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Abstract

This paper proposes a theory of educational attainment differences across U.S. metropolitan
areas. The theory is motivated by the finding that employment in business services predicts
more than 70% of the observed cross-city variation in education. In the model, agglomeration
economies in the production of business services, which are complementary with skilled labor,
account for cross-city variation in education. The theory makes a number of testable predictions
which find strong support in U.S. data.
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1 Introduction

Educational attainment differs dramatically across U.S. metropolitan areas ("cities"). In the year
2000, more than half of the adult population held a college degree in the five most educated cities,
compared with only 10% in the five least educated cities (see section 4.1 for details on how these
figures are constructed). The purpose of this paper is to propose a theory of educational attainment
differences across cities.

The motivation for the proposed theory is shown in figure 1. The vertical axis shows educational
attainment for 297 cities in the year 2000. Attainment is defined as the ratio of skilled (college
degree) to unskilled (less than college degree) labor input. The horizontal axis shows a statistic,
., that is derived solely from data on employment in business services. The point of figure 1 is:
knowing each city’s employment in business services is sufficient to predict 75% of the variation in
attainment across cities.!

Figure 1 is striking because the construction of ¢,, does not use any information about a
number of city characteristics that might plausibly be related to education. These include city size
(suggesting agglomeration economies), industry composition, skill prices (suggesting differences in
skill supplies), or geographic location.

Theory. Motivated by figure 1, the main idea of the proposed theory is that business services
complement skilled labor in the production of final goods. Section 2 describes the model in detail.
The world is endowed with fixed quantities of skilled and unskilled labor. Workers move between
cities and industries to maximize their earnings, net of congestion costs. Business services are non-
traded intermediate inputs in the production of final goods, which are costlessly traded between
cities. The production of business services is subject to agglomeration economies.

'That is, the R? obtained from regressing the logarithm of educational attainment on the logarithm of Oz 18
0.75.
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Figure 1: Attainment and skill bias

Section 3 derives a number of testable model predictions. In equilibrium, cities of different sizes
coexist. This is due to the opposing forces of congestion costs and agglomeration economies. The
model’s main prediction is that cities with larger business services sectors are more educated. There
are two reasons for this. (i) Cities with large services sectors specialize in skill intensive industries.
(ii) Even though labor mobility equalizes skill premia across locations, cities with larger services
sectors employ more skilled labor within each industry. Thus, to an econometrician who does not
observe business services inputs, cities with larger services sectors appear to employ more skill
biased technologies in all industries. Finally, due to agglomeration economies, cities with larger
services sectors are more productive and pay higher wages.

The intution for these predictions is as follows. Agglomeration economies reduce the price of
services in cities with larger services sectors. This raises the demand for skilled labor in two ways. (i)
Since services complement skilled labor in production, the demand for skilled labor increases within
each industry. (ii) Cities with cheaper services also have a comparative advantage in skill-intensive
final goods and specialize in their production.

Empirical evaluation. To evaluate the model’s predictions, section 4 constructs a dataset span-
ning 297 cities and 126 industries. The main data sources are the 1980 to 2000 U.S. Decennial
Censuses. All of the model’s predictions find strong support in the data. Notably, more educated
cities employ more skilled labor in each industry, even though their skill premia do not differ sys-
tematically from less educated cities. More educated cities also employ larger fractions of their
labor in business services. This is consistent with the proposed hypothesis that scale economies in
business services affect the demand for skilled labor across industries in a city.

The model makes quantitative predictions about educational attainment for cities and indus-
tries. It accounts for nearly 80% of the observed variation in education across city-industry cells
and for roughly half of the observed cross-city differences in education within industries.

Consistent with the model’s prediction, more educated cities specialize in skill-intensive indus-
tries. However, industry specialization accounts for only one-quarter of cross-city attainment gaps.
The remaining three-quarters are due to within-industry differences in education across cities, which



the model attributes to variations in services prices.

Related literature. To my knowledge, this is the first quantitative theory of educational at-
tainment differences across U.S. cities. However, a number of previous papers have studied closely
related questions.

Eaton & Eckstein (1997) and Glaeser (1999) develop models where cities of different human
capital levels coexist. This is due to the interaction of congestion costs and human capital spillovers.
In my model, cities are not places of learning. Instead, cities with large business services sectors
are highly educated because they attract skilled workers from other cities.

Several papers argue that technology adoption is central for understanding the changes in
cities” education over time. In Berry & Glaeser (2005), a city’s initial endowment of skilled labor
determines firms’ investment in skill biased technology adoption. Thus, cities’ education levels
diverge over time. Lewis (2004, 2005) and Beaudry, Doms & Lewis (2005) study how cities absorb
changes in the supply of skilled labor due to immigration. They argue that exogenous increases in
skilled labor endowments induce skill biased technology adoption. Labor inflows are absorbed not
by changing a city’s industry mix, but by changing the ratio of skilled to unskilled employment
within industries.

Peri (1998) observes that more educated cities pay higher skill premia. He interprets this as
evidence of skill biased technology adoption in cities with abundant skilled labor.

2 Model

The model is built around two central ideas: (i) the production of business services is subject to
agglomeration economies and (ii) business services complement skilled labor in the production of
final goods.

The world lasts for one period. There are M cities, indexed by m, and I industries, indexed
by 4. I — 1 industries produce final goods, which are traded costlessly between cities. Industry
x produces a nontraded intermediate good: business services. Agglomeration economies imply
increasing returns to scale in the production of services. All industries are perfectly competitive.
The economy is endowed with H skilled workers and with L unskilled workers. These move costlessly
between cities and industries to maximize their labor earnings.

