Migrations). Here we discuss the stylized facts identifying urban areas as “high
density” and non-urban areas as “low density.” In Appendix A we show that
the same stylized facts also apply if we choose a different comparison such as
Megalopoli$ versus all the other cities, or cities with high population density
versus cities with low population density.

The first stylized fact is simply that in urban areas the percentage of college-
educated workers is larger than in non-urban areas (25% vs. 20% in 1990 and 14%
vs. 11% in 1970). This fact was already pointed out by Glaeser [13] and Glaeser
and Mare [14] and is not specific to our analysis. The second stylized fact is that
experience premia for the college-educated are larger in urban areas. Considering
white males with college education, the increase in their wage between 10 and
30 years of experience was around 47% in urban areas and 41% in non-urban
areas in 1990. Similarly that increase was 23 and 13% respectively in urban and
non-urban areas in 1970.

The high-experience premium paid in dense areas implies (third stylized fact)
that young workers receive in urban areas a smaller wage premium than required
by their older colleagues. In 1990 a college-educated white male received a
premium of $2 per hour in urban areas over the wage of a non-urban worker,
while a mature worker received a premium of $4-5 over her non-urban colleague.
Similar differences existed in 1970. This, together with the fact that prices are
higher in cities implies that young educated workers paid a real wage premium to
be in urban areas.

The fourth stylized fact is that urban areas in 1970 had the same young-mature
composition of educated workers as non-urban areas. Conversely, in 1990 urban

3 We define Megalopolis those Metropolitan Areas with more than two million employees in 1990.
They are Los Angeles, New York, Chicago, Philadelphia, Boston, Detroit, and Washington.
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areas exhibited significantly higher young-mature ratio of educated workers rel-
ative to non-urban areas. Specifically, the ratio of college-educated workers with
less than 20 years of experience (young) to college-educated workers with more
than 20 years of experience (mature) was 1.5 for urban and non-urban areas alike
in 1970. That ratio had grown to 1.85 for non-urban areas by 1990, but for urban
areas it had reached 2.12. This last fact was also pointed out by a recent study
by Costa and Kahn [7]. They characterize this tendency as stronger for married
couples than for singles and consider the “marriage market” for the young edu-
cated worker as the main reason to be in cities. That explanation is an interesting
and valid alternative to ours. However, let us point out that even restricting the
sample to unmarried white males, who should all be equally attracted to dense ar-
eas for marriage reasons, young workers are still over-represented in dense areas
compared to mature workers (see Appendix A for details).

Finally, we consider migrations of educated workers as they begin their mature
career (between 35 and 45 years old). While such group had low migration
rates in 1965-1970, the rate was much higher in the 1985-1990 period. In our
statistics we only consider white single males head of family. As we do not know
if they migrated between a high- and low-density area, we simply count those
who moved from a county to another. In order to assess if mobility of 35-45
year old college-educated workers has increased we compare it with mobility of
high-school educated white males, 35 to 45 years old. While between 1965-1970
only 20% of the college-educated changed county of residence (same percentage
as high-school workers who moved), between 1985 and 1990 51% of college-
educated moved across counties (vs. only 33% of the high school-educated).
Mobility of educated workers in the pre-maturity phase of their career, therefore,
increased significantly between 1970 and 1990.

3. Model
3.1. The production function

We consider an economy with two locatiods and B. They can be two
regions or, alternatively, a localized area and its surroundings. A perfectly tradable
homogeneous good is produced in each location using two types of workers,
denoted as highly educatéfland less educated, and two generations, denoted
as youngY and mature (old)0. The model has an overlapping generations
(OLG) structure: each period a generation enters the labor market, works for two
consecutive periods, first as young and then as mature, and after two periods exits.
Highly educated and less educated workers are assumed to be different types of
workers. Our attention is concentrated on the highly educated while we simplify
much the treatment of the less educated. The two types of workers differ in two
important characteristics. First, and most important, highly educated workers are
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mobile between locations, while less educated are not. This captures a realistic
feature of labor markets and also ensures that there would be some production
in each location as not all workers can move to one location. Second, highly
educated workers contribute more than less educated to the generation of skills
through the learning externality. We can think of this assumption as capturing the
idea that there are more skills to be learned by observing or interacting with highly
educated workers than with less educated ones.

Mobility of the highly educated is not equal in each period of their life. When
young, they can choose where to locate without any cost. When mature, if they
decide to move they have a cost. This cost is the loss of a fra@tioof the skills
accumulated on the job as young.

In the economy there are also unproductive house owners who collect rents
from the land they own, consume the tradable good and the land services, and
are not mobile between cities. They do not enter the labor market and will be
introduced in Section 3.3, when we consider the market for housing (land). No
physical capital is used in productiéradable output is produced in each period
t in each locatiorr according to the following CES production function:

) N\ Ny
= (S ebn) wa( X ens) |
JeL, ! JjeH, !
c=A,B,0<y<1l A>1 ()

wheres2, denotes total factor productivity at timre We assume that it grows at
exogenous rate and, for simplicity, we set this rate to 0 and standardize the level
of £, to one. We are not interested in analyzing the aggregate growth rate of
productivity in the economy, but rather its relative level in different locations
and the migration decisions of workers. The first term in brackets represents
the contribution from less educated workers. Workér supply of labor in
locationc, l; is scaled up by average effectivene#é, which is a measure of
skills per worker accumulated on the job. Workers of the same type with different
experience levels are perfect substitutes. The second term in brackets represents
the contribution of highly educated workers. Again, their personal supply in
locationc, A€ is multiplied by their average effectiveness®. We allow for a

skill biased technological component which is equal across cities and larger
than one. This allows different productivity between highly and less educated
workers. The popular form chosen for the production function allows us to use
existing estimates of the elasticity of substitutiof(ll— y), when we simulate

the model in equilibriunt.

