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1. Introduction

Congestion is a multi-faceted issue and is measured in different ways by city governments,
traffic data companies, and researchers, using a wide range of different indicators, which
capture different aspects of the problem. The ways in which these indicators are selected
and then used to frame the congestion debate in cities reflect public and political perceptions
of the problems of the transport system and of solutions to tackle those problems. As policy
priorities change, so do the appropriate metrics for measuring the performance of the
transport system.

The main hypothesis of the EU-funded CREATE project is that urban transport policy in
many cities tends to move along a common trajectory, from an initial focus on private car
movement ("Stage 1") to a more holistic approach considering all modes of transport, non-
movement needs, and wider societal objectives ("Stage 3"). This evolution in policy priorities
requires a parallel evolution in the type of indicators used to assess the success of
interventions, including indicators of congestion.

In our previous report (Jones and Anciaes 2018), we discussed the limitations of the set of
indicators of congestion that are currently in use and proposed indicators that could provide a
more insightful and comprehensive view of road network performance, suitable to the aims of
a Stage 3 transport policy. We emphasized that the usual indicators of congestion rely on
several assumptions, which are treated in different ways in different cities at different times.
There is a need for indicators that are consistent across space and time, to allow for a more
objective comparison of the performance of each city. There is also a gap regarding the
measurement of the variability of congestion, which is an important component of people’s
perceptions of the problem, as it affects the reliability of travel times, and ultimately trip
quality - a crucial aspect for Stage 3 policies. More generally, the term ‘congestion’ reflects a
'Stage 1' thinking, which may have less relevance in later stages of the transport policy
trajectory. A holistic assessment of road network performance requires balancing intensity
and variability of congestion, the needs of users of all modes of transport, and the movement
and place functions of roads.

One of aims of the CREATE project is to develop a consistent set of indicators of urban
transport network performance to deepen understanding of the extent to which each city is
delivering efficient and effective sustainable mobility. The present report is aligned with that
overall aim and has two specific objectives, linked to expected contributions to transport
policy and research.

The first objective is to analyse patterns of congestion in the five Stage 3 cities in the
CREATE project (London, Paris, Berlin, Vienna, and Copenhagen), reflecting on similarities
and differences in congestion patterns across cities that are at the same stage in the
transport policy trajectory. We aim to contribute to the literature on urban congestion
patterns by using a standardized set of indicators and apply them to a set of cities that are
similar in terms of transport policies, using a consistent framework for segmenting the
analysis in zones and road types and for analysing the statistical, spatial, and time patterns
in those indicators.

Createis: Page 6 of 80 Del 3.4 - Version 1.0



The second objective is to compare the information provided by the different indicators,
reflecting on their suitability to capture congestion patterns in urban areas. We aim to
contribute to the literature on measuring congestion by testing the impact on the indicators
of changing some of their assumptions and developing indicators of variability of congestion
based on statistical measures of dispersion and skew of measured speeds.

We use data provided by INRIX, extracted from the INRIX Roadway Analytics platform. The
datasets used contain real-time speeds obtained from GPS probe data from vehicles and
aggregated by road segment. This allowed us to compute detailed measurements that could
not be rigorously be computed otherwise, such as the proportion of time speeds are below a
certain level, and indicators of variability of speeds based on their statistical distributions.

The indicators used in this report capture congestion from the perspective of the road
network. Indicators are estimated for each road segment, and then aggregated by time
period, zone of the city, and functional road classification — not weighted by traffic volumes
(except in London, where we use simple annual average daily flows in Section 7.2). This
approach is different from the one used by INRIX in the INRIX Scorecard reports (Cookson
2018), which is based on driving times, and weights congestion indicators by estimated traffic
volumes in each segment, deriving city-wide indicators which are also adjusted for city size.
In Section 6 of this report we also estimate indicators from the perspective of trips, but we
assume theoretical peak-time trips to the city centre from each point in a grid outside the
centre. This approach also differs from the INRIX Scorecard approach, which takes into
consideration actual trips.

The following section is an overview of the INRIX Roadway Analytics data used in this report
and of the methods used to segment the data according to time periods, zones, and
functional road classification in the five cities.

Section 3 analyses average speeds at different times of day and days of the week, and
compares the distributions of free-flow, peak-time, and off-peak time speeds.

Sections 4 analyses indicators of intensity of congestion (based on speeds and on travel
times), and Section 5 looks at indicators of variability of congestion. In these sections, a set
of “main” indicators are studied in terms of their statistical, spatial, and time distribution in
2017 and evolution since 2014. We then do a sensitivity analysis changing some of the
assumptions implicit in those indicators.

Section 6 looks at indicators of intensity of congestion from the perspective of trips, based on
theoretical peak-time trips to the city centre. The trip-based indicators aggregate the
segment-level indicators along the fastest routes, estimated in a Geographical Information
System (GIS).

Section 7 extends the analysis for one of the cities (London), combining the INRIX speed
data with additional datasets with speed limits, traffic volumes, census data, and a two-
dimensional classification of road segments according to their ‘movement’ and ‘place’
functions. We also look at the impact of redesigning a road to reallocate space from cars to
cyclists and pedestrians.
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Section 8 compares the results of the main indicators in the five CREATE Stage 3 cities with
the ones estimated for one of the CREATE Stage 1 cities (Adana, Turkey), which is also
included in INRIX Roadway Analytics dataset.

Section 9 compares the results with the ones published in the INRIX 2017 Scorecard, which
are based on time spent by road users in congestion and is aggregated using different
methods than the ones we used.

Section 10 synthesizes the main conclusions of the report, discussed the limitations of the
methods used, and proposes directions for assessing other aspects of the road network
performance that were not studied in this report.
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2. Data and methods

2.1. Data: INRIX Roadway Analytics

The data used in this report was extracted from INRIX Roadway Analytics, a platform
provided by INRIX to the authors for the purposes of the CREATE project. The dataset
includes the estimated speed of vehicles traversing each road segment, at regular time
intervals. The free-flow speed of each segment is also provided. The data is available from
2014 for London, Berlin, Vienna, and Copenhagen, and from 2016 in Paris. The data used in
this report covers the period from January 2014 (January 2016) to December 2017. Data is
also available for a Stage 1 city (Adana, Turkey) from October 2014 but in our analysis of
that city in Section 8, we use only the period January-December 2017.

The set of road segments in each city is very extensive, with gaps only in minor roads, as
explained later in this section. In most cases, segments are split at junctions. Sections of
large junctions and legs of roundabouts are in most cases treated as separate segments.
Roads with multiple lanes are also represented by multiple segments.

The data can be accessed from INRIX Roadway Analytics with a granularity of up to 1
minute (i.e. 1 observation per minute per road segment). For the purposes of this report, we
used a granularity of 5 minutes, to reduce the data processing time. A granularity of 5
minutes still provides an enormous amount of detail and produces very large datasets.
However, we deemed this was necessary to calculate some of the indicators, which are
based on the proportions of time when speeds are below a certain level.

The dataset also includes a 'confidence value' for each data point (i.e. for each 5-minute
period in each segment) representing the probability that the speed value represents the
actual road conditions in that segment in that period. All segment-level averages in this
report are weighted by this confidence value.

A separate dataset was provided to the authors by INRIX with the location of the road
segments, in a GIS format. The segments in this dataset can be linked with the segments in
the speeds dataset (and then with the segment-level indicators we produced). That
segments file was also matched with other spatial data in some of the analyses to produce
trip-based indicators (Section 6) and in the London-only analysis in Section 7. The file was
also used as one of the components of the maps produced.

2.2. Methods

The study analyses different indicators of congestion, which are compared across the five
cities. This is done by looking at the following five aspects consistently across the cities and
indicators:

e The (length-weighted) averages of the segment-level indicators in 2017, by zone
(central, inner, and outer parts of the city) and the functional classification of the
road. In all results tables, we also include a row with the (unweighted) average of the
five cities.

e The cumulative statistical distribution of the segment-level indicators in 2017. This
uses all segments excluding minor roads due to gaps in the INRIX coverage.
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e The time distribution of the zone-level indicators in 2017 (by time of day and day of
the week). These zone-level indicators are the length-weighted averages of all
segments in each zone, excluding minor roads.

e The spatial distribution of the segment-level indicators in 2017, using maps and
charts of the (length-weighted) averages of segment-level indicators by their road
network distances from the city centre - for all segments excluding minor roads.

e The month-by-month evolution of the indicators from January 2014 to December
2017. This uses the (length-weighted) average of all segments in the datasets of
each city, excluding minor roads.

These five aspects are not presented for every indicator as they are not always relevant. In
addition, when comparing different versions of the same indicator, we only look at the first of
these aspects (the averages by zone and the functional road classification).

The disaggregation of the five cities into zones follows the approach used in CREATE
Deliverable 3.3-Cross-city comparison (Wittwer and Gerike 2018), which split each city into
an "Inner" and an "Outer" functional area, slightly modifying the zones based on
administrative areas that were used in Deliverable 3.2-City reports (CREATE 2016). In the
present report, we further split the Inner area into two zones: "Centre" and "Inner (not
centre)". To simplify the presentation of the outputs, the "Inner (not centre)" zone is
presented in the report simply as "Inner". The central zone was defined considering the
locations of public transport fare zones, ring roads, and circular underground, train lines or
bus routes.

Table 1 shows the area and population of the three zones in each city. There are clear
differences between the five cities - which are reflected in the results of this report. London
and Paris are "world cities" with a very large population. Berlin has about half of the
population of Paris, while Vienna and Copenhagen are much smaller. London is by far the
largest city in area, but Berlin is larger than Paris. Vienna and Copenhagen are smaller, but
the difference to Paris and Berlin is not as pronounced as in the case of population. The
majority of the population lives in the Outer area in all cities except in Copenhagen.

Table 1: Zones (area and population)

Area (km2) Population (millions)
Zone Centre Inner Outer All Centre+ Outer All
Inner
London 21 108 1443 1572 3.40 5.14 8.54
Paris 7 99 657 763 2.23 4.43 6.66
Berlin 3 57 801 891 1.05 242 3.47
Vienna 3 43 369 415 0.50 1.27 1.77
Copenhagen 2 97 406 503 0.68 0.59 1.27
Average 7 81 735 829 1.57 2.77 4.34

Sources: Population: Calculated from data presented in Wittwer and Gerike (2018). Area: Calculated using publicly available
GIS data on administrative areas and information from CREATE reports and other sources to delimitzones

All the road segments in the five cities were classified according to their functional role (for
movement), using the Functional Road Classification (FRC) provided in the INRIX Roadway
Analytics platform. FRCs are "set by the provider of the mapping software used by each
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satellite navigation system" (Cookson 2016, p.4). The table below describes the five FRC
levels, as defined by INRIX. FRC1 are the most important roads. FRC5 are the least
important.

Table 2: Functional road classification

Zone Description

Main national connecting routes, usually dual carriageway, with limited access, that
connect major cities and towns

The next level of main route that connects from the FRC1 routes into the centres of
FRC2 towns and cities, or distributes traffic within cities and towns. Many are dual
carriageway, but some may be single

More minor connecting A-roads (and some B roads) that connect smaller towns and
villages in rural areas, or suburban districts of larger towns

FRC1

FRC3

FRC4 and FRC5 | Smaller B and local, unnumbered roads

Source: Adapted from Cookson 2016, p.4

Table 3 shows statistics on the road segments included in the analysis, by their functional
road classification, and the city zone where their central point is located. London and Paris
have by far the largest road network in the database, in terms of number of segments.
However, the datasets of London, Berlin, Vienna, and Copenhagen provide a similar
coverage of those cities, when looking at the total segment length relative to the total area of
the city (Table 4). Paris has a slightly better coverage. In all cities, FRC3 roads are the most
frequent, followed by FRC2 roads. The large majority of the road segments in central areas
are FRC3 roads, with very few FRC2 and FRC4 roads and virtually no FRC1 and FRC5
roads. For this reason we aggregated all road segments in the central zone. In the Inner
zones there are few FRC1 segments, which we aggregated with FRC2 segments. In both
Inner and Outer zones, there are few FRC5 segments, which we aggregate with FRC4
segments.

Table 3: Number of road segments, by zone and functional road classification

Number of segments
Zone Centre Inner Outer
Total
FRC 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

London 0 42 1385 67 19 0 380 2210 101 2 58 2768 12253 1045 30 | 20378
Paris 0 74 232 5 0 | 210 597 2885 82 1 705 2532 7066 280 0 14682
Berlin 0 39 104 25 1 0 424 562 202 32 | 182 1142 3375 1163 113 | 7364
Vienna 0 7 138 16 0 45 482 727 325 29 | 176 1019 2060 568 33 5625

Copen. 0 97 55 42 30 | 12 614 637 715 262 | 216 1015 1072 571 66 5405

Aggregate Aggregate FRC 1 Aggregate FRC 4 Aggregate FRC 4
all Centre zone and 2 in Inner zone and 5 in Inner zone and 5 in Outer zone
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Table 4: Coverage of the dataset

Coverage of

TOtaELlrir)]gth Total area (km2) dataset (km
road/km?2area)
London 4887 1572 31
Paris 3278 763 4.3
Berlin 2678 891 3.0
Vienna 1407 415 3.3
Copenhagen 1544 503 3.1
Average 2759 829 3.3

The maps in Figure 1 show the zones and road segment types in the five cities. In London,
the only FRC1 roads are sections of the circular M25 motorway. There are several FRC2
roads in the Outer zone but the only FRC2 roads in the Inner zone are in the Western part of
this zone. In Paris, a FRCL1 road runs along most of the border between the Inner and the
Outer zones. There are also several FRC1 roads in the Outer zone and a FRC2 road cutting
through the Inner and Central zones. Berlin has few FRC1 roads but several FRC2 roads in
all areas, and a series of FRC2 and FRC3 roads originating from the city centre. Vienna has
several FRC1 and FRC2 roads in both Inner and Outer zones but a poor coverage of all
types of road in the city centre. Copenhagen has several FRC1 and FRC2 ring roads. The
central zone is very small but has several FRC2 and FRC3 roads. Overall, Paris is the city
with more "major" roads cutting through the city, especially comparing with London, a city
with a similar size and "world" status.

