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Highway traffic in Britain:
The effect of road capacity changes”

Miquel—Angel Garcia-Lopez', Luz Yadira Gémez-Hernandez', Rosa
Sanchis-Guarner®

ABSTRACT: This paper provides a theoretical framework to study the re-
lationship between expanded road capacity, traffic volumes and increased
economic activity. We build on Anas (2024) to show that increased traffic
volumes do not necessarily lead to congestion if adjustments in economic
factors, such as population or employment, are not substantial. We test
our predictions obtaining key estimates with data from Great Britain
between 2001 and 2020, and adopting a shift-share instrumental variable
approach. We find that the elasticity of vehicle kilometers traveled to
road capacity improvements is positive and statistically different from
1 across different specifications, while the elasticity of population and
employment is positive but smaller than 1. In our framework this implies
that the cost of driving does not increase above initial levels, resulting
in higher consumer surplus through changes in travel demand and time
savings.
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1. Introduction

Highways attract significant investment as means to promote growth by linking producers and
suppliers or workers and jobs, making road building central to any development agenda. At the same
time, induced traffic has been associated with potential increases in local congestion, resulting in
time lost, pollution, and accidents. For this reason, highway construction has long been the subject
of debate among policymakers and researchers, particularly since the 1960s, when Downs (1962)
theorized how traffic volumes increased with the creation of new road capacity. Following capacity
addition, we can have different scenarios. For a given level of local economic activity, traffic is
displaced to the less congested new link due to rerouting. Additionally, if better connections promote
employment or population settlements, new traffic flows might arise. The literature has claimed
that the positive association between capacity and traffic generates negative externalities because
induced demand for travel can result in road congestion. However, local congestion responses would
depend on the relative elasticities of traffic volumes and economic activity to expanded road capacity.

This paper shows that adding road capacity increases traffic volumes, local population and
employment but does not necessarily lead to congestion. We build upon the theoretical framework
of Anas (2024) and estimate key relationships using data for Britain over a 20-year period. The
theoretical framework proposed by Anas (2024) suggests that ceteris paribus, adding more road
capacity lowers the cost of driving, maintaining or even increasing travel speeds in both the short and
long run. This occurs because expansions in factors that induce travel demand, such as population
and employment, are not large enough to raise the cost of driving (or to reduce speeds). Similar
conclusions have been reached empirically by Ossokina, Van Ommeren, and Van Mourik (2023), who
found substantial travel time savings due to the widening of new roads in the Netherlands, despite
strong increases in traffic flow, creating benefits that cover 40% of the investment in the projects.'
In our work, we first extend the theoretical analysis of Anas (2024), showing how the equilibrium
between travel demand and average cost at a specific capacity determines consumer surplus. This
leads us to hypothesize that increasing road capacity might improve consumer surplus.

Our empirical analysis supports our hypothesis. Using longitudinal data for local areas in Great
Britain (GB) from 2001 to 2020, we estimate the effect of road capacity improvements on the volume
of traffic, measured as vehicle kilometers traveled (VKT).” To address endogeneity concerns related
to reverse causality, we adopt a shift-share instrumental variable (IV) approach. Our instrument
relies on 1870 historical railroads. This allows us to estimate the elasticity of traffic volumes to road
infrastructure improvements. To uncover how the elasticity of traffic volume to road capacity relates
to underlying economic activity, we explore the effect of road capacity improvements on population
and employment. Additionally, we study whether this effect varies by levels of road capacity growth
during the period, type of vehicles, and long-run versus short-run adjustments.

Our results show that the elasticity of VKT to road capacity improvements is positive and

statistically different from 1 across all specifications. This implies a more than proportional response

1Other papers have found positive effects of investing in road infrastructure on the speeds. For instance, Kim
(2022) explores the effect of investing in the quality of roads, showing an initial surge in road speed shortly after
completion, which lasts about one year.