Notation. It is useful to fix notation before describing the model details. Skilled employment in
city 4 and industry m is denoted by H,, ;. Unskilled employment is L,, ;. Total skilled employment
in city m is given by H,;, = >, Hp ;. Unskilled employment is defined analogously as Ly, = >, Ly ;-
My measure of educational attainment is the ratio of skilled to unskilled labor input:

)\m,i =In (Hm,i/Lm,i) (1)

Free trade equalizes the prices of the I — 1 traded goods, denoted by p;. The price of services
(Pm,o) differs across cities. Labor mobility equalizes wages across (active) industries within a
city. Skilled labor earns wp,, and unskilled labor earns wry, ,,. The skill premium is defined as
Vm = wH,m/wL,m-

2.1 Workers

Workers are either skilled or unskilled. The representative skilled worker inelastically supplies H
units of labor. She derives utility from consuming the I — 1 final goods and chooses consumption
levels C'; and labor supplies H,, to solve

maxU(CHJ,...,CH’]_l) (2)



subject to the budget constraint
Wi mH,
> piCri=)»  —=" (3)
; - Xm
and the time constraint

H=> Hpy, (4)

The worker divides the time endowment H between the M cities so as to maximize earnings
net of an agglomeration cost y,,. The worker takes y,, as given. However, in equilibrium, the
agglomeration cost depends on the size of the city:

Xm = I"m (Hm + Lm)

with I}, > 0. Evidently, labor mobility equates wages, net of agglomeration costs, across all (active)
cities:

A solution to the skilled workers problem yields demand functions Dg ; (p1,...,pr—1; wn) for
final goods. In addition, labor supplies (H,,) must satisfy the time constraint (4) and the no
arbitrage condition (5). The representative unskilled worker solves an analogous problem, which
yields demand functions Dy, ; (p1, ..., pr—1; wr,) and labor supplies L,, that satisfy the time constraint

L= Ln (6)

2.2 Final goods

The production function for industry 7 is given by
Yini = Fi (G (Hm,is Xmyi) s Lim.i) (7)

where Y, ; is output and X, ; denotes purchased business services. Both F; and G have constant
returns to scale. F; is common to all cities, but differs by industry. G is common across industries
and cities. Firms maximize profits

maxpm,iym,i - wL,mLm,i - wH,mHm,i - pm,sz,i (8)

The first-order conditions equate marginal products to factor prices:

wL,m/pm,i =Fir (Gm,z/Lm,z) (9)
wH,m/pm,i = FiG (Gm,l/Lm,z) GH (Xm,z/Hm,l) (10)
pm,az/pm,i = FiG (Gm,i/Lm,i) GX (Xm,z/Hm,z) (11)

where G, i = G (Hpm,i; Xm,i). The partial derivatives, F;, = 0F;/0z, depend on input ratios due
to constant returns to scale. A solution to the firm’s problem consists of Y, s, Ly, i, Hyn i, X, that
satisfy the firm’s first-order conditions and the production function. For the purpose of taking the
model to the data I assume the F; has a constant elasticity of substitution, (1 — p)~!:

1/
Fy =[G (X Hn)? + (U= i) Ly ] (12)

For reasons discussed in section 4.1, I assume p > 0.



2.3 Business services

The production function for business services is given by
Ym,x = Eme (G (Xm,za Hm,z) 5 Lm,:c) (13)

This differs from the production function for final goods only in the productivity term =,,. F),
exhibits constant returns to scale. Services firms maximize

maxpm,mEmFm (G (Xm,xa Hm,x) 7Lm,z) - meLHm,m - wL,mLm,m - pm,me,m (14)

The first-order conditions are the same as for final goods producers, except for the =, factors. A
solution to the business services firm’s problem consists of Yy, », Lin o, Him o, Xm o that satisfy the
firm’s first order conditions and the production function.

A key feature of the model is agglomeration economies in the production of business services.
These are modeled as an externality. While firms take =, as given, in equilibrium it depends on
the scale of the services sector:

Em = Fx (Gm,xyLm,x)E , €2 0 (15)

2.4 Competitive equilibrium

A competitive equilibrium consists of an allocation (Cri, Cr i Lmi, Hm,is Xm.is Ym,is Hm, Lm) and
a price system (W m, WL m, WH, WL, Pm,z, Pi) such that

1. Workers maximize utility, given prices and agglomeration costs.
2. Final goods and services producers maximize profits, given prices.

3. Markets clear.

Labor market clearing is implied by the household’s time constraints (4) and (6). The markets
for final goods clear when

ZYm,i = Dupu;(p1,....,p1—1,wn) + Dri (p1, -, pr—1,wr), 1 #x (16)
m

The market for business services clears when

Yona =3 Xmi Vm (17)
%

2.5 Discussion

The idea that business services are a source of agglomeration economies is not new. Duranton and
Puga (2003) develop a model of differentiated business services that exhibits scale economies. The
novel idea of this paper is to link business services to the demand for skilled labor in a city.

Most of the model’s implications derived below do not depend on the details of the demand
functions for final goods. The demand specification is therefore kept simple. Since final goods are
not differentiated across cities, the model makes extreme predictions about industry specialization
(see Proposition 6). In the empirical evaluation of the model, I therefore focus on its implications
for attainment in city-industry pairs, rather than for city attainment.