Looking at these results, we decided not to compute city-wide aggregated indicators of
congestion as the database does not cover all the segments in the road network, since it has
a limited coverage of roads with lower importance for movement (FRC4 and FRC5).

The report proceeds by looking at the variables provided directly in the original dataset (i.e.
speeds) in the five cities. Then, Sections 3 to 6 compute indicators of congestion based on
those speeds. Section 7 refines the analysis in London by combining the speeds dataset with
other data on speed limits, traffic volumes, demographics, and an alternative road
classification, while also looking at the impacts of a specific policy. Sections 8 and 9 compare
our indicators for the five Stage 3 cities with a Stage 1 city (Adana, Turkey) and with the
indicators in the INRIX Scorecard, respectively.
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Figure 1: Zones and road segments: maps
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3. Speeds

3.1. Time distribution of speeds

This section looks at average speeds aggregated by time period in the five cities. The
analysis is split by zone only (not by type of road). The segment-level speeds in each zone
were aggregated based on segment length. Minor roads (FRC4 and FRC5) were excluded
due to the poor coverage of the dataset for these roads.

Figure 2 show the average speeds by zone hour of the day on weekdays. In all cities, the
speeds are higher at night-time than at daytime and decrease abruptly at 6:00, not returning
to the same levels before 22:00-23:00. In central areas in London and Paris, the speeds do
not vary much from 6:00 to 17:00, not showing evidence of a morning/afternoon "off-peak"
period. Speeds start to increase in central areas at 17:00 in London and Paris and slightly
earlier in the other cities. In the Inner and Outer areas (but more noticeably in the latter) there
is a clear demarcation in all cities between a morning peak (6:00-9:00/10:00), a
morning/afternoon  off-peak  (9:00/10:00-14:00/15:00), an afternoon/evening peak
(14:00/15:00-18:00/19:00) and an evening off-peak period (18:00/19:00-22:00/23:00).

In terms of absolute values, in the Inner zone there is a clear ranking of speeds from the
lowest in London, followed by Paris, Berlin, Vienna, and Copenhagen. This pattern changes
in other zones. In the Central zone, the distinction is between London and Paris (with lower
speeds - with London having the lowest ones) and the other three cities. In the Outer zones
Copenhagen has by far the highest speeds, around 20-23 km/h higher, on average, than the
other four cities.

Figure 3 shows the average peak-time speeds, by zone and day of the week. As expected,
speeds are higher on weekdays in all zones of all cities. Speeds are higher on Saturdays
than on Sundays and very similar on Sundays and public holidays. The increase from Friday
to Saturday is higher in London and Paris, especially in the Central and Inner zones.

Considering these results, in the computation of the indicators in this report, we consider the
peak period in all cities as 6:00-10:00 and 15:00-19:00 on weekdays and the off-peak period
as 10:00-15:00 and 19:00-22:00 on weekdays. However, in Section 4.2 we also test a
different definition of peak period (6:00-9:00 and 16:00-19:00). We also ran the analysis of all
indicators for the night period (22:00-6:00) and the weekend peak period, but do not discuss
the results in detail, showing only aggregate values in Section 9.
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Figure 2: Average weekday speeds (km/h), by zone and hour (2017)
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Figure 3: Average peak-time speeds (km/h), by zone and day of week (2017)
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3.2. Free-flow speeds

The free-flow speeds can be understood as an indicator of the level of service provided by
the road transport system to motorised traffic.

The values of the free-flow speeds in each segment in our analysis were provided in the
original INRIX dataset and are the 66% percentile speed for that segment. This approach
was used by INRIX to avoid using the night-time quiet times, which have 'unrealistic' high
speeds. As explained in our previous report (Jones and Anciaes 2018, Section 5.1.1) this
approach also helps us using a common basis for defining the free-flow speed across
different cities, as it is based on performance characteristics of the road network and not on
fixed night-time periods, an approach which would be sensitive to the exact definition of
those periods.

The table and figures that follow show the results. In all cities, free-flow speeds increase as
we move away from the city centre (Figure 5) and are higher on major roads, such as circular
roads and motorways (Figure 6). Free-flow speeds tend to increase as we move from the
Central to the Inner and then to the Outer zones, and as we move from roads with less
importance to more importance (Table 5). The increase is particularly noticeable when we
move from Inner zone FRC1/2 roads to Outer zone FRC1 roads, where the speeds are very
high in all cities (reaching 98km/h in Copenhagen).

There are some differences between London/Paris and the other three cities (Table 5). The
free-flow speeds are markedly lower in London and Paris in central areas and in less
important roads in other zones (roads with FRC lower than 1 in Inner areas and lower than 2
in Outer areas). London provides a better level of service than Paris in major roads (FRC1) in
Outer areas while Paris provides a better level of service in major roads (FRC1/2) in Inner
areas.

Overall, Copenhagen tends to have much higher free-flow speeds than all other cities (Figure
4), with the difference increasing with distance from the city centre (Figure 5). On average,
the Copenhagen speeds are much higher than other cities in Outer areas, but also higher in
most roads in Inner areas (Table 5). The high level of service in Outer areas in Copenhagen
occurs in the major ring roads around the Inner area (Figure 6).

Table 5: Average free-flow speeds (km/h), by zone and functional road classification (2017)

Zone . Inner Outer

Road importance 1/2 3 4/5 | 1 2 3 4/5
London 21 28 27 26 91 54 35 37
Paris 24 48 25 21 |77 42 31 27
Berlin 29 36 31 29 | 8 47 40 37
Vienna 26 47 28 25 | 72 42 36 29
Copenhagen 26 45 34 31 | 98 63 45 38
Average 25 41 29 26 85 50 37 34
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Figure 4: Average free-flow speeds (km/h): Figure 5: Average free-flow speeds (km/h), by
cumulative distribution (2017) distance from city centre (2017)
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Note: These two charts, and similar charts in the rest of this report are based on the city-wide distribution of the indicators
across FRC1, FRC2, and FRC roads, i.e. all roads excluding minor ones. Results are weighted by segment length.

Figure 6: Average free-flow speeds (km/h): maps (2017)
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3.3. Average speeds by time period

Speeds are the simplest indicator of congestion, measuring how fast traffic is flowing. In this
section we look at average speeds by time period, using the definitions of peak (6:00-10:00
and 15:00-19:00 weekdays) and off-peak (10:00-15:00 and 19:00-22:00 weekdays) which
were chosen based on the analysis in Section 3.1. The average speeds were calculated for
each road segment in each city, aggregating speeds in all days in 2017 in the relevant time
period.

Average peak-time speeds

The table and figures that follow show the results for the peak period. The spatial distribution
is more or less similar to the one found for free-flow speeds, as average peak-time speeds
increase as we move away from the city centre, in all cities (Figure 8). In Berlin, Vienna, and
Copenhagen, we also found the same pattern where major roads have higher speeds (Table
6). However, in London and Paris is less straightforward to match the location of the roads
with the highest speeds in the map in Figure 9 with the location of the major roads in the map
in Figure 1. In particular, the first ring road in Paris has lower speeds than expected from its
functional classification and free-flow speed. The maps also show a large extension of areas
in the Central and Inner zones in Paris where average peak-time speeds are below 20km/h.

On average, peak-time speeds increase as we move from the Central to the Inner and then
to the Outer zones, and as we move from roads with less importance to more importance,
with this last increase less noticeable in London and Paris (Table 6). Speeds are very high in
FRC1 roads in Outer areas, close to free-flow speeds in all cities except Paris.

There is also a divide between London/Paris and the other three cites (Figure 7 and Table 6).
Average speeds are lower in Paris than in those three cities in almost all zones and road
types. Average speeds in London are also lower than those three cities throughout the
Central and Inner areas. Copenhagen tends to have much higher average speeds than all
other cities (Figure 7), with the difference increasing with distance from the city centre
(Figure 8).

The chart with the evolution of average speeds since January 2014 (Figure 10) suggests a
slight downward trend from 2014 to mid 2015 in London, Berlin, Vienna, and Copenhagen
(data for this period in not available in Paris) and then a stable trend until December 2017.
There is a marked seasonal increase in speeds in Paris in August and a much smaller
seasonal increase in that month in the other cities.

Create e Del 3.4 - Version 1.0



Table 6: Average peak-time speeds (km/h), by zone and functional road classification (2017)

Zone Centre Inner Outer

Road importance 12 3 45| 1 2 3 4/5
London 17 22 23 22 |8 46 29 33
Paris 17 34 20 16 |58 35 26 23
Berlin 25 32 28 26 |77 43 36 34
Vienna 23 42 24 22 | 72 38 33 26
Copenhagen 22 40 30 29 | 98 59 42 35
Average 21 34 25 23 |78 44 33 30

Figure 7: Average peak-time speeds (km/h):
cumulative distribution (2017)

Figure 8: Average peak-time speeds (km/h), by
distance from city centre (2017)
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Figure 9: Average peak-time speeds (km/h): maps (2017)
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Figure 10: Average peak-time speeds (km/h): evolution 2014-2017
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Average off-peak speeds

The table and figures that follow show the average speeds in the off-peak period. Table 7
shows that the increase in speeds, comparing with the peak period (Table 6), tends to be
minimal in all cities, zones, and road types, with increases of 1km/h or 2km/h in almost all
cases. The exceptions are the major roads (FRC1/2) in Outer areas in London and Paris,
with increases of 5-7 km/h and 4-12km/h respectively, and major roads (FRC1/2) in Inner
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areas in Paris, with an increase of 6km/h. As an example, the outer ring road in Paris has off-
peak speeds above 50km/h along most of its length (Figure 13), which did not happen in the
peak period.

The divide between Copenhagen (which has higher speeds) and the other cities (Figure 11)
and the general increase in speeds with distance from the city centre (Figure 12) found for
the free-flow and peak-time speeds still apply in the case of off-speak speeds.

The evolution of the indicator (Figure 14) reveals the same tendency for a reduction of
speeds in from 2014 to mid 2015, as in the case of peak-time speeds. The seasonal increase
in speeds in August is less noticeable. In particular, the increase in Paris is much smaller
than in the case of peak speeds.

Table 7: Average off-peak speeds (km/h), by zone and functional road classification (2017)

Zone Inner Outer
Centre
Road importance 1/2 3 4/5 1 2 3 4/5
London 18 23 24 23 | 94 51 31 34
Paris 18 40 22 17 | 70 39 29 25
Berlin 27 33 29 27 |79 44 38 35
Vienna 24 4 25 23 | 73 40 34 27
Copenhagen 23 41 31 29 | 99 60 43 36
Average 22 36 26 24 | 83 47 35 31
Figure 11: Average off-peak speeds (km/h): Figure 12: Average off-peak speeds (km/h), by
cumulative distribution (2017) distance from city centre (2017)
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Figure 13: Average off-peak speeds (km/h): maps (2017)
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Figure 14: Average off-peak speeds (km/h): evolution 2014-2017
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3.4. Speeds: synthesis

Overall, we found that speeds tend to increase with distance from the city centre and with
road importance and are generally higher in Copenhagen than in the other cities. London
and Paris have a distinctive speed profile, with lower speeds in the Central and Inner areas
comparing with other cities, and a higher discrepancy between the free-flow, peak, and off-
peak speeds. There was a general reduction of speeds from 2014 to mid-2015 and a
seasonal increase in August in all years.
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Table 8 synthesises the zonef/road type information of this section. The values are the
averages of the speeds indicators in the five cities, and come from the last rows of Tables 5-
7. As expected, peak and off-time speeds are below free-flow speeds in all areas, but the
difference between peak and off-peak speeds is only relevant in FRC1 roads in Outer areas.
All speeds are higher in Outer areas, followed by Inner and Central areas, and always
increase with road importance.

Table 8: Average speeds: synthesis

Zone Inner Outer

: Centre
Road importance 1/2 3 4/5 1 2 3 4/5
Free-flow speeds 25 41 29 26 85 50 37 34
Peak-time speeds 21 34 25 23 78 44 33 30
Off-peak speeds 22 36 26 24 83 47 35 31

Values are the five-city averages, from Tables 5-7
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4. Intensity of congestion

Intensity is one of the dimensions of road congestion (the others being duration, extent, and
variability - Falcocchio and Levinson 2015, p.95), and can be defined as the degree to which
a road is congested. In this section, we first analyse the proportion of time each road
segment is congested, defined as the situation when the speed of the vehicles traversing that
segment is below a certain percentage of the free-flow speed. We used as a base indicator
the proportion of time when speed is below 65% of the free-flow speed in a given time period
(peak or off-peak), taking the free-flow speed data provided by INRIX (which represent the
66th percentile of speeds). In a separate sub-section, we test the sensitivity of this indicator
to its underlying assumptions, i.e. the definitions of "peak period" and "free-flow speed" and
the 65% threshold value defining congestion.

We then test an alternative set of indicators of intensity of congestion, measuring the
proportion of time that traffic is moving at speeds below a threshold value representing very
low speeds.

The last two sub-sections look at two indicators based on the time required to cross the road
segments: the average delay per minute and the excess travel time. These indicators take
into account the magnitude of congestion in a segment at each moment in time (i.e. each 5-
minute period), while the speed-based indicators classify each moment as either congested
or not congested.

4.1. Proportion of atime road segment is congested: main indicators

Our base indicator of intensity of congestion is the proportion of time each road segment was
congested during 2017, defining congestion as a speed below 65% of the free-flow speed.
For each segment and data point (i.e. each 5 minute-period) we calculated whether the
measured speed is below 65% of the free-flow speed and then aggregated the values by
time period for all days in 2017. The proportion of time the segment is congested is then the
number of data points (5 minute periods) when the link is congested divided by the number
of total data points.

We use 65% of the free-flow speed as the threshold defining congestion for two reasons:

e This is the threshold in the INRIX Scorecard approach, which uses the same GPS
base data we used, processed with a different method. This allows us to compare
our results with the INRIX Scorecard (this is done in Section 9 of this report).

e 65% is about the mid-point of the 50%-75% range of values used by transport
authorities around the world, as reported in the literature (see Litman 2014, p.4 and
Falcocchio and Levinson 2016, p.107). However, in Section 4.2 we also compute
indicators using threshold values of 50% and 75%.