2Qur spatial units are travel to work areas (TTWA) explained in Appendix C.



of traffic volume to increases in capacity. Furthermore, in line with Anas (2024) framework, we
find that shifts in population and employment are not sizable enough to offset the advantages
of constructing road infrastructure. Importantly, we empirically estimate a less-than-proportional
growth in population and employment in response to road capacity improvements, which implies
that the costs associated with driving do not exceed the positive effects of new capacity. This is
relevant because, as shown by Gerritse and Arribas-Bel (2018), highways attract people and increase
productivity. Once the population increases, agglomeration benefits thrive through interaction
between citizens. Efficient infrastructure, such as a good road network, increases the effective
proximity of citizens and should enhance the benefits of population agglomeration.

Moreover, in local areas in the top quartile of road growth, the addition of lane kilometers has
a larger impact on employment compared to local areas in the lower three quartiles. The effect on
the population does not appear to be heterogeneous. We find a larger elasticity for non-commercial
vehicles but observed no differences between long and short-run adjustments.

Our research makes two main contributions. First, our findings provide empirical counterparts
to the responses to road capacity exposed in Anas (2024). Our empirical results conclude that
employment and population increase in magnitudes lower than proportional to road capacity,
confirming that these changes cannot shift the demand for travel enough to generate costs superior to
their benefits. In this sense, this chapter adds to the extensive research analyzing the effects of road
investment on productivity (Fernald, 1999, Gibbons, Lyytikainen, Overman, and Sanchis-Guarner,
2019), as well as the effectiveness of highway investment as a congestion-relieving policy (Winston
and Langer, 2006, Ossokina et al., 2023).

Second, our study is the first to provide evidence on the effects of road capacity on traffic
focusing on GB. This is relevant because allocating funds toward road development in GB has
been a crucial component of government expenditure. In 2020, over 25% of the total investment
devoted to infrastructure construction went to building roads, aiming to mitigate congestion by
reducing the volume of traffic (DfT, 2020). Our results, yield lessons relevant to the national
highway policy debate. This study then adds to other literature focusing on the wider benefits of
highway investments in Britain, such as changes in housing prices (Gibbons and Machin, 2005) and
employment and labor productivity (Gibbons et al., 2019).

This paper is organized as follows. In Section 2 we present the theoretical framework. Our
empirical strategy is outlined in Section 3. Section 4 presents our main findings, and Section 5

concludes.

2. Theoretical Framework

In this section, we present a theoretical framework demonstrating that the costs associated with
driving do not outweigh the positive effects of new capacity. Anas (2024)’s framework shows how
the time cost per vehicle trip decreases with higher capacity and can remain fixed with demand
shifts resulting from increased employment and population. We extend this framework to consider
changes in consumer surplus: if the increases in employment and population are not sufficiently

high we show that consumer surplus can rise following capacity increases.



Our analysis stems from the concept of induced travel demand following an increase in road
capacity. Most studies define induced traffic as “the added component of traffic volume which did
not previously exist in any form, but which results when new or improved transportation facilities
are provided” (Schmidt and Campbell, 1956, 4). Initially, road improvements stimulate what Downs
(1962) termed triple convergence — motorists switch modes, routes, and times of day to exploit
available capacity. Among these rearrangements, only mode shifts add new trips and contribute to
induced demand.

Although route and schedule switches may reduce some of the travel time savings conferred by
a project, they do not create new vehicle travel. Trips might also lengthen as motorists travel
farther due to free-flowing traffic. Additionally, suppressed (and presumably lower-value) trips are
unleashed by faster-moving traffic, also known as latent demand. Ultimately, new roads induce
structural shifts, including the realignment of land development and a tendency toward higher car
ownership due to more auto-centric landscapes and the decline in transit services. Thus, mode
shifts, new and longer trips, as well as long-run changes, are elements of induced travel generated
by the addition of lane kilometers (Cervero, 2002, Hsu and Zhang, 2014). In recent work, Anas
(2024) provides a theory formalizing Downs (1962)’s law, which we use as a base for our theoretical
setup.”

