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Executive summary

Previous research at TRL has shown that a reduction in vehicle speeds generally leads to a reduction
in the number and severity of accidents. On average, each 1mph reduction in speed is expected to
reduce the injury accident frequency by about 5%.

There are a number of ways in which substantial speed reductions can be achieved and one of these is
the “20 mph zone’ in which the 20 mph limit is indicated by boundary signing and physical traffic
calming measures are used to provide a self enforcing speed reducing element. The use of 20 mph
speed limit signs alone, without supporting traffic calming features is likely to lead to only small
speed reductions of about 1 mph.

A national study of two hundred 20 mph zones in Great Britain was carried out by TRL in 1996 for
the DfT, which showed that 20 mph zones were beneficial in reducing speeds and accidents. Speeds
within the zones were reduced by 9 mph, traffic flows were reduced by 27%, injury accidents (all
categories combined) were reduced by 61% and fatal and serious accidents (KSI accidents) were
reduced by 70%.

In October 2002, TRL were commissioned by the London Accident Analysis Unit (LAAU) to review
the performance of 20 mph zones in London. This present study applies a similar methodology used
for the DFfT study to the many 20mph zones in London, allowing (among other things) a comparison
of the changes in accident frequency for the London schemes against 20 mph zones in other areas.
Only five of the 20mph zones in London were included in the previous study as, at that time, many
had not been installed long enough to obtain the required minimum of 12 months *after’ accident
data.

Initial contact with the London Boroughs indicated that the number of 20 mph zones being installed
in London had increased from about 5 per year (up to 1999) to over 30 per year by 2002 with a
current total of about 137 installed zones. Further information was requested from the Boroughs and
detailed information was received for 115 of the 137 zones. Most of the zones were in residential
areas with over half containing schools or colleges. The main traffic calming measures used within
the zones were road humps, raised junctions and speed cushions. On average, the measures were
spaced between 50 and 95 metres apart.

Seventy eight of the 20 mph zones in London had been in long enough for at least a year of “after’
accident data to be available for analysis. ‘Before’ periods of 5 years were used and the average
‘length’ of the after periods was about 3 years. The results indicate that:

o the overall average ‘after’ mean traffic speed within the 20 mph zones in London was about 17
mph (22 zones).

e mean traffic speeds have reduced by an average of about 9 mph and traffic flows by an average of
about 15% since the installation of the 20 mph zones (note: only a limited amount of speed (14
zones) and flow (11 zones) data was available).

o allowing for background changes in accident frequency on unclassified roads in London, the
installation of 20 mph zones in London has reduced the frequency of injury accidents within the
zones by about 42% and reduced the frequency of accidents involving fatal or serious injury
(KSI) by about 53% (78 zones).

o the average ratios of KSI accidents to all injury accidents fell from 0.17 to 0.13 following the
zone installations (78 zones).

o little, if any, accident migration has taken place from the 20 mph zones (38 zones).

e over the ‘before’ period, the numbers of accidents per km per year on 20mph zone roads were, on
average, more than twice those on other unclassified roads in London .

¢ allowing for background changes in road user casualty frequency on unclassified roads in
London, the installation of 20 mph zones in London has reduced the frequency of road user
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casualties within the zones by about 45% and reduced the frequency of fatal or serious (KSI)
casualties by about 57% (78 zones).

The average ratios of KSI casualties to all casualties fell from 0.16 to 0.12 following the zone
installations (78 zones).

the average annual reduction in fatal and serious (KSI) casualties per 20 mph zone is 0.48. This is
equivalent to an annual saving of about 66 KSI casualties across all one hundred and thirty seven
20 mph zones in London. NB Each serious casualty is currently valued at £134,000 by DfT (DfT,
2002) which is therefore equivalent to £8.84 million. This is a conservative estimate because fatal
casualties are valued at £1.19 million each which would increase the overall value but predicting

reductions in fatal casualties is imprecise because of the small numbers involved.

there were statistically significant reductions in the KSI casualty frequency within the 20 mph
zones for the following classes of road user: pedestrians (50%), child pedestrians (61%), pedal
cyclists (50%), powered two wheelers (68%), car occupants (77%), and all child casualties (60%)
[78 zones].

allowing for background changes in KSI casualty frequency on unclassified roads in London, the
installation of 20 mph zones has reduced the frequency of child KSI casualties within the zones
between 45% and 60%, pedestrian KSI casualties between 39% and 50%, pedal cyclist KSI
casualties between 30% and 50% and powered two wheeler casualties between 79% and 68% (78
zones).

The results of this study are very encouraging, suggesting large accident and casualty savings.
However, the results also leave many questions unanswered. To answer the questions was either
outside the scope of the present study or due to a lack of available data and so it is recommended that:

further work is undertaken to assess the potential benefit of more extensive use of 20mph zones

future schemes are more fully monitored and analysed, preferably in a comprehensive way, in
order to better understand good practice

an in depth study into the effect of 20mph zones on powered two-wheelers be undertaken.
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1 Introduction

Research at TRL has shown that a reduction in vehicle speeds generally leads to a reduction in the
number and severity of accidents, (Finch et al, 1994) and (Taylor et al, 2000). Broadly, each 1 mph
reduction in speed is expected to cut injury accident frequency by 5%.

There are a number of ways in which substantial speed reductions can be achieved and one of these is
the “20 mph zone’ in which the 20 mph limit is indicated by boundary signing and physical traffic
calming measures are used to provide a self enforcing speed reducing element (DfT, 1999).

The use of 20 mph speed limit signs alone, without supporting traffic calming features is likely to
lead to only small speed reductions of about 1 mph (Mackie, 1998). The review of urban speed
management methods by Mackie also indicated that there was little reduction in injury accidents in 20
mph zones and (30kph zones) which used signs alone apart from the city of Graz in Austria (13%
reduction) where the signs-only installations were accompanied by a comprehensive publicity and
enforcement campaign.

A national study of two hundred 20 mph zones in Great Britain was carried out by TRL for the DfT,
which showed that 20 mph zones were beneficial in reducing speeds and accidents (Webster and
Mackie, 1996). The main results of the report were that:

e Speeds were reduced by 9 mph

o Flows were reduced by 27%

e Injury accidents (all severities) were reduced by 61%

o Fatal and serious accidents (KSI accidents) were reduced by 70%

e Pedestrian injury accidents were reduced by 63%

e Pedal cyclist injury accidents were reduced by 29%

e Motor cyclist injury accidents were reduced by 73%

o Child (pedestrian and cyclist) injury accidents were reduced by 67%

e The ratio of fatal and serious accidents (KSI accidents) as a proportion of the total was reduced
from 0.21 to 0.16.

e Injury accidents were reduced by 6.2% for each 1mph speed reduction
e There was no apparent overall accident migration on the surrounding roads

This level of reduction in accidents and casualties is supported by more recent data from the City of
Hull where 26% (191 km) of the city’s roads are subject to 20 mph speed restrictions. One hundred
and twenty 20 mph zones have been installed since 1994 covering 500 streets. Injury accidents in the
zones have decreased by 56%; KSI accidents by 90%; pedestrian casualties by 54%; child casualties
by 64%: and child pedestrian casualties by 74% (Brightwell, 2003).

In October 2002, TRL were commissioned by the London Accident Analysis Unit (LAAU) to review
the performance of 20 mph zones in London. Only five of the 20mph zones in London were included
in the earlier DfT national study as, at that time (1996), many had not been installed long enough to
obtain the required minimum of 12 months *after” accident data. This present study applies a similar
methodology used for the DfT project to the many 20mph zones in London, allowing (among other
things) a comparison of the changes in accident frequency for the London schemes against 20 mph
zones in other areas.

Section 2 of this report provides information about the 20 mph zones in London, Section 3 considers
their impact on injury accidents, Section 4 considers their impact on casualties, Section 5 considers
the changes in changes in traffic speeds and flows within the 20 mph zones and Section 6 contains the
summary of results and conclusions.
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2 20mph zones in London

2.1 Data collection

In November 2002, TRL contacted all London Boroughs to determine how many 20 mph zones they
had installed and to obtain information concerning the location of the zones, the installation period,
plans of the zones and the types of measures used in the zones. It was estimated from the initial
contact that there were about 137 zones (see Figure 2.1). Further information was requested from the
Boroughs and detailed information was received for 115 of the 137 zones (see Appendix A). Seventy
eight of the 115 zones had been in long enough for at least a year of ‘after’ accident data to be
available for analysis.

The Boroughs were also asked for any speed or flow measurements made before or after the zones
were installed. This data was added to the information that TRL had already acquired on 20 mph
zones in London from previous studies.

ﬂ |
<8

Ealing

Figure 2.1 Numbers of 20 mph zones in London as at November 2002 (137 total)

2.2 Implementation of schemes

The implementation dates of the schemes are summarised in Figure 2.2 which shows how the number
of 20 mph zones installed in London has increased from about 5 per year (up to 1999) to over 30 per
year by 2002. The number for 2003 (which is a part year) is on course for a similar number to 2002.