Time distribution

The two figures below show the indicator aggregated by time period in the five cities. As in
the analysis for speeds, we split the results by zone only (not by type of road), aggregating

Create e Page 24 of 80 Del 3.4 - Version 1.0



the segment-level indicators using the segment length. Minor roads (FRC4 and FRC5) were
excluded due to the poor coverage of the dataset for these roads.

Figure 15 shows the values of the indicator by hour of the day on weekdays. The differences
in road congestion between daytime and night-time are clear in all cities and zones.
Congestion increases sharply from 6:00 and only returns to the night-time levels at
22:00/23:00. In all cities and zones there are two clear peaks for congestion, with the
afternoon/evening peak being higher, except in central London.

Figure 15: Proportion of time when speed is below 65% of free-flow speed, by zone and time of day
(Weekdays, 2017)
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Figure 16 shows the values of the indicator by zone and day of the week. Congestion is
much higher on weekdays in all zones of all cities. Unlike in the case of speeds, there are
some differences in congestion by weekday. In the central areas, congestion is always lower
on Mondays. In London and Paris, in central areas, congestion increases from Monday to
Thursday but in Inner areas (and to a lesser degree, also in Outer areas), the increase only
occurs from Monday to Tuesday. In Inner and Outer areas of Berlin, Vienna, and
Copenhagen, congestion remains at about the same level in all weekdays. In central Paris,
congestion is much smaller on Sundays than on Saturdays and even smaller on public
holidays. In all other cities and zones, congestion is only slightly higher on Saturdays than on
Sundays and similar on Sundays and public holidays.
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Figure 16: Proportion of peak time when speed is below 65% of free-flow speed, by zone and day of week
(2017)
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Peak time

The table and figures that follow show the results of the indicator aggregated for the peak
period. There is a clear divide between London and Paris (which have higher congestion)
and the other three cities (Figure 17). The difference occurs in all zones and road types
(Table 9). However, the spatial pattern of congestion is different in London and Paris. In
Outer areas in Paris, congestion is higher on the most important roads (FRC1) while in
London these roads are less congested than less important roads (FRC2/3) (Table 9). This is
reflected in a concentration of congestion in major ring roads in Paris while in London there is
a more widespread pattern of congestion across the Outer zone (Figure 19).

The indicator decreases as we move away from the city centre, in all cities (Figure 18).
However, in London the decrease in only noticeable at distances longer than 14km from the
centre.

In general, congestion decreases as we move from the Inner to the Outer zones and from
the most important roads to less important roads (FRC4/5) (Table 9). However, in Outer
areas in London, Vienna, and Copenhagen, congestion increases when we move to FRC1
roads to FRC2 roads. In London, major roads (FRC1/2) in the Inner area are more
congested than central roads.

In Berlin, Vienna, and Copenhagen, congestion was higher at the end of 2017 than it was at
the beginning of 2014 (Figure 20). Congestion tends to decrease in August in all cities,
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especially in Paris, where congestion goes from 20% to 10% in that month. There was also a
decrease in congestion in December-January in all cities.

Table 9: Proportion of peak time when speed is below 65% of free-flow speed, by zone and functional
road classification (2017)

Zone Inner Outer
Centre

Road importance 1/2 3 4/5 1 2 3 4/5

London 24 30 19 12 12 23 21 10

Paris 36 36 23 25 32 20 13 9

Berlin 17 16 11 9 1 1 6 3

Vienna 16 15 12 5 6 10 5 4

Copenhagen 17 12 9 4 4 7 5 3

Average 22 22 15 11 13 14 10 6
Figure 17: Proportion of peak time when speed is Figure 18: Proportion of peak time when speed is
below 65% of free-flow speed: cumulative below 65% of free-flow speed, by distance from city
distribution (2017) centre (2017)
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Figure 19: Proportion of peak time when speed is below 65% of free-flow speed: maps (2017)
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Figure 20: Proportion of peak time when speed is below 65% of free-flow speed: evolution 2014-2017
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Off-peak time

The table and figures that follow show the results of the indicator aggregated for the off-peak
period. In Berlin, Vienna, and Copenhagen, the reduction in congestion from the peak to off-
peak period is low (between 0% and 5%) (comparing Table 10 with Table 9). The decrease
in congestion is higher in London and Paris. For example, in Paris, in the most important
roads in the Inner and Outer zones, the difference is 17% and 20% respectively. The
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decrease in congestion in the off-peak period is evident in the maps in Figure 23, which show
a lower density of roads congested 50% of the time in Inner and Outer areas in London and
Paris, comparing with the peak period maps (Figure 19).

The divide between London/Paris (which have higher congestion) and the other cities (Figure
21) is less noticeable than in the case of congestion in peak periods (Figure 19). There is a
general decrease in congestion with distance from the city centre (Figure 22) in all cities,
including in London, where in the peak period this only happened at some distance from the
city centre.

As in the peak period, congestion was higher at the end of 2017 than it was at the beginning
of 2014 in Berlin, Vienna, and Copenhagen (but not in London). The seasonal decreases in
congestion in August and December/January in all cities are smaller than in the case of the
peak period (Figure 24).

Table 10: Proportion of off-peak time when speed is below 65% of free-flow speed, by zone and functional
road classification (2017)

Zone Inner Outer
Centre

Road importance 1/2 3 4/5 1 2 3 4/5

London 24 24 14 8 5 10 11 6

Paris 30 19 14 17 |12 9 6 4

Berlin 12 13 10 7 9 9 6 3

Vienna 13 11 8 3 4 7 4 2

Copenhagen 17 10 8 3 2 5 5 3

Average 19 15 11 8 6 8 6 4
Figure 21: Proportion of off-peak when speed is Figure 22: Proportion of off-peak when speed is
below 65% of free-flow speed: cumulative below 65% of free-flow speed, by distance from city
distribution (2017) centre (2017)
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Figure 23: Proportion of off-peak when speed is below 65% of free-flow speed: maps (2017)
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4.2. Proportion of time a road segment is congested: sensitivity
analysis

Indicators of congestion tend to be sensitive to their assumptions, which is particularly the
case of the proportion of time a road segment is congested, which depends on three
assumptions: the definitions of "peak period" and "free-flow speed" and the threshold value
defining congestion. In this section, we compare the city zone/road type averages of the
peak-time indicator analysed in Section 4.1 (the proportion of peak time when speed is below
65% of the free-flow speed - with free flow speed being the 66% percentile of all speeds) with
the same indicator slightly changed to reflect different assumptions. All analyses refer to
weekdays in 2017.

We first tested different threshold values defining congestion: 50% and 75%, which, as
previously mentioned, are the lower and upper limits of the range of values used by transport
authorities around the world, as reported in the literature. The values of the indicator in
London and Paris and in all central areas change substantially (Table 11). As an example, in
the case of central areas in Paris, the original indicator (based on a 65% threshold speed)
was 30% while the range of values obtained using 50% and 75% threshold speeds is 18%-
51%. In central areas in London the original indicator was 24% and the range of values is
9%-37%. The conclusion is that the magnitude of estimated congestion (and its implicit
political implications) is highly dependent of changes in a single assumption.

Table 11: Proportion of peak time when speed is below 50%-75% of free-flow speed, by zone and
functional road classification (2017)

Zone G Inner Outer

Road importance 1/2 3 4/5 1 2 3 4/5

London 9-37 14-43 7-32 4-24 | 815 14-31 9-33 4-19
Paris 18-51 | 23-46 8-39 7-45 | 23-39 9-32 4-26 321
Berlin 6-30 7-26 4-22  3-19 | 6-14 4-18 2-13 1-8

Vienna 6-27 8-22 3-23 1-14 4-8 4-17 1-12 1-10
Copenhagen 7-29 5-20 3-17 1-9 2-5 311 2-11 1-7

Average 9-35 |11-31 527 322 | 916 7-22 419 2-13

We then tested a different definition of peak period (6:00-9:00, 16:00:19:00), which, as the
original definition, is also consistent with the results of the analysis of the time distribution of
speeds done in Section 3.1 (see Figure 2). The resulting changes are minimal, always below
a 2% increase/decrease (Table 12).
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Table 12: Proportion of (revised) peak time when speed is below 65% of free-flow speed, by zone and
functional road classification (2017)

Zone S Inner Outer

Road importance 1/2 3 4/5 | 1 2 3 4/5
London 22 30 18 12 |13 24 21 10
Paris 34 38 23 25 |34 21 14 10
Berlin 17 15 10 9 10 10 6 3
Vienna 14 14 11 5 6 3
Copenhagen 15 12 8 3 4 7 5 3
Average 20 22 14 11 13 14 10 6

Finally, we tested a different definition of free-flow speed, defined as the maximum hourly
speed, i.e. the average speed in the hour of the day when that average is highest. The
average was calculated across all weekdays in 2017. This definition of free-flow speed
retains an important property of free-flow speeds - it is based on performance characteristics
of the road network in each city, and not on fixed night-time periods - and so it can be used
as a common basis for defining free-flow speed across different cities. The changes in the
estimated values in the Inner and Outer areas all cities are substantial (Table 13), with
increases in estimated congestion of up to 28% (in the case of the Inner zone FRC1/2 roads
in London) (comparing Table 13 with Table 9). The changes are much smaller in Outer areas
in all cities, in some cases being only 0%-1% higher. The increases in estimated congestion
are smaller in Copenhagen in all zones and road types.

Table 13: Proportion of peak time when speed is below 65% of maximum hourly speed, by zone and
functional road classification (2017)

Zone Centre Inner Outer

Road importance 1/2 3 4/5 1 2 3 4/5
London 47 58 38 18 | 14 31 34 16
Paris 49 42 34 36 | 3B 26 20 16
Berlin 37 31 23 20 | 11 18 12 8
Vienna 27 19 23 16 7 16 1 1
Copenhagen 25 15 14 7 5 8 7 5
Average 37 33 26 19 14 20 17 11

4.3. Proportion of time speed is below a threshold

The indicator measuring the proportion of time when speed is below a certain percentage of
the free-flow speed does not take into account the fact that in some occasions congestion is
acute and perceived by users more than proportionately than the reduction of speed - for
example, when the speed goes below a certain threshold value of a very low speed.

We tested two values for this threshold: 5 km/h (the usual speed for pedestrians) and 15km/h
(the usual speed for cyclists and buses in urban areas). The 5km/h threshold did not produce
interesting results, as its values approached 0 in most of the zones and road types in the five
cities. Therefore, we present results only for the threshold of 15km/h.

There is still a clear divide between London and Paris (which have higher values for the
indicator) and the other three cities (Figure 25). The difference occurs in all zones and road
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types except FRC1 roads in Outer areas, where the indicator is low in all cities (Table 14).
This last result reflects the high free-flow speeds in these road types of 70-100km/h (see
Table 5), which decreases the probability that speeds decrease down to 15km/h and below.
The segments with the highest values tend to be more spatially concentrated in Paris than in
London (Figure 27).

In all cities, the indicator decreases rapidly as we move away from the city centre, up to 4-
6km from the centre, when it becomes stable (Figure 26). It also decreases slightly as we
move from the Central to the Inner zone and then more substantially when we move to the
Outer zone. In general, it also decreases as we move from less important to more important
roads, once again reflecting differences in free-flow speeds.

This indicator shows a clear evidence of an increase in congestion since 2014. In London the
proportion of peak time when speed was below 15km/h grew from 1% to 10% and in Berlin,
Vienna, and Copenhagen from almost nil to 3-5%. In Paris the indicator also increased from
9% in the beginning of 2016 to 13% at the end of 2017. There is also a seasonal decrease in
the values of the indicators in August and December-January in all cities.

Table 14: Proportion of peak time when speed is below 15km/h, by zone and functional road classification

(2017)
Zone Inner Outer
Centre
Road importance 1/2 3 4/5 1 2 3 4/5
London 38 22 15 10 1 8 9 7
Paris 39 12 26 40 4 9 9 1
Berlin 12 5 5 5 1 2 2 1
Vienna 18 6 10 10 1 3 3 3
Copenhagen 19 4 4 3 0 1 1 1
Average 25 10 12 14 1 5 5 5
Figure 25: Proportion of peak time when speed is Figure 26: Proportion of peak time when speed is
below 15km/h: cumulative distribution (2017) below 15km/h, by distance from city centre (2017)
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Figure 27: Proportion of peak time when speed is below 15km/h: maps (2017)
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4.4. Average delay

The indicators analysed in Sections 4.1-4.3 were based on speeds, i.e. the distance covered
in a certain amount of time. A different way of representing the same data is to look at the
time it takes to cover a certain distance. One possible indicator is the delay per km,
estimated for each segment in each 5-minute period, as

Real travel time — Travel time with freeflow speed

Delay =
ety Segment length

This indicator can assume any value, including negative values (i.e. real travel time below
travel time with free flow speed).

The segment-level indicators for each 5-minute period can then be averaged for longer
periods. In this section, we report the results for the peak-period on weekdays during 2017.

Most of the patterns of congestion found in the case of the speed-based indicators also apply
for the delay. London and Paris are more congested than the other 3 cities (Figure 29),
across all zones and road types (Table 15), although the spatial patterns of congestion are
also more concentrated in Paris than in London (Figure 31). Delays decrease with distance
from the city centre (Figure 30) and are higher in Inner than in Outer areas (Table 15). The
only differences to the patterns found for speed-based indicators is that delays are highest in
central areas and not in major roads (FRC1/2) in inner areas (Table 15), and that there is
less evidence of an increase in congestion over time (Figure 32).

Falcocchio and Levinson (2015, p.3) suggest that drivers start to perceive congestion when
their trip time increases by around 0.4-0.5 min/mile (0.25-0.31 min/km) and become "acutely
aware" of it when the trip time increases by 0.8-1.0 min/mile (0.50-0.62 min/km). Using these
threshold values, our results suggest that on average, drivers perceive congestion in almost
all trips in Central and Inner areas in the five cities, and in most trips in outer areas in London
and Paris. They are also "acutely aware" of congestion in all trips in Central and Inner areas
in London and Paris. However, these comparisons must be treated with caution as the
values mentioned by Falcocchio and Levinson probably refer to overall trip times while our
analysis refers to averages of times to cross road segments in given zones. It is also not
clear whether those threshold values come from empirical analysis.

