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1. INTRODUCTION

The relationship between density of economic activity and productivity belongs to the classic lines of
inquiry in economic geography and spatial economics. Since the ‘geographical turn’ around the 1990s
the interest in this issue has surged, with several empirical and theoretical contributions focusing on the
effects of density on productivity and their underlying micro-foundations (Ciccone and Hall 1996,
Baptista 2003, Combes 2000, Glaeser and Maré 2001, Andersson and LO6f 2011). The ‘big picture’
regarding estimates of the elasticity of worker wages or firm productivity with respect to density
suggests that a doubling of density raises productivity with between 2 to 7 percent (Combes et al 2008,
Yankow 2006). Density externalities are often put forth as a main explanation of this pattern (e.g.
Tveteras and Battese 2006, de Groot et al. 2008, Duranton and Puga 2004).

Even though the density-productivity relationship is well established, an issue in the literature concerns
the spatial scale of analysis and the associated assumptions about the scale at which density externalities
operate. The spatial level of analysis often differs from study to study and the general notion of “spatial
density’ tells us little about the relevant geographic scale. Our knowledge of the spatial scale of density
effects and their attenuation with distance is in fact limited (c.f. Overman 2004). How local are density
externalities and how sharply do they attenuate with distance? Do they span whole labor market regions
and metropolitan areas, or are they confined to the neighborhood level? Is the effect of density on
productivity at the level of wider regions in fact the outcome of a number of localized density effects at
the neighborhood level that add up to a region effect, or do region-wide and neighborhood effects

operate simultaneously?

In this paper, we explore these questions using geo-coded data at a fine spatial resolution. The paper
contributes to the literature with an analysis of the density-wage relationship across uniform square
grids of small sizes, allowing for inference about how local density effects are as well as the extent of
their distance decay. We also test whether density effects and their attenuation with distance are stronger

for better educated workers, as has been found in recent studies (Gould 2007, Mdéller and Haas
2003).

1.1 Motivation and related literature

The question of the spatial extent of density externalities is important for several reasons. First, it bears
directly on the empirical relevance of alternative micro-foundations for density externalities. Learning
effects involving face-to-face interaction between people, for instance, are in general expected to be
more localized than effects related to sharing of infrastructure and specialized suppliers, such that more
localized effects would support the former explanation rather than the latter. In other words, how local
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density effects are have implications for how we think and conceptualize about density externalities.
Second, the issue of geographic scale and decay of density externalities also have implications for
policy. The ‘localness’ of such effects bears for example on both city planning and land-use strategies,
as well as for policies on cluster formation. More local effects would support a built environment with
higher density of offices and workplaces, e.g. through high office buildings, at least from the
perspective of productivity.

There are few previous analyses addressing this issue. One is Rosenthal and Strange (2008), who draw
concentric circles of different radius using the place-of-work PUMA in the US. In their analysis, the
smallest circle extends 5 miles (or about 8 kilometers) from the work places in their sample. They find
substantial attenuation of the spillover effects after the first circle. Another study is van Soest et al
(2006), who use census data for South-Holland at the level of ZIP-codes. This is a spatial level smaller
than a city, and represents areas of about 6 km? The authors relate employment growth and
establishment birth in different industries to agglomeration measures and find that agglomeration
(especially industry diversity) promotes both employment growth and establishment creation. They also
find quite sharp attenuation in the sense that the own-ZIP code agglomeration indicators have a much

stronger effect on growth than indicators of agglomeration in nearby ZIP codes.

The analyses in this paper bear on these previous studies, but we take a different approach regarding

both spatial aggregation level and identification strategy.

1.2 Identification of density effects at different spatial levels using square grid data

We employ geo-coded data for Sweden to re-assess the density-wage relationship at different levels of
spatial resolution, and test for attenuation effects by estimating the influence of density in first- and
second-order neighbors. The analyses rest on data in which Sweden is divided into a uniform grid of
squares, such that our observational geographic units are equally-sized squares in terms of area. Our
squares are much smaller than the geographic units typically employed in the literature on density
externalities. The area of the smallest circles in the Rosenthal and Strange (2008) study, for instance, is
about 200 km? which is in fact larger than many Swedish regions, and clearly larger than a
neighborhood. Moreover, the average size of the ZIP codes in van Soest et al (2006) is about 6 km?,

which is significantly larger than the spatial level in our study.

We observe squares of two different sizes: (i) 1000 times 1000 meters (1 km?) and (ii) 250 times 250
meters (0.0625 km?). These reflect neighborhood-levels rather than the levels of regions or metropolitan
areas. We effectively test for density externalities at a very local level, while controlling for the overall

density of the region to which a square belongs (cf. Briant et al 2010). This set-up allows us to
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empirically identify neighborhood effects operating at within larger agglomerations. A further novelty
in our analysis is the longitudinal structure of the data. We observe each square over a 20-year period,
1991-2010. We exploit the panel structure of the data and account for unobserved time-invariant
heterogeneity at the square level. Numerous studies show that this is crucial for identification of density
externalities, as time-invariant heterogeneity generally has a large influence on the estimated parameters
(cf. Mion and Naticchiono 2009)."