No Boroughs reported that any 20 mph zones had been removed after installation and it was believed
that the roads within the zone were originally subject to a 30 mph speed limit.
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Figure 2.2 20 mph zones in London — number installed in each year (03 part year)

2.3 Types of schemes

It was found that 102 (89%) of the hundred and fifteen 20 mph zones were ‘area’ zones and 13 (11%)
were ‘linear’ zones. The ‘linear’ zones were those that consisted of only one road.

There were 40 (35%) purely residential zones, 70 zones (61%) containing schools and 5 zones (4%)
which were town /city centres or mainly commercial zones.

2.4 Types of traffic calming measures used

Information on the types of traffic calming measures used within the 20 mph zones was provided by
the London Boroughs for 95 of the zones (see Appendix B). Examples of the measures used in Ealing
(zone 29), Kingston (zone 55) and Sutton (zone 101) are given in Figures 2.3, 2.4 and 2.5.

Road humps (flat-top and round-top) Roads humps are an effective and versatile traffic calming
measure. Round-top humps were used in 49 zones (52%) and flat-top humps in 70 zones (74%). The
most common height for the humps was 75 mm (see DfT, 1999). This height was used in about 80%,
of the zones with road humps; the remainder used humps in the range 75 to 200 mm high.

Raised junctions Raised junctions are a form of flat-top road hump covering the whole junction. The
extent to which a raised junction extends into the side road depends on the local factors at the site.
They were used in 26 zones (27%) mainly combined with road humps.

Speed cushions Speed cushions were developed to reduce the discomfort / delay to large vehicles
such as buses and fire appliances. For cars, the speed reduction achieved is mainly determined by
cushion width with narrower cushions allowing higher speeds. Speed cushions were used in 42 zones
(44%), mainly combined with road humps and raised junctions. Four zones in LB Southwark used
only speed cushions (Zones 96, 97, 98 and 100).

The most common height of the cushions used in the 20 mph zones was 75 mm (94%); the others
were 80 mm high (6%). The most common width of the cushions was 1.6 m (64%). Other widths of
cushion used were 1.7 m (17%), 1.8 m (11%) and 1.9 m (8%).
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Chicanes Chicanes generally cause less discomfort than road humps but they are more expensive and
not so effective at reducing speeds. They can be unpopular with residents for a number of reasons:
little speed reduction for powered two wheelers, fear of collisions with opposing traffic, loss of
parking space and difficulty in using accesses. Chicanes were not very common and were used at only
2 (2%) of the 20 mph zones in London.

Raised footway Raised footways are a form of flat-top hump which is used to raise the footway at the
entrance to a zone.
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Figs 2.3a and 2.3b

Signing and raised footway
across entrance to 20 mph zone

Fig 2.3d Flat-top hump and
controlled parking bays

Figure 2.3 Five Roads 20 mph Zone, LB Ealing (zone 29 - first part of
phased installation of Five Roads Home Zone)
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Figs 2.4a, 2.4b and 2.4c showing
20 mph zone signing and road
narrowing at entrance gateway

Fig 2.4d Round-top hump

Figure 2.4 The Groves 20 mph Zone, LB Kingston (zone 55)
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Fig 2.5a Road narrowing and
signing at entry to 20 mph zone

Fig 2.5b Signing on exit from
the 20 mph zone

—

Bl T .
T R

Fig 2.5¢ Parking along road with
round-top humps

Figure 2.5 Worcester Park 20 mph zone, LB Sutton (zone 101)

TRL Limited 9 PR/T/077/03



Unpublished Project Report Version: 1

2.5 Spacing of measures

Ideally the physical traffic calming measures used in the 20 mph zones should not only keep speeds
low but also encourage a smooth driving style through the zone. In order to achieve this, the measures
should be spaced about 60m to 70m apart (DfT, 1999).

Information on the spacing of the traffic calming measures was available for 74 of the 20 mph zones
from the plans supplied by the Boroughs. The maximum and minimum spacings of the measures were
recorded for each of the zones and overall averages obtained. The average ‘minimum’ spacing was
about 49m and the average ‘maximum’ spacing was about 94m.

2.6  Length of roads

The maximum length of road comprising one zone was 14.5 km in Plashet Residential Haven,

LB Newham (zone 76) and the minimum was 0.15 km in Watling Street, City of London (zone 26).
The average length of road in each zone was 3.4 km. The total length of all roads in the zones was
391 km including short lengths that did not have speed-reducing measures. The total length of the
roads in the 20 mph zones used for the accident analysis was 253.4km (see Section 3.2).

2.7  Size of schemes

The largest 20 mph zone was in Waverley, LB Southwark (zone 97) which has an area of 2.08 km?.
The smallest (excluding the linear zones) was Cabul Road, LB Wandsworth (zone 114) with an area
of 0.02 km?. The average size of all of the zones was 0.35 km?.

3 Impact on injury accidents

3.1 Data collection

As was mentioned in Section 2.1, detailed information was received from the London Boroughs for
115 of the 137 zones. Seventy eight of these 115 zones had been in long enough for at least a year of
‘after’ accident data to be available for analysis.

The following information was determined for each of the 78 zones:
e The date that construction started

e The date that the 20 mph zone was finished

e The roads (wholly or partly) contained within the 20 mph zone.

o Whether there were well defined boundary roads onto which any displaced traffic might have
transferred.

This information enabled a ‘before” injury accident period of 5 years to be specified for each zone.
This was generally taken as 5 calendar years. Calendar years were used because some Boroughs
could not be precise as to when the scheme started e.g. “in the summer of 1998’.

Schemes which had traffic calming measures installed before the introduction of the 20 mph zone and
schemes which were installed in phases, had their 5 year ‘before’ period finishing before the traffic
calming or first phases were installed. The 3 phases in North Tottenham (zones 43, 44 and 45) were
self contained and separated by main roads that were not part of the 20 mph zones and hence they
were all treated individually.

TRL Limited 10 PR/T/077/03



Unpublished Project Report Version: 1

The dates when the 20 mph zones were completed were generally known so there was less of a
problem with the specification of the ‘after’ periods. The start of each “after’ injury accident period
was taken as the first complete month after the 20 mph zone was completed. The lengths of the ‘after’
injury accident periods were constrained by the data available. The maximum length was five years
and the minimum was one year.

The information for each zone specifying the ‘before’ and ‘after’ injury accident periods and the
roads contained within the zone was sent to the London Accident Analysis Unit (LAAU) who
extracted the relevant accident and casualty data. LAAU also supplied accident data for the boundary
roads around some thirty eight 20 mph zones (see Section 3.4), and ‘control data’ for unclassified
roads and other ‘A’ and ‘B’ class roads in London (see Section 3.6).

Most zones were on minor roads and most boundary roads were main roads. Therefore, it was
decided to use all unclassified roads in London as “control’ data for zone roads and all ‘A’ and ‘B’
roads in London as ‘control’ data for boundary roads. This data was supplied by LAAU.

3.2 Changes in annual accident frequency

The numbers of ‘before’ and ‘after’ reported injury accidents (slight, serious and fatal) in each of the
seventy eight 20mph zones are given in Appendix C. In the ‘before’ period, the annual frequency of
injury accidents ranged from 0 accidents per year (six schemes) to about 20 accidents per year (St
Peter’s Street, LB Islington). Four schemes had no accidents in the *before’ or “after’ periods.

Details of the changes in the annual frequency of injury accidents are given in Table 3.1. During the
‘before’ period there were 1660 reported injury accidents in 4680 site months giving an overall
‘before’ accident frequency of about 4.3 accidents per year per site. During the “after’ period there
were 590 reported injury accidents in 2930 site months giving an overall “‘after’ accident frequency of
about 2.4 accidents per year per site.

Table 3.1 Accidents in 20 mph zones in London (78 zones)

No of accidents No of months Accslyear/site % diff. Stat.

Before | After | Before | After Before After | Beforeto | Signif.

after
All injury accidents 1660 590 4680 2930 4.256 2.416 -43.2 Yes
KSI accidents 282 77 4680 2930 0.723 0.315 -56.4 Yes

The overall annual accident frequency has reduced by 43% (1.84 accidents per year per 20 mph zone)
between the ‘before’ and “after’ periods. This reduction in accidents is highly statistically significant
at the 99% level using the chi-square test with 1 degree of freedom showing that the reduction is
unlikely to be due to chance. (See Appendix D for details of the significance test.)

The total length of roads in the seventy eight 20 mph zones used for the accident analysis was 253.4
km. Giving a ‘before’ overall accident frequency of 1.31 accidents per year per km and an “after’
accident frequency of 0.74 accidents per year per km.

3.3 Accident severity

Accidents in which there are fatalities or serious injuries are grouped together as killed and seriously
injured (KSI) accidents. Details of the changes in the annual frequency of KSI accidents are also
given in Table 3.1.
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During the *before’ period there were 282 KSI accidents (7 fatal and 275 serious) in 4680 site months
giving an overall ‘before’ KSI accident frequency of about 0.7 accidents per year per zone.

During the “after’ period there were 77 KSI accidents (4 fatal and 73 serious) in 2930 site months
giving an overall ‘after’ KSI accident frequency of about 0.3 accidents per year per zone.