Table 15: Average delay, by zone and functional road classification (2017)

Zone . Inner Outer

Road importance 1/2 3 4/5 1 2 3 4/5
London 0.83 0.83 0.60 0.47 | 0.08 0.47 057 0.38
Paris 1.19 0.72 079 098 | 041 052 048 0.44
Berlin 0.48 034 032 033|011 024 020 0.18
Vienna 0.48 031 043 036 | 0.05 024 022 024
Copenhagen 0.55 029 028 021|001 013 015 0.14
Average 0.71 050 048 0.47 | 013 032 032 0.28
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Figure 29: Average delay: cumulative distribution

Figure 30: Average delay, by distance from city
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Figure 32: Average delay: evolution 2014-2017
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4.5. Excess travel time

The previous indicator expressed delays relative to segment length. An alternative approach
is to use delays as a proportion of uncongested (free-flow) travel time. This indicator is
known in the literature by different names. In this report we call it "excess travel time". Up to
2016, INRIX used a version of this indicator (the INRIX Travel Time Index) as its main
indicator of congestion.

The excess travel time, expressed as a percentage of the travel time with free flow speed,
can be expressed, for each segment, in each 5-minute period, as

. Real travel time — Travel time with freeflow speed
Excess travel time = 100 * (

Travel time with freeflow speed

An excess travel time of 20% means that, for example, a trip that takes 10 minutes in
uncongested conditions (i.e. travelling at free-flow speeds) would take 12 minutes in
congested conditions. The indicator can assume any value, including negative values (real
travel time below travel time with free flow speed). Values above 100% represent the case
when the real travel time is more than double the travel time with free flow speed.

The segment-level indicators for all 5-minute periods are then averaged for a longer period.
In this section, we report the results for the peak-period on weekdays during 2017.

Some of the patterns of congestion found are similar to the ones found in the case of the
speed-based indicators and the other travel time-based indicator (delay). London and Paris
are more congested than the other 3 cities (Figure 33), across all zones and road types
(Table 16), although the spatial patterns of congestion are also more concentrated in Paris
than in London (Figure 35). Congestion decreases with distance from the city centre (Figure
34). There is no strong evidence of a trend in congestion since 2014 (Figure 35).
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Table 16: Excess travel time (%), by zone and functional road classification (2017)

Zone Inner Outer
Centre
Road importance 1/2 3 4/5 1 2 3 4/5
London 28 37 26 20 | 11 33 30 18
Paris 47 55 31 34 |48 29 22 18
Berlin 22 19 16 16 |14 16 12 10
Vienna 19 19 18 14 4 15 11 11
Copenhagen 23 17 15 10 2 11 10 8
Average 28 29 21 19 |16 21 17 13
Figure 33: Excess travel time (%): cumulative Figure 34: Excess travel time (%), by distance from
distribution (2017) city centre (2017)
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Figure 35: Excess travel time (%): maps (2017)
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As mentioned above, the indicator can assume negative values. The implication is that
travelling at speeds higher than the free-flow speed reduces congestion - although this may
not correspond to drivers' perceptions of congestion. The indicator can be revised to account
for this by setting to 0 all the values when the travel time is above the free-flow travel time in
a 5-minute period in a given segment. However, the impact on the estimated zone/FRC
aggregated indicators is minimal (compare Table 17 with Table 16).

Createia:

Page 39 of 80

Del 3.4 - Version 1.0



Table 17: (Revised) excess travel time (%), by zone and functional road classification (2017)

Zone Centre Inner Outer

Road importance 1/2 3 4/5 1 2 3 4/5
London 30 39 27 21 |14 34 31 19
Paris 48 56 31 34 | 48 29 23 18
Berlin 24 21 18 17 14 17 14 1
Vienna 20 20 19 14 7 16 12 12
Copenhagen 24 18 16 11 5 12 1 9
Average 29 31 22 19 |18 22 18 14

4.6. Intensity of congestion: synthesis

Overall, the results of this section point to a higher intensity of congestion in London and
Paris than in the other three cities, and a decrease in congestion with distance from the city
centre and with road importance in all cities. The spatial patterns of congestion are different
in London (less dispersed) and in Paris (more concentrated). The evolution of some of the
indicators since 2014 suggests an increase in congestion in all cities. This is especially the
case of the proportion of peak time when speed is below 15km/h. The evolution of the other
indicators, especially the ones based on travel times, does not show such strong evidence of
an upward trend. All indicators show a seasonal decrease in congestion in all cities in August
and December-January.

Table 18 and Table 19 synthesise the zone/road type information of Section 4. The values
are the average of indicators of speed in the five cities, and come from Tables 9-17. As
expected, the proportion of time when speed is below 65% of the free-flow speed is lower in
the off-peak than in the peak period. The values for the peak time vary about 10% when the
threshold defining congestion is set at 50% or 75% of the free-flow speed. Modifying the
definition of peak period has a minimal impact, but defining free-flow as the maximum hourly
speed (rather than using the 66% percentile speed) inflates the indicator. In central areas,
the proportion of peak time when speed in below 15km/h is higher than the proportion when
speed is below 65% of the free flow speed.

The delay and excess travel time indicators represent the same data from a different
perspective (of travel time, not of speed). These indicators also account for the intensity of
congestion in each moment (i.e. each 5-minute period), as they are based on differences
between real and free-flow travel time, while the speed-based indicators classify each
moment as either congested or not congested.

The delay indicator emphasizes congestion in central areas, estimated to be above all other
zones and road types, which does not happen in the other travel time-based indicators. The
excess travel time indicator follows similar patterns to the speed-based indicators. Adjusting
for periods when the real speed is above the free-flow speed has a minimal impact on the
excess travel time indicator.
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Table 18: Speed-based indicators: synthesis

Zone Inner Outer
- Centre
Road importance 1/2 3 4/5 1 2 3 4/5
% peaktime speed 22 22 15 11 13 14 10 6
<65% free-flow speed
% off-peaktime speed 19 15 11 8 6 8 6 4
<65% free-flow speed
% peaktime speed
<50% free-flow speed 9 1 5 3 9 7 4 2
% peaktime speed
<75% free-flow speed 35 31 27 22 16 22 19 13
% (revised) peaktime speed 20 22 14 11 13 14 10 6
<65% free-flow speed
% peaktime speed 37 33 26 19 14 20 17 11
<65% maximum speed
% peaktime speed<15km/h 25 10 12 14 1 5 5 5
Values are the five-city averages, from Tables 9-14
Table 19: Travel time-based indicators: synthesis
Zone Inner Outer
Centre
Road importance 1/2 3 4/5 1 2 3 4/5
Delay (min/km) 0.71 0.50 0.48 047 | 013 032 0.32 0.28
Excess travel time 28 29 21 19 16 21 17 13
Excess travel time
(revised) 29 31 22 19 18 22 18 14
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5. Variability of congestion

Trip time reliability is often more relevant than average speeds and delays, particularly for the
freight and logistics sector, where reducing unpredictability is particularly important
commercially. Private car users also prefer to ‘keep moving’ rather than experience
unexpected delays — even if trip times are shorter in the latter case. From an economic and
social point of view, cities can therefore be more disadvantaged by unreliable network
performance than by low speeds.

As cities move along the different stages of the transport policy trajectory, focusing first on
vehicle-based, then to person-based indicators, travel time reliability becomes a major
concern. In fact, an international comparison of transport appraisal methods in developed
countries in 2013 concluded that "the focus of policy attention is shifting from travel time
savings to journey reliability and quality and the effort to improve the appraisal system is
responding to that development" (Mackie and Worsley 2013, p.8).

In this report, we estimate indicators of variability of congestion at the segment level and
define variability as inconsistent speeds on that segment on different days. The indicators
measure aspects of the statistical distribution of speeds during 2017. The analysis is done for
the peak-time period on weekdays.

5.1. Standard deviation of speeds

The standard deviation is a general measure of dispersion of the statistical distribution of
speeds. We estimated this measure for each road segment in the five cities, aggregating
speeds in the peak period in all days in 2017. To adjust for the mean speeds of each
segment, the standard deviation values are presented as a percentage of the mean.

The two cities where congestion is more intense (London and Paris) are also the ones where
congestion is more variable, that is, where standard deviations of speeds are higher, both
overall (Figure 37) and across all zones and road types (Table 20). In all cities, the variability
decreases with distance from the city centre (Figure 38) and as we move from Central to
Inner and then to Outer areas, and, in general, from roads with more to less importance
(Table 20). In the Outer zone in Vienna and Copenhagen (and to a lesser extent, also in
London), the most important roads (FRC1) have less variable speeds than the second most
important ones (FRC2). The maps in Figure 39 show that in Paris, the speed in the major
ring roads is uniformly and highly variable. In London the circular roads also have variable
speeds but not in all of their length - some segments are lower variability.

Table 20: Standard deviation of speeds (% of mean), by zone and functional road classification (2017)

Zone Cenire Inner Outer

Road importance 1/2 3 45| 1 2 3 4/5
London 21 23 18 16 | 19 20 17 13
Paris 25 29 20 20 |28 20 15 14
Berlin 19 20 16 14 15 14 12 10
Vienna 19 18 16 13 12 15 11 12
Copenhagen 19 16 14 11 9 12 1 10
Average 21 21 17 15 | 17 16 13 12
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Figure 37: Standard deviation of speeds (% of

mean): cumulative distribution (2017)

Figure 38: Standard deviation of speeds (% of
mean), by distance from city centre (2017)
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Figure 39: Standard deviation of speeds (% of mean): maps (2017)
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5.2. Interquartile range

The interquartile range is another usual indicator of dispersion of a statistical distribution. It
measures the difference between the third and first quartile of the distribution, i.e. the middle
50% of the distribution. Unlike the standard deviation, it is not affected by the presence of
outliers - in this case, moments (i.e. 5-minute periods) when the speeds are unusually very
high or very low. The interquartile range was calculated for each road segment, aggregating
speeds in the peak period in all days in 2017. To adjust for the median speeds, the values
are presented as a percentage of the median (but at the end of this section we also discuss
the results obtained with the absolute value).

The patterns are not very different from the ones obtained for the standard deviation: the
interquartile range of speeds is higher in London and Paris, overall (Figure 40) and across all
zones and road types (Table 21). In all cities, the variability decreases with distance from the
city centre (Figure 41) and as we move from Central to Inner and then to Outer areas, and, in
general, from roads with more to less importance (Table 21). In the Outer zones in all cities
except Paris, the FRC1 roads have less variable speeds than the FRC2 ones. The maps
(Figure 42) also show clearer spatial patterns of speed variability in Paris than in London.

Table 21: Interquartile range of speeds (% of median), by zone and functional road classification (2017)

Zone Inner Outer
Centre

Road importance 1/2 3 4/5 1 2 3 4/5

London 26 29 22 21 |14 23 21 18

Paris 31 36 24 25 |35 24 19 18

Berlin 23 23 19 17 | 14 16 14 12

Vienna 23 20 19 15 |12 18 14 14

Copenhagen 24 19 17 13 | 10 14 14 12

Average 25 25 20 18 | 17 19 16 15
Figure 40: Interquartile range of speeds (% of Figure 41: Interquartile range of speeds (% of
median): cumulative distribution (2017) median), by distance from city centre (2017)
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Figure 42: Interquartile range of speeds (% of median): maps (2017)
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The table below shows the results of the absolute measure (i.e. not expressed as a ratio to
the median). This indicator is relevant because drivers may be aware of the absolute
differences in speeds from one day to another but not associate those differences with the
expected (i.e. mean) speed. Using this indicator, London has the lowest speed variability in
the Central zone. In other zones, the indicators do not differ much across cities, although for
the most important roads, Paris has by far the roads with the most variable speed.

Table 22: Interquartile range of speeds (% of free-flow speed), by zone and functional road classification

(2017)

Zone Centre Inner Outer

Road importance 1/2 3 4/5 1 2 3 4/5
London 4.4 59 46 48 |114 85 55 50
Paris 5.3 108 4.7 38 |181 75 48 4.2
Berlin 5.7 6.7 53 43 |102 59 48 4.0
Vienna 5.3 72 45 33 |81 61 42 37
Copenhagen 5.2 6.7 47 37 |99 75 53 41
Average 5.2 75 48 40 (115 7.1 49 4.2
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5.3. Skew

The indicators of dispersion do not capture any possible skewness in the statistical
distribution of speeds, i.e. the existence of higher variability of speeds either above or below
the median. This is particularly relevant when analysing road congestion as travellers are
usually more concerned with not arriving late rather than with not arriving early, and so the
variability of speeds below the median is more important than the variability above the mean.

We use a quantile-based indicator of skewness of speeds, defined as

median speed — 25% percentile of speeds
Skew =

75% percentile of speeds — median speed

In words, this indicator assesses whether the median is more distant from the first quartile or
from the third quartile. A value above 1 means that values are more dispersed below the
median than above the median (excluding the most extreme values i.e. the first and fourth
quartile).

Variants of this indicator were also estimated, using the 5% vs. 95% and 10% vs. 90% pairs
of quantiles. The main analysis in this report is for the 25% vs. 75% version as it is more
consistent with the interquartile range, which uses the same quantiles. While the interquartile
range measures the dispersion of the distribution as the distance between the second and
fourth quantiles, our indicator of skew measures whether there is any imbalance in the parts
of that distance that are below and above the median. We also present the results of the 5%
vs. 95% version of the indicator at the end of this section.

Almost all the zone/road type aggregated values are above 1 (Table 23) which shows that
the distributions of speed are skewed to the left, i.e. there is more dispersion below than
above the median. This may reflect the fact that in practice speeds are bound by the legal
speed limits, so there is less variation above the median. The skewness is especially
noticeable in the most important roads in outer areas and it tends to increase with distance
from the city centre (Figure 44) but is not usually spatially concentrated (Figure 45) There are
no major differences across cities (Figure 43).

