
Economic growth and congestion - a new
methodology for agglomeration elasticities

Csaba G. Pogonyi

July 15, 2017

Railway and Transport Strategy Centre
Department of Civil Engineering

Imperial College London

Extended abstract submitted for HeART 2017

1 Introduction
This research proposes a new methodology for the estimation of agglomeration
elasticities: how increased accessibility leads to more productive firms. This new
methodology incorporates negative externalities arising from congestion directly
into effective density measures.

Accessibility measures widely used in the literature (Melo, Graham, and Noland
2009) - like effective density measured by Euclidean distance or by yearly gen-
eralised cost - do not capture actual transport possibilities and thus lead to con-
founded elasticity estimations.

Causal analysis so far has implicitly assumed that completing a transport in-
vestment necessarily leads to better accessibility and this better accessibility leads
to higher agglomeration, which in turn makes firms more productive. However, in
transport literature it has been evident that an investment does not necessarily
lead to better accessibility (due to induced congestion for example Downs 1982).

Using openly available traffic flow and journey time datasets, current effective
density measures can be improved. The methodology presented in this paper makes
it possible to evaluate if and how a transport investment leads to actual change in
traffic flows and journey times (thus change in accessibility). We create accessibility
measures, which use actual observed journey times, for every ward in England
between 2009 and 2015. Especially peak time accessibility captures negative
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agglomeration externalities arising from traffic congestion. We find that peak time
effective density provides a more realistic measure for agglomeration forces.

(a) Road investments by cost (b) Road investments by type

Figure 1: Road investments in England 2009-2014

2 Data
We reconstructed Highway England’s road network as a routable graph network for
every year between 2009 and 2015, and linked them with journey time and traffic
flow observations (Highway Agency 2017 and Department for Transport 2017.

We scraped road schemes from the website of the CBRD (CBRD n.d.) and cre-
ated a database. This contains all road schemes - all completed, under construction
or even canceled projects - in the United Kingdom between 2000 and 2016.

The Annual Respondents Database X (ARDx, UK Data Service 2016) will be
used for firm productivity estimation. This data provides production characteristics
for the period 2009-2015. Employment variables will be derived from the Annual
Survey of Hours and Earnings (ASHE, UK Data Service 2017) database for the
same period.
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3 Methods
The first part evaluates the effect of road schemes on traffic conditions and calcu-
lates peak time on-road observed accessibility measures for every ward in England
between 2009 and 2015. The second part estimates total factor productivity (TFP)
for medium sized firms present in the ARDx dataset for the same period. The third
part estimates agglomeration elasticities.

3.1 Evaluating road schemes and calculating mean effective den-
sity measures

The routable road network makes it possible to assess the impact of a road scheme
on traffic conditions. We are able to observe not just changes in journey time
and traffic count, but also the change in the distribution of traffic count (see 6 in
Appendix). Using the Highway England graph network and the road construction
database, we have created a simple differences-in-differences initial evaluation. On
2 there is no significant difference between treated (within 5 km of the scheme) and
untreated (between 5 and 30 km of the scheme) road links. The assumption to be
tested is that if there is no change in traffic conditions, the road scheme does not
have an impact on the economy.

This research builds on the new methodology suggested by Graham and Gib-
bons 2017. Their accessibility measure - Mean Effective Density (MED) is

ρi = 1
n

n∑

j=1

mjf (dij ), (1)

where i is a geographical area (in our case a ward in England), n is the count
of these areas, m is some measure of economic mass (in our case employment) for
area j , and f (dij ) is the so-called impedance function: a decreasing function of the
cost of moving from i to j .

They show that by applying the law of large numbers, (1) can be decomposed
to

ρDi
p
7−→ E(MjD−αij ) = E(Mj )E(D−αij ) + Cov (Mj , D−αij ), (2)

The product of the two expected values on the right hand side is "scaled central-
ity" (SC). The size of SC depends on the geographical location of the zone ("cen-
trality") and on the "zone size distribution" (a zone with equal mass, but smaller
size will have higher MED).