The annual frequency of KSI accidents has reduced by 56% (0.41 accidents per year per 20 mph
zone) between the ‘before’ and after periods. This reduction in accidents is statistically significant at
the 95% level using the chi-square test with 1 degree of freedom showing that the reduction is
unlikely to be due to chance.

The average ‘before’ severity ratio (proportion of total injury accidents that are fatal and serious) was
0.170. The “after’ severity ratio (KSI accidents/all reported accidents) reduced to 0.13. This change in
the proportion is also statistically significant at above the 95% level according to the Z test statistic.

3.4 Accident migration

A possible concern of traffic calming schemes is that traffic and accidents may be redistributed to the
neighbouring surrounding area, as drivers choose different routes, so as to avoid the speed reducing
measures. This possibility was investigated for 38 of the 20 mph zones where there were clear
boundary roads onto which driver route changes may have occurred and increased the potential for
transfer of accidents.

Details of the changes in the annual frequency of injury accidents on the boundary roads are given in
Table 3.2. On the boundary roads, there were 4605 reported injury accidents in 2280 ‘before’ site
months and 3066 reported accidents in 1554 ‘after’ site months. The overall annual accident
frequency reduced by 2% (0.56 accidents per year per site) between the ‘before” and “after’ periods.
This reduction in accidents is small and not statistically significant. The annual KSI accident
frequency also reduced by 2% (0.07 accidents per year per site) between the ‘before’ and ‘after’
periods. This reduction in accidents is also small and not statistically significant.

These results suggest that little, if any, accident migration is taking place onto the boundary roads but
see also Section 3.6.

Table 3.2 Accidents in 20 mph zone boundary roads in London (38 zones)

No of accidents No of months Accslyear/site % diff. Stat.
Before | After | Before | After Before After Before Signif.
to after
All injury accidents 4605 3066 2280 1554 24.24 23.68 -2.3 No
KSI accidents 715 478 2280 1554 3.76 3.69 -1.9 No

3.5 Accidents at/near junctions

A high proportion of accidents take place at or near junctions because of the inevitable conflicts with
other road users when vehicles turn into or out of a junction. The proportions of all accidents that
occurred at junctions were 70% ‘before’ the implementation of the 20 mph zones and 68% ‘after’.
This “before’ to “after’ change was small and not statistically significant.

An analysis of the following accident types were carried out:-
Car/Car (Accidents involving only cars)
Car/Pedestrian (Accidents involving a car and a pedestrian)
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Car/Pedal cyclist (Accidents involving a car and a pedal cyclist)
Car/Powered 2 wheeler (Accidents involving a car and a powered 2 wheeler)

Goods and buses/Pedestrian (Accidents involving a goods vehicle or bus and a pedestrian)

The proportion of Car/Car accidents that occurred at junctions was 81% in the ‘before’ period and
79% in the “after’ period. The corresponding proportions for Car/Pedestrian accidents were 54%
‘before’ and 57% “after’. These were the largest two categories of accidents, and both the changes
were small and not statistically significant. There was no evidence that the proportions of the other
accident types given above, that took place at a junction, were affected by the installation of the 20
mph zone.

3.6 Comparison with trends for accidents on roads in London

3.6.1 20 mph zones

The results in Sections 3.2 and 3.3 indicate that the 20mph zones in London have had a large impact
on accidents within their boundaries. However some adjustments to the magnitude of the changes are
required to allow for general underlying changes in accident frequency on roads within London
during the time covered by the ‘before’ and “after’ periods.

The reductions in injury accident frequency in the 20mph zones (43% all accidents, 56% KSI
accidents) are substantially greater than the trends on unclassified roads within London, which if the
average ‘before’ and ‘after’ periods are taken as 5 years (1% September 1992 to 31* August 1997) and
3 years (1* November 1998 to 31% October 2001) respectively, show a 4% reduction in all accidents
and a 12% reduction in KSI accidents (see Table 3.3).

Table 3.3 Accidents on all unclassified roads in London

No of accidents No of years Accslyear % diff.

Before | After | Before | After Before After Before to

after
All injury accidents 30112 | 17400 5 3 6022 5800 -3.7
KSI accidents 4681 2470 5 3 936 823 -12.1

Making full allowance for these trends on unclassified roads (i.e. assuming that they have been
brought about by other factors than 20 mph zones — improved education and training for example) the
present results for 20mph zones in London represent an overall reduction in injury accidents of 41%
and a 50% reduction of accidents involving serious or fatal injury (both changes remain statistically
significant). In reality, however, the 20 mph zones will have contributed to some of the accident
reductions on unclassified roads within London; and the present results for the 20 mph zones are best
interpreted as bringing about:

o areduction of between 41% and 43% for all injury accidents.

o areduction of between 50% and 56% for accidents involving fatal or serious injury.

TRL Limited 13 PR/T/077/03



Unpublished Project Report Version: 1

3.6.2 Boundary roads

The reductions in injury accident frequency on the boundary roads outside the 20 mph zones (2.3%
all accidents, 1.9% KSI accidents) are not substantially different from the trends on ‘A’ and ‘B’
classified roads within London, which if the average ‘before’ and ‘after’ periods are taken as 5 years
(December 1991 to November 1996) and 3 years (June 1998 to May 2001) respectively show a 0.5%
reduction in all accidents and a 3.6% reduction in KSI accidents. (see Table 3.4)

Table 3.4 Accidents on all ‘A’and ‘B’ class roads in London

No of accidents No of years Accslyear % diff.

Before | After | Before | After Before After Before to

after
All injury accidents 136117 | 81244 5 3 27223 27081 -0.5
KSI accidents 21199 | 12264 5 3 4240 4088 -3.6

Making full allowance for these trends on ‘A’ and ‘B’ roads, the present results for the boundary
roads represent an overall reduction in injury accidents of 1.8% and an increase of 1.7% in accidents
involving serious or fatal injury. Both changes are small and not statistically significant and still
indicate that little, if any, accident migration is taking place from the 20 mph zones.

3.7 Regression to the mean

‘Regression to the mean’ (or ‘bias by selection’) is a statistical phenomenon that also needs to be
considered in ‘before” and “after’ studies, if, what appear to be, above average accident sites are
treated. It recognises that high accident frequencies in one year are likely to be followed by lower
ones the next year, even if there is no intervention, or treatment, due to random fluctuation.
Regression to the mean was not thought likely to be a major problem with this study as many of the
areas will not have been selected for 20mph zones because of high accident rates (six zones had no
accidents in the 5 year ‘before’ period). An additional safeguard was that long (5 year) ‘before’
periods were used. These give more reliable estimates of the ‘true’ underlying accident frequencies
before the schemes were implemented and reduce the likelihood of overstating the effect of the
treatment (in this case 20mph zones) on accidents by more than a few per cent. (DfT, 2001).

The use of a “‘control’ (of similar, untreated roads) can also help to assess the ‘true’ effect of a
measure. However, identifying similar roads is not always easy and some further investigations were
carried out to ascertain whether the roads chosen for 20mph zones were representative of the ‘control’
roads (other unclassified roads in London) before they were treated.

First, the proportions of accidents involving the various different types of road users were compared
for 20mph zone roads and the non-20mph zone roads. Second, the proportions of accidents that
resulted in fatal or serious injury were compared for 20pmh zone roads and non-20mph zone roads,
and for different road user types. These two investigations revealed broadly similar accident patterns
(with the rather surprising exception that the roads that were chosen for 20mph zones had a much
higher KSI casualty ratio for powered two-wheeler casualties). Third, for each 20mph zone, the
number of ‘before’ accidents was plotted against the percentage change in accident frequency
observed ‘after’ the 20mph zones were installed. There was no clear evidence that the sites with the
highest accident frequencies ‘before’ achieved the greatest percentage reductions.

Finally, data were obtained about unclassified road lengths in London and numbers of
accidents/km/year were calculated, as shown in Table 3.5 below.
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Table 3.5: Accidents on unclassified roads in London
Accidents per year per km Accidents per year per km

All|  Saved % saved KSI| Saved| % saved

All unclassified Before 0.58 0.090
roads After 0.56| 0.021 3.7% 0.079| 0.011 12%

20 mph zones Before 1.31 0.22
After 0.74 0.57 43% 0.097 0.13 56%

Non 20 mph zones |Before 0.56 0.087
After 0.55| 0.0077 1.4% 0.079| 0.0080 9%

The table shows that in terms of accident frequency per km, the sites selected for 20mph zones did
have the largest values. Further, these values did not reduce to those observed on non-20mph zone
roads after treatment.

These findings may have consequences for the future installations of 20mph zones in London and
these are discussed further in section 7.

4 Impact on casualties

The numbers of ‘before’ and ‘after’ road user casualties (all ages) that resulted from reported injury
accidents within each of the seventy eight 20 mph zones are given in Appendix E. The numbers of
child road user casualties for each of the seventy eight 20 mph zones are given in Appendix F.