Table 23: Skew (25%/75% percentile version), by zone and functional road classification (2017)

Zone . Inner Outer

Road importance 1/2 3 4/5 1 2 3 4/5
London 1.02 101 105 106 | 1.67 1.26 1.14 1.17
Paris 0.93 135 100 0.89 | 1.72 131 115 1.10
Berlin 1.03 111 107 103 | 159 115 111 1.10
Vienna 1.06 125 105 106 | 1.21 114 1.09 1.09
Copenhagen 1.07 117 1.08 112 | 1.30 1.18 107 1.14
Average 1.02 1.18 105 103 | 150 121 111 1.12
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Figure 43: Skew: cumulative distribution (2017) Figure 44: Skew, by distance from city centre
(2017)
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Figure 45: Skew: maps (2017)
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The table below shows the results of the version of the indicator using the distances from the
median to the 5% and the 95% percentile. The results show an even higher degree of
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skewness than the 25%/75% version. In particular, the indicator reaches very high values in
the FRC1 roads in Outer areas.

Table 24: Skew (5%/95% percentile version), by zone and functional road classification (2017)

Zone Serie Inner Outer

Road importance 1/2 3 4/5 1 2 3 4/5
London 1.07 1.13 119 133 | 441 192 1.36 1.47
Paris 0.93 135 100 089 | 1.72 131 1.15 1.10
Berlin 1.08 140 115 109 | 299 154 1.29 1.23
Vienna 1.18 1.73 113 109 | 1.97 142 1.18 1.11
Copenhagen 1.18 138 121 122 | 1.70 145 1.25 1.25
Average 1.09 140 114 112 | 256 153 125 1.23

5.4. 5% percentile of speeds

The interquartile range and the 25%-75% skew indicator exclude the extremes of the
statistical distribution of speeds. However, the lower extreme (i.e. the lowest speeds) is also
relevant as an indicator of congestion. Van Lint et al. (2008) point to the fact that the
distribution of travel times tends to be skewed and in some peak periods "the 5% most
‘'unlucky drivers' incur almost five times as much delay as the 50% most fortunate travelers".

We use the 5% percentile of speeds as an indicator of the lower limit of speeds for a
segment (i.e. we still exclude the 5% lowest speeds - understood as outliers). The 5%
percentile was calculated for each road segment, aggregating speeds in the peak period in
all days in 2017. To adjust for the median speeds, the values are presented as a percentage
of the median (but at the end of this section we also present the results as percentages of
the free-flow speed and as absolute values).

London and Paris have the lowest values for the 5% speed percentiles, both overall (Figure
46) and across almost all zones and road types. In all cities, the values tend to increase with
distance from the city centre (Figure 47), and as we move from the Central to Inner and
Outer areas and from roads with less importance to those with more importance (Table 25).
In all cities, the major ring roads have the lowest values (Figure 48).

Table 25: 5% percentile of speeds (% of median), by zone and functional road classification (2017)

Zone . Inner Outer

Road importance 12 3 4/5| 1 2 3 4/5
London 69 66 73 75 | 63 69 73 79
Paris 66 61 72 72 |60 69 76 78
Berlin 72 69 75 78 |73 76 81 84
Vienna 71 70 76 82 |79 75 83 84
Copenhagen 70 75 78 83 | 8 80 82 85
Average 70 68 75 78 72 74 79 82
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Figure 46: 5% percentile of speeds (% of median): Figure 47: 5% percentile of speeds (% of median),
cumulative distribution (2017) by distance from city centre (2017)
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Figure 48: 5% percentile of speeds (% of median): maps (2017)
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The two tables below present the results using different units. In London and Paris, in the
Central zone and in major roads in the Inner zone, the 5% percentile is only slightly higher, or
smaller than half of the free-flow speed (Table 26). In those cities, in the Central zone and in
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some roads of the Inner zone, the 5% percentile of speeds is also lower than the usual
speed of buses and cyclists (15km/h) (Table 27).

Table 26: 5% percentile of speeds (% of free-flow speed), by zone and functional road classification (2017)

Zone e Inner Outer

Road importance 1/2 3 4/5 1 2 3 4/5
London 58 53 62 66 | 63 60 61 71
Paris 49 46 58 55 | 47 58 65 68
Berlin 63 61 68 70 | 69 70 74 78
Vienna 62 64 67 73 79 69 76 77
Copenhagen 60 67 70 77 8 75 77 80
Average 58 58 65 68 |69 66 71 75

Table 27: 5% percentile of speeds (km/h), by zone and functional road classification (2017)

Zone e Inner Outer

Road importance 1/2 3 4/5 1 2 3 4/5
London 12 14 17 17 | 58 34 22 26
Paris 1 21 15 11 36 25 21 18
Berlin 18 22 21 20 |59 34 30 29
Vienna 16 31 19 18 |58 30 28 22
Copenhagen 16 31 24 24 | 83 49 35 31
Average 15 24 19 18 |59 34 27 25

5.5. Variability of congestion: synthesis

The main conclusion of this section is that the cities, zones, and road types where
congestion is more intense are also the ones where congestion is more variable. There is
also evidence in all cities that the distributions of speed are skewed to the left, i.e. there is
more dispersion below than above the median. Table 28 synthesises the zone/road type
information results of this section. The values are the average of indicators of speed in the
five cities, and come from Tables 20-27. The indicators consistently show that central areas
and major roads in Inner and Outer areas tend to have the highest variability of speeds, i.e.
highest standard deviations and interquartile ranges, highest skew indicators, and lowest 5%
percentile of speeds.
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Table 28: Indicators of variability of congestion: synthesis

Createi#e:

Zone . Inner Outer

Road importance 1/2 3 4/5 1 2 3 4/5

Standard deviation 21 21 17 15 17 16 13 12

% of mean

Interquartile range

%median 25 25 20 18 17 19 16 15

kmvh 5.2 75 438 40 | 115 7.1 49 4.2

Skew

(median-25perc)/(75perc-median) | 1.02 | 1.18 1.05 1.03 | 150 121 111 1.12
(median-5perc)/(95perc-median) 1.09 | 140 114 112 |256 153 125 1.23
5% percentile

%median 70 68 75 78 72 74 79 82

%free-flow speed 58 58 65 68 69 66 71 75

km/h 15 24 19 18 59 34 27 25

Values are the five-city averages, from Tables 20-25
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6. Trip-based indicators

The indicators analysed in the previous sections were calculated for individual roads
segments, and then aggregated for zones and road types, giving a representation of the
average conditions in those zones and road types. However, travellers can choose routes
comprising different road types and across different zones. In this section we re-estimate the
main indicators of the previous sections based on (hypothetical) trips.

We assume trips to the city centre from points in a regular 800m grid covering the Inner and
Outer zones, excluding points more than 800m away from any segment in the dataset. In a
GIS, we computed the fastest routes to the city centre, first using free-flow speeds in all
segments and then using the average peak-time speeds. We then calculated, for each point
in the grid, the total route length and travel time, the average speed, and indicators of
congestion: the proportions of travel time when speed is below 65% of the free-flow speed
and below 15km/h, the average delay, and the excess travel time. Finally, we aggregated the
results for all the points in the Inner and Outer zones and for both zones.

Figure 49: Trips to city centre: origins and destinations (London)
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Table 29 shows averages of trip length and time for trips to the city centre, by zone where
the trip starts. Differences in length reflect the size of the zones and the existence of fast
road corridors to the city centre. The second column shows the averages of the deviations
between the trip lengths (on the road network) and the respective straight line distances from
the grid points to the city centre. The values vary from 18% in the Inner zone in London to
50% in the Outer zone in Paris, values within the intervals usually found in the literature.
Differences in trip times reflect the same factors as the trip length and also congestion along
the routes to the centre. Trips from the Inner zone to the centre in London and Paris take
longer than in Copenhagen, even though the trip length is shorter.

The ranking of the cities in terms of congestion is related to their size: trips in London and
Paris (the largest cities) have lower peak-time speeds and higher indicators of congestion,
both when we consider speeds (Table 30) and travel times (Table 31). In all cities, trips
starting in Outer zones have higher average speeds and lower indicators of congestion than
trips starting in Inner zones. These differences between Inner and Outer zones are not as
marked as in the analysis in the previous sections, when the zonal indicators were based on
the aggregation of segments located in those zones (in this section they are based on the
segments used by trips starting in those zones and ending in the city centre). As trips starting
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in the Outer zones and ending in the city centre have to cross the Inner zones, where
congestion is higher, the indicators for Outer areas are more similar to the ones in Inner
areas, comparing with the previous analysis.

Table 29: Trips to city centre: length and time, by zone and functional road classification (2017)

Average trip Deviation from Average trip

length (km) straight line (%) time (mins.)
Zone Inner  Outer All Inner Outer All Inner Outer | All
London 3.3 16.7 | 15.6 18 30 29 9 33 31
Paris 3.8 15.0 | 134 33 50 47 10 26 24
Berlin 3.1 139 | 13.2 27 22 22 7 22 21
Vienna 3.2 8.8 8.0 38 30 31 6 14 13
Copenhagen | 4.2 14.4 12.0 26 23 24 7 17 15
Average 35 13.8 | 124 28 31 31 8 22 21

Table 30: Trips to city centre: speeds and speed-based indicators, by zone and functional road
classification (2017)

Average peak-time o0 3 e Hime % of travel time
gep When speed<65% 0
speeds (km/h) when speed<15km/h
free-flow speed
Zone Inner  Outer All Inner  Outer All Inner  Outer All
London 22 30 29 19 22 22 14 9 9
Paris 22 34 32 24 28 27 22 9 1
Berlin 29 38 37 15 12 12 2 2
Vienna 31 37 36 15 12 12 8 3 4
Copenhagen 33 50 46 11 8 9 4 1 2
Average 27 38 36 17 16 16 10 5 6

Table 31: Trips to city centre: travel time-based indicators, by zone and functional road classification

(2017)
Average Qelay Excess travel time (%)
(km/min)
Zone Inner Outer All Inner Outer All
London 0.54 0.47 0.48 24 29 29
Paris 0.72 0.48 0.51 31 33 33
Berlin 0.38 0.25 0.26 21 18 18
Vienna 0.37 0.24 0.25 18 15 15
Copenhagen | 0.26 0.14 0.17 15 12 13
Average 0.45 0.32 0.33 22 21 22

The maps in the following pages show the geographic distribution of three trip-related
indicators: average trip time, average speed, and excess travel time.

A wide ring of points in the Outer zone in London have travel times above 40 minutes, but in
the case of Paris, that only happens in the extreme northeast part of that zone (Figure 50).
No areas in Vienna and Copenhagen, and only a few areas in Berlin have travel times above
30 minutes.
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The patterns with average speed (Figure 51) are uniform in all cities, with higher average
speeds closer, then decreasing with distance to the centre. However, there are some
corridors in the Outer areas with higher average speeds than others. For example, the
eastern and western corridors in London have higher average speeds than the northern and
southern corridors. In Paris and Vienna, speeds are also generally higher in the areas east of
the centre than the areas west of the centre.

The map with the excess travel times (Figure 52) show generally higher values in London
and Paris than in other cities. The lowest values occur in some areas near the centre in
London, Paris, and Berlin, in contrast with Vienna and Copenhagen, where they appear
farther from the centre.

Figure 50: Trips to city centre: travel time (maps)
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Figure 51: Trips to city centre: average speeds (maps)
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Figure 52: Trips to city centre: excess travel time (maps)

London 33333 “g3E%
.. . .o
H : . . 0
e 9
H o2 R
. . .
<=10 H
© 11-20 %88 e
© 21-30 ¥ o i
* 31-40 : ® ZO
o >=41 . . e
Centre-Inner-Outer borders *s 0 5Km 0 5Km . PPN
| S | S LR

Centre-Inner-Outer borders 0f  SKm

Create,*g Page 55 of 80 Del 3.4 - Version 1.0
\



7. Further analysis: London

This section furthers the previous analyses by relating the INRIX Roadway Analytics speeds
dataset with additional datasets in London, using a GIS. The objective is to test if and how
the results change by refining the methods and relaxing some of the assumptions of our
indicators. The section is divided into five sub-sections, incorporating speed limits in the
calculation of the indicators, weighting indicators by traffic volumes and then by census data,
disaggregating the indicators by the movement and place function of the road segments, and
finally investigating the impacts of an intervention to redesign a road.

7.1. Incorporating speed limits

In practice, road speeds depend on legal speed limits, which have an influence on the way
we measure congestion, and on the policy implications of the results. If indicators of
congestion do not take into account the legal speed limits, the implication is that reducing
speed limits increases the estimated level of congestion. As congestion is usually portrayed
as a "problem"”, this will downplay the fact that the reduction of the speed limits achieves
several important objectives such as reducing collisions. On the other hand, places or
periods with a high incidence of speeds above the speed limit have a low estimated level
congestion, despite the losses in terms of road safety.

In the analysis that follows, we used publicly available data from Transport for London (TfL)
on speed limits in all roads in London. This data was matched with the INRIX speeds dataset
using GIS to relate the location of the two sets of line data. Adjustments were made to
account for the fact that some of the INRIX segments are aggregated across junctions while
in the speed limits dataset there is a separate value for each section of the road between
junctions.

The matched dataset allows us to compare speed limits with reference and peak-time
speeds. Figure 53 shows the cumulative distribution of the average speeds in segments with
different speed limits. A considerable proportion of segments with high speed limits (80 and
97 km/h) have free-flow speeds and peak-time speeds above the limit. This also happens in
the case of segments with the lowest speed limits (32 km/h) but only for the free-flow speeds,
not the peak-time speeds. Almost all the segments with 48 and 64 km/h have speeds below
the limit. The figure also shows that the higher the speed limit, the higher the speeds,
although the difference between the 32 km/h and 48km/h segments is small.
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Figure 53: Speed limits vs. free-flow and peak-time speeds: cumulative distribution (London, 2017)
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Looking at zone averages (Table 32), the average free-flow speeds and peak-time speeds
are always below the speed limits, in all three zones. The speeds in the 32km/h segments

are only significantly lower than the speeds in the 48km/h segments in the Outer zone.