The covariance term on the right hand side of (2) is called "mass-impedance
covariance" (MIC). In real world, mass and distance are positively correlated most
of time as accessibility has a positive effect on agglomeration.
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Figure 2: The effect of road projects on traffic flow in England 2009-2015 (SE
around data points)
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This research builds on their model and introduces an impedance function, which
is as close as possible to real world conditions. f (dij ) in (1) in our model is

dij = cFC + κOij cAC + τOij wi, (3)

where cFC is the fix cost of using a vehicle, κOij is the on-road distance between i
and j , cAC is the average per-km cost of using a car, τOij is the travel time and wi
is the value of travel time (VTT). O denotes either off-peak or peak travel times.

Shortest path and travel time are calculated not just for a theoretical yearly
average, but separately for both peak and off-peak times.

Results after calculating MED(1) with standard Euclidean distance, distance on
the road network and peak travel times can be seen on Figure 3a. The distribution
of peak time MED is more spread than the other ones. This confirms our assumption
that road congestion decreases MED differences among zones, thus using peak time
MED values in firm productivity research may yield more precise estimates.

3.2 Estimating total factor productivity
Our basic firm production as a regression equation is

yit = f (L, K ,M) = β0 + βLlit + βKkit + βMmit + µz + ωit + εit, (4)

where all lower-cases are natural logarithms, i denotes firm and t denotes year. L
denotes labour, K capital and M materials. µz is a two-digit industry specific fixed
effect. ωit is the observed time and firm specific deviation from the mean efficiency
level and εit represents unexpected deviation due to measurement error or other
random circumstance. We estimate this production function for every main ("one-
digit") industry separately and on three geographical levels: low density areas,
cities and conurbations. In addition to the linear model, we estimate TFP - Ωit -
using three of the most widely used semi-parametric methodologies as well: Olley
and Pakes 1996, Levinsohn and Petrin 2003 and Ackerberg, Caves, and Frazer
2006.

3.3 Estimating agglomeration elasticities
We are able to test our model on micro level panel data. This makes it possible to
use sophisticated econometric methods like semiparametric regressions, GMM or
Instrumental Variables.

The basic panel Fixed Effect model is

ωit = β0 + βρρOit + µi + tt + εit, (5)
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where ωit is the natural logarithm of the estimated total factor productivity, ρOit is
the natural logarithm of one of the calculated MEDs (Euclidean, distance on the
road network, off-peak or peak time), µi is a two-digit industry fixed effect and tt is
a time trend that allows for unobserved shocks. All plants i of firms are assigned
to ward i. We assume εit to be a serially uncorrelated white noise error. βρ is the
agglomeration elasticity, which shows how increased agglomeration leads to more
productive firms.

Reverse causality and unobserved confounding are major problems with this
setting; therefore, we use panel GMM estimation. Moreover, we test two Instru-
mental Variables as well: canceled road schemes and road maintenance as IVs for
MED.

In order to test for nonlinearities between agglomeration and firm productivity,
we employ a semi-parametric linear additive mixed model (SPLAM).

Next steps include the incorporation of public transportation and rail accessi-
bility into the model. Another important step is to add minor road traffic flow and
speed to the highway network in order to make shortest path calculations more
precise.
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Figure 4: Highway England’s routable graph network 2011 (width of edges indicate
average yearly traffic flow)

9



●

●

● ●

●

● ●
●

●

●

● ● ●

●

● ● ●

●

50

60

70

80

90

100

110

−4 −2 0 2 4

Years

A
ve

ra
ge

 s
pe

ed

treated
●

●

0

1

New road investments in England

●
● ● ●

● ● ● ●
●

●

●

●

●

●

●

●
●

●

70

80

90

100

110

−4 −2 0 2 4

Years

A
ve

ra
ge

 s
pe

ed

treated
●

●

0

1

Bypass investments in England

●
●

● ● ●

●

●
●

●

●

●

● ●
●

●

●

●
●

80

90

100

110

−4 −2 0 2 4

Years

A
ve

ra
ge

 s
pe

ed

treated
●

●

0

1

Junction investments in England

● ● ● ● ●

●

●

●

●

●
● ● ●

●

● ●

● ●

80

90

100

110

−4 −2 0 2 4

Years

A
ve

ra
ge

 s
pe

ed

treated
●

●

0

1

Upgrade investments in England

Figure 5: The effect of road projects on traffic speed in England 2009-2015 (SE
around data points)
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Figure 7: Detailed statistics of road investments in England 2000-2016
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Figure 8: Mass Impedance Covariance (MIC) for England 2011
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Figure 9: Mass Impedance Covariance (MIC) for England 2011
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