The assumption of perfect labor mobility is strong. It is responsible for equalizing skill premia
across cities. To check whether this assumption is reasonable, section 4.8 shows that the correlation
between skill premia and attainment is very weak across cities and across city-industry pairs.



3 Empirical Implications

This section derives empirically testable implications of the model. I focus on equilibria where
multiple cities coexist. First, I show that cities differ in service prices,

TTm = pm,w/wH,m (18)

Then I characterize how allocations and prices differ between cities with high and low service prices.
I find that city attainment is negatively related to m,,. Section 4 takes the model implications to
the data and shows that cities with low services prices have the properties of highly educated cities
in the data.

Preliminary results. It is easy to show that firms in low m,, cities are characterized by high
Xm,i/Hm,is Gm,i/Lm,is Gm,i/Hm,, and Gy, as well as by low Gy, and Fig/F;r. In addition, the
final goods firm’s first order conditions imply that 7, = g;gZ—m, so that the ratio of services

to skilled labor inputs is determined by a common function across all cities and industries:
Xm,i/Hm,i =v (Wm) (19)

with ¥/ < 0. The intuition is that cheap services lead firms to substitute services for skilled labor.
Since G is common to all industries and cities, the optimal input ratio X, ;/Hy, ; only depends on
the relative price of the two factors.

An additional assumption is required to ensure that firms facing cheap services employ larger
amounts of skilled relative to unskilled labor. Define g (X/H) =G (X, H) /H.

Assumption Al: Gy (X/H) g(X/H)"""is increasing in X/H.

This assumption is essential for most of the paper’s results. It formalizes the idea that skilled
labor and services are sufficiently complementary, so that lower services prices (m,,) lead firms
to employ more skilled labor. To see why Al is needed, consider how a firm reacts to a lower
Tm. Substitution towards cheaper services implies that firms hire more of them: Gy, ;/Hy,; and
Gm,i/Lm,i both increase. Whether H,, ;/ Ly, ; increases depends on how substitutable factor inputs
are in production.

If H is easily substituted for X, firms respond to cheaper services by "outsourcing" their skilled
labor, i.e., X, ; increases and H,, ; declines so that Hy, ;/ Ly, ; may decline. Intuitively, firms replace
their own accountants with hired consultants. However, if X and H are strong complements, firms
will increase both X, ; and Hp, ; in response to cheaper services. In that case Hy, ;/Ly,; increases.
Rather than replacing their accountants, these firms hire additional accountants to work with
external consultants. Assumption Al ensures that firms respond in this second way.

Al is not highly restrictive. For example, Al holds if G (X, H) = X“H'® and p > 0. In this
case,

g (X/HY™" Gy (X/H) = [X/H]*"™Y [x/H]*
is increasing in X/H.
3.1 Coexistence of cities with different prices

The focus of the analysis is the comparison of cities with different services prices, which correspond
(by Corollary 7 below) to different attainment levels. Proposition 1 shows that, in equilibrium,
cities with different services prices coexist. This requires a technical assumption which rules out
equilibria where cities of different sizes happen to have the same agglomeration costs.



Assumption A2: The agglomeration cost functions are "ordered:" I'y,4+1 (z) > Ty, (2) for any
scale z.

Proposition 1 If A2 is satisfied, then all cities differ in their services prices, Tp,.

Proof. Consider two cities with different '), functions. There are two cases. (i) The cities
differ in their x,, levels. Due to costless labor mobility, the city with higher agglomeration cost
must pay higher wages, wy , and wy, ,,. Firms can only break even, if the high wage city has a low
Tm. (ii) The cities share the same x,,, levels. This leads to a contradiction. Due to labor mobility,
firms in both cities must pay the same wages. For final goods firms to break even, m,, must be
equal in both cities. Thus all factor prices and all factor input ratios are equalized. The cities
also have the same Y}, ,; otherwise the unit costs of services would differ (see Proposition 9). Now
consider the identity
Ym,ac Hm

m,T
' Hm,x Ym,x

Note that both cities have the same X,,;/Hy,; = V¥ (m,,) in all industries, which thus equals
Yoo/ Hm. Hence, both cities have the same H,, and thus the same size, H,, + Ly,. This contradicts
the assumption that the x,, are the same. m

The intuition is as follows. Consider two cities with identical ,,. All factor price ratios are the
same in these cities. Hence, the unit costs of final goods firms are proportional to wg . Thus, firms
must pay the same wages in all cities. Labor mobility then requires that agglomeration costs be
the same. If agglomeration cost functions satisfy A2, this means that the cities must have different
total employment. Then they also differ in the scale of services and thus in 7, - a contradiction.

H,, = (20)

3.2 Industry attainment

This section derives the model’s implications for educational attainment at the city-industry level,
Am,i- Since services inputs are not observable, it is necessary to "maximize out" X, ; before taking
the model to the data. This yields a reduced form production function that expresses Y, ; as a
function of H,,; and L,,;. Proposition 2 establishes a key property of this production function:
each city is endowed with an industry neutral skilled labor augmenting parameter v,,,. That is, the
reduced form production function exhibits skill bias differences across cities that affect all industries
symmetrically.

Proposition 2 Cities are endowed with reduced form production functions of the form

Y. =Fi (Y, Hmi, Lim.i) (21)
— [+ (1= 2 ] 22)
where ¥, = (7)) and ' < 0.
Proof. Write the production function for final goods as
Yini= Fi(g [Xm,i/Hm,i] Hinis Lm,i) (23)
Since the optimal Xy, ;/Hy, i = ¥ (7y,) is monotone in 7,,, we can write
9(Xmi/Hmi) = (7m)

with ¢/ < 0. =



A similar finding has been documented in the international trade literature. Trefler (1993) finds
that countries are endowed with industry neutral factor augmenting technological differences.