Table 32: Speed limits vs. average free-flow and peak-time speeds (London, 2017)

Centre Inner Outer
Speed limit Free-flow Peak-time | Free-flow Peak-time | Free-flow Peak-time
Speed speed Speed speed Speed speed
(km/h) (km/h) (km/h) (km/h) (km/h) (km/h)
(20mph) 32km/h 21 17 26 22 29 23
(30mph) 48km/h 22 18 27 22 34 27
(40mph) 64km/h 34 33 55 50 49 41
(50mph) 80km/h - - 45 38 63 56
(60mph) 97km/h - - - - 86 80

We can also use the information on speed limits to test two further variations to the indicator
measuring the proportion of time spent in congestion, analysed in Sections 4.1 and 4.2.
These variants measure the proportion of peak time when speed is below 65% of the speed
limit, and the proportion where speed is below 65% of the free-flow speed capped at the
speed limit. We found that in the first case, the estimated proportion of time spent in
congestion is much higher than when using the original indicator (Table 33). Once again, the
conclusion is that the magnitude of the estimated congestion (and its implicit political
implications) is highly dependent of changes in a single assumption. In the second variant,
there is no impact on the values of the indicator in the Central and Inner zones, but some
reductions in the Outer zone.
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Table 33: Proportion of time in congestion: incorporating speed limits (London, 2017)

Zone Inner Outer

Centre
Road importance 1/2 3 4/5 1 2 3 4/5
% peaktime speed 84 | 8 59 58 | 13 45 37 24

<65% speed limit
% peaktime speed

<65% free-flow speed 24 30 19 11 10 22 14 7
(cappedatthe speed limit)
% peaktime speed 24 |30 19 12 | 12 23 21 10

<65% free-flow speed

Lastrow: from Table 9

7.2. Weighting by traffic volumes

The indicators of congestion presented in the previous sections capture the average
conditions across the road network. In this section, we weight the segment-level indicators by
the volumes of traffic using those segments. This allows us to capture the average conditions
for vehicles using the road network. If we disaggregate the traffic by mode of transport, we
can also compute indicators that capture the average conditions for different types of
vehicles (cars, buses, light goods vehicles (LGVs) and heavy goods vehicles (HGVS)).

This analysis uses publicly available data from the UK Department for Transport
https://www.dft.gov.uk/traffic-counts. The dataset contains the average annual daily flows by
type of vehicle in the London road network. This data was matched with the INRIX speeds
data using GIS to relate the location of the two sets of line data. Only the road segments with
data on both traffic volumes and speeds were retained for analysis. Adjustments were also
made to account for the fact that the aggregation of segments across junctions is different in
both datasets (with the DfT data being more aggregated than the INRIX data).

The matched dataset allows us to estimate the proportion of time the users of each type of
vehicle spent travelling at different speeds (Figure 54). The figure aggregates all zones of the
city and takes into account only roads with FRC above 4, due to gaps in the coverage of
FRCA4/5 roads. Across all modes, more than a quarter of the time (28%) is spent travelling at
speeds below 20km/h and more than half of the time (56%) is spent travelling at speeds
below 30km/h. These proportions are higher in the case of bus users, which also spent lower
proportion of times travelling at speeds higher than 50km/h, comparing with other users. This
result is explained by the different sets of roads used by car and bus users, with the latter
using slower roads, on average.
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Figure 54: Proportion of time travelling at different speeds (London, 2017)
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We can then estimate weighted versions of all the indicators analysed in the other sections.
Here we present the results for one of the main indicators: the proportion of peak time when
speed is below 65% of the free-flow speed. Table 34 compares the weighted indicators with
the unweighted one (from Table 9).

Table 34: Proportion of time in congestion: weighting by traffic volumes (London, 2017)

Zone Centre Inner Outer

Road importance 1/2 3 4/5 | 1 2 3 4/5
All vehicles 29 33 24 29 |10 25 27 12
Cars 29 33 24 30 |10 25 27 12
Buses 25 30 25 23 9 29 28 10
LGVs 28 34 24 29 |10 25 27 13
HGVs 29 35 24 31 9 26 28 1
Unweighted 24 30 19 12 |12 23 21 10

Unweighted indicator: from Table 9.

The indicators weighted by all vehicles are higher than the unweighted indicators across
almost all zones and road types. This shows that on average, vehicles tend to use more
congested road segments more often than less congested ones. These results are
reasonable because levels of congestion are an effect of high traffic volumes. The more
vehicles use on a road segment the closer the segment is to capacity, and so the higher the
congestion. If road segments of the same type (i.e. same FRC) have comparable capacities,
then it follows that the segments with more vehicles are more congested than segments with
fewer venhicles.

The only exception to the general pattern are FRC1 roads in the Outer zone (i.e. the parts of
the M25 motorway crossing the London boundaries), where the weighted indicator is slightly
smaller than the unweighted one.

Comparing the indicators for the different transport modes, the indicator of congestion for
buses is smaller than for other modes in the Central zone and major roads in the Inner zone,
which probably reflects the existence of bus lanes in these zones/road types. This does not
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happen in the major roads in Outer areas. There are only minor differences between
congestion for cars, LGVs, and HGVSs.

Overall, the results suggest that the unweighted indicators estimated for the five cities in the
previous sections are underestimates of the real experience of congestion for an average
vehicle using the road network, especially for private cars, LGVs and HGVs.

7.3. Weighting by census data

We can also weight the trip-based indicators of congestion by the characteristics of the areas
where the trips originate. We use publicly available data from the latest population census
(https://www.nomisweb.co.uk/census/2011) at the smallest area for which data is available
(lower super output areas). The census data is from 2011, while the other datasets are for
2017, which is a limitation of the analysis.

The analysis in Section 6 was rerun using as origins the centroids of the 25,053 census units
in London. This allows us to weight indicators by the adult population, number of private cars,
and population groups, using different segmentations. We first segmented the adult
population according to job status (not employed or employed), and for the employed
population, also by car and bus commuters. The second segmentation was according the
number of cars in the household (0, 1 or 2 or more). Then we segmented the adult
population by socio-economic occupation.

The second column of Table 35 shows the proportions of adult population, vehicles, and
population segments that are in the centre (and so are not considered in the other indicators,
which are based on trips to the city centre). The other columns show the average length and
time of trips to the city centre on the road network, estimated using the same methods as in
Section 6. Bus commuters and households with no cars have a higher propensity to live in
the centre, and when they live outside, to have shorter trip lengths and durations to the
centre, comparing with car commuters, and households with cars. Workers in occupations
with higher socio-economic status have higher propensity to live in or closer to the centre.
However, the average travel time to the centre is almost the same for all socio-economic
groups.

The last row of the table shows the unweighted values, i.e. the ones that were obtained using
the grid-base approach in Section 6 (from Table 29). As expected, the proportion of grid-
points located in the centre is much higher than the proportion of population as much of the
centre is non-residential. The proportion of population living in the centre is also higher than
the proportion of vehicles, given the lower car ownership of residents in the centre. Trip
lengths and times weighted by population are smaller than the ones based on the grid
approach and lower than lengths and times weighted by vehicles.

Table 36 shows peak-time speeds and indicators of congestion weighted by population,
vehicles, and the different population groups. There are few differences. In particular, the
proportion of time with speed below 65% of the free-flow speed, and the excess travel time
indicator are virtually the same for all the different weights. Car commuters and individuals in
households with cars travel at a slightly higher speed and face slightly smaller delays than
bus commuters and individuals in O-car households. The unweighted values in the last row
come from Table 30 and Table 31. The unweighted peak-time speeds are higher than the
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weighted ones, but the indicators of congestion are also higher, with the exception of the
proportion of travel time with speed below 15km/h.

It should be emphasized that differences among groups are explained by differences in
patterns of residence location. For example, the results show that on average, bus users
tend to live in areas where average speeds of trips to the city centre are smaller, on average,
than average speeds of the same type of trips from the areas where car users live. This
confirms the results of the previous section, which showed that on average, bus users use
slower roads than car users.

Table 35: Location in the centre, and length/ time of trips to the centre, weighted by census data (London)

conve o | Trblosmws | oot e

Population (>16) 2.3 10.5 22
All vehicles 11 12.1 25
Not employed 2.6 10.4 22
Employed 2.3 10.4 22
Bus commuter 2.4 9.1 20
Car commuter 0.5 13.0 27

0 4.2 8.4 18
% 1 1.6 11.0 23

2+ 0.7 13.1 27
§ [Rommistaiveand rofessonat| 38 9.4 21
% Admiisuae and professional | 25 10.0 22
8 | intermediate 1.5 11.4 24
E |Smemia o 16 109 23
L7 11.0 23
(3]
& | semi-Routine 15 11.0 23
é Routine 1.5 10.7 22
Unweighted (grid) 8.1 15.6 31

Unweighted indicators: from Table 30
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Table 36: Peak-time speeds and indicators of congestion for trips to the centre, weighted by census data

(London)
Peak-time % of time % of time Average Excess
speeds speed <65% delay travel
(km/h) free-flow speed Spegils I (km/min) time (%)
Population (>16) 23.6 19 9 0.44 24
All vehicles 24.1 19 8 0.43 24
Not employed 23.6 19 9 0.43 24
Employed 23.6 19 9 0.44 24
Bus commuter 23.0 18 10 0.45 24
Car commuter 24.4 19 8 0.41 24
0 22.8 18 10 0.45 24
%]
§ 1 23.9 19 9 0.44 25
2 24.3 19 8 0.41 24
C | Higher Managerial, Administrative
-g and Professional 23.1 19 9 0.46 25
g Lower Managerial, Administrative
8 and Professional 23.4 19 9 0.45 24
S | memediate 23.8 19 9 0.43 24
L Small Employers and Own
E | Account workers 24.0 19 9 0.43 24
c ) .
8 Lower Supervisory and Technical 23.9 19 9 0.43 24
]
-g Semi-Routine 23.9 19 9 0.43 24
@ |Routne 23.9 18 9 0.43 24
Unweighted (grid) 29.0 22 9 0.48 29

Unweighted indicators: from Tables 30 and 31

The maps below show three of the trip-based indicators estimated at the census unit level,
providing a more detailed representation of the geographic distribution of those indicators,
compared with the grid-based maps shown in Figures 50-52.

A wide ring of points in the Outer zone in London have travel times above 40 minutes. Travel
times increase and average speeds increase with distance to the centre, but this pattern is
not uniform in all directions, as the increase is higher in the northern and southern corridors
to the centre than in the western and eastern corridors. The pattern of excess time travel is
less regular, however, with the lowest values occurring in Inner areas near the centre.

Figure 55: Trip-based indicators, by census unit (London)

Travel time (mins.) Average speed (km/h) Excess travel time (%)

0 5Km

-4 Centre-inner-Outer borders 0 SKM W >=51 Centre-Inner-Outer borders 0 SKM . >=41 Centre-Inner-Outer borders
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7.4. Disaggregating by movement and place function of the road

The analysis in the previous sections relied on a road classification which takes into
consideration only the movement function of the roads. As it is clear from Table 2, the INRIX
functional road classification (FRC) classifies roads on the basis of what they connect.
However, in urban areas roads also have a "place" function, for example, for parking and
loading, and as public spaces where people shop, relax, and socialize. To account for this
function, Transport for London (TfL) developed a two-dimensional classification with 9 types
of roads/streets according to their significance for the movement and place functions, each
scored from 1 (local significance) to 3 (strategic significance). It is expected that the type of
users and the speeds differ in those 9 types of roads/streets (Figure 56).

Figure 56: The road/street type matrix: expected types of users and speeds (London)

Vehicular traffi .

M3

Strategic significance

230mph

‘.\M‘lxed modes |

30mph

Movement
M2

ML

.
o
P
<£20mph g M\

P1 P2 P3
Local significance Strategic significance
Place

Local significance

Source: adapted from TFL: (2013, Chapter 2, part I, p.95)

A GIS dataset with the classification of each road/street in London in the movement and
place matrix was provided by TfL to the authors for the purposes of this report. This data was
matched with the INRIX speeds data to relate the location of the two sets of line data.
Adjustments were made to account for the fact that some of the INRIX segments are
aggregated across junctions while in the movement and place dataset there is a separate
value for each section of the road between junctions.

As shown in the table below, only a small minority of the segments in the INRIX Roadway
Analytics dataset have Place significance higher than 1 (the minimum level). Roads with
Place Level 2 or 3 are particularly rare when the Movement significance is 1 (the minimum).

Table 37: Number of road segments in London, by movement and place function (%)

PLACE
P1 P2 P3

44.9 55 1.8

M3

28.4 3.1 0.7

MOVEMENT
M2

14.5 0.8 0.3

M1

Table 38 shows the free-flow and average peak-time speeds analysed in the previous
sections but now aggregated according to their classification in the Movement and Place
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matrix. The results are given in km/h, to be comparable with the other results in this report,
and also in miles per hour, to be comparable with the TfL indicative speeds shown in Figure
56.

In roads with low place significance (Level 1), the free-flow and average peak-time speeds
increase as the movement significance increase, especially when we go from Movement
Level 2 to Level 3. This does not happen in roads with Place Levels 2 and 3. Both free-flow
speed and average speeds decrease substantially when we move from Place Level 1 to 2,
for all Movement levels, but not when we move from Place Level 2 to 3.

Table 38: Speeds by movement and place function of the road (London, 2017)

Free-flow speed Average peak-time speed

PLACE PLACE
P1 P2 P3 P1 P2 P3

44 km/h 26 km/h 22 km/h 37km/h 19km/h 17 km/h
(27mph) (16 mph) (14 mph) (23mph)  (12mph) (11 mph)

34km/h 28 km/h 23 km/h 28km/h 21 km/h 17 km/h

MOVEMENT
M2 M3
MOVFMENT
M2 M3

(21mph) (17 mph) (14 mph) (A7mph) (23mph) (11 mph)
2 31km/h 23 km/h 25 km/h 2 26 km/h 18 km/h 20 km/h
(19mph) (14 mph) (16 mph) (16 mph) (11 mph) (12mph)

These results are consistent with the hypothesis of a Stage 3 transport policy, if we consider
that a higher level of service for movement implies faster speeds for motorised modes but a
higher level of service for place implies slower speeds for motorised modes. There is
extensive evidence that the place function is negatively affected by the presence of
motorised vehicles moving at fast speeds, especially in the case of people using the streets
for shopping, relaxing and socializing (Gehl 2010).