The use of equally sized squares brings advantages in terms of how density is measured as well as in
terms of identification of neighbor structures. Since Ciccone and Hall (1996), a standard measure of
density is employment per square kilometer. Most studies employ administratively delineated
geographical areas, such as municipalities, counties or metropolitan regions, between which the size as
well as shape differs greatly.? In the cross-section, the employment density of a municipality may thus
in principle be higher than another either because it is smaller in terms of land area or because it hosts a
large number of employees. The fact that the areal size of the squares is held constant implies that any
difference in the number of employees between two squares reflects a difference in employment
density. Since the denominator (km?) is invariant across observational units, the sheer number of

employees becomes an ‘exact’ measure of employment density.

By construction of the grid, every square has eight first-order and 16 second-order neighbors. We
include the density in first- and second-order neighbor squares as separate variables and estimate their
influence on the average wages of a square, while controlling for the internal density. This allows us to
test for the attenuation of density externalities in a way akin to Rosenthal and Strange (2008) and van
Soest et al (2006). We compare the coefficient estimates of ‘internal’ and ‘external’ densities, where
strong attenuation would imply that the coefficients for neighbor density are significantly smaller than

the ones for the internal densities.

1.3 The modifiable areal unit problem assessed on uniform squares

We also test if our results hinge on the choice of spatial resolution, i.e. whether we employ 0.25 km or 1
km squares. The modifiable areal unit problem (MAUP) states that correlations between variables can
differ significantly across spatial scales and shapes (Openshaw and Taylor 1979). Scale refers to the
spatial resolution (or size) of observational units, whereas shape refers to how the boundaries of the
units are drawn at a given spatial resolution. Although the MAUP has been extensively debated and

analyzed in the geography literature (Wrigley 1995), it is rarely discussed in the urban and spatial

! Many studies using data on finer spatial aggregation levels are cross-section studies, such as Rosenthal and
Strange (2008).

% In Sweden, for instance, the difference in square kilometers between municipalities amounts to a factor of over
2 100.
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economics literature (Burger et al 2010, Briant et al 2010). As we have uniform squares we eliminate
shape distortions in the sense that differences in estimates across spatial resolutions cannot be caused by
differences in the shapes of the geographic observations at different spatial scales. By estimating our
models in an equivalent way for the squares of different size we can isolate so-called size distortions,
i.e. the extent to which our results change as we only change the spatial size of our observational units.

In our empirical context, this issue is tightly connected to the spatial extent of density effects.

With regard to the MAUP, our paper lines up with a set of recent studies by in particular Holmes and
Lee (2010), Burger et al. (2010) and Briant et al (2010). Burger et al. (2010) test the MAUP with data
for the Netherlands. They analyze determinants for employment growth for varying initial spatial units
of analysis. They confirm the MAUP and find different effects of agglomeration forces across
geographic levels. Briant et al (2010) focus on MAUP for France and assess to what extent different
zoning systems, such as employment areas and grids, produce different patterns of spatial concentration
and agglomeration economies, including the elasticity of wages to employment density. Their general
finding for France is that the size of the areas matter more than their shape and that specification (i.e. the
set of control variables) is much more important than both the size and the shape of the geographical
units. For square grids, they find that the use of larger grids generally produce larger estimates of the

density elasticity of wages.

1.4 Summary of main findings

Our main finding is that highly localized density externalities operate simultaneously as region-wide
density effects. For 1 km? squares we find strong and economically significant neighborhood effects that
attenuate sharply with distance, while controlling for region-wide density effects. These results are
robust to a finer spatial resolution, though a finer geographic scale generally produces lower wage-
density elasticities. The density elasticities also differ between highly educated workers and other
workers. The share of the labor force holding the equivalent of a bachelor’s degree gain more from
proximity to economic activity across square sizes. The difference is more pronounced in the smaller
squares, indicating that such workers gain more from localized human capital spillovers. Further,
graduate workers exhibit sharper attenuation effects than the private labor force as a whole. Our main

results also hold across different spatial resolutions.

1.5 Outline

The paper proceeds as follows: Section 2 presents the structure of the data and describes the
construction of the variables in the analysis. Section 3 presents the empirical strategy, provides

descriptive statistics and also presents our results for 1 km? squares. Section 4 asks if our results are
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sensitive to the spatial resolution and re-produce the analyses in Section 3 on squares of 250 by 250

meters. Section 5 concludes.