Lacking data on industry output, the empirical evaluation of the model relies on the firm’s first
order conditions to predict industry-city attainment. Proposition 3 shows that these first-order
conditions are also characterized by industry neutral skill bias differences. That is, the firm’s choice
of Hy,i/Lp,; is consistent with a production function that exhibits industry neutral differences in
skill bias. However, the skill bias parameters, ¢,, = ¢ (7,,), are different from the v,, appearing in
the reduced form production function (21).

Proposition 3 The share of skilled labor employed in city m and industry i is given by

Hm,i _ |:Mz$m Wr,m

1/(1-p)
Lm,i 1-— My wH,m:|

where a)m = ¢ (ﬂ-m) =g (Xm,i/Hm,i)pil C;'H (Xm,z/Hm,z)
Corollary 4 Cities with high ¢,, employ more educated labor in all industries.

Corollary 5 If Al is satisfied, then ¢' < 0 and cities with low services prices (m,,) employ more
educated labor in all industries.

Proof. The final goods firm’s first-order conditions imply

w ; _
i B (Grif L) G (Xni/ Hon)
wr,m - 1223

=M (9[Xm,i/Hm,] Hm,i/Lm,i)p_l Gu (Xom,i/Hm)

1_i

1 ¢ —1

=" Hmz Lmip 25
L (i L) (25)

Thus, cities with high ¢,, employ more skilled labor in any industry i. Since Xmi/Hpm, is a
decreasing function of m,,, ¢,, and Xm,i/Hp,; are positively related. Al then ensures that high -
cities also have low m,,. ®

Proposition 3 establishes one of the main testable prediction of the model. Given estimates
of skill premia and of the production function parameters yu; and ¢,,, (24) predicts educational
attainment for city-industry pairs.

One implication is that, within an industry, attainment differs systematically across cities.
Cities with higher ¢,, employ more skilled labor in every industry, even though skill premia are
equalized across cities. To an econometrician, who does not observe services inputs, cities appear
to differ in their skill bias parameters (q_ﬁm), even though they are actually endowed with the same
production functions. The skill bias differences are industry neutral because firms in all industries
face the same relative prices (m,,) and use the same production function G.

3.3 Industry specialization
The model implies a second reason why cities with cheap services are more educated: they specialize

in skill intensive industries.

Proposition 6 Cities with low 7, specialize in high p; industries. If Al is satisfied, then cities
with high ¢,,, specialize in industries with high ;.



Proof. The unit cost function of good 7 is given by

_ _ _i-v
emi = [ G 4 (1 g O D] (26)

where py,.¢ (Pm,zs WH,m) is the unit cost of G (X, i, Hp i), which is the same for all industries in a
city. Since G is constant returns to scale, we can write:

Pm,G = WHm CG (pm,z/wH,m)

with ¢f; > 0. The unit cost of good 7 is then

o o p/(p—1) 1=1/p
Cm,i = WL m [Mi/( =) {’mCG (Wm)} + (1 - Mi)l/(l_p)] (27)

I show next that unit costs are more sensitive to p;, when 7, is low. That is

Oln (¢ i/wrm)
8 (wH,m/pm,a:) 3#

<0 (28)

. y /(p—1) .
To see (28), define ¢ (W m/Pme) = {U,IZ:: cG (Pm,x/wH,m)}p " Note that 0C/0 (WH m/Pm.z) >

0. That is, ¢ i/Wr m, is low when 7, is low. Write unit cost as

10 (e /wr,m) = £~ I (W0 + 11— ")

and take the derivative:

Oln (cmi/wrm) p—1 [ <1 —uﬂ—l N

0 (wH,m/pm,:c) B P

The second derivative is negative:

82 In (Cm,i/w[”m)

<0
0 (wH,m/pm,m) ou

Thus, the slope of the unit cost function against p, is steeper (negative) when 7, is low. Now
consider the ratio of unit costs ¢, ;/ Cm,j in two locations. If p; > i then the low 7, location has
a comparative advantage in the high p; good. Finally, if A1 holds, low 7, implies high v,, and
high ¢,,. m

Figure 2 illustrates proposition 6. Consider two cities that differ in their services prices. If
wages were equalized across cities, the city with cheaper services would have lower unit cost for all
goods. It would have an absolute advantage in all industries and a comparative advantage in high
w; industries. The intuition is that services prices affect unit costs more in industries that place a
large weight on services inputs (f;).

Since cities with high ¢,, employ more skilled labor within each industry and specialize in
skill intensive industries, overall city attainment must be higher as well. Thus, the model can
account for the positive relationship between city attainment and ¢,, documented in figure 1 in the
introduction.

Corollary 7 If A1 holds, cities with high ¢,, are more educated (high Hy, /Ly, ).
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Figure 2: Comparative advantage

Lower services prices increase the scale of the services sector. Hence, the model predicts that
cities with low 7, have higher total factor productivity. Lacking data on industry output and
services inputs, I cannot test this property directly. However, I can test the prediction that such
cities should pay higher wages.

Proposition 8 If A1 holds, cities with high ¢,, pay high wages (W m, WL m)-

Proof. This follows directly from the fact that unit cost is falling in m,, for fixed wages. If Al
holds, then low 7, means high ¢,, and unit cost is falling in ¢,, as well. As a result, cities with
high ¢,,, have absolute advantage in all goods. To remain competitive, cities with lower ¢,, then
must pay lower wages (or be shut down). =

3.4 Size of the business service sector

One set of predictions that could distinguish the model proposed here from alternative theories
relates to the business services sector. Lacking data on the price of services, I derive how the size
of the services sector differs between cities with different attainment (and thus 7).