4.1  Changes in annual casualty frequency

Table 4.1 contains details of the “before’ to “after’ changes in road user casualties within 20 mph
zones in London. During the ‘before’ period, there were 1936 reported road user casualties (all
categories) in 4680 site months, giving an overall ‘before’ casualty frequency of about 5.0 casualties
per year per site. During the ‘after’ period, there were 650 reported road user casualties (all types) in
2930 site months, giving an overall ‘after’ casualty frequency of about 2.7 casualties per year per site.

The overall annual casualty frequency has reduced by 46% (2.30 casualties per year per 20 mph zone)
between the ‘before’ and “after’ periods. This reduction in casualties is highly statistically significant
at the 99% level using the chi-square test with 1 degree of freedom showing that the reduction is
unlikely to be due to chance.

Table 4.1 Casualties in 20 mph zones in London (78 zones)

No of casualties No of months Caslyear/site % diff Stat
Before | After | Before | After Before After | Beforeto | Signif
after
All casualties 1936 650 4680 2930 4.964 2.662 -46.4 Yes
KSI casualties 308 77 4680 2930 0.790 0.315 -60.1 Yes
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4.2 Severity of injury

Fatalities or serious injuries are grouped together as killed and seriously injured (KSI) casualties.
Table 4.1 contains details of the changes in KSI casualties following the introduction of the 20 mph
zones in London.

During the *before’ period there were 308 KSI casualties (7 fatal and 301 serious) in 4680 site months
giving an overall ‘before’ KSI casualty frequency of about 0.80 casualties per year per zone.

During the “after’ period there were 77 KSI accidents (4 fatal and 73 serious) in 2930 site months
giving an overall ‘after’ KSI accident frequency of about 0.32 casualties per year per zone.

The annual frequency of KSI accidents has reduced by 60% (0.48 accidents per year per 20 mph
zone) between the ‘before’ and “after’ periods. This reduction in accidents is statistically significant at
the 95% level using the chi-square test with 1 degree of freedom showing that the reduction is
unlikely to be due to chance.

The “before’ severity ratio (proportion of total injury accidents that are fatal and serious) was 0.159.
The ‘“after’ severity ratio (KSI casualties/all reported casualties) reduced to 0.118. This reduction is
also highly statistically significant.

4.3  Age and class of road user casualty

4.3.1 Pedestrians

Table 4.2 contains details of the “‘before’ to “after’ changes in pedestrian casualties within 20 mph
zones in London.

Table 4.2 Pedestrian casualties in 20 mph zones in London (78 zones)

No of casualties No of months Caslyear/site % diff. Stat.
Before | After | Before | After Before After | Beforeto | Signif.
after
All casualties 536 202 4680 2930 1.374 0.827 -39.8 Yes
KSI casualties 125 39 4680 2930 0.321 0.160 -50.2 Yes

During the “before’ period there were 536 pedestrian casualties in 4680 site months giving an overall
‘before’ casualty frequency of about 1.37 casualties per year per zone.

During the “after’ period there were 202 pedestrian casualties in 2930 site months giving an overall
‘after’ casualty frequency of about 0.83 casualties per year per zone.

The annual frequency of pedestrian casualties has reduced by 40% (0.55 casualties per year per 20
mph zone) between the ‘before’ and ‘after’ periods. This reduction in casualties is statistically
significant at the 99% level using the chi-square test with 1 degree of freedom showing that the
reduction is unlikely to be due to chance.

The corresponding number of KSI pedestrian casualties were 125 “before’ (0.32 casualties per year
per zone) and 39 pedestrian casualties “after’ (0.16 casualties per year per zone) giving a reduction of
50% (0.16 casualties per year per zone) which was statistically significant at the 95% level.

The average ‘before’ severity ratio (proportion of total injury casualties that are fatal and serious) was
0.233. The “after’ severity ratio (KSI casualties/all reported casualties) reduced to 0.193. This change
was not statically significant.
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4.3.2

Table 4.3 contains details of the “before’ to “after’ changes in child pedestrian casualties within 20
mph zones in London.

Child pedestrians

Table 4.3 Child pedestrian casualties in 20 mph zones in London (78 zones)

No of casualties No of months Caslyear/site % diff. Stat.
Before | After | Before | After Before After Beforeto | Signif.
after
All casualties 291 94 4680 2930 0.746 0.385 -47.9 Yes
KSI casualties 73 18 4680 2930 0.187 0.074 -60.6 Yes

During the *before’ period there were 291 child pedestrian casualties in 4680 site months giving an
overall ‘before’ casualty frequency of 0.75 casualties per year per zone.

During the “after’ period there were 94 child pedestrian casualties in 2930 site months giving an
overall ‘after’ casualty frequency of 0.39 casualties per year per zone.

The annual frequency of child pedestrian casualties has reduced by 48% (0.36 casualties per year per
20 mph zone) between the ‘before’ and “after’ periods. This reduction in casualties is statistically
significant at the 99% level using the chi-square test with 1 degree of freedom showing that the
reduction is unlikely to be due to chance.

The corresponding number of KSI child pedestrian casualties were 73 ‘before’ (0.19 casualties per
year per zone) and 18 child pedestrian casualties “after’ (0.07 casualties per year per zone) giving a
reduction of 60.6% (0.11 casualties per year per zone) which was statistically significant at the 95%
level.

The average ‘before’ severity ratio (proportion of total injury casualties that are fatal and serious) was
0.251.The “after’ severity ratio (KSI casualties/all reported casualties) reduced to 0.191. This change
was not statistically significant.

4.3.3

Table 4.4 contains details of the “before’ to “after’ changes in pedal cyclist casualties within 20 mph
zones in London.

Pedal cyclists

Table 4.4 Pedal cyclist casualties in 20 mph zones in London (78 zones)

No of casualties No of months Caslyear/site % diff. Stat.
Before | After | Before After Before After | Beforeto | Signif.
after
All casualties 250 105 4680 2930 0.641 0.430 -32.9 Yes
KSI casualties 38 12 4680 2930 0.097 0.049 -49.6 Yes
During the “before’ period there were 250 pedal cyclist casualties in 4680 site months giving an
overall ‘before’ casualty frequency of 0.64 casualties per year per zone.
TRL Limited 17 PR/T/077/03



Unpublished Project Report Version: 1

During the “after’ period there were 105 pedal cyclist casualties in 2930 site months giving an overall
‘after’ casualty frequency of 0.43 casualties per year per zone.

The annual frequency of pedal cyclist casualties has reduced by 33% (0.21 casualties per year per 20
mph zone) between the ‘before’ and ‘after’ periods. This reduction in casualties is statistically
significant at the 99% level using the chi-square test with 1 degree of freedom showing that the
reduction is unlikely to be due to chance.

The corresponding number of KSI pedal cyclist casualties were 38 ‘before’ (0.10 casualties per year
per zone) and 12 pedal cyclist casualties “after’ (0.05 casualties per year per zone) giving a reduction
of 49.6% (0.05 casualties per year per zone) which was statistically significant at the 95% level.

The average ‘before’ severity ratio (proportion of total injury casualties that are fatal and serious) was
0.152. The “after’ severity ratio (KSI casualties/all reported casualties) reduced to 0.114.

4.3.4 Child pedal cyclists

Table 4.5 contains details of the ‘before’ to ‘after’ changes in child pedal cyclist casualties within 20
mph zones in London.

Table 4.5 Child pedal cyclist casualties in 20 mph zones in London (78 zones)

No of casualties No of months Caslyear/site % diff. Stat.
Before | After | Before | After Before After | Beforeto | Signif.
after
All casualties 97 25 4680 2930 0.249 0.102 -58.8 Yes
KSI casualties 16 4 4680 2930 0.041 0.016 -60.1 No

During the “before’ period there were 97 child pedal cyclist casualties in 4680 site months giving an
overall ‘before’ casualty frequency of 0.25 casualties per year per zone.

During the “after’ period there were 25 child pedal cyclist casualties in 2930 site months giving an
overall ‘after’ casualty frequency of 0.10 casualties per year per zone.

The annual frequency of child pedal cyclist casualties has reduced by 59% (0.15 casualties per year
per 20 mph zone) between the “before” and “after’ periods. This reduction in casualties is statistically
significant at the 99% level using the chi-square test with 1 degree of freedom showing that the
reduction is unlikely to be due to chance.

The corresponding number of KSI child pedal cyclist casualties were 16 ‘before’ (0.041 casualties per
year per zone) and 4 child pedal cyclist casualties “after’ (0.016 casualties per year per zone) giving a
reduction of 49.6% (0.025) which was not statistically significant at the 95% level.

The average ‘before’ severity ratio (proportion of total injury casualties that are fatal and serious) was
0.165. The “after’ severity ratio (KSI casualties/all reported casualties) reduced to 0.160.

4.3.5 Powered two wheelers

Table 4.6 contains details of the *before’ to ‘after’ changes in powered two wheeler casualties within
20 mph zones in London.
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Table 4.6 Powered two wheeler casualties in 20 mph zones in London (78 zones)

No of casualties No of months Caslyear/site % diff. Stat.
Before | After | Before | After Before After | Beforeto | Signif.
after
All casualties 207 77 4680 2930 0.531 0.315 -40.6 Yes
KSI casualties 54 11 4680 2930 0.138 0.045 -67.5 Yes

During the “before’ period there were 207 powered two wheeler casualties in 4680 site months giving
an overall *before’ casualty frequency of 0.53 casualties per year per zone.