2. DATA AND VARIABLES

2.1 Data

The data are audited register data maintained by Statistics Sweden (SCB). The data cover the period
1991-2010 and include information on wages, employment, education and sector composition. The data
are constructed based on geo-coding, where each establishment in Sweden is assigned to a geo-code (X
and Y coordinates). The geo-code is in turn derived from a uniform grid of squares covering the whole
of Sweden. Every square is of equal size and represents a one-by-one kilometer square (1 km?). For
agglomerated areas, defined by SCB as places with at least 200 inhabitants and a maximum distance of
200 meters between houses, we also have a finer geographical resolution corresponding to squares with
sides of 250 m (0.0625 km?). The analyses only cover such agglomerated areas. For every establishment
in the private sector the data include yearly information on wages, sector affiliation and employment by
education level. By aggregating over a common geo-code, we arrive at a dataset at the level of squares,

containing the abovementioned information.
2.2 Variables

Density

The variable of main interest is employment density. Density is more often than not measured as the
intensity of labor, human, and physical capital relative to physical space (Ciccone and Hall 1996), and
this means that density is high when there is a large amount of labor and capital per square kilometer.
This definition is conceptually quite unproblematic. However, in empirical applications such a density
variable can be difficult to interpret. At a given spatial level, such as municipality or county, the land
area of the units of observations differs substantially. For example, the land area in terms of km? of
Swedish municipalities differ by a factor of over 2 100. Sundbyberg municipality has a land area of 8.7

km?whereas Kiruna municipality has a land area amounting to 19 371 km?.

As argued by Holmes and Lee (2010), differences in employment between two areas can be thought of
as arising on two margins: (i) one area could be larger in terms of land areathan another, or (ii) one area
could have higher employment density per fixed unit of area. The substantial difference in land area of
observational units at a given spatial level means that margin (i) can explain a large fraction of the
observed differences. By using observational units of exactly the same size, we completely eliminate

this first margin. Any difference in employment between two areas will reflect a difference in density,
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because the denominator in standard measures of density (km?) is invariant across observational units.

The sheer number of employees of a square i, E;, is thus our measure of density in square i.

As argued previously, the size of the square reflects a fine spatial resolution corresponding to the
neighborhood level. Studying such small squares captures density of economic activity in a better way;
a municipality with a large land area but small population will have low density when dividing
employment with the total land area. Yet, the employment may in any case be concentrated to a small
part of the total land area in the municipality. This is the norm rather than the exception across
municipalities and counties in Sweden. Our data can capture such areas of high density in regions that
may appear sparse based on their general employment density per square kilometer.

Productivity

We use average wages in a square as a proxy for the level of productivity. These are based on the total
private wage-sums paid by the establishments. The wage-sum of a square is simply the aggregate wage
payments to employees working for establishments located in the square in question. Denote this by W;

where i denotes a given square. Then our productivity measure, w;, is:

which is the average wage of employees in square i. Average wage is not a perfect measure of
productivity, but higher average wages should, by simple theoretical arguments, mean that firms have

higher average productivity (or that the employees have higher average marginal product).

Controls

We control for a set of standard variables. Wages could of course be higher due to differences in the
sector composition or the education level of employees between squares. Therefore, the analysis
includes employees with a university degree (> 3 years) as a fraction of the total number of employees
as well as the fraction of employees in manufacturing, low-end services and high-end services (base
category), respectively. This controls for the basic employment and sector structure in each square. In

addition, the regression analyses include time dummy variables to account for business cycle effects.

We also control for the overall density of the municipality in which each square i is located (cf. Briant et

al 2010). If density externalities apply to a wider region rather than at the level of small squares within
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the region, then it should be the total density of the municipality that matters more. The density of a
municipality can be thought of as a distance-decay weighted sum of accessibility to economic activity in
all localities of a country. Denoting municipalities (N=290) by r, municipalities aggregated to the level

of functional regions (N=81) by k, and municipalities in the rest of the nation by I:

) De/* = De) + Def® + De;

r =
where

DerM =W, exp {_ Atee } municipal accessibility to total wage earnings of municipality r

Def = ZkeRer exp {— At } regional accessibility to total wage earnings of municipality r

Def = ZIERr W, exp {— Aty } extra-regional accessibility to total wage earnings of municipality r

De'® is our region-wide density variable, reflecting the total accessibility to economic activity of the

:
municipality a square is located in. The measure represents a continuous view of geography (cf Tobler
1970) and may be thought of as a market potential measure. It is based on average time-travel distances
by car (t), where the distance decay parameters (A ) are estimated using data on commuting behavior
(Johansson et al., 2003). In addition to providing a measure of region-wide density, accessibility
measures have been shown to alleviate problems with spatial autocorrelation (Andersson and Grasjo
2009).

Further, we exploit the longitudinal properties of the data and include fixed effects to assess whether

results are sensitive to time-invariant unobserved square-specific effects.
Neighbor characteristics and attenuation of density externalities
By construction of the square grid, every square (1 km? or 0.0625 km?) has eight first-order neighbors

and 16 second-order neighbors. This is illustrated in Figure 1. By identifying the first- and second-order

neighbors of each square, we can test for the attenuation of density externalities.



1st order

2nd order

I 1 km (250m)

—

1 km (250m)

Figure 1. Squares and neighbors.