We illustrate our framework in Figure 1. Here, we define the time-cost of a car trip that travels
on a unit-length road as C' (travel time multiplied by a unitary value of time, for simplicity). On
congestion function 1 (curve A’), when traffic flow (cars per hour), T, is congestion-free, the time-cost
is Cy and the speed is 1/Cy. Congestion starts at a critical traffic flow, Tp1, after which the time-cost
rises convexly, reaching maximum flow 77, permitted by the highway’s design at a time-cost per car
of Cy (or design optimal speed 1/C1). By “...congestion rises to meet maximum capacity,” Downs
meant that equilibrium occurred at this highest traffic level 17, often called “maximum capacity” or
maximum possible flow. For higher time costs (lower speed), A’ becomes vertical at T7. In this case,
the demand is high enough to intersect A’ at its vertical portion where flow is maximum. When
this happens, C] is the time-cost of traveling the length of the road, and the additional time-cost,
A1, is the cost of the time-in-queue to access the road. This forces the average speed of the trip,
1/(C1+ A1), below the on-the-road flow speed of 1/C;. When the road is widened, A’ shifts to
A

On A”, congestion starts at Toe > Tpy. Higher flow occurs at any speed, with the maximum flow
T5 being higher than T, and the flow speed is 1/Cy > 1/C1. This increase in flow speed is partly due
to the availability of more lanes, allowing for more passing and maintaining higher average speeds.
With the downward-sloping travel demand function in Figure 1, the new equilibrium time-cost
Cy + Asg is lower than Cy + Aq, resulting in a higher average trip speed: 1/(C2 + Ag) > 1/(C1 + Aq).

Let’s now consider the effect of widenings in the steady state and the influence of demand shifters
in Figure 2. Here, the road’s capacity (width) is denoted as K, with its length assumed to be unity,

and the steady-state flow of car trips per hour represented by T'. The curve A’ represents the flow

3Down’s law established that "On urban commuter expressways, peak-hour traffic congestion rises to meet
maximum capacity” (Downs, 1962, p.399).

4As Anas (2024) shows, the same analysis holds when the length of the road increases.



Figure 1: Down’s congestion model
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Note: The figure displays the formalization of Downs’ congestion model by Anas (2024).

congestion function C' = G(T,K). In this setup, 7' can increase without limit at a decreasing rate.
The variable D(C,X) denotes the travel demand in trips per hour, where DC < 0. X is a vector of
demand shifters. At equilibrium, 7" = D(C, X ), and congested traffic equilibrium occurs at point
E. When the road is widened by increasing capacity K, the congestion function shifts from A’ to
A”. Assuming that X remains unchanged by the increase in K, there is a downward movement
along the demand function, leading to a new equilibrium at point E’. Consequently, the cost of
travel falls from C'E to CE’, and traffic volume rises from TFE to TE'.

In this case, an equilibrium in C and T is determined by Equation | and Equation 2. A detailed
comparative static analysis concerning K can be found in Anas (2024). However, our focus lies on
the implications of the resulting elasticities. Assuming X remains constant, if the demand function
is perfectly inelastic (depicted by a vertical D in Figure 2), then a road widening in a congested
state leads to a reduction in equilibrium travel cost but does not increase traffic volume. On the
other hand, if the demand tends toward perfect elasticity (illustrated by a horizontal D in Figure

2), then widening the road results in increased traffic volume without lowering travel cost.

T-D(C,X)=0 (1)

G(T,X)—C =0 2)

In the aggregate, the travel cost is denoted as AT'C (Equation 3). For a congested state, ATC
decreases with increased capacity unless the travel cost elasticity of demand is unitary or higher.
However, estimates of the travel time and monetary cost elasticities of the demand for car trips are

very low (for a review see Litman (2024)).



Figure 2: Effect of road capacity changes and demand shifts on traffic equilibrium
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Note: The figure displays an aggregation of roads at the TTWA level. The steady-state flow of car trips per hour is T'. In this
general result, as we assume that T can rise without limit at a decreasing rate, there is no need for a vertical portion of the
congestion curve. Road capacity improvements move the congestion function from A’ to A”. Demand shifters (population and
employment in our case) move the demand curve from D to D’.

ATC = G(T,K) *T (3)

Now, an indirect effect of the added capacity can change X to X', thereby shifting the travel
demand function from D = D(C,X) to D' = D(C,X’) or higher. Consequently, the new
equilibrium would be at E” or a higher cost level for the time-cost to not decrease after the capacity
addition. Such a shift can indirectly impact the population level or the labor market, leading to
changes in incomes or the cost of travel to acquire goods. In each case, Anas (2024) demonstrates
that the long-run demand shifts up insufficiently, thus congested travel times are lowered when road
capacity is increased. This means that adding more road capacity reduces congestion in the short
run when the population is fixed and also lowers congestion in the long run, despite induced travel,
population or employment growth. This is because the commuting population cannot increase
enough to cause travel times to rise above the level that prevailed before the road capacity was
increased.