During the “after’ period there were 77 powered two wheeler casualties in 2930 site months giving an
overall ‘after’ casualty frequency of 0.32 casualties per year per zone.

The annual frequency of powered two wheeler casualties has reduced by 41% (0.22 casualties per
year per 20 mph zone) between the ‘before’ and ‘after’ periods. This reduction in casualties is
statistically significant at the 95% level using the chi-square test with 1 degree of freedom showing
that the reduction is unlikely to be due to chance (see Table 8).

The corresponding number of KSI powered two wheeler casualties were 54 ‘before’ (0.138 casualties
per year per zone) and 11 powered two wheeler casualties ‘after’ (0.045 casualties per year per zone)
giving a reduction of 67.5% (0.093 casualties per year per zone) which was statistically significant at
the 95% level.

The average ‘before’ severity ratio (proportion of total injury casualties that are fatal and serious) was
0.261. The “after’ severity ratio (KSI casualties/all reported casualties) reduced to 0.143.

4.3.6 Car occupants

Table 4.7 contains details of the ‘before’ to *after’ changes in car occupant casualties within 20 mph
zones in London.

Table 4.7 Car occupant casualties in 20 mph zones in London (78 zones)

No of casualties No of months Caslyear/site % diff. Stat.
Before | After | Before | After Before After | Beforeto | Signif.
after
All casualties 870 233 4680 2930 2.231 0.954 -57.2 Yes
KSI casualties 82 12 4680 2930 0.210 0.049 -76.6 Yes

During the “before’ period there were 870 car occupant casualties in 4680 site months giving an
overall ‘before’ casualty frequency of 2.23 casualties per year per zone.

During the “after’ period there were 233 car occupant casualties in 2930 site months giving an overall
‘after’ casualty frequency of 0.95 casualties per year per zone.

The annual frequency of car occupant casualties has reduced by 57% (1.28 casualties per year per 20
mph zone) between the ‘before’ and ‘after’ periods. This reduction in casualties is statistically
significant at the 99% level using the chi-square test with 1 degree of freedom showing that the
reduction is unlikely to be due to chance.
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The corresponding number of KSI car occupant casualties were 82 “before’ (0.21 casualties per year
per zone) and 12 car occupant casualties ‘after’ (0.05 casualties per year per zone) giving a reduction
of 76.6% (0.16 casualties per year per zone )which was statistically significant at the 95% level.

The average ‘before’ severity ratio (proportion of total injury casualties that are fatal and serious) was
0.094. The “after’ severity ratio (KSI casualties/all reported casualties) reduced to 0.051.

4.3.7 Child car occupants

Table 4.8 contains details of the “‘before’ to “after’ changes in child car occupant casualties within 20
mph zones in London.

Table 4.8 Child car occupant casualties in 20 mph zones in London (78 zones)

No of casualties No of months Caslyear/site % diff. Stat.
Before | After | Before | After Before After | Beforeto | Signif.
after
All casualties 75 23 4680 2930 0.192 0.094 -51.0 Yes
KSI casualties 3 1 4680 2930 0.008 0.004 -46.8 No

During the “before’ period there were 75 child car occupant casualties in 4680 site months giving an
overall ‘before’ casualty frequency of 0.19 casualties per year per zone.

During the “after’ period there were 23 child car occupant casualties in 2930 site months giving an
overall ‘after’ casualty frequency of 0.09 casualties per year per zone.

The annual frequency of child car occupant casualties has reduced by 51% (0.10 casualties per year
per 20 mph zone) between the “before” and “after’ periods. This reduction in casualties is statistically
significant at the 99% level using the chi-square test with 1 degree of freedom showing that the
reduction is unlikely to be due to chance.

The corresponding number of KSI child car occupant casualties were 3 “before’ (0.008 casualties per
year per zone) and 1 child car occupant casualty “after’ (0.004 casualties per year per zone) giving a
reduction of 46.8% (0.004 casualties per year per zone) which was not statistically significant at the
95% level.

The average ‘before’ severity ratio (proportion of total injury casualties that are fatal and serious) was
0.040. The “after’ severity ratio (KSI casualties/all reported casualties) increased to 0.043.

4.3.8 Goods vehicle occupants

Table 4.9 contains details of the “before’ to “after’ changes in goods vehicle occupant casualties
within 20 mph zones in London.

Table 4.9 Goods vehicle occupant casualties in 20 mph zones in London (78 zones)

No of casualties No of months Caslyear/site % diff. Stat.
Before | After | Before | After Before After | Beforeto | Signif.
after
All casualties 36 15 4680 2930 0.092 0.061 -33.4 No
KSI casualties 4 3 4680 2930 0.008 0.012 +19.8 No
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During the “before’ period there were 36 goods vehicle occupant casualties in 4680 site months
giving an overall ‘before’ casualty frequency of 0.092 casualties per year per zone.

During the “after’ period there were 15 goods vehicle occupant casualties in 2930 site months giving
an overall ‘after’ casualty frequency of 0.061 casualties per year per zone.

The annual frequency of goods vehicle occupant casualties has reduced by 33% (0.031 casualties per
year per 20 mph zone) between the ‘before’ and ‘after’ periods. This reduction in casualties is not
statistically significant using the chi-square test with 1 degree of freedom showing that the reduction
is likely to be due to chance.

The corresponding number of KSI goods vehicle occupant casualties were 4 “before’ (0.008
casualties per year per zone) and 3 goods vehicle occupant casualties “after’ (0.012 casualties per year
per zone) giving an increase of 19.8% which was not statistically significant at the 95% level.

The average ‘before’ severity ratio (proportion of total injury casualties that are fatal and serious) was
0.111. The “after’ severity ratio (KSI casualties/all reported casualties) increased to 0.20.

4.3.9 Bus and coach occupants

Table 4.10 contains details of the “before’ to *after’ changes in bus and coach occupant casualties
within 20 mph zones in London.

Table 4.10 Bus and coach occupant casualties in 20 mph zones in London (78 zones)

No of casualties No of months Caslyear/site % diff. Stat.
Before | After | Before After Before After | Beforeto | Signif.
after
All casualties 18 14 4680 2930 0.046 0.057 +24.2 No
KSI casualties 2 0 4680 2930 0.005 0.000 -100 No

During the “before’ period there were 18 bus and coach occupant casualties in 4680 site months
giving an overall ‘before’ casualty frequency of 0.046 casualties per year per zone.

During the “after’ period there were 14 bus and coach occupant casualties in 2930 site months giving
an overall ‘after’ casualty frequency of 0.057 casualties per year per zone.

The annual frequency of bus and coach occupant casualties has increased by 24% (0.011 casualties
per year per 20 mph zone) between the ‘before” and “after’ periods. This increase in casualties is not
statistically significant using the chi-square test with 1 degree of freedom showing that the increase is
likely to be due to chance.

The corresponding number of KSI bus and coach occupant casualties were 2 “‘before’ (0.005
casualties per year per zone) and 0 bus and coach occupant casualties ‘after’ (0.000 casualties per
year per zone) giving a decrease of 100% which was not statistically significant at the 95% level.

The average ‘before’ severity ratio (proportion of total injury casualties that are fatal and serious) was
0.111. The “after’ severity ratio (KSI casualties/all reported casualties) decreased to zero.

4.3.10 All child casualties

Table 4.11 contains details of the “before’ to “after’ changes in all child casualties within 20 mph
zones in London.
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Table 4.11 All child casualties in 20 mph zones in London (78 zones)

No of casualties No of months Caslyear/site % diff. Stat.
Before | After | Before | After Before After | Beforeto | Signif.
after
All casualties 475 146 4680 2930 1.218 0.598 -51.0 Yes
KSI casualties 95 24 4680 2930 0.244 0.098 -59.6 Yes

During the “before’ period there were 475 child casualties in 4680 site months giving an overall
‘before’ casualty frequency of 1.22 casualties per year per zone.

During the “after’ period there were 146 child casualties in 2930 site months giving an overall “after’
casualty frequency of 0.60 casualties per year per zone.

The annual frequency of all child casualties has decreased by 51% (0.62 casualties per year per 20
mph zone) between the ‘before” and ‘after’ periods. This decrease in casualties is statistically
significant, at the 99% level, using the chi-square test with 1 degree of freedom showing that the
decrease is not likely to be due to chance.

The corresponding number of KSI child casualties were 95 ‘before’ (0.244 casualties per year per
zone) and 24 child casualties “after’ (0.098 casualties per year per zone) giving a reduction of 59.6%
(0.15 casualties per year per zone) which was statistically significant at the 95% level.

The average ‘before’ severity ratio (proportion of total injury casualties that are fatal and serious) was
0.200. The “after’ severity ratio (KSI casualties/all reported casualties) decreased to 0.164.

4.4

Table 4.11a below draws together the results for all casualties from the preceding sections and show
broadly similar reductions in all categories except bus/coach occupants. This category and goods
vehicle occupant casualties were the only changes which were not statistically significant.