We expect that the productivity of a square, such as A in the figure, not only depends on its own density
but also on that of its neighbors. This would for instance be the case if the attenuation of square density
effects is limited. We construct variables that for each square represent the density in first- and second-
order neighbor squares. Density of neighbors is simply the sum of the employees in the neighbor
squares. The total density area associated with each 1 km? square is the size of a small municipality or

urban region.

In the estimations we include these two neighbor variables as two separate regressors, and we expect
that they have a positive influence on the productivity of a square. Yet, attenuation of density
externalities should mean that the effects decay with distance. We test for this by examination of how
the magnitude of the parameter estimates of the neighbor densities compare to the internal square
density. This identification strategy of attenuation effects is similar to Rosenthal and Strange (2008) and
van Soest et al (2006).

3. PRODUCTIVITY AND DENSITY ACROSS SQUARES

3.1 The variance in neighborhood density within regions and attenuation of density
externalities

The intra-regional variance in density and productivity across squares is substantial. Some
neighborhoods show high density whereas other areas are sparse. To illustrate this, Figure 2 shows the

density of 1 km? squares with at least 50 employees in the wider Stockholm region — a region that is



generally considered dense. Empty spots on the map mean that there are no squares with at least 50

private sector employees in the area.

Figure 2. Squares (1km?) with at least 50 employees in the wider Stockholm region (average 1991-2010).
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The map illustrates that in the wider Stockholm region, there are scattered clusters of high-density
squares, with the largest cluster being in the city center. This is a typical pattern in most regions. These
patterns clearly point to the large variance in density that appear when zooming in on the neighborhood
level, in this case squares of 1 km? They also illustrate how crude approximations of the actual
geographic density measures like employment per square kilometer of a whole region produce. A
measure of the employment per square kilometer of the whole region in Figure 1 would conceal the fact
that the employment is highly concentrated to a few clusters of high-density squares at the
neighborhood level.

From this it follows that an important question for the research literature on density externalities
concerns the spatial extent and decay of such externalities. The pattern in Figure 1 reinforces the issue
we raised in the introduction of this paper — estimates of the effect of a region’s density on its
productivity may in fact be driven by a larger number of highly localized density effects operating at the
neighborhood level inside the region. A counter perspective would be that mobility within regions is
high and the attenuation of externalities between different neighborhoods in the same region is so low
that the location inside the region matters little. Even if a square is located far away from the region’s
main cluster of high density squares, it may still be so close that it enjoy the same extent of density

externalities as it would had it been located in the main cluster.

The issue described above is mainly empirical and sorting out how important the neighborhood level is
and the strength of attenuation of density externalities requires analyses of data at a very fine spatial
resolution. In fact, lack of data at a fine geographic level means that empirical analyses in many studies
effectively implies an assumption of zero attenuation within large spatial units of observation and
uniformly distributed activity within those units of observation (cf Rosenthal and Strange 2008). Our
empirical context is such that we can deal with these issues at a uniquely fine spatial level, allowing us
to relax the implicit assumptions of zero attenuation and geographic uniformity within large spatial

observational units plaguing empirical analyses of density externalities.

3.2 Overall patterns of density and wages across squares

Figures 3 and 4 provide a basic description of the overall relationship between the average wages in a
square and its internal density as well as the density of its neighbors. Figure 3 illustrates that there is
indeed a positive correlation between the density of a square and its average wage level. Note here that
configuration of the data is such that the only source of differences in employment density is the humber

of employees. All squares have exactly the same area.
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Figure 3. The relationship between productivity of a square and its internal density, 1 km? squares.

A simple linear regression of the log of the internal density of a square on the log of its productivity
produces an elasticity of 0.06. Thus, doubling the number of people working in a square is in general
associated with 6.5 percent higher average wages. This crude estimate is roughly in line with previous
literature (cf. Yankow 2006).

Figure 4 presents the association between the density of first- and second-order neighbors and
productivity, respectively. It is clear that squares of higher productivity tend to have first- and second-
order neighbors of higher density. This is what one would expect from the argument of inter-square
spillover effects. A simple estimation of the linear relationship between a square’s productivity and the
density of its first-order neighbors yields an elasticity of 0.017, which is almost identical to the same
elasticity for the density of second-order neighbors. This overall pattern is consistent with neighbors
playing a role, but at a rate decaying with distance. The same crude estimate for the internal square

density is roughly four times as large.

5
In_density2 In_density3

| * In_productivity Fitted values ] | * In_productivity Fitted values ]

Figure 4. The relationship between productivity of a square and density in first-order (left panel) and second-
order (right panel) density,1 km?squares.
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3.3 Estimating the elasticity between density and productivity at a fine spatial
resolution

Model, identification strategy and descriptives

To isolate the effect of internal and neighbor density on the productivity of a square we set up the

following estimating equation:

Inw, =a+ BINE; +4INENQ), + INEN(2);, +...