Proposition 9 Cities with low services prices (my,) have larger business services output (Yo, z).
Proof. From (27) the unit cost of X, may be written as
Pm,x = Cx (Wma wH,m/wL,m) wr,m / F, (Gm,za Lm,z)€ (29)

with d¢, /O, > 0. ¢, is the unit cost function for the constant returns to scale production function

F,. Thus
Pm,x TTm WH m

= ImZAM B (G Dmg) ° (30)

wr,m Cg Ce WLm

10



Since the elasticity of unit cost with respect to any input price (here: m,,) is less than one, the ratio
on the left-hand-side of (30) is decreasing in 7, for given skill premium. Thus, the model predicts
that cities with low 7, have large Y;,, .. m

This result is intuitive. In some cities, services are cheap due to economies of scale. This
requires large services output. Unfortunately, services output is not observable in my data. I there-
fore, derive implications for services employment, which is observable. This requires an additional
assumption.

Assumption A3: JInY,,,/0lnX,,, <1.

A3 states that services are produced subject to diminishing returns to X. This assumption is
necessary for the model to make sense. Were it violated, it would be possible to produce larger
amounts of services using less labor of both skills. If A3 is satisfied, the next proposition shows
that cities with cheap services either employ large amounts or large fractions of skilled labor in the
production of services.

Proposition 10 If A1 and A3 hold, then cities with low my, have either high Hy, »/H,, or high
Hp o
Proof. Write the fraction of skilled labor employed in producing services as

Hm,w _ Hm,ac Ym,x _ Hm,az Xm,x
Hm Ym,w Hm Ym,a: Hm,w

(31)

The last equality holds because Xy, ;/H,, ; is the same in all industries and ) X, ; = Y, o Thus

Hm,:p — Xm,;r (32)
Hm Ym,x

This can be satisfied in two ways. If cities with low 7, have low H,, ,, then such cities also have
low Ly, because Hy, z/Ly o is decreasing in 7, due to Al. Due to A3, such cities have high
Xma/Yme and thus high Hy, ,/Hp,. Alternatively, H,, , may be high in cities with low 7,. The
model then makes no predictions about Hy, »/Hy,,. ®

Note that the case where cities with cheap services have low H,, , is empirically implausible. It
implies that such cities also have low H,, and thus L,,. That is, cities with larger services sectors
would have smaller (in absolute terms) employment in all other industries.

3.5 City size

Empirically, the relationship between city population and educational attainment is positive, but
weak (see Glaeser 1999 and the evidence presented in section 4.7). This seems to pose a challenge
for models based on agglomeration economies. However, in my model, the correct measure of city
"size" is not its total population, but the scale of the business services sector. In contrast to Eaton
& Eckstein (1997) and Glaeser (1999), my model does not imply that cities with larger population
sizes are more educated. Proposition 11 identifies the reason for this: agglomeration costs function
(T'),) differ across cities.

Proposition 11 If all cities share the same I'y,, then cities with low services prices employ more
labor.

Proof. If all cities share the same I';,, then larger cities pay higher wages. They must have
lower unit costs, ¢, i/ wWH,m- This requires low m,,. ®

11



4 Empirical Evaluation of the Model

The model’s empirical implications may be summarized as follows: If Al through A3 hold, then
cities with cheap services are characterized by high values of ¢,,, high city attainment H,,/L,,
high attainment in each industry H,,;/Ly,;, high wages, and by large employment shares in skill
intensive industries. In addition, such cities have large absolute (H,,,) or relative (Hp, ,/Hp,)
skilled employment in business services. This section shows that all of the model’s predictions have
strong support in data on U.S. cities.

4.1 Data

The data are drawn from the 1980 to 2000 waves of the Decennial Census 5% Public Use Micro
Samples. Individuals are dropped if they satisfy at least one of the following conditions: reside in
group quarters, in school, zero hours worked, younger than age 17 or older than age 75. A person
with at least 16 years of schooling is classified as holding a college degree. I refer to such persons
as "skilled." Individual wage rates are calculated as the ratio of labor income to hours worked per
year. Wage observations below 10% of the median and above 100 times the median are deleted as
likely measurement errors.

The geographic units considered are metropolitan areas (MAs). Most of the findings reported
in this paper are based on data for the year 2000. Results for earlier years are similar, except where
explicitly noted. Appendix A provides more detail on the data and variable construction.

4.1.1 Measurement

Labor input. In measuring labor inputs, it is necessary to account for the possibility that workers
in the same education class differ in their labor efficiency. I estimate person j’s efficiency using a
standard Mincerian earnings equation of the form

Inh(ej,xj5,25) = By + Brej + Bozj + 53%? + Bazj + €5 (33)

where e denotes years of schooling, x is experience, and z denotes other demographic characteristics
(race and sex). Labor efficiency (h) is proxied for using nominal hourly wage rates. The equation is
estimated for the entire U.S. working population, but separately for skilled and unskilled workers.
Skilled labor input in industry ¢ is then given by

Hm,i = Zh(ejymjazj) lj (34)
J

where [; denotes hours worked and the sum covers all persons working in industry 4 and location m.
A similar equation defines unskilled labor input, L, ;. I abstract from the possibility that workers
differ in their unmeasured skills. For most of my results this only matters if skilled workers differ
from unskilled workers within a given location or industry. City-industry cells with fewer than 20
observations are dropped.