Summary of casualty changes after installation of 20 mph zones, by road user

Table 4.11a: Summary of casualty changes after installation of 20 mph zones, by road user

Road user type | 20zones (78zones) | Statistically

(unadjusted) significant?
Pedestrian casualties/year/site -40% Yes
Child pedestrian casualties/year/site -48% Yes
Cyclist casualties/year/site -33% Yes
Child cyclist casualties/year/site -59% Yes
Powered 2-wheeler casualties/year/site -41% Yes
Car occupant casualties/year/site -57% Yes
Child car occupant casualties/year/site -51% Yes
Goods vehicle occupant casualties/year/site -33% No
Bus/coach occupant casualties/year/site +24% No
Child casualties/year/site -51% Yes
All casualties/year/site -46% Yes
All KSI casualties/year/site -60% Yes
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4.5 Comparison with trends for casualties on roads in London

The results in Sections 4.1, 4.2 and 4.3 indicate that the 20mph zones in London have had a large
impact on casualties within their boundaries. However some adjustments to the magnitude of the
changes are required to allow for general underlying changes in casualty frequency on unclassified
roads within London during the time covered by the ‘before” and *“after’ periods.

45.1 All casualties

Table 4.12 gives details of the changes in casualty frequency (all severities) on unclassified roads in
London during similar ‘before’ and ‘after’ periods to those used in the analysis of the 20 mph zone
casualty data. Casualty frequency (all severities) on unclassified roads in London was reduced for all
road users (3% ), for child casualties (15%), for pedestrians (7%) and for pedal cyclists (15%), and
increased for powered two wheelers (40%).

Table 4.12 Road user casualties (all severities) on unclassified roads in London

No of casualties No of years® Casualties/year % diff.
Before | After | Before | After Before After | Beforeto

after
All road users 35061 | 20434 5 3 7012.2 6811.3 -2.9
Children? 7718 3926 5 3 1543.6 1308.7 -15.2
Pedestrians 9117 5111 5 3 18234 1703.7 -6.6
Pedal cyclists 3979 2025 5 3 795.8 675 -15.2
Powered two wheelers | 2886 2421 5 3 577.2 807 +40%

Note 1. The average ‘before’ and “after’ periods are taken as 5 years (1% September 1992 to 31% August 1997)
and 3 years (1* November 1998 to 31* October 2001).

Note 2. Child pedestrians, child pedal cyclists and child car passengers.

Without adjustment for trends on unclassified roads, the present results for 20mph zones in London
represent the following reductions in casualty frequency (all severities): all road users 46%, children
51%, pedestrians 40%, pedal cyclists 33% and powered two wheelers 41%. (see Table 4.13). Making
full allowance for the trends on unclassified roads, that is assuming that they have been brought about
by other factors than 20 mph zones — improved education and training for example or, as is the case
of powered two wheelers, an increase in traffic or the amount of travel, the reductions in casualty
frequencies (all severities) for 20mph zones in London are revised as follows: all road users 45%,
children 42%, pedestrians 36%, pedal cyclists 21% and powered two wheelers 58%.

Note: for powered two wheeler casualties, the effect of the adjustment for trends in casualties on
unclassified roads is to increase the magnitude of the estimated reduction due to the installation of the
20 mph zones. This is because the frequency of powered two wheeler casualties increased on
unclassified roads between ‘before’ and “after’ periods.

TRL Limited 23 PR/T/077/03



Unpublished Project Report Version: 1

Table 4.13 Correction of casualty frequency (all severities) in 20 mph zones, taking into account the
casualty trends on all unclassified roads in London

Reduction in casualty frequency in 20 mph zones
Without correction for trends | With correction for trends on
on all unclassified roads in all unclassified roads in
London London
All road users 46% 45%
Children 51% 42%
Pedestrians 40% 36%
Pedal cyclists 33% 21%
Powered two wheelers 41% 58%

In reality, however, the 20 mph zones will have contributed to some of the casualty reductions on
unclassified roads within London; and the present results are best interpreted as 20 mph zones
bringing about a reduction between the two values above — for example, a reduction of between 45%
and 46% for all road user casualties (all severities).

4.5.2 Fatal and serious (KSI) casualties

Table 4.14 gives details of the changes in KSI casualty frequency on unclassified roads in London
during similar ‘before” and “after’ periods to those used in the analysis of the 20 mph zone casualty
data. KSI casualty frequency on unclassified roads in London was reduced for all road users (13% ),
for child casualties (27%), for pedestrians (18%) and for pedal cyclists(28%), and increased for
powered two wheelers (52%).

Without adjustment for trends on unclassified roads, the present results for 20mph zones in London
represent the following reductions in reduction in KSI casualty frequencies: all road users 60%,
children 60%, pedestrians 50%, pedal cyclists 50% and powered two wheelers 68% (see Table 4.15).
Making full allowance for these trends on unclassified roads, that is assuming that they have been
brought about by other factors than 20 mph zones — improved education and training for example or,
as is the case of powered two wheelers, increase in traffic and travel, the reductions in KSI casualties
in 20mph zones in London are revised as follows: all road users 54%, children 45%, pedestrians 39%,
pedal cyclists 30% and powered two wheelers 79%.

Note: for powered two wheeler casualties, the effect of the adjustment for trends in KSI casualties on
unclassified roads is to increase the magnitude of the estimated reduction due to the installation of the
20 mph zones. This is because the frequency of powered two wheeler KSI casualties increased on
unclassified roads between “‘before’ and ‘after’ periods.
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Table 4.14 Road user KSI casualties on unclassified roads in London

No of casualties No of years* Casualties/year % diff.
Before | After | Before | After Before After | Before to

after
All road users 5050 2630 5 3 1010.0 876.7 -13.2
Children? 1486 650 5 3 297.2 216.7 -27.1
Pedestrians 1892 933 5 3 378.4 311 -17.8
Pedal cyclists 551 237 5 3 110.2 79 -28.3

Powered two wheelers 473 431 5 3 94.6 143.7 +51.9%

Note 1. The average ‘before’ and “after’ periods are taken as 5 years (1% September 1992 to 31% August 1997)
and 3 years (1 November 1998 to 31* October 2001).

Note 2. Child pedestrians, child pedal cyclists and child car passengers.

Table 4.15 Correction of KSI casualty frequency in 20 mph zones for casualty trends on all unclassified
roads in London

Reduction in KSI casualty frequency in 20 mph zones
Without correction for trendson | With correction for trends on all
all unclassified roads in London unclassified roads in London

All road users 60% 54%
Children 60% 45%
Pedestrians 50% 39%
Pedal cyclists 50% 30%
Powered two wheelers 68% 79%

In reality, however, the 20 mph zones will have contributed to the casualty reductions on unclassified
roads within London; and the present results are best interpreted as 20 mph zones bringing about a
reduction between the two values above — for example, a reduction of between 54% and 60% for all
road user KSI casualties.
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5 Traffic speeds and flows in 20mph zones

5.1 Speeds ‘after’ 20 mph zones were installed

It is important that vehicle speeds are measured in the “after’ period to determine if the average
speeds have been reduced to below 20 mph. Information on the ‘after’ mean speed of vehicles (at and
between) measures was available for only 22 zones. The average “after’ mean speed was calculated
for each zone (see Table 5.1). The range of average ‘after’ mean speeds for the zones was 12.7 to 19.9
mph with an overall average of 16.6 mph. It is not known whether the speeds in these 22 zones were
representative of all zones.

5.2 ‘Before’ to ‘after’ changes in traffic flows

There was very little information provided by the London Boroughs on “‘before’ and ‘after’ traffic
flows within the 20 mph zones in London.

Traffic flow data was obtained for 11 of the zones (see Table 5.2) and this showed an average
reduction of 15% in traffic flow following the introduction of the 20 mph zones. However the data
were quite variable with changes in traffic flow ranging from an increase of 9% to a reduction of 52%

5.3 ‘Before’ to ‘after’ changes in speeds and accident frequencies

An analysis of the change in speed and change in accidents was carried out for 14 zones that had the
relevant data on ‘before” and “after’ vehicle speeds. The average reduction in mean speeds was about
9 mph and the average reduction in injury accident frequency was about 60 %. Although these
changes are the results from a limited number of 20 mph zones in London, they are similar to those
reported in TRL 215 (Webster and Mackie, 1996) who found that the national averages were a speed
reduction of 9.3 mph and an injury accident reduction of 58%.
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Table 5.1 ‘After’ speeds in 20 mph zones in London
Mean (at / between)
Borough Zone No | ‘after’ speed (mph)
City of London 26 12.7
Hackney 38 17.7
Hackney 39 17.1
Hackney 40 17.1
Hammersmith 41 19.6
Harrow 47 17.1
Hillingdon 48 14.6
Hillingdon 49 16.3
Hillingdon 50 19.9
Hounslow 51 15.9
Hounslow 52 13.7
Kingston 55 16.3
Lambeth 65 16.9
Newham 74 19.2
Newham 75 15.8
Redbridge 81 14.0
Redbridge 82 15.0
Richmond 88 16.6
Southwark 92 19.1
Southwark 93 19.2
Sutton 101 17.1
Tower Hamlets 102 15.2
Overall average 16.6
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Table 5.2 Traffic flow changes in 20 mph zones in London
Vehicles per day %