(3)
ctoinDe™ + X, +> 5D+,

where w is productivity of square i in year t. The parameters of main interest are f, ¢, @ and o which
are the elasticities of average wages with respect to internal and neighbor densities as well as the region-

wide density. E;; denotes internal density in year t. EN(1);; is employment density in the eight first-order

tot
r

neighbor squares and EN(2); is the density in the 16 second-order neighbors (see Figure 1). De

denotes the region-wide density measured according to the total accessibility (or market potential) of the

municipality in which square i is located.?

Based on the model in (3), our identification of the spatial extent and attenuation of density externalities
rests on a comparison of the density parameters 3, ¢, and o . If $=¢ = 0 >0 and o =0, then density
externalities are local, but the attenuation of their effect is effectively zero across first- and second-order
neighbor squares. If on the other hand > 0 and ¢ = @ =0 = 0, then the effects are highly localized. The
other extreme would be a case where = ¢ = # =0 and o >0, corresponding to significant region-wide

density effects but no effect of the immediate neighborhood.

In general, we expect that 8, ¢, 6 and o > 0 but 8 > ¢,0 , 0 which would suggest that there are local
neighborhood effects decaying over distance as well as region-wide density effects operating
simultaneously. Such a pattern is consistent with e.g. local learning effects from face-to-face interaction
operating the level of neighborhoods at the same time as there are region-wide density effects arising

from e.g. sharing of infrastructure and specialized suppliers.*

®Each municipality hosts several squares,
*The various micro-foundations of agglomeration economies and density effects are indeed not mutually exclusive
(cf. Duranton and Puga 2004).
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We include a number of control variables in the X matrix:

Industry structure: manufacturing, low- and high-end services employment,

respectively, as a fraction of total employment

e Human capital: employees with a long university education (> 3 years) as a fraction

of total number of employees
e Share of males: the fraction of the employees in the square that are males®

o Region-wide density: accessibility to economic activity (market potential) of the

municipality the square is located in (see equation 1)

The data span the 1991-2010 period and we include year dummy variables (Dy) to control for shifts over
time due to e.g. the business cycle. For instance, Sweden experienced a large recession in the early
1990s, which influenced both wages and employment.

We estimate the model in equation (3) with two alternative estimators: (i) a standard OLS estimator and
(i) a fixed effects panel (FE) estimator. These two estimators differ in terms of how the parameters are
identified. In the OLS estimator, the parameters are identified based on differences in productivity and
density between different squares, i.e. the ‘between’ variation in the data. In the FE estimator, the
parameters are instead identified based on the ‘within’ variation in the data, i.e. variation within a square
over time. The within-transformation means that any time-invariant characteristics are wiped out from
the regression.® The FE estimator thus eliminates unobserved time-invariant heterogeneity of the
observational units. ldentification of the parameters is solely driven by changes in density (either
internal or in the neighbors) over time, and changes in density only takes place through changes in the
sheer number of employees in the squares. This is a significant advantage of the FE estimator compared
to OLS, and is also one reason why the FE estimator is generally recognized to allow for more causative
interpretations. We estimate one model with OLS estimator for reasons of comparison, but acknowledge

that the FE estimator is more suitable.

Table 1 presents descriptive statistics for all variables in the empirical analysis. All numbers refer to

average values for 1 km? squares with at least 50 employees over the 1991-2010 period. Productivity is

*Males typically have higher wages and also work part-time to a lesser extent than females.
® We can think of the error term, &, in (3) as consisting of two parts in the fixed estimation. One time-invariant
square-specific part, v;, and one random (white-noise) part, ;.
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total wages (in SEK) paid to employees in a square divided by the total number of employees in the

private sector, i.e. the average wage of private sector workers in a square.

Table 1. Descriptive statistics for main variables.

Variable Mean Std. deviation

Productivity (SEK) 226 210 60 274
Productivity, graduate workers (SEK) 302 898 111 274
Employment density 454 1155
Employment density, neighbors 2398 5533
Employment density, second neighbors 6683 15618
Region-wide density (In) 21.38 1.19
Share manufacturing .343 .337
Share low-end services 551 313
Human capital .073 .084

Note: The figures are based on Swedish data for 1 km” spatial squares with at least 50 employees (N=67327). All
numbers refer to average values over the period 1991-2010. Productivity is measured in Swedish kronor
(SEK). Density is the sheer number of employees in a 1 km? square (hence employment per square
kilometer). Density neighbors are the total number of employees in the eight squares surrounding each
square (see Figure 1). Density in second neighbors is the total number of employees in the 16 second-order
neighbor squares. Manufacturing, and low-end services refer to the fraction of employees in each industry
category, respectively (base category: high-end services). Human capital is measured as the fraction of
employees with a university education of at least three years. Human capital neighbors is defined in the
same way but refers to the eights squares surrounding a given square.

A main observation from Table 1 is there is substantial heterogeneity across the 1 km?® squares with
regard to all the listed variables. The mean density of the 1 km? squares is 454 employees but the
standard deviation is over two times higher than the mean. There are also vast differences across squares
in terms of characteristics of their neighbors. For the density of both first- and second-order neighbors,
the standard deviation is over two times the mean. Part of this is due to that some squares are isolated

islands in geographic space with no activity in the eight first- or 16 second-order neighbors.