The results in Table 38 suggest that the London road network provides a better level of
service for movement (i.e. higher speeds for motorised traffic) in roads with higher
significance of the movement function and no conflicts with the place function (i.e. when the
place function has level 1). At the same time, the network provides a better level of service
for place (i.e. lower speeds for motorised traffic) when the place function becomes more
significant (i.e. when the place function has level higher than 1) regardless of the significance
for movement. This suggests a priority for the place function, which is consistent with our
hypothesis of a Stage 3 policy putting city life and wellbeing first.

When comparing the results with the matrix in Figure 56, it is also clear that both the
theoretical (i.e. free-flow) speeds and the actual peak-time speeds are always below the
values suggested by TfL for the different types of roads.

The priority to the place function has some impact on the indicators of congestion, as shown
in Table 39. When the significance of the place function is higher than the minimum,
congestion increases drastically, as measured by the proportions of peak time when the
speed is below 65% of the free-flow and below 15kph. This shows that the city is willing to
offer a lower level of provision for the movement of motorised modes (by increasing
congestion) in exchange for a higher level of provision for place activities (by reducing
speeds). The reduction of speeds can be understood here as a positive indicator of road
performance, as it encourages the place function. In fact, in places with the higher place
function (Levels 2 and 3), there is high proportion of time when motorised modes move at
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speeds below 15 kph, i.e. the speed of non-motorised modes such as bicycles. These results
strengthen our view, developed in the previous report (Jones and Anciaes 2018) that road
congestion is only one of the relevant indicators of the performance of the road network in
Stage 3 cities, as it needs to be interpreted alongside indicators that assess the provision for
the place function of roads.

Table 39: Indicators of congestion by movement and place function of the road (London, 2017)

Proportion of peak time when Proportion of peak time when
speed<65% free-flow speed speed<15kph
PLACE PLACE

P1 P2 P3 P1 P2 P3

2 22 38 30 2 9 27 38
= =
z P4
| L

g 17 34 33 g ¢ 8 23 38
3 g
s s

g 14 27 24 g 11 38 27

7.5. Effect of road design on speeds

The last section suggested that low speeds for motorised vehicles in some parts of London
may be a result of policies to improve the conditions of pedestrians and cyclists, and
encourage place-related activities, in other words, a result of "Stage 3 policies”. This section
looks at the evolution of speeds before and after a project to redesign a road in Central
London: Blackfriars Road. This road is an important link for pedestrians (as it includes the
Southwark underground station and connects with one of the bridges crossing the Thames)
and for cyclists (as it carries the North-South Cycle Superhighway). There are also important
place activities, such as waiting at bus stops. The road redesign project created new cycling
infrastructure, separated from motorised traffic. This also benefited pedestrians as it reduced
the incidence of cyclists encroaching on pedestrian space (left side of Figure 57). In some
sections, conditions for pedestrians crossing the road were also improved, by adding a
central reservation (right side of the figure). Overall, a large proportion of space was
reallocated from motorised vehicles to non-motorised modes of transport. The main phase of
the implementation of the project was from April 2015 to February 2016.
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Figure 57: Blackfriars Road improvement: before and after

May 2015

Sep.2017

Source of images: Google Maps

Figure 58 and Figure 59 show the evolution of average peak-time speeds and the proportion
of time when speeds were below 15km/h on Blackfriars Road, nearby roads (up to 1km
away) and on the other roads in Central London. We include the set of nearby roads in the
analysis to investigate any possible network effects from changes in the conditions on
Blackfriars Road. The samples consist of 15 road segments in Blackfriars Road, 326
segments in nearby roads, and 1172 segments in the rest of Central London. The smaller
charts in the bottom part of the two figures show the 3-month moving average of the same
variables as in the top part, which allow for a better visualisation of the trends.

Before the implementation of the project, the average peak-time speeds on Blackfriars Road
and on nearby roads were higher than on other roads in Central London (Figure 58). During
the implementation of the project, the speeds become lower on Blackfriars Road than in the
rest of Central London (due to road works). During that period, speeds also decreased in
Central London, but on Blackfriars Road they decreased even more. After the
implementation, speeds increased slightly on Blackfriars Road, but at about the same rate as
in the rest of Central London. In December 2017, speeds on Blackfriars Road were
considerable lower than they were before the project. Speeds on roads near Blackfriars
Road were only slightly higher than those in the rest of Central London in December 2017,
while before the project was implemented they were much higher. This may reflects
increased traffic on those roads, diverted from Blackfriars Road, decreasing speeds.



Figure 58: Average peak-time speed (km/h) in Blackfriars Road: evolution 2014-2017
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Before the implementation of the project, the proportion of time when peak-time speeds were
below 15 km/h was lower in Blackfriars Road than in the rest of London. During the
implementation phase, this proportion increased dramatically but also showed a substantial
degree of variation. After the project, the variation continued, although there are some signs
that in the future the values in Blackfriars Road will become comparable to those in other
roads in Central London. The proportion of times when the speed is below 15 km/h in
Blackfriars Road is higher at the end of 2017 than it was before the implementation of the
project, but it is difficult to separate the impacts of the project from those of other factors
affecting Central London in general, as the proportion in Central London has also been
growing. The roads around Blackfriars Road followed about the same trend as other roads in
Central London since 2014.

Overall, the results point to a decrease in speeds following the implementation of policies
that give higher priority to non-motorised modes of transport, through changes in road
design. There is also evidence that these policies increase the number of occasions when
the speed of motorised traffic goes below 15km/h, i.e. about the fastest speed of non-
motorised modes, such as bicycles, leading to a more equal balance of the level of service
provided to motorised and non-motorised modes.
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Figure 59: Proportion of time when speed is below 15km/h in Blackfriars Road: evolution 2014-2017
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8. Comparison with a Stage 1 city (Adana, Turkey)

The INRIX Roadway Analytics platform contains data on one of the CREATE Stage 1 cities:
Adana (Turkey). A "Stage 1" city, as defined in the CREATE project, is one where the focus
of policy attention is the provision for movement, and in particular for the movement of
private cars. This contrasts with Stage 3 cities, where the focus is to provide for both
movement (of all modes of transport, including non-motorised ones) and the place function of
roads, while aiming at broader objectives such as social and environmental sustainability,
and ultimately, wellbeing.

In this section we compare the performance of Adana with three of the five Stage 3 cities
analysed in the previous sections, in terms of the main indicators of speed and congestion. It
should be emphasized that this comparative analysis is between a single Stage 1 city and a
group of Stage 3 cities. Adana may have specific conditions differ from other Stage 1 cities.
As such, the objective of the analysis is not to make a robust Stage 1 vs. Stage 3
comparison. The CREATE Adana report (Cavoli 2017) describes the characteristics of
Adana as a Stage 1 city. In terms of city size, Adana'’s population is around 2 million, which is
of the same scale as Vienna, so the Adana results are more directly comparable to this city,
and to a smaller degree, to Copenhagen and Berlin. Given the differences in size, we do not
include London and Paris in the group of cities compared with Adana.

The Adana data is available from October 2014 but in this report we include only data from
2017, as the analysis focuses only on the spatial distribution of indicators, and how they
compare with three Stage 3 cities, not on the evolution of the indicators. The dataset includes
1943 road segments (Table 40), with a total length of 831km. The structure of the dataset is
different from the five Stage 3 cities as most of the segments are FRC4 roads, that is,
relatively minor roads (when comparing internationally). As shown in Table 3, in the Stage 3
cities most of the segments are FRC2 and FRC3. In Adana there is only a pair of longitudinal
FRC1 roads (Figure 45). Overall, the coverage of the network is also less extensive than in
Stage 3 cities. These differences in the road classification and coverage of the dataset are a
limitation to our comparative analysis with Berlin, Vienna, and Copenhagen.

Table 40: Adana: number of segments, by zone and functional road classification

Number of segments

Zone Centre Inner Outer
Total

FRC 1 2 3 4 5 1 2 3 4 S 1 2 3 4 5

Adana 2 0 20 105 O 25 0 73 245 0 244 111 435 683 0 1943
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Figure 60: Adana: zones and road segments

The tables that follow compare the four groups of indicators estimated in Adana with the
average of Berlin, Vienna, and Copenhagen values, as presented before. The main values in
the cells of all tables are those for Adana. The values in brackets and italics underneath the
Adana values are the averages of the three Stage 3 cities, and come from tables in the
previous sections of the report.
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Table 41: Comparison Adana and Stage 3 cities: speed-based indicators (2017)

Zone Inner Outer
- Centre
Road importance 1/2 3 4/5 1 2 3 4/5
Free-flow speeds 32 61 43 32 78 60 67 42
(km/h) @7 (43) (32) (28) (85) (51) (40) @5)
Peak-time speeds 25 53 36 28 76 55 64 38
(km/h) (23) (39) (27 (26) (82) 7) 37) (32)
26 53 37 29 75 55 64 39
Off-peak speeds (km/h)
(25) (39) (28) (26) (84) (48) (38) (33
% peak time speed 24 12 16 8 3 5 3 7
<65% free-flow speed an (14) 1) ®) @ © 5 I6)
% off-peak time speed 27 15 17 8 3 4 2 6
<65% free-flow speed (14) 1) ©) @ ©) @ ©) 16)
% peak time 17 0 3 2 0 1 0 3
speed<15kph (16) ®) ®) ® @ @ @ @
Main values: Adana
(Values in brackets/italics): Average of Berlin, Vienna, and Copenhagen (from Tables 5-7, 9-10 and 14).
Table 42: Comparison Adana and Stage 3 cities: travel time-based indicators (2017)
Zone Inner Outer
- Centre
Road importance 1/2 3 4/5 1 2 3 4/5
. 0.76 0.21 0.42 0.36 0.05 0.16 0.08 0.22
Delay (mins/km)
(0.50) (031)  (0.34) (0.30) (0.06) (0200  (0.19) (0.19)
. 34 20 28 18 5 12 7 13
Excess travel time
(21) (18) (16) (13) ™ (14 (11) (10)

Createi#e:

Main values: Adana

(Values in brackets/italics): Average of Berlin, Vienna, and Copenhagen (from Tables 15-16)
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Table 43: Comparison Adana and Stage 3 cities: indicators of variability (2017)

Zone Inner Outer
- Centre
Road importance 1/2 3 4/5 1 2 3 4/5
Standard deviation 15 1 12 1 7 9 9 1
(% of mean) (19) @8) (15) (13) (12) (14) ay @
Interquartile range 17 13 13 13 7 11 11 14
(% of median) (23) 1) (18) (15) (12) (16) (14) 13)
1.47 222 114 1.10 1.05 1.14 1.04 1.83
Skew
(1.05) (118  (107) @.07) @s7n (@1 (109 (111
5% percentile 77 78 80 82 88 85 85 83
(% of median) (72) (72) (76) 1) (79) @ ®2) 84

Main values: Adana
(Values in brackets/italics): Average of Berlin, Vienna, and Copenhagen (from Tables 20-21, 23 and 25)

Table 44: Comparison Adana and Stage 3 cities: trip-based indicators

Zone Inner Outer All
o . 4 19 18
Average trip time (mins.
getrip ( ) ™ (18) (16)
. 30 50 49
Peak-time speed (km/h)
@1 “2) (40)
% peak time speed<65% free- 18 8 9
flow speed (14) 1) ay
% of travel time when 5 1 1
speed<15km/h ©) @ @)
. 0.49 0.17 0.19
Delay (mins/km)
(0.36) (0.23) (0.25)
. 28 14 15
Excess travel time (%)
(18) (16) [€))

Main values: Adana
(Values in brackets/italics): Average of Berlin, Vienna,and Copenhagen (from Tables 29-31)

Table 41 show that the free-flow, peak-time, and off-peak speeds are higher in Adana than
the average of Berlin, Vienna, and Copenhagen, across all zones and road types, with the
exception of FRC1 roads in the Outer area. These results are consistent with previous
expectations. If we take the free-flow speeds as an indicator of the level of service the city
provides for the movement of motorised vehicles, then we would expect that a Stage 1 city
would have higher free-flow and average "real" speeds than Stage 3 cities, where the road
network is planned, and the roads are designed in order to "tame" the speeds of motorised
vehicles so that the network can provide for the needs of people using non-motorised modes
and using the road as places, given the evidence that these people are negatively affected
by the speed of motorised vehicles (Gehl 2010).

However, despite providing a better level of service, the indicators of congestion are not
always lower in Adana than in the Stage 3 cities - that depends on the zone, road type, and
indicator, as shown in the bottom half of Table 41 and in Table 42. In general, congestion in
Central areas and in minor roads is higher in Adana. In roads with importance lower than 2 in
Inner roads and lower than 3 in Outer areas (which together, represent around half of the
segments in the Adana sample), the proportion of peak time when the speed is below 65% of
the free-flow speed is much higher in Adana. However, in those roads the proportion of the
time when the speed is below 15kph (the speed compatible with non-motorised modes) is
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lower in Adana. This set of results suggests that, comparing with the three Stage 3 cities,
Adana provides a higher level of service for motorised modes (as evident in the higher
speeds), and a lower level of service for non-motorised modes and the place function (as
speeds are higher and go below 15km/h less often than in the Stage 3 cities). However, the
city faces congestion to a larger extent than the Stage 3 cities. These three aspects suggest
that Adana has, as hypothesized in CREATE, characteristics of a Stage 1 city: attaching
priority to motorised modes but still facing the impacts of road congestion.

Road speeds are also less variable than in the three Stage 3 cities, as shown in the standard
deviation and interquartile range, and do not fall as low below the median (as shown in the
higher 5% of speeds) (Table 43). However, the distribution of speeds has a higher degree of
skewness to the left (i.e. higher dispersion below the median than above the median) than in
the three Stage 3 cities.

The trip-based indicators in Table 44 show that city centre-bound trips starting in the Outer
areas have higher peak-time speeds in Adana than in the three Stage 3 cities. Trips starting
in Inner areas have average speeds similar to the Stage 3 cities but much higher congestion,
as measured by the proportion of peak-time when speeds are below 65% of the free-flow
speed and the average delay and excess travel time.