Zone No | ‘before’ ‘after’ change

Hammersmith 41 6000 6000 0%

Harrow 47 4346 2683 -38%

Hillingdon* 48 708 343 -52%

Hillingdon* 50 912 702 -23%

Kingston 55 2001 1897 -5%

Newham 75 2431 2407 -1%

Redbridge 81 4087 4467 9%

Richmond 88 1890 1800 -5%

Richmond 89 978 762 -22%

Richmond 90 10616 9415 -11%

Sutton** 101 181 147 -19%

Average -15%
NB *2 hour samples, **Average flow per hour
Table 5.3 Differences in speed and accidents in 20 mph zones in London
Speed diff | Change in

Borough Zone no (mph) acc freq (%)

Bromley 15 0.2 -100

City of London 26 -2.2 0

Hammersmith 41 -8.9 -88.9

Harrow 47 -8.0 -76.2

Hillingdon 49 -7.8 -62.5

Hillingdon 50 -13.4 -27.3

Hounslow 51 -16.1 -100

Kingston 55 -11.0 -78.6

Lambeth 65 -7.1 -52.4

Redbridge 81 -6.0 0

Richmond 88 -8.4 -100

Richmond 89 -16.4 -22.2

Sutton 101 -12.5 -73.7

Tower Hamlets 102 -10.3 -63.6

Average -9.1 -60.4
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6 Comparison with previous work

A summary of the previous work discussed in the introduction to this report is given in Table 6.1.

Table 6.1 Comparison of results with previous work

DfT Hull TfL

Change in injury accidents -61% -56% -43%
Change in KSI accidents -70% -90% -56%
Change in Pedestrian casualties -63%* -54% -40%
Change in Child casualties -67%* -64% -51%
Change in child pedestrian casualties | -70%* -714% -48%

Note 1. These figures were for accidents not casualties.

The table shows that the two previous studies gave broadly similar results to those obtained during
this investigation. All three studies show reductions of at least 40% with the greatest reductions
observed in the percentages of accidents resulting in fatal and serious injuries.

7 Summary, conclusions and future work

This review of 20 mph zones in London for LAAU has found that the frequency of injury accidents
and road user casualties and the severities of casualties within the zones were substantially reduced.
Previous research has also shown that the 20 mph zone concept introduced by the Department for
Transport has been extremely successful in substantially reducing average vehicle speeds and injury
accidents in the areas where they have been installed.

The results of the present study are summarised in Table 7.1 and as follows:

1. There are about one hundred and thirty seven 20 mph zones in London (2003). Most of the zones

are in residential areas with over half containing schools or colleges. The main traffic calming

measures used within the zones are road humps, raised junctions and speed cushions. On average,

the measures are spaced between 50 and 95 metres apart.

2. The overall average “after’ mean traffic speeds within the 20 mph zones was about 17 mph (22
zones).

3. Mean traffic speeds have reduced by about 9 mph and traffic flows by about 15% since the
installation of the 20 mph zones (note: only a limited amount of speed (14 zones) and flow (11
zones) data was available).

4. Allowing for background changes in accident frequency on unclassified roads in London, the

installation of 20 mph zones in London has reduced the frequency of injury accidents within the

zones by about 42% and reduced the frequency of accidents involving fatal or serious injury
(KSI) by about 53% (78 zones).

5. The average ratios of KSI accidents to all injury accidents fell from 0.17 to 0.13 following the
zone installations (78 zones).

6. Little, if any, accident migration is taking place from the 20 mph zones (38 zones).

7. Over the ‘before’ period, the numbers of accidents per km per year on 20mph zone roads were,
on average, more than twice those on other unclassified roads in London .

8. Allowing for background changes in road user casualty frequency on unclassified roads in
London, the installation of 20 mph zones in London has reduced the frequency of road user
casualties within the zones by about 45% and reduced the frequency of fatal or serious (KSI)
casualties by about 57% (78 zones).
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10.

11.

12.

The average ratios of KSI casualties to all casualties fell from 0.16 to 0.12 following the zone
installations (78 zones).

The average annual reduction in fatal and serious (KSI) casualties per 20 mph zone is 0.48 (78
zones). This is equivalent to an annual saving of about 66 KSI casualties across all one hundred
and thirty seven 20 mph zones in London (assuming similar average reductions). Considering
each serious casualty, currently valued at £134,000 by DfT, implies savings of £8.84 million. In
fact, savings are likely to have been greater as fatalities are valued at £1.19 million each but the
prediction of absolute reductions in fatalities is unwise because of the small numbers involved.

There were statistically significant reductions in the KSI casualty frequency within the 20 mph
zones for the following classes of road user: pedestrians (50%), child pedestrians (61%), pedal
cyclists (50%), powered two wheelers (68%), car occupants (77%), and all child casualties (60%)

[78 zones].

Allowing for background changes in KSI casualty frequency on unclassified roads in London, it
is estimated that the installation of 20 mph zones has reduced the frequency of child KSI
casualties within the zones between 45 and 60%, pedestrian KSI casualties between 39 and 50%,
pedal cyclist KSI casualties between 30 and 50% and powered two wheeler casualties between

79 and 68% (78 zones).

Table 7.1: Summary of key results

20zones (78zones)

(unadjusted)

All
Unclassified
roads

Boundary
roads
(38 zones)

All A/B
class
roads

%change

All accidents/year/site

-43%

-4%

-2%

-1%

KSI accidents/year/site

-56%

-12%

-2%

4%

All casualties/year/site

-46%

-3%

KSI casualties/year/site

-60%

-13%

Average After speed (22zones)

17mph

Average change in traffic flow (11 zones)

-15%

Speed-accident change (14 zones)

-9mph with
—60% accidents

The results of this study are very encouraging, suggesting large accident and casualty savings.

However, the results also leave many questions unanswered and so it is recommended that:

= further work is undertaken to assess the potential benefit of more extensive use of 20mph zones

= future schemes are more fully monitored and analysed, preferably in a comprehensive way, in

order to

better understand good practice

= anin depth study into the effect of 20mph zones on powered two-wheelers be undertaken.

The finding that the 20mph zone roads had the highest accident frequencies per km before installation
needs to be explored further. We need to try and understand why the sites were chosen. Compared

with the non-20mph zone roads, were the higher rates on the study roads due to choosing 20mph zone
installations to be on roads with:

more traffic?;
more vulnerable road users?;

higher speeds?;
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= higher speed differentials between road users?;
= higher junction densities?; poorer designs?;

= adverse road geometric characteristics?;

= different road user behavioural factors?

= adverse social deprivation factors?;

= different types of land use?

These types of questions should be tackled in order to assess whether the reductions observed in the
current study are likely to be achievable on the remaining 97% of London’s unclassified roads? And,
if not, to what extent would lower reductions be cost-effective?

The amount of data readily available in the current study, particularly with regard to scheme costs,
scheme design, traffic flows and speeds before and after installation, by road user type was
insufficient to identify any relationships between zone design and effectiveness. An understanding of
the effect of or changes in these types of data will help to identify the most effective type of zone,
given the inherent road characteristics of any future site.

A further topic of interest is the effect of the 20mph zones on powered two-wheelers which, although
the results suggested was very beneficial, is not fully understood. This is particularly pertinent given
the national trend of increased travel by this mode (over the study period) and the likelihood that
travel by powered two-wheelers will rise even faster in London following the introduction of
congestion charging.

8 Acknowledgements

The work described in this report was carried out in the Transportation Division of TRL Limited. The
authors are grateful to the London Borough officers who supplied information on their 20 mph zones,
to Jonathan Fray of LAAU for his help in supplying the accident and casualty data and also to Judith
Barker of TRL who carried out the quality review and auditing of this report.

9 References

BRIGHTWELL (2003). Hull reaps road safety rewards from slowing the city’s traffic. Local
Transport Today, 15 May 2003.

DfT (1999). Traffic Advisory Leaflet 9/99, 20 mph speed limits and zones. Department for Transport,
London.

DfT, (2001). A Road Safety Good Practice Guide. Department for Transport, London.

DfT, (2002). Road Accidents Great Britain: 2001. The Casualty Report. Department for Transport,
London.

FINCH D J, KOMPFER P, LOCKWOOD C R and MAYCOCK G, (1994). Speed, speed limits and
accidents. TRL Report PR58. Transport Research Laboratory, Crowthorne.

MACKIE A M, (1998). Urban speed management methods. TRL Report 363. Transport Research
Laboratory, Crowthorne.

TAYLOR M C, LYNAM D A and BARUYA A, (2000). The effects of drivers’ speed on the
frequency of road accidents. TRL Report 421. Transport Research Laboratory, Crowthorne.

TfL, (2003). Information on the lengths of roads in London for 2001.

WEBSTER D C and MACKIE A M (1996). Review of traffic calming schemes in 20 mph zones.
TRL Report 215. Transport Research Laboratory, Crowthorne.