4 As long as capital is mobile between cities none of the results obtained is affected by this
simplification.

5 Katz and Murphy [18] estimate an elasticity between college and high school-educated workers
to be 1.4, Ciccone and Peri [6] estimate it to be around 4.
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Each of the less educated workdrssupplies one unit of labor and their total
number is standardized to one in each location per each generation. Each of the
highly educated worker#, supplies one unit of labor and their total number in
each generation is standardized to 8réhroughout the paper we use the term
“education” as referred to the type of worke#d or L) and the term “skills” as
referred to workers’ effectiveness;).

We denote witrh/y‘ andhg‘ the share, respectively, of young and mature highly
educated workers in locatiof. Thereforei8 = (1— k%) andh® = (1—h?) are
the shares of young- and mature-educated workers in loc&tiéke standardize
the effectiveness of workers, when young, to arf¥ (= e£¢ = 1) and we simplify
our notation so that’¢ and /¢ denote the effectiveness of less and more
educated mature workers (respectively) in locatiokq. (1) simplifies to

Vi =[(1+e")) + A( +h5e™) T, c=a,B,0<y <1 ()

The term (1 + ¢L¢) is the contribution of less educated workers while
Ay + héet©)Y is the contribution of highly educated workers.

3.2. Learning externality

During their youth, due to formal and informal interactions with other workers
in the same location, workers build up their “effectiveness.” The interactions
are thought of as face-to-face interactions (or at least as face-to-face initiated
interaction$) and therefore require physical proximity, i.e., working in the same
location. This type of “learning” is a pure externality; it is a by-product of
the interactions and workers are not compensated for it. The dynamic effect
on accumulation of personal skills depends on the total presence of workers in
the location. More educated and more skilled co-workers help faster learning in
young workers. Alternatively, we can think of this externality as generated from
“matching” with other workers. Workers accumulate progressively their ability
by successive matching with different co-workers and the higher the education
and the skills of the co-workers the stronger the effect on their ability. This last
interpretation would better fit the evidence of frequent job changes (re-matching)
for young workers and of their consequent rapid wage increase in the early phase
of their career, pointed out by Topel and Ward [27].

To capture the phenomenon of learning from interactions, we introduce a
function that describes the accumulation of workers’ effectiveness. We do not
describe the microfoundations of the process of matching and learning as is done
for instance in Glaeser [13] and Jovanovic and Rob [17]. We simply specify
an “ad hoc” function describing the outcome of learning. We can think of the

6 For simplicity we are assuming no population growth.
7 Differently from Gaspar and Glaeser [12] here these interactions do not involve costs.
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function as a reduced form of a process of learning from matching or learning
from observing. Our goal is to capture with this function two main features of the
learning externality. First, accumulation of skills takes place only when the worker
is young. Second, for given personal characteristics, a worker who is in a location
with higher density of educated and skilled workers learns more. To keep things
simple, we assume that the accumulation of personal skills is identical for more
and less educated so that their skill levels would also be equal. Their contribution
to young workers’ learning, though, is different as the highly educated generate
larger externalities. The evolution of the effectiveness of an agent with type of
education/, in locationc is

(1) = 1+ (1) (B o) 2N, I=L.H, c=A.B.  (3)
This expression implies that the average young worker in locatieither highly
or less educated, accumulates effectiveness over her initial level (one), as a
function of the total skills in the location while she is young. The contribution
of each group to the learning externality in locationdepends on the total
skills of the group, namely the product of average skills times the size of the
group. Total skills are 1¢%¢, h$, andhSef for the young less educated, old
less educated, young more educated and old more educated, respectively. These
levels are combined in a Cobb—Douglas function with elasticities reflecting the
importance of each group in generating the externality. The contribution to the
externality is stronger from highly educated than from less educated implying
o1 > a3, o2 > a3, andag + az > 0.5. We also assume that the contribution to the
externality is stronger from young educated than from old educated- «>).
This captures the fact that newly educated incorporate more up-to-date skills.
Therefore, the accumulation of skills in locatierdepends on the average level
of skills of mature workergie’<, ¢f¢), and on the share of highly educated
workers @, andhy). ¢ > 0 is the parameter capturing the intensity of learning.
Improvements in the technology for learning from interactions or improvementin
the scope of learning increase this parameter.

For simplicity we assume that the function of accumulation of skills is identical
for more (H) and less L) educated. We could easily assume that the less
educated do not accumulate skills, and are simply a fixed factor in the model.
We think, though, that accumulation of skills of less educated workers is a
realistic channel that magnifies the learning externality and therefore we maintain
such assumption. Our notation simplifies (@), = (eX¢); = . Averaging
expression (3) across individuals for each location, we obtain the following
dynamic system that describes the evolution of skills of mature workers in
locationA andB:

etA+l_etA — 1—€lA+¢)(h )al(h )OtS(eA)Ot2+a3, (4)

t

A
Y
efi—ef = 1—ef + () () ()7 ©
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It is easy to find the steady state of this dynamic system, setting to O the left-
hand side of both Egs. (4) and (5). Assumimg+ o3 < 1, there is a unique,
globally stable steady state fef ande?, oncen, h:t reach constant values.
The values of accumulated effectivenes$ ande?) in steady state, in location

A andB are given by the solution to the following two conditions:

et = L () (1) (), ©)
B = 14 ¢(nE)™ (nB)* (B)"2 7)

Effectiveness accumulated by young workers in locatialepends positively
on the density of more educated workers in the locakipandh.8 This feature
of the model generates the agglomeration economies, explains why experience
premia are larger in the densely populated location and provides an important
reason for young workers to move into it.