Results

Table 2 presents results from an estimation of the model in Equation (3) with both the OLS and the
fixed effects estimator. A general pattern is that the estimated parameters for internal density are
statistically significant and have the expected sign. The OLS estimate indicates that a doubling of
density would produce a 3.6 percent increase in average wages, while keeping the economic activity at
the region level constant.
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Table 2. Estimated effects of density on productivity across 1 km? squares.

OLS FE
. 0.0361*** 0.0286***
Density (log) (0.00158) (0.000839)
Density (first order -0.00251 0.00274**
neighbors, log) (0.00193) (0.00110)
Density (second order -0.00106 -0.00204
neighbors, log) (0.00180) (0.00126)
Region-wide density 0.0135*** 0.0109***
(accessibility, log) (0.00151) (0.00125)
Human capital (share 1.078*** 0.862***
graduate workers) (0.0407) (0.00798)
. 0.153*** 0.0710***
Manufacturing share (0.0123) (0.00350)
. 0.111*** 0.0628***
Low-end services share (0.0132) (0.00348)
0.509*** 0.469***
Male share (0.00941) (0.00427)
Year dummies? YES YES
Square fixed effects? NO YES
# observations 67 327 67 327
# of 1 km?squares 4 840 4 840
R 0.83 0.91

Note: The table reports estimated parameters associated with the variables in the left column. The log of
productivity is the dependent variable (see equation 1). The data are panel data over the 1991-2010 period.
Two estimators are employed; OLS (middle column) and fixed effects (right column). All variables are
defined in Section 2. Standard errors are presented within brackets. *, ** and *** denote significance at the
0.1, 0.05 and 0.01 level, respectively.

The FE estimator reveals that part of the elasticity is explained by square-specific, time-invariant
heterogeneity. With the FE estimator the estimate drops to 2.9 percent. The coefficients referring to
neighboring densities are all close to zero. Using fixed effects estimation reveals that a doubling of first-
order neighbor density is associated with a 0.2 percent increase in wages, but the effect of second-order
neighbors is insignificant. These results indicate strong attenuation of neighborhood density externalities
— as we study effects further away from the square (keeping region density constant) there is clearly a

diminishing role of such effects. One interpretation of this results is that the neighborhood density
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effects indeed capture highly localized non-market interaction effects, such as knowledge spillovers

through face-to-face interactions and ‘local buzz’, that attenuate sharply with distance.

We yet find a significant and positive region-wide density effect that is robust to the inclusion of the
neighborhood densities as well as the other controls. This suggests that localized neighborhood and
region-wide density effects operate simultaneously. The neighborhood density effect is however more
than twice as large as the region-wide effect. The estimated elasticity of the square density is about 3
percent compared to about 1.1 percent for the region-wide elasticity. In general, we can think of the
region-wide effect as capturing less distance-sensitive effects such as sharing of infrastructure and
input-output linkages amongst firms in the region.

The control variables reflecting industry structure reveal that productivity is higher in squares with high
fractions of employees in manufacturing sectors. This may in part be understood as a consequence of
the fact that that we proxy productivity with average wages and we lack data on regional capital stocks.
Manufacturing sectors are in general capital-intensive compared to services. Increasing the share of low-
end services relative to high-end services and manufacturing is also associated with higher wages, but
this result must be interpreted with caution, since the human capital dimension is kept constant. A
higher fraction of graduate employees is positively associated with wages; the coefficient has a t-value
in excess of 100 and is hence highly significant. Robustness tests indicate that the effect of human
capital dominates the effect of an increasing share of high-end services, which is a human-capital

intensive sector.

Is the neighborhood more important for university graduates?

Recent literature on agglomeration economies emphasize that the benefits of density may depend on
worker characteristics (Glaeser 1999, Bacolod et al. 2009). A general argument is that density — which
is assumed to stimulate knowledge and information flows in a local milieu — should matter more for
firms and workers for whom knowledge and information is important. At the same time, workers with
higher skills and education levels may also be assumed to be better apt to absorb and materialize
knowledge and information flows.” This has been confirmed in a series of studies which estimate returns
to density for workers in different industries, occupations and education levels (Bacolod et al. 2009,
Glaeser and Maré 2001, Brilhart and Mathys 2008). These studies indicate that the returns to density

are higher for workers with knowledge- and communication-intensive jobs.

"Such an argument may be derived from the work on ‘absorptive capacity’ (see e.g. Cohen and Levinthal 1990).
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If the neighborhood effect is more prone to capture non-market interactions involving face-to-face
meetings between people, such as knowledge spillovers and local buzz (Storper and Venables 2004,
Bathelt et al 2004), the above arguments would suggest that it is particularly the neighborhood effect
that is stronger for better educated workers. These are workers for whom knowledge is more important

and who are also better apt to absorb and materialize such knowledge spillovers.