Given these conclusions, we build upon the previous theoretical framework to show that changes
in consumer surplus when road capacity increases remain positive in two scenarios presented in
Figure 3: one where the cost of travel rises with increased flow, T', leading to congestion, and
another where the cost of travel remains constant despite higher T'. Unlike previous figures, where
the congestion function had flat and vertical sections (Figure 1 and Figure 2), the congestion function
here is either elastic or flat for the sake of our explanation. In both cases, we analyze the implications
for an elastic and inelastic demand for travel. The results of the analysis area analogous for a single
road and a system of roads. Our consumer surplus analysis is based on the assumption that spatial

restructuring of the economy due to road capacity is minor, hence the main welfare effects are



through changes in travel demand and time savings. This assumption is supported by the findings
of Ossokina et al. (2023).

In the scenario where the cost of driving increases with more 7', and thus roads are susceptible
to congestion (Figure 3a), for instance, due to changes in demand shifters discussed earlier, the
impact of increasing road capacity is represented by a downward shift of the congestion function
curve from A’ to A”, and reducing the time-cost of driving C. If the demand curve is inelastic, like
D, the resulting increase in consumer surplus from the improved capacity is shown by the rectangle
abed. On the other hand, if the demand curve is elastic, like D’, induced traffic reduces the benefit
to the smaller area abc'd'.

Now, consider an extreme case where the average cost of driving does not increase with 7', and
thus A’ is flat as in Figure 3b. A downward shift from A’ to A”, implies an increased consumer
surplus shown by the rectangle abcd. With an elastic demand for travel, the consumer surplus
increases to the bigger area abc’d. In this scenario, an elastic demand curve implies a greater benefit
than the inelastic case, with the effect potentially amplified when supply curves are downward-

sloping due to economies of scale.

Figure 3: Welfare analysis of capacity improvements

(2]
(2]

(a) Cost of driving increases with T (b) Cost of driving remains constant

Two important lessons can be drawn from our theoretical analysis. First, increased road capacity
decreases the cost of driving unless demand shifters are sufficiently strong to raise time costs above
their levels prior to the capacity addition. Second, this reduction in time costs occurs both in
scenarios where the cost of driving increases with traffic flow and when it remains constant. For
demand shifters to be high enough to increase the cost of driving above their initial level, reducing
the consumer surplus, the elasticity of population and employment with respect to road capacity
must be higher than one. If the elasticity is less than one, the overall traffic volume increases at a
slower rate than the available road space. As a result, the additional capacity effectively absorbs the
increased demand without causing significant congestion, and consequently, the cost of driving does

not increase or goes down. As a result, consumer surplus increases with a road capacity addition.



3. Empirical Strategy

To measure the volume of traffic, we use VKT, which represents the kilometers traveled by motor
vehicles on the highway network. This measure has been used in previous studies to quantify
traffic volume. V KT measures flow and is considered to correlate strongly with the social costs
of automobile travel. However, it is an imperfect measure as it ignores some elements of trip
redistribution. Nonetheless, for our main purpose, VKT is sufficient. Our traffic data comes from
the Department for Transport (DfT). Appendix A explains the construction of our main outcome
variable and presents more details on other data sources.

The Census geographies we use are the Travel To Work Areas (TTWAs) calculated using 2011
census data by the Office for National Statistics (ONS). Considering most of the trips made in our
period of analysis in GB are for commuting, selecting TTWAs helps us account for a significant
portion of the variation in VKT due to changes in the highway network. Furthermore, larger
geographic areas capture the impacts the additional traffic on feeder routes within a tributary.
Additionally, Cervero and Hansen (2002) suggest that when studying changes in traffic at a national
level, larger geographies help account for redistributions and understand the total response of traffic
when road capacity changes. This approach, however, has its caveats, as redistributions can lead to
zero effects and we cannot capture the nature of specific local displacement effects. Despite these
limitations, for our purpose of understanding the broader effects of road capacity, the granularity
of our data is sufficient. Appendix C.