3.3. Wages and utility

In the rest of the paper we will consider the steady state equilibria of this
economy. In such equilibria, the number of young and old educated workers in a
location is constant over time (while young workers in a location can be more or
less than old workers in that location implying migration during their life). Wages
equal marginal productivity for each worker in locatich

C
Wy = B = ()T ey
als
R oY¢ N (1— Ny—1 .
w(LO — 816 :(Y")(l V)(l_l_el,)y lel,;
aYe¢ _ _
wigy = g = (V)" AR + i)
Y
C
Wiy = T (r) ) Ay + he) e ®
Y

Notice that, because of the constant return to scale in production, the sum of
wages paid to all workers exhausts the total product in a locati§p:+ wy , +
hSwyy +howy ) =Y.

The production function exhibits decreasing returns to educated workers alone.
This means that increasing their relative supply in a locatief { Agec),
decreases their return relative to the wage of less edut4fede “education

8 This is trivially shown applying the implicit function theorem to Egs. (6) and (7) and recalling
thate® > 1.
9 We used the identityty )17 = [(1+¢)” + A(h§, + h§e®) 13=1/7.
10 This is consistent with findings in Ciccone and Peri [5].
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premium” for young and old alike iStw$;y /w{ y) = (W} /Wi o) = [A(h§ +
hSe€)” ~1/[(L 4 €©)~11.11 The expression is increasing i, and decreasing
in hy, andhg. Finally, the accumulated effectiveness determines the “experience
premium” that is equal tqwy ,/wj ) = (W}, /wyy) = € for both types of
workers.

Agents maximize their inter-temporal utility derived from consumption. Each
worker consumes during each period of life a composite bur@|eyhich is
a Cobb-Douglas combination of the tradable gaddthe numeraire) and of
housing serviced’, whose price in location is denoted ag9.. The lifetime
utility of a worker is separable and logarithmic:

log(G,+1), WhereG, =C’T} %, 0<8<1, >0,
9)

whereg is the inter-temporal discount rate, which we assume equal for all workers
in both cities and equal to 0. We assume the existence of a bond market whose
interest rate, in terms of the numeraire-isThe rent for the housing services in
locationc, p7., is paid to non-working local landowners, who spend their income
to maximize their inter-temporal utility which is also as in (9). Without loss of
generality, the amount of land (and number of landowners) is assumed to be the
same in each location and it is normalized to one. The total income of land owners
in locationc is, therefore, equal tp7..

Let E;; denote the total expenditure in steady state of a worker of fype
(=L, H)inperiodJ (=Y, 0) of her life. The optimal allocation betwe&hand
T in each period implies that;; = 6E;; andT;; = (1 — §)E;;. The optimal
inter-temporal allocation of expenditure between the two periods of life, in steady
state is as follows:

l0og(G;) +

1
1+8

c 1 c w70
(Efy), = 25, w’Y+l—+r ; (10)
1+r w’
(Efo), = —2+,[in+ 111], (11)

wherew§, andwj , are the wages for young and old workers of tyga location
c defined in Eq. (8). The term in square brackets represents the present discounted
value of nominal lifetime income for a worker of schoolifgn locationc.

We can calculate the total workers’ expenditure in steady state for each
period in locatiore, (Ef,), by adding the expenditure of each group of workers,
multiplied by the number of that type of workers in the location. In particular,

11 Notice that, asA > 1 the wage of the highly educated is always larger than the wage of the less
educated.
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substituting (8) into expressions (10) and (11), collecting terms and adding we
obtain

c et -1

1 1+r _ _
+ (mh; + 2+rhg>A(hCY + hSec)” 1)] «(r) 7. (12)
The total expenditure of workers in the above expression (12), has two compo-
nents. The terniy ©)3=7) is common to wages of all groups and depends on total
production in locatiorc. The term in square brackets is the sum of the specific
components of expenditures for each group. The term ¢€/(1+ r)) captures

the present discounted value of lifetime income as given by first period wage in-
come plus the second period income discounted at rate r). The second
term within the large brackets, captures the specific components of income for
each of the four groups, multiplied by the share spent in the period.

3.4. Housing market and goods mar ket

The market-clearing price of housingy, is a function of E¢,;, and can be
obtained by equating the total expenditure on land services of people living in
locationc to the total income accruing to land owners in the same location. Recall
that the total quantity of land in each location is one and that each worker and
each land owner spends a fractidn— §) of their total expenditure (respectively
Ef, and p%) on housing services. The equilibrium condition is therefore

(1= 8)Efy+ (1—8) p§ = p5. (13)

Solving for p§ we obtain: p§, = (1 — 8)/8)Efy. The price of land in a
location is proportional to the total expenditure of workers in the location. Larger
expenditure on land services, whose supply is fixed, generates an increase in their
price (a typical crowding effect).