To test these ideas in the current empirical context with uniform squares of high spatial resolution, we

conduct separate estimations for graduate workers (> 3 years of university education). Let EitL denote

such workers in square i year t. If WitL then denotes the total wage sum associated with graduate

employees we get a productivity measure as follows:
4) W, :WitL/ Eq

which gives us the average wage of graduate employees in square i year t. Table 3 presents results from
the panel fixed effects estimator when we estimate the model in (4) with the new dependent variable.?

Consistent with expectations, we find that the estimated elasticity between density and productivity is
substantially higher for graduate employees. The point estimate rises to an elasticity of about 7 percent;
considerably larger than the same estimate for all workers in Table 2. The effect of region-wide density
is still significant and positive and slightly larger for graduate workers, 2 percent in Table 3 compared to
1.1 in Table 2. While the big picture confirms previous findings in the literature, our results here show
that it is primarily the neighborhood effect that is larger for employees with a university degree. We
argue that one reason for this is that the neighborhood level is more apt to capture effects associated

with knowledge flows and local buzz, which are primarily important for better educated workers.

We also find sharper attenuation of neighborhood density effects for highly educated workers. The
estimated relationship between productivity and the density of neighbor squares is effectively zero for
the first-order neighbors and even a negative 2 percent for second-order neighbors, indicating sharp
attenuation effects of the density spillovers, and possibly a competition effect when distant squares
experience an increase in density, keeping internal density, first-order neighboring density and region

density constant.

8We only report the results for the panel FE estimation because the ordinary OLS provide similar results, and the
FE estimator accounts for unobserved time-invariant heterogeneity across squares. Results from OLS estimations
are available from the authors upon request.
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Table 3. Estimated effects of density on productivity of graduate workers across 1 km? squares, panel FE

estimator.
FE
. 0.0716***
Density (log) (0.00383)
Density (first order neighbors, log) (000%%%%3)
_ *kk
Density (second order neighbors, log) (()60()2()15281)
Region-wide density 0.0195***
(accessibility, log) (0.00552)
Human capital (share graduate 0.847***
workers) (0.0357)
*kx
Manufacturing share (2'012259)
Low-end services share (88%2)
*kx
Male share (264(%?98)
Year dummies? YES
Square fixed effects? YES
# observations 62 932
# of 1 km? squares 4741
R 0.19

Note: The table reports estimated parameters associated with the variables in the left column. The log of
productivity is the dependent variable (see equation 1). The data are panel data over the 1991-2010 period.
The coefficients are fixed effects estimates. All variables are defined in Section 2. Standard errors are
presented within brackets. *, ** and *** denote significance at the 0.10, 0.05 and 0.01 level, respectively.

4. DOES A FINER SPATIAL RESOLUTION IMPACT THE RESULTS?

So far the analysis has been undertaken at the level of squares of 1 km? which is a fine spatial
resolution in itself. Our data yet make it possible to zoom in on squares of size 250 by 250 meters (or
0.065 km?). By doing so, we keep all the advantages of analyzing squares of the same land area. The
only difference is that we employ a finer geographic resolution. The literature on MAUP states that
results may be dependent on the level of aggregation. Are our results for 1 km? squares robust to a finer

spatial resolution?

In our case, we do not compare different administratively drawn geographic boundaries, such as
municipalities and counties. Instead, we compare results obtained with 1 km? squares with squares of

0.0625 km®. The MAUP would predict that we might end up with different results due to our shift of
-19 -



spatial resolution. However, as argued by Burger et al (2010), the MAUP reflects a theoretical issue as
much as an empirical (or technical) one in that the spatial scale of analysis should relate to the
theoretical underpinnings of the effects under scrutiny. This is indeed a main argument underlying the
analysis in this paper. In our empirical context, zooming in on 250 by 250 meter squares allows us to

test if we find a localized density effect even at this very fine level of spatial aggregation.

We estimate the model in Equation 2 in exactly the same way as in Section 3, the only difference being
that the unit of observation is now 250 times 250 meter squares (0.0625 km?) instead of 1 km? squares.
The results are presented in Table 4. We start by looking at the influence of the internal density of

squares as well as the influence of first- and second-order squares.

For all workers in Table 2, we found with the FE estimator that the internal square density as well as the
first-order neighbor density had a positive influence on the average of workers in a square. As the
square density effects for all workers span over 1 km? squares, we expect that the both the first- and
second-order neighbor density is significant and positive in the estimations on the 250 meter squares.
The reason is that, taken together, these neighbors still cover an area smaller than the first-order

neighbor squares for the 1 km? squares, and the attenuation should be weaker at finer geographic scale.

The results for all workers are consistent with these expectations. The internal square density as well as
the density of first- and second-order neighbors is all significant and positive. The point estimate for the
internal density is indeed smaller than the one for 1 km?squares, 0.7 percent (Table 4) compared to 2.8
percent (Table 2), but the estimated influence of the neighbor squares are roughly in line with those for

first-order neighbors in Table 2.