For our baseline estimations, we index TTWA by 4 and years by ¢, and estimate a form of

Equation 4.

In(VKTy) = o+ B1Ln(LaneKmg;) + BaLn( Population;) A
+B4Socioeconomy; + BoGeography; + i @)
where V KT} is our traffic measure, and the coefficient 81 is our parameter of interest, represent-
ing the road elasticity of VKT. LaneKm;; refers to the number of highway lane kilometers (length
of each segment multiplied by the number of lanes), from the DfT.

As covariates in the estimation we include the logarithm of the Census 2001 (Population)i.
Socieconomyi includes a set of Census 2001 characteristics: the share of individuals in skilled
occupations, the share of individuals aged 16 to 74 working in the manufacturing sector, the share
of households renting from the council and housing associations, the share of individuals usually
traveling to work by private mode, the logarithm of the average distance (km) traveled to work or
study in 2001, and the share of urban postcodes per TTWA. All variables from the Census 2001
come from the ONS.

The reason for using the value at the beginning of the period instead of the time-varying
values is to avoid endogeneity issues that might arise when control variables change over time.
These variations could be influenced by unobserved factors that also affect the dependent variable.
Using the initial values, which are predetermined and fixed, helps mitigate this problem as well as

simultaneity bias. Additionally, using initial values helps avoid introducing measurement errors.



The data from the Census, which provides these initial values, tends to be more reliable, thus
reducing the potential for such errors and leading to more robust estimates.

Geography; represents a vector of Travel To Work Area (TTWA) geographic characteristics,
including the logarithm of the elevation range, the logarithm of the distance from the centroid of
each TTWA to the coast, and the proportion of each TTWA covered by lakes. Detailed information
regarding the specific sources of all geographic data and GIS analysis is provided in Appendix A.

For the initial OLS estimates to be consistent, we require the road capacity to be uncorrelated
to the unobserved error term in Equation 4. However, the stock of roads per TTWA might be
partially determined by VKT or be correlated with unobserved TTWA and time characteristics
that can affect VKT. In such case, road capacity becomes endogenous, violating the orthogonality
assumption required for consistently estimating the elasticity f1. Then, we add time and TTWA
Fixed-Effects (FE) to our baseline estimation.

To address the further concerns of endogeneity due to reverse causality between VKT and
LaneKm, we rely on IV estimations. We construct an instrument based on historical railroads in
England, Scotland, and Wales, using the digital vector maps used by Garcia-Lopez (2019). Historical
railroads are time-invariant, therefore, to create a time-variant instrument, we adopt a ”shift-share”
approach (Bartik, 1991), using each historical railroad as the ”share” component and the growth of
the highway network as the ”shift” component. Specifically, we compute each time-variant historical
instrument by multiplying its historical length (in kilometers) by the growth of the highway network
in each year outside each specific TTWA.”

For the shift-share instrument to be valid and yield consistent estimates of the effects of road
capacity improvements on traffic volume, it must satisfy two conditions. First, it needs to be
relevant, meaning it must be sufficiently correlated with the variable it predicts. Second, it must
be conditionally exogenous, meaning it should be uncorrelated with unobserved shocks. As pointed
out by Duranton and Turner (2011) and Garcia-Lépez, Pasidis, and Viladecans-Marsal (2022),
historical transportation networks serve as relevant instruments because modern networks are not
built in isolation from them: it is easier and cheaper to build new infrastructures close to old ones.
As depicted in Figure 4 historical railroads align closely with primary roads and motorways in GB,
indicating a strong correlation between past and present transportation infrastructure. Furthermore,
we confirm the relevance of the instrument in each estimation with the F-statistic of the instrument
in the first stage of the 2-stage-least-squares (2SLS) regressions. This provides additional evidence
of the instrument’s ability to predict variations in road capacity.