Similarly, the market-clearing condition for the tradable good implies that total
demand for the tradable good should be equal to the total production of the good in
the two locations. Each group spends a fractiari their income on the tradable
good. Adding the income of workers and landowners wel§et:

Efi+ Egy=Y" +Y". (14)

The above equation is the market-clearing condition for the tradable good. The
left-hand side captures the demand for the tradable good and the right-hand side
represents its supply. As in any overlapping generation economy without capital,
condition (14) determines the equilibrium value of the real interestrrate

12 The total expenditure in the tradable good for the whole economy is obtained by simplifying the
following expressions Ef; + 8((1— 8)/8) Efsi + SEE + 8(1— 8)/8) EE,.
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The “natural” price index for each location in the economy is the price to pur-
chase one unit of the composite consumption buddi@his index is specific to
each location, as the price of housing is different across cities. Using the condi-
tions derived in this section, the location-specific price indexis= ;(p’;)l—“ =
Kk (Eg)Y=9, wheret, « are constants, independent from the locatidn.

4. Equilibrium analysis
4.1. Lifetimeincome and location decisions

First of all let us summarize what the centripetal and the centrifugal forces in
this model are. This helps us understand what conditions generate colocation of
educated workers rather than their dispersion. Concentration of highly educated
workers generates crowding externalities (centrifugal forces) for two reasons.
First, it lowers nominal wages of educated workers (Eq. (8)) due to decreasing
returns to facto. Secondly, it increases the local price ingexas a result of
higher demand for housing (Eg. (13)). However, concentration of highly educated
workers also generates agglomeration externalities (centripetal forces) due to the
increased learning possibilities provided to other young educated workers in the
location (Eq. (3)).

Highly educated workers are mobile. Each period they choose to locate in
the area that gives them the highest lifetime utility. We need therefore to solve
their problem backwards. They decide where to locate when mature, in order
to maximize their second period real income and, given this decision, where to
locate when young in order to maximize their real lifetime incdth@s there
are only two locations, the choice is made by comparing the real income in
the second period in locatioA and B. Given the choice for the second period
agents then compare lifetime income from locatingliand B as young. Before
presenting the three relevant equilibria arising from this analysis, let us recall
some results and introduce some simplifying notation. From (8) we have that
wagé received by mature educated workers in locatipif they were inc as
young, isiwg, ; = (wy )e¢. Vice-versa if they move from locationto location
¢’ they lose a fractior® of acquired skills and their mature wage would be:
(W§ L+ (L—0)(e* — D).

We denote byRW., the real wage per unit of efficiency (which is the real wage
as young) of educated workers in locatiant is defined as the ratio of nominal
wage of the young in locatiofn(defined in (8)) divided by the local price index in

13 .= 85/(1_ 8)(1—8)7 K= 825_1.

14 Utility is a linear function of real lifetime income.

15 we call simply wage the wage in units of tradable good, while we call real wage, the wage in
units of the composite consumption good.
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locationc defined at the end of Section 3RBW, = w$,,/(E5)*~°. Finally, we
defineRl . as the “real lifetime income” from living in locatioa. It is given by

the present discounted value of wages earned by workers who spend their whole
life in locationc: Rl = RW, (14 ¢“/(1+r)).

4.2. Conditionsfor equilibria

For the sake of clarity we present in this section the formal conditions for
three possible types of equilibria. In the next two sections, with the help of
figures and simulations, we describe the characteristics of these equilibria and
the combination of parameter values that give rise to each one of them.

First of all, each stationary equilibrium has to satisfy Egs. (6) and (7) that
determine the level of skills accumulated in each location by mature educated
workers. Also they all have to satisfy Egs. (13) and (14) that ensure equilibrium
on the housing and on the goods market. The first kind of equilibrium, that we call
type | equilibrium, is the simplest and least interesting. It arises when learning
externalities are not too strong (i.e.,is small). This is a perfectly symmetric
equilibrium with highly educated workers exactly split between locatioand
location B. Given the symmetry of the model this implies identical real wages in
the two locations for both young and mature workers, and therefore no migration
of educated workers when they turn mature as long as there is even a minimal
loss of skills when they mov@ > 0). Formally the conditions defining such an
equilibrium are following.

Equilibrium type |

hif =h$ =05, (15)
[RWe s e > RWer[1+ (1 - 0)(ef — 1)]]ath¢=hg‘,=o.5 (16)
forc=A,B, ¢/ =B, A,
et ef
R\NA<1+1+r>=R\NB<l+1+r>. (17)

Rl 4 Rl p

Due to the symmetric allocation of workers betweeandB (EqQ. (15)) we have
RW, = RW3 ande? = ¢®. Moreover, Eq. (17) is always satisfied and Eq. (16) is
satisfied as long a&> 0.