For university graduates, only the internal square density was significant in Table 2, which means that
there is no clear reason why we would expect the neighbors to be significant in the estimations on 250
meter squares. In general, however, one could expect that attenuation effects are weaker at a finer
spatial resolution. The results in Table 4 reveal that the density of both first- and second-order neighbors
is statistically insignificant. Yet, despite being insignificant, the point estimate for first-order neighbors
is positive and whereas it is negative (but insignificant) for 1 km? squares in Table 3. We interpret this
as further evidence of strong localized density effects for university graduates but that the attenuation is

weaker when zooming in on a finer spatial resolution.
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Table 4. Estimated effects of density on productivity across 250 times 250 meter squares (0.0625 km?).

FE FE
ALL WORKERS GRADUATES

Density (Iog) 0.00762*** 0.0485***

y (109 (0.000703) (0.00275)
Density (first order 0.00272*** 0.00204
neighbors, log) (0.000507) (0.00201)
Density (second order 0.00251*** -0.00128
neighbors, log) (0.000540) (0.00215)
Region-wide density 0.00952*** 0.0123***
(accessibility, log) (0.000980) (0.00374)
Human capital (share 0.805*** 0.673***
graduate workers) (0.00541) (0.0209)

. 0.0941*** 0.145***
Manufacturing share (0.00239) (0.00942)
Low-end services share 0.108*>* 0.0953™*

(0.00221) (0.00866)
Male share 0.439*** 0.345***

(0.00343) (0.0137)
Year dummies? YES YES
Square fixed effects? YES YES
# observations 125 308 114 979
# of 1 km? squares 11 889 11391
R 0.86 0.17

Note: The table reports estimated parameters associated with the variables in the left column. The log of
productivity is the dependent variable (see equation 1). The data are panel data over the 1991-2010 period.
All variables are defined in Section 2. Standard errors are presented within brackets. *, ** and *** denote
significance at the 0.10, 0.05 and 0.01 level, respectively.

The qualitative patterns using 1 km? squares thus remain when zooming in at a finer spatial scale. For all
workers as well as for the subset of university graduates the region-wide density is also significant and
positive. In terms of the magnitude of the estimated parameters, the general pattern is that the elasticity
of internal square density variable is lower for smaller squares. These findings are broadly in line with
Briant et al (2010), who also find that smaller squares produce smaller estimates of the elasticity of

wage with respect to density using data for France.

5. CONCLUSIONS

This paper raises the question of how local density effects are. The answer is that some are highly
localized whereas as some pertain to the wider region. Our analyses provide evidence of different
density effects taking place at different geographic scales, i.e. highly localized density externalities

operate simultaneously as region-wide density effects.
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In addition to a role played by a region-wide density effect measured in a conventional way, we show
that there are strong and economically significant neighborhood effects that attenuate sharply with
distance. We identify the latter by estimating the effect of density on average wages using observations
of equally-sized squares with a respective area of 1 km? and 0.0625 km? while controlling for overall
density of the region in which the squares are located. The neighborhood density effect is quantitatively

about twice as large as the region-wide effect.

The results provide a better understanding of the spatial scale of density effects and their attenuation
with distance. The main conclusion here is that there is no such a thing as ‘the’ spatial scale of density
effects. Different types of externalities within a region may operate at different scales. The alternative

micro-foundations for density externalities put forth in the literature are indeed not mutually exclusive.

We emphasize in the paper that one way to appreciate the results is that the neighborhood density
effects, operating at a finer geographical resolution than a whole labor market region, capture localized
non-market interaction effects, such as knowledge spillovers and ‘local buzz’ driven by face-to-face
interactions between people. Effects of this type are indeed likely to attenuate sharply with distance.
Further support for this interpretation is provided by the fact that the neighborhood effect is particularly
strong for university-educated workers, for whom knowledge spillover phenomena should be more
important. Region-wide effects, on the other hand, may capture density effects of a different kind that
do not require as close proximity. An example of this could be sharing of infrastructure and specialized

suppliers in an urban region, or input-output linkages between firms.

For research, our results highlight the need of thinking carefully about linking the spatial scale of
analysis to the type of effects one wishes to illustrate. If a distinguishing feature of knowledge spillovers
and effects of ‘local buzz’ is that they operate at the neighborhood level, a study using a spatial
aggregation level corresponding to metropolitan statistical areas or whole labor market regions have
difficulties in sorting out these effects from other types of density effects operating at that level of
aggregation. In general, sorting out the relative importance of the alternative micro-foundations of
density externalities appears as virtually impossible without strong arguments about their pertinent
geographic scale (with associated mechanisms) in combination with disaggregated spatial units of

observation.

For policy, the results suggest that fostering productivity effects is as much a question of planning for
density of neighborhoods within regions as it is planning for density of the region as a whole. Policy
measures pertinent for the former include the built environment where the higher office buildings are a
way to increase neighborhood density. For the latter perspective relevant measures could mean better

inter-region transportation networks.
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