For the exogeneity condition to be satisfied, both components used in the construction of the
instrument must be orthogonal to local shocks related to the outcome variable, conditional on control
variables. Our ”shift” component is exogenous by construction as it refers to the yearly stock of
highways that would have existed had governments allocated highway construction uniformly across
Britain. The “share” component of our IV, the length 1870 historical railroads, may be exogenous

because its construction was not aimed at anticipating current traffic congestion levels but to

®To ensure that all Travel To Work Areas (TTWAS) in Great Britain have a value for our instrument, even those
without railroads in 1870, we imputed the average kilometers of railroads in 1870 to those TTWAs without them.
This approach ensures that each TTWA has a non-zero value for our instrument.



achieve military, administrative, and commercial goals between different regions of GB. Instrument
validity also requires that,after controlling for relevant covariates, rail routes are correlated with
the dependent variable only through contemporaneous highways. Since geography has influenced
both, the evolution of TTWAs and their transportation networks, the exogeneity of our instrument
depends on controlling for those characteristics, represented by the vector of variables Geography;.
After appropriately controlling for these characteristics, it becomes unlikely that railroads could

have anticipated the demand for vehicle travel in TTWAs many years later.

Figure 4: Historical railroads, motorways, and primary roads in Great Britain
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3.1 Effects of traffic in Population and Employment

Our analysis of the effects of road capacity addition on population and employment aims to shed
light on the hypothesis that increasing road capacity does not result in a significant increase in the
commuting population, thereby preventing congested travel times from surpassing pre-expansion
levels. As suggested in section 2, in the long run, shifts in population and income (due to
employment) are not substantial enough to create congestion and and offset the advantages of
constructing road infrastructure. Thus, if this proposition holds true, we expect the elasticity of
both population and employment to road capacity additions to be smaller than 1, as we anticipate

the response will be less than proportional.



In the population analysis, the data for the outcome variable corresponds to the estimates for
Middle Super Output Areas (MSOAs) from the Office for National Statistics (ONS), which we
agreggated to TTWAs. Our estimating equation in this case takes the form of:

In(Population;) = By + B1Ln(LaneKm;) + BoGeography; %)
+B3Socioeconomyss + 0 + nit
Employment;; comes from NOMIS, which reports yearly Middle Super Output Area (MSOA)
employment data across all sectors. Using this information, we aggregated the data to the Travel
To Work Area (TTWA) level. Our estimation equation is:

In(Employment;) = Bo + f1Ln(LaneKm); + B2Geography; ©)

+ B4 Socioeconomyss + 0 + nit
In this case, both estimations face the same reverse causality problem as in Equation 4. As
population movement responds to changes in infrastructure, distinguishing whether population and
employment growth stem from new roads or if roads were built in areas with higher population
and employment becomes challenging. Hence, we also employ our instrumental variable approach

in this estimation.

3.2 Descriptive statistics

Figure 5 shows the evolution of the aggregated investment in roads and traffic in the UK since 2000°.
In GB up to the day, a big part of public spending is devoted to the construction of roads. In 2020,
over 25% of the total investment in infrastructure construction was allocated to building roads,
mostly to add capacity to the network as GB has a mature highway infrastructure (DT, 2020).
Figure 5a shows evidence of the two distinctive periods that the expansion of roads in Britain had
in recent decades. Following the economic growth and rapid rise of traffic volumes in the 80s,
major road investments were planned. However, due to protests and environmental concerns in the
late 1990s, the Government decided to cut back its road-building program substantially. Several
schemes were canceled until 1997 when a new integrated transport policy was established. Spending
on highway infrastructure remained relatively low until 2010 when the second period started. In
2011 the government decided to expand its road-building program again. The same year several
road schemes were approved. In June 2013, the Government announced a £15 billion investment
in roads, the biggest in a generation (Melia, 2019).

Traffic has grown constantly since 2000. According to the DT (2020), traffic growth slowed
during the 2000s but increased during the next 10 years. Effectively, the overall growth of all
motor vehicle traffic was 6% in the 2000s and went up 18% in the 2010s. The slower growth at
the beginning of the period (Figure 5a) was influenced by increasing fuel prices and the economic
downturn (DfT, 2020). The changes in traffic by vehicle type (Figure 5b) show a slower growth for
cars and taxis (red line) when compared to the growth in light goods vehicles (LGV). However, the

number of trips in private modes has lengthened over the last 20 years, with the distance traveled

SUK investment data comes from https://data.oecd.org/transport/infrastructure-investment.htm, while
VKT for GB comes from the Department for Transport (DfT).
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by cars and taxis increasing by 29.8% (DfT, 2020). The estimated average annual kilometers per
car in Great Britain has decreased. This decline has coincided with an increase in the number of
cars per household. In 2002, the average was around 9,200 miles, but by 2020, it had fallen to 7,400
miles. This reduction imposes a high price on households in terms of commute times. Consequently,
car traffic has increased (DfT, 2020).