The second kind of equilibrium, that we call type Il equilibrium, arises when
learning externalities are strong (i.e.,is large) and the skills learned via local
interactions are highly location specific (i.6.,is large). In this case educated
workers colocate to benefit from learning externalities. While such type of
equilibrium could generate concentration of educated workers in either location
(multiplicity of equilibria, typical of these models) we choose locatiénto
be the one with high concentration of educated workers. Perfectly symmetrical
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conditions would hold if we chosB as the densely populated location. Formally
we have the following equilibrium type.
Equilibrium type Il

hy =h{ > 0.5, (18)

[RWy4 % e > RWp[1+ (1—6)(e” - D]Jacng=ns (19)
A b
RW, (1 =RWp( 1 : 20
A( +1+r) B( +1+r> (20)
RlA RIB

Considering workers in locatiod, their real income in the second period is
larger if they remain inA because of the large loss of skills if they move to

B (Eq. (19))16 Therefore they stay in locatioA as mature workers. As young
they compare the lifetime income from choosiagand staying there as mature)
and from choosingB (and staying there as mature). Educated workers move
to A up to the point in which the real lifetime income in the two locations is
equated (Eqg. (20)). The prevalence of crowding externalities over the learning
externality at high levels of density ensures a non-degenerate allocation with
educated workers both id and in B. Together, the equilibrium conditions
determine the equilibrium valuesbﬁ andhg and they define the range of values

of the paramete# for which this equilibrium prevails.

For low values of) Eq. (19) of equilibrium type Il is violated. As skills become
transferrable, workers become more and more willing to move out of location
as they grow mature. This would eventually unravel equilibrium type Il and give
rise to equilibrium type Ill. Such equilibrium, obtained for large learning intensity
(¢) and low specificity of skillg0) features workers moving from locatiohto
locationB as they turn mature. Educated workers keep migrating ftcim B up
to the point where real income for mature educated workers is equated between
locations. As some workers move #® when mature and ease the crowding
externalities, all young educated workers in this case prefer locatiém A they
can benefit from learning and ensure themselves higher lifetime income. Formally
equilibrium type Il satisfies the following conditions.

Equilibrium type Il

1=hy > hj, (21)
RWj x e = RWp[1+ (1—0)(e* — 1)]. (22)
eA eB 23
RW, (1 RWg (1 :
A( +1+r)> B( +1+r) (23)
RI 4 Rip

16 1tis always true, asi is the crowded location, that no worker wants to move frBrto A when
she turns mature.
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Equation (21) implies that the equilibrium is a “corner solution” as all young
workers choose to locate id. This is due to the fact that now locatiof
maximizes learning for them, as the young educated are the most valuable
group to learn from. At the same time, as part of the old educated leave the
location as they grow mature, locatidnis not so badly plagued by the crowding
externalities. Condition (23) ensures that the choice of locatiois optimal
for young workers. As workers grow mature, and do not benefit any longer
from learning, some of them move to locatidn In equilibrium, enough people
move so as to equate real wage for mature worket$ and B (Eq. (22)). The
equilibrium conditions define the valuesiof andh#, and determine the range
of 6 for which this equilibrium prevails.

4.3. Parameter space and characteristics of equilibria

The type of equilibrium prevailing in the economy depends on the valée of
andg. In this section we describe what type of equilibrium prevails in each portion
of the#, ¢ plane (Fig. 1). With the help of some simulations we also describe in
Table 2 the characteristic features and the behavior of some key variables in each
equilibrium.

While we analyze the behavior of the model@asnd ¢ vary (comparative
statics) we choose the other parameters’ values so as to match observed statistics
for the US between 1970 and 1990. The parameters in the production function
are chosen as follows. = 0.75 gives elasticity of substitution between high- and
low-educated equal to 4, matching that obtained in Ciccone and Peri [6] and com-
patible with the estimates in Katz and Murphy [18, pp. 72} 1.55 is chosen to

A ’
¢ Skills®
Expansion
Path
No-Migration
1.50 «—— Condition
Type
135 ﬁ T2 e Agglomeration
130 il Condition
1.22 <'
Type I !
0 w I 90 o

Fig. 1. Parameters’ space and equilibria.
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Table 2
Characteristics of equilibria
Type | Type Il Type lll
LO=1¢=1) 2:(0=07,p=14) 3:(0=06,9=15)
hy/ wyo/ (WG +hg)/2  hy ) who/ (WG +hy)/2  hy/ who/ (h +hg)/2
hy  why hy  why ho  wyy
LocationA 1 1.85 0.5 1 3.12 0.82 1.47 33 0.84
LocationB 1 1.85 0.5 1 1.52 0.18 0 1 0.16
Migrants 0% 0% 32%

(%, mature)

Other parameterg: = 0.75, A = 1.55,5§ = 0.75,01 = 0.4, 02 = 0.3, 03 = 0.2.

match the average college—high school premium in 1970. From Katz and Murphy
[18, Fig. 1], we know that this premium is around 1.7 and in our model we obtain
1.72 as the skilled—unskilled wage ratio in the equilibrium type II. In the utility
function we choosé = 0.75 to have a share of housing expenditure equal to 0.25.
This value is the average of the shares of family income spent in rents across 1970
(0.19), 1980 (0.26), and 1990 (0.38)Finally, the parameters in the “learning”
function arew; = 0.4, a2 = 0.3, @3 = 0.2. These values capture the larger contri-
bution to learning of educated people and, among them, of young pbple.

Figure 1 shows the parameter spacedand¢. The vertical lines ab =0
and 6 = 1, delimit the relevant area. A horizontal line at= 1.22 called
“Agglomeration Condition” and an upward sloping curve called “No Migration
Condition” mark the boundaries between three relevant portions of the plan. Each
of the three areas is associated with one type of equilibrium. Within each of
the three areas one particular combinatiom @nd ¢ is marked with a dot and
associated to a numberl(" “ 2" and “3"). For each of these specific parameter
combinations, representative of each type of equilibrium, we report in Table 2 the
values of the following variables:

¢ In the first column of each type of equilibrium we have the relative density of
young and mature educated workers in each locatippiz, .