Overall, the results for Adana are broadly consistent with those of a Stage 1 city, when they
are compared with those for Berlin, Vienna, and Copenhagen. However, there is some
variation across zones and road types. The difference between Adana and the Stage 3 cities
in the Central zone is less marked than in the Inner and Outer zones (for example, peak-time
speeds are only 2km/h higher). This is also consistent with the hypothesis developed in
CREATE that a city can be at different stages of evolution, depending on the zone. Central
areas tend to progress faster to the next stage of the transport policy trajectory.
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9. Comparison with INRIX scorecard

Since 2016, INRIX publishes the INRIX Scorecard, which contains aggregate city-level
indicators of congestion, and sub-indicators by zone and time period. These indicators are
calculated using a consistent method across a large number of cities around the world,
allowing for the elaboration of a ranking of cities according to congestion. The methodology
is explained in Cookson (2018).

In this section, we look at the results presented in the previous sections alongside the ones
reported in the INRIX 2017 Scorecard for the five Stage 3 cities and Adana. It should be
emphasized that a full comparison is not possible, due to several differences in data and
methods, as shown below.

Table 45: Difference between data and methods in this report and the INRIX Scorecard report

This report INRIX Scorecard
Data Real-time GIS probe data Real-time GIS probe data with vehicle tracking
Base Segments in the road network Driving time
Weights Segment length Segment length and traffic volumes
Spatial aggregation Centre, Inner, Outer Within the city vs. In/Out of the city

By hour of day and day of the week (then
further aggregated in several alternative ways)
City-level indicators No Yes
Correction for city size No city-level indicators Yes (weight by average trip duration)

Time aggregation Peak, Daytime, Late, Weekend

The aim of this exercise is therefore simply to compare the range of values obtained in this
report with those published in the INRIX Scorecard for one indicator that features in both
reports: proportion of time the speed is below 65% of the free-flow speed in 2017. The
indicator is also defined in a slightly different way in the two methods. In the present report,
the indicator is the proportion of time the speed of vehicles in a segment is below 65% of the
free-flow speed. In the INRIX Scorecard method, the indicator is the proportion of time
drivers spent in segments where the speed is below 65% of the free-flow speed. In other
words, our approach uses road segments while INRIX approach uses road segments as
experienced by drivers. With our dataset it would not be possible to replicate the INRIX
Scorecard approach, due to the lack of data on trip duration, volumes of traffic by segment,
and whether that traffic is going in and out of the city or is moving only within the city.

Table 46 shows the results using both methods. The main values in the cells are the driving
time spent in congestion from the INRIX 2017 Scorecard. The values for the "late" period are
not aggregated into a single indicator, and the weekend value does is not disaggregated into
"In/Out" and "Within". There is also no information in INRIX reports on the exact hours
included in the calculation of the "daytime", "late" and "weekend" indicators. The sub-
indicators are aggregated in at the city level in two different ways: as a simple average and
weighted by traffic levels and trip durations (the INRIX Congestion Index).

The range of values in brackets and italics underneath the INRIX Scorecard values are the
ones estimated using our methods. The peak-time values come from Table 9 and the off-
peak time ones come from Table 10. The "late" and weekend values are not presented in the
report but were also estimated using the same method described in Section 4.1. Late is
defined as the period from 22:00 to 6:00 on weekdays and weekend as all day on Saturdays,
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Sundays, and public holidays. We present the range of values we obtained for the different
zones and road types, as we did not aggregate these into a single city-wide indicator.

Table 46: Proportion of peak time when speed is below 65% of free-flow speed: comparison with INRIX

scorecard:
Peak Daytime Late All
Weighted
Zone within - 2 1Al | within 2L Al | within 2 Weekend /fvi?rglfe .
Index)
London 23 16 20 17 8 12 10 2 13 13 14.1
(10-30) (5-24) (1-4) (2-11)
Paris 18 24 21 11 12 12 8 7 9 13 13.1
(9-36) (4-30) (1-5) (2-13)
Berlin 22 24 23 8 17 18 8 2 9 14 8.3
(3-17) (3-13) (1-2) (1-4)
Vienna 27 19 23 22 7 15 12 2 8 14 7.9
(4-16) (2-13) (1-3) (1-5)
Copenhagen 16 13 14 12 1 6 9 1 6 8 4.5
(3-17) (2-17) (1-3) (1-5)
All Stage 3 21 19 20 14 9 13 9 3 9 12 9.6
(6-22) (4-19) (1-3) 1-7)
Adana 11 7 9 8 8 8 5 3 6 7 34
(3-24) (2-27) (1-4) (2-13)

Main values: From INRIX Scorecard (http://inrix.com/scorecard)
(Range of values in brackets/italics): Interval of zone and FRC indicators, from Table 9 and 10 of this report and further analysis

Our range of values for the peak and day-time period is broadly consistent with the overall
INRIX indicator in the cases of London, Paris, Copenhagen, and Adana. In the cases of
Berlin and Vienna, the INRIX indicators for peak time and daytime are higher than the upper
limit of our range of values and higher than the INRIX indicators for those periods in London
and Paris. The discrepancy for these two cities may be because the INRIX Scorecard
method includes information on trip durations. Our indicators for Berlin and Vienna are
smaller than those for London and Paris. However, considering that Berlin and Vienna are
much smaller in overall population (as shown in Table 1), which is reflected in lower average
trip durations, then their level of congestion can be considered as being higher than in
London and Paris. The rationale is that the population in larger cities can expect a higher
level of congestion due to longer travel times and more competition for road space.

The INRIX indicators for the "late" and weekend periods are also higher than the upper limit
of our range of values in all cases. This could be because INRIX uses a different definition of
those periods, probably not including the late night time in the "late" indicator and the off-
peak and night-time in the weekend indicators.
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10. Discussion and conclusions

This report analysed statistical, spatial, and time patterns and the evolution of congestion in
five European cities that have similar transport policies, using a common set of indicators
covering several aspects related to the intensity and variability of congestion, and comparing
the information provided by the different indicators. In this section we synthesize the main
results of the report regarding congestion patterns and the performance of the different
indicators, discuss the main limitations of the analysis, and suggest directions for further
research.

Congestion patterns

The results suggest that congestion depends on city size, as all the indicators consistently
ranked London and Paris as the cities with more intense and more variable congestion,
comparing with smaller cities in terms of population (and total number of jobs and other trip
attractors). In contrast, Copenhagen, the smallest city in our analysis, is the least congested
one. These results do not necessarily mean that congestion is "worse" in London and Paris.
Trip lengths are longer, and demand for road space in those cities is stronger in those cities,
SO we can argue that users expect a certain level of congestion, and may not perceive the
same level of congestion as badly as in smaller cities.

There are important differences within cities, with speeds decreasing and congestion
increasing as we move closer to the city centre. This is consistent with our hypothesis of
multi-stage cities. Some zones, more central, tend to be at Stage 3 of the transport policy
trajectory, having lower road speeds, compatible with the safe and enjoyable movement of
non-motorised modes and with place activities. Other zones, less central, are still at Stage 1,
with higher levels of service for the movement of motorised modes.

In all cities, roads with more importance for movement have better levels of service (i.e.
higher speeds) than roads with less importance, with shows that the transport system is still
providing for the movement of motorised vehicles - a Stage 3 city does not ignore needs for
movement by motorised modes, it balances these needs with those for the movement of
non-motorised modes and for place activities.

Further analyses of speeds in London revealed characteristics of a Stage 3 city giving priority
to non-motorised modes of transport and the place function of the road, as road speeds tend
to decrease in areas where these modes and functions are more significant. The analysis of
the impacts of a road redesign policy to improve conditions of pedestrians and cyclists also
revealed a decrease in average speeds.

These results suggest that in a Stage 3 city reducing speeds should not necessarily be
interpreted as an increase in “congestion” — and consequently as a “problem”, as the
reduction of speeds is an important component of policies to address the needs for road
users other than those using motorised modes. In a city where streets are seen as an
important part of urban public space, it might be acceptable to have lower speeds in order to
increase the attractiveness of the streets for pedestrians and cyclists and to improve the
quality and experience of the urban realm.
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Comparing the results for a Stage 1 city (Adana, Turkey) with those for Stage 3 cities similar
in size (Berlin, Vienna, and Copenhagen) also showed that the road transport system in
Adana provides a better level of service (i.e. higher speeds), which matches the
characteristics of a car-centred transport system typical of a Stage 1 city.

Indicators of congestion

The comparison of the different indicators showed the importance of a multi-dimensional
analysis of congestion, as some patterns are evident only when using some indicators. For
example, we found a trend across time of increased congestion in all cities when looking at
the proportion of time when the speeds are below a certain threshold (15km/h), but this trend
was not as evident when looking at other indicators. Our sensitivity analyses also showed
that relaxing a single assumption in the methods can result in very large impacts on the
values of the estimated indicators. This is for example the case of changing the threshold of
speed defining congestion (from 65% of the free-flow speed to 50% or 75%) or changing the
definition of free-flow speed (from the 66% percentile of all speeds to the maximum hourly
speed or the speed limits).

Using a consistent set of indicators also highlighted significant differences in patterns of
speed and congestion in the cities. For example, we found fewer peak/off-peak variations in
speed and congestion in London and Paris than in other cities, and higher seasonal
variations in Paris (where speeds increase dramatically in August) than in other cities.

The combination of indicators of intensity and variability of congestion also highlighted an
important aspect: cities, zones, and types of road that are more congested are also the ones
where congestion is more variable (even when controlling for the level of intensity). In
addition, we found interesting patterns in congestion when using indicators that are not often
used in transport policy and research. For example, there is evidence that the day-to-day
distribution of speeds tend to be skewed to the left, i.e. there is more dispersion in speeds
below the mean - an important aspect that can contribute to the frustration of road users and
something that is not captured when looking at average speeds or the dispersion of those
speeds.

Limitations

Our analysis is limited by the fact that we did not have access to traffic volumes (except in
London, where we used simple annual averages of traffic flows). This explains why our
estimated speeds and indicators of congestion slightly overestimate speeds and
underestimate congestion, comparing with published data on the five cities - see for example
London results in our previous report (Jones and Anciaes 2018). This discrepancy is
because our results are based on the road network, while the “real” experienced speeds
reflect actual driving patterns on that network. As there is more traffic in congested links by
definition, then taking only length-weighted averages of segments, not traffic-weighted
averages, leads to an overestimation of speeds.

The lack of travel volumes also prevented us from estimating relevant indicators such as the
overall time spent travelling at different speeds or in congestion, and the number of hours of
delay — indicators that are useful for estimating the overall economic cost of congestion.
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As most of our analysis was aggregated by city zones and road types, our results provide a
general view of congestion patterns, which may not apply to specific road corridors in the
city. Also, as we used average speeds per segment, we could not differentiate between the
speeds of different modes of transport. In general, buses move slower because of the need
to stop at bus stops, although they can move faster than cars in road segments that have
bus lanes.

Our trip-based approach to estimate congestion also relied on a strict concept of accessibility
to the city centre, not taking into account that the effect of congestion is to reduce overall
accessibility in the sense that it shrinks the area that can be reached within a given travel
time.

Directions for further research

To understand road speeds in the light of policy priorities regarding movements by different
modes of transport and “non-movement” activities, the analysis of this report could be
extended by relating the estimated indicators with the characteristics of the roads such as the
number of lanes for motorised vehicles, speed limits, presence of bus and cycle lanes, public
transport accessibility levels, and type of public space. While some of these factors were
included in Section 7 for London, a full understanding of their role would require a cross-city
comparison similar to the one we did for the other indicators.

There are also other variants of the indicators that we did not test but which could provide a
different picture of patterns of congestion, for example, replacing the free-flow speeds with
other reference values representative of “uncongested” conditions, such as historical speeds
(averages of all speed values available on each road segment), fixed values by road type (for
example, the free-flow speeds for each road type averaged across several cities), or free-
flow speeds capped at a speed judged to be compatible with the importance of the place
function of the road.

We must emphasize that our indicators of congestion represent only the conditions for road
users in private motorised vehicles (e.g. cars, vans, etc.) and, to a lesser extent, to bus
users. Stage 3 cities are characterised by a balance of modes of transport. Users of buses
on bus lanes, users of non-road modes of transport such as trains and underground, and
pedestrians and cyclists, are not affected by road congestion. A transport system with a large
proportion of users of these means of transport (such as all the five cities in our analysis) can
be judged to be performing well, as the proportion of users not affected by congestion more
than compensates the levels of congestion experienced by users that are affected (see
Section 4.2.1 in Jones and Anciaes 2018). In addition, the low speeds associated with
congestion facilitate the movement of pedestrians and cyclists and the non-movement
function of the road system.

Finally, there are also a number of aspects that we did not cover in this report, but which are
relevant for a full assessment of the performance of the transport system in Stage 3 cities:

e Parts of car travel time usually not accounted for, such as times spent cruising for
parking — new sensor-based data can capture parking occupancy and estimate times
required to access a parking area with available places.
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Finally,

Performance indicators for buses and non-road based public transport and non-
motorised modes of transport. For example, for buses, this could include the
proportion of scheduled services operated 'on time', crowding levels, or excess travel
times or waiting times.

Person movements (rather than vehicle movement), by all modes of transport -
taking into account data on multi-modal trips and vehicle occupancy

Subjective indicators, such as perceptions of congestion and customer satisfaction
scores for the different travel modes

Non-movement activities. Relevant indicators could include levels of access to and
servicing of street frontages, level of economic, social, and cultural activities, and the
physical condition of, and the experience provided by the street environment.

congestion is only one of the aspects that are relevant for judging the success of

Stage 3 transport policies. In Part 3 of CREATE Deliverable 5.2 (Curtis et al. 2018), we
discuss a broader range of aspects and propose indicators to measure those aspects, such
as the number and length of trips people make, trip quality (which includes reliability of trip
times), time use while travelling, personal security, street liveability, time spent in places,
health and wellbeing, spatial and social connectivity, equity and social inclusion, and visual
aspects.
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