Skill premia are calculated as the ratio of skilled to unskilled wage bills divided by H/L.

Production functions. The production function parameters to be estimated are the p; for all
industries, the ¢,, for all cities, and p.

The parameter p governs the substitutability of G and L. Direct evidence on its value does
not exist. Empirical estimates of the substitution elasticity between skilled and unskilled labor are
typically based on aggregate rather than industry data (see Ciccone and Peri 2004). Moreover,
how strongly H,, ;/Ly, ; responds to a change in wg ,,/wr, »m depends on the accompanying change
in m,,. Lacking better evidence, I set p such that the elasticity of substitution between G and L

12



Table 1: Business services

Code Industry
716 Banking and credit
726 Security and commodity brokerage and invest companies
736 Insurance
746 Real estate
756 Real estate-insurance-law offices
806 Advertising
807 Accounting, auditing, and bookkeeping services
808 Misc business services
879 Legal services
898 Engineering and architectural services

Notes: The table shows the industries classified as business services.

is (1—p)~" = 1.6. This is in the middle of the empirical range cited by Ciccone and Peri (2004).
The sensitivity analysis explores alternative values of p.

The values of u; and ¢,, are estimated from the first-order conditions of the final goods firm
(24). The model implies

In (u:/ (1 = i) + 10 (dy) — In (wrrm /wWLm)

I (Hp i/ Lini) = T, (35)
This translates into a regression equation
In (Hm,i/Lm,i) = BO + D; + Dm + ﬁw In (wH,m/wL,m) + Em,i (36)

which I estimate via OLS. The skill bias parameters may then be recovered from the industry
dummies (D;)
e(1=p)(Bo+Ds)
B 0o

(37)

and from the state dummies (Dm):

By = Pn170) (39)
Below, estimates of the production function parameters are used to predict city-industry at-
tainment according to the firm’s first-order condition (24). In these calculations, an alternative
measure of ¢,, is used. A key result of the paper is that employment in business services predicts
a large share of the variation in educational attainment across cities. To drive home this point, it
is desirable to estimate the skill bias parameters ¢,, from data on business services only. This is
done by solving the business services firm’s first order condition (24) for @,,, given data for skill
premia, Hy, ;/Lp, ., and the values of y; taken from (37). This alternative measure of skill bias is
called ¢,, and is used for most of the paper’s results. Note that In(¢,,) is a linear transformation
of In (Hymz/Lm,z)-

Industries. Each worker is assigned to one of 150 industries according to the IPUMS variable
IND1950. Table 1 lists the industries classified as business services. Some of these industries serve
consumers as well as businesses. Unfortunately, it is not possible to measure what fraction of output
a given industry supplies to businesses. For some industries, the classification as business services
is therefore to some extent arbitrary.

13



Table 2: City characteristics
1980 | 1990 | 2000

N 258 | 271 | 297
Hy/ L (%) 242 | 316 | 385
(8.7) | (12.5) | (16.5)
Hyy o/ Hp [%] 13.8 | 155 | 182
(4.4) | (4.9) | (6.4)
Linz/Lm [%] 8.3 9.9 | 11.2

(25)| (2.8)] (3.1)
Frac.services [%] | 10.1 | 12.2 | 14.0
(3.0) | (3.6)] (4.3
WH,m/WEm 1.52 1.59 1.59
(0.10) | (0.08) | (0.08)
Notes: The table shows means and standard deviations (in parentheses) for MA characteristics.
Frac. services is the fraction of workers employed in business services. IN is the number of cities.

Table 3: Attainment and skill bias
Year | 1980 | 1990 | 2000

B 1.08 | 1.27 | 1.27

s.e. 0.06 | 0.06 | 0.04

R?* | 054 0.62 | 0.78

N 258 | 271 | 297

Notes: The table shows the results of regressing In (H,,/L,,) on In (¢,,). 0 is the regression
coefficient and "s.e." denotes its standard error.

4.1.2 Summary statistics

Table 2 shows means and standard deviations of MA characteristics for each year. College attain-
ment (Hy,/Ly,) rises by nearly 60% over the 20 year sample period. The fraction of skilled and
unskilled labor employed in business services increases by around one-third. Data for individual
cities are shown in the Appendix.

4.2 Skill bias and education

The following sections confront the empirical implications derived in section 3 with the data. Corol-
lary 7 is the main qualitative prediction of the model: Cities with high ¢,,, reflecting low services
prices, are highly educated. Figure 1, displayed in the introduction, shows that this prediction is
strongly supported in the data.

Variation in ¢,,, accounts for a large part of the cross-city variation in attainment. A regression
of In(H,,/Ly,) on In(¢,,) yields an R? of 0.78 for the year 2000. Table 3 shows the regression
results for the years 1980 to 2000. The correlation between attainment and ¢,, is strong in all
years, but substantially lower in earlier years.

It is worth reiterating that ¢, is estimated solely from data on business services employment.
It does not use any information about other city characteristics that could plausibly account for
education gaps, including city size (suggested by agglomeration theories), industry specialization,
skill premia, or geographic location. The strong correlation between ¢,, an city education is con-
sistent with the hypothesis of the paper: business services affect the demand for skilled labor in a
city.

14



The model offers two reasons why cities with high ¢,, are educated: (i) they employ more
skilled labor in all industries and (ii) they specialize in skill-intensive industries. Next, I explore
the evidence for both reasons.