¢ Inthe second column of each type of equilibrium we have the wage of mature
workers relative to wage of young workeus, , /w4, that equals one plus
the experience premium. The experience premium is equal to accumulated
skills e..

e In the third column of each type of equilibrium we have the share of overall
(young and mature) educated workers in each locatjpr- 5, /2.

e Inthe last row we report the percentage of mature workers who migrate at the
end of their youth as percentage of total mature workers. This value is given
by (h4} — h%).

17 These values are obtained from our calculations on PUMS of US Census 1970, 1980 and 1990.

18 several other simulations and robustness checks have been performed with different values of
the parameter. They are available upon request. Their qualitative features are identical to those of the
simulation reported in the paper.
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In the remainder of this section we describe Fig. 1 and Table 2 that jointly
provide a complete characterization of the equilibria and of their characteristics.
We analyze their stability and uniqueness properties in the next section.

The area below the “Agglomeration Condition” for any valuggdh (0, 1] is
where only equilibrium type | is possible. When the intensity of learning is low
(¢ < 1.22) there is no incentive for educated workers to colocate as crowding
effects are stronger than agglomeration economies. The characteristics of equilib-
rium in point “1” (where6 = 1, ¢ = 1) are reported in the first three columns of
Table 2. Educated workers are evenly spread between the two locations (50% in
each location) and do not move as they get mature (so that Migrants are 0 and the
young—mature ratio is 1 in each location). Wages are identical in the two locations
both for young and mature workers and so are experience premia (equal to 85%).

As the learning intensityp increases above the threshold of 1.22, learning
externalities prevail over crowding externalities at the symmetric equilibrium.
Above the “Agglomeration Condition” the symmetric equilibrium becomes
unstable and two locally stable asymmetric equilibria arise endogenously, one
with higher concentration of educated workers 4n and one with higher
concentration of educated workers 1 We choose (w.l.0.g.) locatioA as the
one attracting more educated workers. Agglomeration equilibria are now possible
and a key role is played by, the parameter capturing specificity of skills. For
large (to the right of the “no migration condition” in Fig. 1) type Il equilibrium
prevails. The “no migration condition” represents the combinatiog @nd 6
such that educated workers are indifferent between migrating as they turn mature
or staying where they are. Mathematically it is given by Eq. (19) taken with
equality or equivalently by Eq. (22). It is upward sloping because as the benefits
from learning §) increase higher specificity of skill®) is needed to prevent
migrations of workers as they turn mature.

We consider as representative equilibrium for this portion of the plan p&int *
in Fig. 1 (characterized by = 0.7, ¢ = 1.4). Table 2 shows that educated workers
(82% of them) are attracted to locati@gnwhere they benefit from intense learn-
ing and earn large experience premigy(, /w4, = 3.12vs.w?  /wh, = 1.52).
However, due to the large specificity of their skills (they would lose 70% of their
productivity if they moved as mature) all educated workers remain in the same lo-
cation when they turn mature. This implies the same number of young and old in
each locationky, /h{, = 1, and no migration of mature workers. Young educated
workers locate into the denser argéaip to the point where the negative effect of
crowding externalities on their lifetime inconi® 4 balances the positive effect
of learning in locationA. In equilibrium real lifetime income in each location is
the same.

Finally, in the portion of the plan to the left of the “no migration condition”
type Il equilibrium prevails. As transferability of skills becomes large enough
(¢ low), mature workers have incentives to move out of the dense location in
order to enjoy larger wages and lower prices. Considering p&hté = 0.6,
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¢ = 1.5) in Fig. 1 as representative of this portion of the plan, workers can
now transfer 40946 = 0.6) of their learned skills. As a consequence many of
them migrate as they turn mature. The out-migration of mature workers from
eases the crowding problems of that location. All educated workers chibase
preferred location when young (thus the 0 young—old ratiB)inthey learn their
skills (experience premium.30) and transfer t&d as mature. Not all educated
workers transfer t&8 as mature, because the increasing density of that location
would eventually drive real wages of mature workers down. The percentage of
migrants (33% in our case) is determined by the equality of real wage for mature
workers in the two locations (condition (22)). As there are no young educated
workers in locationB, no learning takes place there and therefore wage of people
who are there as young does not increase (hence the reported experience premium
wgo/wgy = 1). However, in equilibrium no young worker locatesAnLooking

at the experience premium of mature workersifwho moved fromA) relative

to the wage that an educated young would earB jithe “imputed” experience
premiumwgo/wgy is 2.01. Itis still lower than the premium gained by workers

in A due to the loss of some of their skills.

4.4. Sability and uniqueness

We define stability of an equilibrium in the usual way adopted by the “new
economic geography models” (see Fujita et al. [11]). An internal equilibrium
(i.e., with young educated workers in both locatiohgnd B) is stable if, after
a perturbation that moves some workers frdmo B, the lifetime income of
workers in A increases above the lifetime income of workersBAn(Rl4 —

Rl g < 0). Conversely, if the perturbation moves workers frBrto A, the lifetime
income of workers inA decreases below the lifetime income of workersBin

(Rl4 — RIg < 0). This condition implies stability because if workers locate in
response to real income differentials, they would migrate to undo the perturbation.
The stability of the “corner” equilibria (i.e., with educated workers only in one
of the two locations) requires that the lifetime income in the location where all
workers are, is larger than the lifetime income in the other location, specifically:
Rl4—Rip>0ifhi =1,Rl4 —Rig <0if h{ =0.