Figure 5: Aggregate road investment and traffic (vehicle kilometers traveled) since 2000
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In GB, the predominant commuting modes are cars and taxis. Car trips accounted for 77% of
the total distance traveled in 2020. 61% of trips were made by car, either as a driver or passenger.
In rural areas, nearly three-quarters (73.4%) of workers travel by car, many of them going to the
urban areas. This method of travel also dominates the commute in urban areas (outside of London)
with 67.1% of people either driving themselves or catching a lift. Even in London, 29.8% of workers
commute by car. The traffic by buses and coaches decreased while the traffic by Heavy Good Vehicles
(HGV) decreased from 2008 to 2012 when it started growing again. This is partly influenced by
the crisis and also, as pointed out by Browne, Rizet, and Allen (2014), by 2010 there was already a
substitution of HGV for LGV in order to avoid some regulations associated with vehicles over 3.5
tonnes gross weight. During the next decade, this substitution continued. During 2000 and 2020,
the kilometers traveled by LGV grew by over 60%.

Regarding the evolution of roads by 2020, there were about 398,313 kilometers of roads in Great
Britain. From those, 77% belonged to England, 15% to Scotland, and 9% to Wales. 87% of the
roads in Great Britain are minor roads, while 13% are major roads. Overall, between 2000 and
2020, the total length of highways in GB changed by only 2,1% meaning that road construction
focused on capacity instead of coverage. Figure C.1 shows the evolution of the highway network
between 2000 - 2001.

Table 1 presents the top 20 TTWASs with the highest initial levels of traffic, as measured by VKT
in 2001 (expressed in millions of kilometers). Notably, the TTWAs exhibiting the largest initial
traffic volumes are those situated in major urban areas. Regarding growth in road capacity, four
TTWAs, namely Glasgow, Birmingham, Blyth and Ashington, and Aberdeen, stand out for more

than doubling their road infrastructure during the period under consideration.
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Table 1: Highest VKT in 2001 and road increments 2001-2020

VKT 2001 (’000,000) Road increments (p.p.)
1  London 104789 1 Glasgow 281
2 Manchester 25070 2 Birmingham 214
3 Slough and Heathrow 7781 3  Blyth and Ashington 146
4  Birmingham 5981 4 Aberdeen 112
5  Glasgow 3786 5  Liverpool 89
6  Newcastle 3329 6  Northallerton 88
7  Warrington and Wigan 3053 7 Wolverhampton and Walsall 79
8  Guildford and Aldershot 2705 8  London 69
9  Leicester 2677 9  Leeds 67
10 Leeds 2603 10 Newcastle 65
11  Cambridge 2401 11 Blackpool 64
12 Crawley 2275 12 Exeter 64
13 Southampton 2217 13 Portsmouth 63
14  Liverpool 2209 14  Huntingdon 58
15 Bristol 2049 15 Edinburgh 58
16  Oxford 1793 16  Mansfield 57
17  Nottingham 1671 17  Motherwell and Airdrie 55
18  Stoke-on-Trent 1621 18 Bedford 51
19  Wolverhampton and Walsall 1610 19 Hull 50
20  Edinburgh 1598 20  Warrington and Wigan 49

Figure C.2b illustrates the aggregate value of VKT for each TTWA in 2001 (a) and the growth of
lane kilometers between 2001 and 2020 (b). While Duranton and Turner (2011) observed that roads
are allocated to Metropolitan Statistica Areas (MSAs) in the United States with little consideration
for existing traffic levels, in Britain, there is a positive correlation between road growth and the
VKT levels of each TTWA in 2001. This correlation becomes even more pronounced when excluding
London and its adjacent TTWAs.

4. Results

4.1 Effects of road capacity expansion on traffic volume

In this section, we discuss the estimation of the elasticity when regressing the in(V KT) on the log
of highway LaneK M, specifically, on the baselin