4.3 City-industry attainment

Corollary 4 predicts that cities with higher ¢,,, should employ more skilled labor in each industry.
Figure 3 examines this prediction informally. For the eight largest industries, the figure plots
In (Hyyi/Lim,;) against In (¢,,). Least squares regression lines (solid) and 45-degree lines (dashed)
are also shown. Consistent with the model prediction, a strong correlation is visible in all cases.?

This patterns holds for the full set of industries. Regressing In (H,y, /Ly, ;) against In (¢,,) for
each of the 49 largest industries yields positive slope coefficients in every case. The mean slope is
0.52 with a standard deviation 0.21. The mean R? across industries is 0.33. That is, ¢,, accounts
for one-third of the variation in attainment within industries across cities.

Quantitative evaluation. The model’s Proposition 3 makes quantitative predictions for attain-
ment in city-industry pairs. These can be used to measure the fraction of attainment variation
accounted for by the model.

Figure 4 plots the model’s predicted attainment against observed attainment for the year 2000.
Predicted attainment is calculated from the firm’s first-order conditions (24) together with estimates
of y; and ¢,,. The U.S. skill premium is used for wg m/wr . An OLS regression yields an R? of
0.77. Thus, the model accounts for 77% of the observed variation in attainment across city-industry
pairs.

Attainment variation within industries. Part of the attainment variation shown in figure 4
is due to technological differences across cities (y,;) about which the model has nothing to say. It
is therefore more appropriate to evaluate the model by its ability to account for attainment gaps
across cities within industries.

According to the model, attainment net of industry effects is given by

Xi€t = 1 (o L) — (NE{ (_1/)_) t) (39)

Equation (24) predicts that A% should equal

In(¢,,)
L=p
Note that predicted attainment, net of industry effects, varies solely due to ¢,,,. Figure 5 evaluates

this prediction by plotting \? red against )\%E A fitted OLS regression line,

m,i

Al = 10 (W /W m) +

(40)

Aol = By + BAmi + Emi (41)

yields a slope coefficient of 0.5, compared with a model prediction of 1. In this sense, the model
accounts for 50% of the variation in attainment, within industries, between high and low ¢ cities.
The regression R? = 0.29. Thus, the model accounts for 29% of the variation in attainment across
all city-industry pairs, net of industry effects.

In evaluating the model’s performance it is worth keeping in mind that predicted attainment is
calculated only from data on business services employment (¢,,). In addition, part of the variation
in observed attainment is due to measurement error as many of the industry-city cells contain only
small numbers of observations.

?Lewis (2004) and Glaeser and Berry (2005) show that cities absorb inflows of labor mostly by changing attainment
within industries, not by changing industry mix. Beaudry et al. (2005) and Lewis (2005) argue that this happens
through local technology adoption.
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4.4 Industry Specialization

Proposition 6 points to a second reason why cities with high ¢ are highly educated: they specialize
in skill-intensive industries. To evaluate this prediction, I decompose city attainment gaps into the
contributions of industry specialization and within-industry attainment differences.

The starting point is the identity

— == " — 2 . 492
Lm Zz Lm,i Z Lm7i e ( )

where wy,; = Ly, i/Lp, is the employment share of industry ¢. The identity suggests a natural
way of decomposing attainment gaps into the contributions of industry specialization (wy, ;) and
within industry attainment differences (H,, i/Lm ). Define two versions of counter-factual city
attainment:

H .
IS US,i
= 2 Wy 43
Ty ; Lo, mi (43)
H .
i =2 Lo wus. (44)
Z b

where wys; = Lys,i/Lus is the economy wide employment share of industry i. Hys; =), Hm
and Lyg; =Y, Lm denote economy wide total employment in industry 4. nff eliminates within-
industry differences in attainment and thus measures the importance of industry specialization.
n% eliminates differences in industry specialization and thus measures the importance of within-
industry attainment differences.

One complication encountered in the computation of nif and 17%5 is that a given city has (near)
zero employment in many industries.> Conversely, many industries are present only in a few cities.
In computing 1% and n%° I therefore drop cities that have data for fewer than 30 industries and
industries that have data for fewer than 12 cities. The resulting sample consists of 142 cities and
75 industries. 69% of the remaining industry-city pairs have data.

Figure 6 plots predicted against observed state attainment. The slope is 0.20, leading me to
conclude that specialization accounts for 20% of attainment differences.*

In a similar fashion, the importance of within industry differences in attainment can be quan-
tified. Recall that n,qfl applies the same employment weights to all cities. Its variation is solely due
to within-industry attainment differences across cities.

Figure 7 plots counter-factual city attainment against observed attainment for the year 2000.
The slope of an OLS regression line is 0.85 (s.e. 0.02). In this sense, within-industry attainment
differences account for a large majority of city attainment gaps.

4.5 Business Services

This section examines the empirical relationship between business services and city attainment.
This evidence is useful for distinguishing the proposed theory from possible alternatives in which
business services play no special role. Lacking data on the quantity (X,;) and price of services
(mm), I evaluate the model’s predictions for services employment.

Proposition 10 predicts a positive correlation between ¢,, and either the level (H,, ) or the
share (Hy, »/Hp) of skilled employment in services. Both correlations are found in the data (see

SRosenthal and Strange (2002) show that this is true even at the state level.
*The model’s demand side is not sufficiently developed to compare the model’s predicted industry composition
with the data.
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figures 8 and 9). The finding that highly educated cities employ a larger share of labor in business
services confirms that the positive association between ¢,,, and H,, ; is not simply due to city size.