Therefore, in order to analyze the stability properties of the equilibria, we
representRl 4 — Rl g) as a function oh’y‘ (the share of young educated workers
located inA). If this function crosses the zero line and is negatively sloped then the
corresponding value df; is a stable equilibriumt® With the help of the simulated
values ofRl 4 — Rl g we analyze the stability and uniqueness of equilibrium for the
three representative cases. Figures 2—4 represent the fuRttioA Rl g (dotted
line) ash,é increases. As the model is perfectly symmetric we only represent the

19 clearly we always impose conditions (6), (7), (13), and (14).
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rangeh{} € [0.5,1]. The left corner valuek’ = 0.5, represents the symmetric
equilibrium, with the same share of young educated workers in both locations.
The right-corner valuehé =1, represents full concentration of young educated
workers in locationA.

Figure 2 is drawn for the parameter values as in polritdf Fig. 1. Such
behavior of the functiorRl 4 — Rl g is representative of type | equilibria. The
function crosses the zero valuehfx = 0.5 and it is globally downward sloping.
Clearly in this case the symmetric allocation of young educated workers is the
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unique stable equilibrium. If externalities are weak, any perturbation from the
symmetric allocation of young workers would cause them to relocate in order to
re-establish the symmetric equilibrium.

Figure 3 is drawn for the parameter values identified by paitii Fig. 1.
Such behavior of the functioRl 4 — Rl g is representative of Type Il equilibria.
The function is obtained imposing condition (18). Notice that now, due to
larger learning externalities, the perfectly symmetric equilibrium is not stable
any longer.Rl 4 — Rl is upward sloping at? = 0.5 and therefore any small
perturbation of the symmetric equilibrium would move young workers away from
the symmetric distribution. This is due to the fact that agglomeration externalities
are stronger than crowding effects at the symmetric equilibrium and therefore
R4 — Rl 5 is upward sloping. A4 increases, though, the crowding externalities
gain strength. At the point marked as “Equilibrium” in Fig. 3 the benefits and costs
of agglomeration are exactly equal aRlds = Rl 3. This point satisfies Eq. (20).
Also, for values ofé anywhere in the region denoted as “Type II” in Fig. 1,
condition (19) is satisfied as well. This equilibrium is locally stabl&®bas— Rl 5
is downward sloping.

Finally, we consider the stability property of type Il equilibrium. As usual we
consider the simulatefdl 4 — Rl g function for values of the parameters described
by point “3” in Fig. 1. Such function, drawn in Fig. 4, is representative of the
parameter combinations in the whole area denoted in Fig. 1 as “Type Ill.”

Equilibrium of type Il cannot exist in this area because, due to the low values
of 6, condition (19) is violated. Therefore only equilibrium with positive migra-
tion of mature workers fromd to B may exist (Eq. (21)). Figure 4 shows, after
imposing the equilibrium condition (22), the share of mature workers who migrate
from A to B (migrants) as well as, on the same scale, the fund®ion— Rl 3,
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in the interval where migration from to B is positive. We can represent both
variables on the same scale because migration is expressed as share of mature
workers and income differential are expressed as share of one-period utility. The
functionRI 4 — Rl  is upward sloping and always above the zero line in the inter-

val in which equilibrium Type Il exists. Therefore only the corner solution with

all young workers in locatior is a stable outcome. 33% of the educated workers
move toB when they turn mature. This equilibrium is the only locally stable one

for the parameters’ combination in the area denoted as “Type III” in Fig. 1.

5. Discussion and conclusions

The simple model developed in this paper focuses on the importance of learn-
ing externalities in determining the location and migration decision of highly edu-
cated workers. We find that, as learning externalities become more important and
skills become more transferrable, the distribution of educated workers in dense
areas change. Learning externalities are only one among the several agglomera-
tion externalities that cause educated workers to crowd urban areas. They seem,
though, the most likely candidate to explain why densely populated areas have
been overcrowded with young educated workers since the 90s. In Fig. 1 we show
aline connecting pointsl;” “ 2,” and “3” which we label “Skills Expansion Path.”

Such a line is drawn because some stylized facts and anecdotal evidence suggest
an increase in the intensity of learning and an increase in transferability of skKills,
during the 70s, 80s, and 90s.

As production tasks became more complex and articulated, the scope for learn-
ing increased and the learning intensity from interactions increased. Certainly,
moving from a disperse distribution of educated workers to their concentration in
urban areas, several agglomeration economies besides learning are at work. How-
ever, the sizeable increase of experience premia of college-educated workers in
the 70s and 80s (see Katz and Murphy [18]) together with the increased concen-
tration of college educated in urban areas in the same period (see Appendix A) are
signs that skills accumulation and concentration of educated workers went hand
in hand.

Our attention is focused on the comparison between equilibrium type I
and equilibrium type Ill. We think that our model has a simple and consistent
explanation for why densely populated areas have switched from a balanced
composition of young and mature educated workers in the 70s to a strong
prevalence of young workers in the 90s. This has been driven by a switch from a
point like “2" to a point like “3” in Fig. 1. The key change has been the decrease
of the paramete#, i.e., the increase in transferability of skills. The seventies
and eighties were a period of increased flexibility in the US labor market: small
firms thrived as large firms went through a slowdown, flexible technology became
important vis-a-vis that of firm-specific production (see Piore and Sabel [24]).
Flexibility and generality of skills, as well as the importance of learning became
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key ingredients for success (see Kochan et al. [19] for a survey on change in
production during the 80s). Technology promoted general-purpose skills, standard
computational languages were adopted, computers were introduced (1980). As
a consequence of these changes young educated workers were attracted to
densely populated areas as they could learn from interactions there. Moreover,
due to higher flexibility and transferability of skills they could retain the higher
productivity while moving out of densely populated areas as mature workers.

From a few studies we can put an estimate on the value of the parahater
ing the 80s. Ag1 —6) is the share of productivity lost when workers change loca-
tion we may use some estimates of wage loss, as workers are displaced from firms,
as a lower bound for that value. Topel [26], using 1984—-1986 data finds that be-
tween 40 and 60% of the tenure premium is lost when workers move out of firms
(Tables 5 and 7 in Topel [26]). This implies an estimaté bktween 0.4 and 0.6.

Glaeser and Mare [14] analyze migrants between rural and urban areas, in the
two directions. They use data from the National Longitudinal Survey of Youth for
the period 1983-1993. Using their most accurate estimates (panel with individual
fixed effects, in Column 2 of their Table 5) migrants from urban to rural areas lose
on average 5-7% of their wage. Compared to the 12% increase in wage that they
accumulate while working in urban areas, this implies a loss of productivity equal
to 40 to 60% of the skills learned in cities. Again these estimate® fpetween
0.4 and 0.6. Values af between 0.4 and 0.6 are exactly in the range that marks
the boundary between equilibrium Type Il and equilibrium Type Il regions in our
simulations shown in Fig. 1.

While not the only possible explanation for the increased density of educated
young workers in urban areas, our model provides a coherent and reasonable story
of what happened. The story hinges crucially on the opportunity of learning skills
through interactions and on the possibility of transferring them. Only when the
two mechanisms work together the result is that young educated workers choose
urban areas and mature workers move out of them. As a consequence, better un-
derstanding the process of learning and better measures of transferability of skills,
promises to help understanding location and inter-regional migration of educated
workers.
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Appendix A.

Table Al reports the complete set of statistics on which the stylized facts
described in Section 2 are based. This table reports the comparison between



Table A1
Detailed stylized facts 1970-1990

1990 1970 ®
Comparison 1 Comparison 2 Comparison 1 Comparison 2 §

Mega Othercities Urban areas Non-urbanareas Mega Othercities Urbanareas Non-urban ageas
Share of college-educated workers 0.29 0.23 0.25 0.20 0.16 0.14 0.135 0.11 §
W)‘,L’ = Wagé® of white, college- 20 19 19 17 22.5 19.7 19 16.8 %
educated yourigmale c
Wl = wagé of white maturé’ 31 26 28 24 285 250 23.5 19 §
college-educated male m
Experience premiumwg/Wf) 1.55 1.36 1.47 1.41 1.26 1.26 1.23 1.13 §
hy = share of young college-educated 0.20 0.15 0.17 0.13 0.10 0.09 0.08 0.06 %
among all workers 7]
ho = share of maturé college-educated ~ 0.09 0.08 0.08 0.07 0.06 0.05 0.055 004 &
among workers =~
Ratio of young/mature college- 2.22 1.87 2.12 1.85 1.66 1.8 15 15 §
educatediy /h o). e
o]
N
* Experience< 20 years.” Experience> 20 years. é
@ Hourly wage in 1990 US $. ~

b Mega= Megalopolis, the seven largest urban areas in the US: Los Angeles, New York, Chicago, Philadelphia, Boston, Detroit, and Washington (source:
Author’s Calculations on US Census 1970, 1990).

S09



606 G. Peri / Journal of Urban Economics 52 (2002) 582—-607

Table A2
Regressing characteristic of cities on their size measured by employment
1990 1970
In(Empl) R2 In(Enipl) R2
Share of college-educated workers 0836 0.28 0.0# 0.05
(0.004) (0.0045)

Share of young—share of mattire 0.0 0.05 0.01 0.01
among white male college-educated (0.02) (0.02)

Share of young-share of maturé 0.047 0.04 —0.01 0.01
among single white male college-educated (0.018) (0.02)

Log(experience premium) of white 082 0.02 0.06 0.07
males college-educated (0.01) (0.02)

* Experience< 20 years.” Experience> 20 years. (Source: OLS regressions on PUMS 1970,
1990 data).
& White Robust standard error in parenthesis, significant at 99%.

urban and non-urban areas (considered in the paper) as well as the one between
Megalopolis and other cities (mega—other cities).

Proceeding from the top row we see that the share of college-educated workers,
as well as their experience premium is always larger in the densely populated
areas. Conversely, the share of young college-educated workers in densely
populated areas became particularly large only in 1990. Table A2 confirms these
facts by considering 167 SMSA. We calculate the correlation coefficients of
the share of college-educated, experience premia and young-old differentials in
SMSA with the size of the SMSA.

The regression coefficients confirm that larger cities had larger share of
college-educated workers and paid larger experience premia (both in 1970 and
1990). Again, though, the increased presence of the young college-educated only
appears in 1990. In the third row we control for the marital status of workers to
avoid that marriage considerations would affect the location decisions. We still
find for single males a strong correlation of young workers with larger cities.
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