211

b=3.41 [se.025] R2=0.39 N=295 ,

20

19

InH
m,x
-
]
;

16 -14 -12 -1 -08 -06 -04 -02 0 02
In(f ) 2000

Figure 8: Skill bias and business services

4.6 Wages

According to Proposition 8, cities with higher ¢,, pay higher nominal wages. To investigate this
proposition, I calculate a city’s mean wage as

Wy, = Zwm,ijS,j (45)
J

where j indexes age / education / sex groups and wyg,; is the U.S. population weight. w,, removes
differences in demographic composition from the mean wages of cities.

Consistent with the model’s prediction, I find a positive, albeit weak, correlation between ¢,,
and w,,. Figure 10 shows a scatter plot. An OLS regression line yields an R? of 0.16. This
is consistent with Rauch’s (1993) finding of a positive relationship between education and wages
across cities.

I also find a significant and positive correlation between a city’s mean wage and the size of the
business services sector, measured by In (Hy, ;) or In (Hy, »/Hyy,). This is consistent with the notion
that business services account for productivity and thus for wage differences across cities.

4.7 City size

It is well known that larger cities are more educated (e.g., Glaeser 1999). This motivates agglom-
eration theories in which human capital externalities facilitate learning in cities (Eaton & Eckstein
1997; Glaeser 1999).

Table 4 investigates the relationship between city size and education in my data. The correlation
is positive in all years, but it is not strong. Regressing In (H,,/L,,) on the logarithm of city
population yields statistically significant point estimates. However, the R? are only on the order
of 10%. This is consistent with the predictions of my model, in which the correct measure of
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Table 4: Attainment and city population
1980 | 1990 | 2000
I5; 0.115 | 0.136 | 0.155
s.e. | 0.022 | 0.023 | 0.024
R?> | 0.10| 0.12| 0.12
N 240 247 289
Notes: The table shows the results of regressing In (H,,/Ly,) on the logarithm of city population.
[ is the regression coefficient and "s.e." denotes its standard error.

Table 5: Attainment and skill premia at the city level

Year 1980 [ 1990 | 2000
G 0.032 | -0.008 | -0.004
s.e. 0.011 | 0.009 | 0.007
R? 0.03| 0.00| 0.00
N 271 273 297
WHm/WLm | 1.52 1.59 1.59
Std 0.10 | 0.08 | 0.08

Notes: The table shows the results of regressing In (wg m /wr, m) on In (Hy,/Ly,). § is the
regression coefficient and "s.e." denotes its standard error. The last two columns show the mean
and standard deviation of skill premia across cities.

agglomeration is the scale of the business services sector, not city population. As shown in section
4.5, the correlation between the scale of services and city education is substantially stronger than
the correlation between population size and education.

4.8 Skill Premia

In the model, labor mobility equalizes skill premia across locations and industries. An alternative
view holds that labor is relatively immobile and that the supply of labor is an important determinant
of city attainment. [reference] If skills are imperfect substitutes, such theories imply that highly
educated cities should have low skill premia. This section examines whether skill premia are
correlated with attainment at the city and city-industry level.

Table 5 shows the results for city level data. I regress the logarithm of city skill premia on city
attainment for the years 1980 to 2000. The slope coefficient varies in sign and is significant only in
1980. The R? statistics are at most 2%.

Table 6 shows that similar results are obtained for city-industry pairs. I regress the logarithm
of the skill premium on industry dummies and attainment.

In (wH,m,i/wL,m,i) =D; + 5 In (Hm,z/Lm,z) + Em,i (46)

The slope coefficients are small and change signs across years. A 10% change in attainment is
associated with a change in the skill premium of roughly 0.1%. When industry dummies are
omitted, the slope coefficients are always positive and slightly larger. However, the regression R?
drops to less than 3%. This is consistent with Peri’s (1998) findings of a small, positive correlation
between skill premia and schooling across city-industry cells.

I conclude that skill premia are, to first approximation, uncorrelated with educational attain-
ment. This is consistent with the assumption of perfect labor mobility underlying the model.
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Table 6: Attainment and skill premia at the city-industry level

Year | Dummies I5} s.e. R? N
1980 yes | 0.005 | 0.005 | 0.464 | 3810
1980 no | 0.028 | 0.003 | 0.022 | 3810
1990 yes | -0.010 | 0.004 | 0.406 | 4846
1990 no | 0.033 | 0.003 | 0.031 | 4846
2000 yes | -0.013 | 0.004 | 0.404 | 5970
2000 no | 0.025 | 0.002 | 0.016 | 5970
Notes: The table shows the results of estimating (46) via OLS. "s.e." denotes the standard error
of S.

5 Conclusion

This paper explores why educational attainment differs across U.S. metropolitan areas. A measure
of business services employment (¢,,) is identified, which predicts a large share of the observed
cross-city variation in attainment. This motivates a theory in which the scale of a city’s business
services sector affects its demand for skilled labor across all industries. The model makes a number
of empirically testable prediction, all of which find strong support in the data.
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Appendix

A Data Sources and Variable Construction

Table A1l shows summary statistics for the ten most educated and least educated cities. Some of
the highly educated cities, such as Ann Arbor or Madison, host large universities. These might
increase the supply of college educated labor. I do not drop such cities for two reasons. (i) The
model assumes perfect labor mobility. A city’s attainment should therefore not be correlated with
its production of college graduates. (ii) It is conservative to retain cities with idiosyncratic variation
in attainment. They pose a challenge for the model and should reduce its explanatory power.
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