TRL Limited 31 PR/T/077/03



€0/LL0/1/dd T pauwiI] 141
[enuapisay| ealy ST°0 0L'T 66-1eN 13u10) slaod Buies|sz
anuao AIp|  Jeaur ¢00'0 ST°0 ,6-InC 199.1S Bulpyep uopuoT jo AiD(9z
[00YJS pue [enuapisay| ealy 20 YR 0-1dy arenbs uspwe) uspwed|sez
[00YJS pue [enuapisay| ealy GZ'0 v.'e 20-1dy peoy 1asebie Ape uapwed|yz
|00Yas pue [enuspisay| ealy ST'0 vE'T 20-1dy peoy As|ybing uapwed|ez
S|00Yds pue [enuapisay| ealy ZL0 44 €0-1dvy Yred yinowweq uspwen|zz
S|00Y0S pue [enuapisay| ealy 0’0 29'S 20-1dy UMO ysnuay 1Sa\ uspwen|T1z
S|00YdS pue [enuspisay| ealy 0€0 TL€ 00-INC ale1s3 yled siusbay uspwen|0z
[enuapisay| ealy Z¢T0 0€'T v6-AeN Baly SMalpuy 1S uspwe)d|6T
|O0YJS pue ajuad uMmo]| ealy 120 18T 20-1dy Ae1p Are 1S 19041S ybiH As|woig|8T
|[00YJS pue [enuapisay| Jeaur 200 620 20-g94 uolbuldiQ ‘peoy wieH skelo Aojwoig|2T
|ooyds| Jeaul 100 91’0 96-uer uojbuldiQ ‘peoy |reH Aliad Asjwoig|oT
[enuapisay| ealy GO0 €80 TO-AON abuad ‘peoy uoishoy Aojwoig|gT
aWaYIS S|00yIs 0] SaIN0J ajes| ealy ¥T0 8¢'T 00-uer S|00Y9s uapsajieH waIg|yT
[enuapisay| ealy S0°0 69°0 86-1dv Y13 ‘peoy Arepunog Aaxeg|eT
aWaYds |o0yds 0] Salnol ajes| ealy 9€0 0S'E 66-1dy |[ooyas Arewld Aeld sauleg Aoixag|zT
S|00Y9S pue [enuapisay| ealy 120 112 Z0-AON Aunod |- (I 1aureg|TT
S|00YJs pue [enuapisay| ealy €T0 SL'T Z0-1e\ 9Ald 3|qteN Jauleg|0T
|00yOS pue [enuapisay| ealy /S0 GT'S 20-reN s.AeN 1S 1oured|6
S|O0Y9S pue [enuapisay| Jeaur 80°0 6T Z20-1re|N aueT sAe 1ouieg|g
[enuspisay| ealy 6T°0 ve'T TO-ung abe||in rensepy 1oureg|/,
[00YJS pue [enuapisay| ealy 610 6T To-Ae gingns uapJes) pealsdweH 18useg|9
S|00Y0S pue [enuspisay| ealy 110 €0'T T0-1dy peoy YUoMIUSA\ B peoy BuAg laureg|g
[O0Y2s pue [enuspisay| ealy LT°0 €0°¢ T0-go4 9NUaAY spjaljpeold lauled|y
|[00YJS pue [enuapisay| Jeaur 900 vZ'T TO-1dy eale peoy [enQ Bunjreg|s
|O0YJS pue [enuapisay| ealy GZ'0 0z'e TO-1dy BaJe peoY SUBAJIS Bunjreg|z
[00YJS pue [enuapisay| Jeaur] TO0 ¥20 00-190 anuany sAaT Bupreg|t
w
SjusWWOd J8Y)0| duozZ | W ealy mcmwm pajuawa|duwy U0z JO U020 ybnoisog| ‘ou auoz
o}
10 8dA1 10 3ZIS Emcm._ a1ep xouddy
€00z Arenigad v
elep
uopuoT ul sauoz ydw og Vv Xipuaddy
T :UOISIOA 1oday 198l01d paysijgndun




€0/LL0/1/4d 4 paywIT THL
[enuapisay| ealy 620 6S'Y 200 eale Ainque) uoisbuim|9g
[enuapisay| ealy 020 0€¢C T6-uer SR LT uoisbuim|sS
|00yOS pue [enuspisay| ealy 850 ov's 66-1dy 198.1S S 918 1S uolbuls| |G
|00YdS pue [enuapisay| ealy 8T0 09T 20-1dy |00Y2S eipuexa|y MO|SUNOH|[EG
[enuspisay| ealy €0 00°S 16-Ae eale plojuaig MO|SUNOH (25
[eloJawwio)| Jeaul 9T'0 GZ'T y6-1dy SMOpPe3IA NoIMSIYD MOI|SUNOH|TS
|00YdS pue [enuapisay| ealy GT0 29T TO-100 BaJe [00YdSs Jouel\ SsakeH uopbBulliH|0S
|O0YdS pue [enuspisay| ealy 6T°0 /ST T0-1dy Bale [00Yos Yied sakeH uopbBul|iH|6t
[enuapisay| ealy 910 09'S G6-220 aleIs3 uloyidlym uopbull|iH|8
[enuapisay| ealy 440 0T'€ 96-uer alowuels 8 MOLIRH|/ ¥
[enuapisay| ealy G20 85°€ 96-Ae\ peoy JaldeN AabulreH|9r
[enuapisay| ealy 9€'0 6v'€ T0-AON € aseyd ‘weyusno YuonN AaBuureH|sy
|00YdS pue [enuapisay| ealy 9€'0 9/°¢ TO-1eN Z 9seyd ‘weyusno YuonN AaBuureH| vy
|00Y0S pue [enuapisay| ealy 290 €8'G 00-AON T 9seyd ‘weyudno| YuoN AabuureH|ey
[enuapisay| ealy 2€0 00'S 96-1dv weyuano Yinos ‘alowsape| AaBuureH|zy
[enuapisay| Jeaur €00 290 y6-uer peoy UAjw3| weyn4  ylwsiswweH|Ty
[enuapisay| ®ealy 0T'T 0T'6 66-uer Bale peoy UoIBIpPPIN AauxoeH|oy
[enuapisay| eaiy €l0 ov'9 66-uer BaJle UOIXOH AawoeH|6e
[enuapisay| ealy 8T°0 0Z'¢ T6-uer peoy ayoo.g AauxoeH|ge
[enuapisay| ealy 1€°0 LL'Y 20-Int ©ale peoy Yinowuo playu3|Le
S|00YDS pue [enuapisay| ealy 80'T 69'6 T0-ung Bale 3NUBAY S92Ulld piau3|9g
|00Y3S pue [enuspisay| ealy S0°0 0,0 00-Te eale peoy pJeyaio playu3|se
S|ooyos pue [enuapisay| ealy 610 112 00-Aepy eale peoy Isinypues playug|ve
[enuapisay| ealy 8€0 S’ 2010 zaseyd eale peoy AingjaseH playu3jee
[enuapisay| ealy L0 29'S 00-6ny eale peoy AingjaseH playu|ze
S|ooyos pue [enuapisay| ealy €10 09T T0-uer eale aueT pu3 SpUOM playu3|TEe
[enuapisay| ealy L0 0L, ¥6-090 uojuowp3 playu3a|0e
[enuapisay| ealy 800 21T 20-1dy speoy anl4 buies|6z
[enuapisay| ealy 290 0z'L 86-bny 9JeIs3 004on9 Buireg|gz

w
Sluswwo? 1Isylo QUo7 NEv_ eoly wv,mwm_ UOE@EO_QE_ 9uU0Z JO UoIled0T cmsohom ‘OU auoy7
[0}
10 adA1 10 3ZIS Emcw._ a1ep xouddy
T :UOISIOA 1oday 198l01d paysijgndun




€0/.L0/1/4d € paywig TdL
S|00YdS pue [enuspisay| ealy €00 6E0 ¢0-%98d |ooyos dojire abplgpay|98
S|00YJs pue [efluspisay| ealy 700 050 Z¢0-N\ON |ooyos |reydn abplgpay|s8
S|00YJs pue |[elluspisay| ealy 200 0v'0 co-ung [00Y9S 1Nn0oJlse] abpugpay |8
S|00yJs pue |ejuspisay| ealy c0'0 ¥'0 ¢0-god |00YIS Uasl9 PIOJSSON abpugpayd|es
S|00YJs pue [elluspisay| Jeaul T0°0 9¢'0 c¢0-uer peoy p|sysue abpugpay|z8
S|00Y9dS pue [enuspisay| ealy 700 97’0 T0-93d 26|00 wireus|o abplgpay|18
S|00Yds pue [efuspisay| ealy .00 190 TO-InC [00Y2s pJojuely abpLgpay|08
S|00YJs pue |[efjuspisay| ealy €00 7v°0 TO-InC |00Yds pesisuep abpugpay|6.L
S|00yds pue |ejuspisay| ealy TT0 8E'T 86-InrC |ooyos Arewld puelans|o abpugpay|8.L
S|00yds pue [equspisay| ealy 0T0 790 86-InC S|00YJs s|ned % sialed 1S abpuqgpay|LL
S|00YIdS pue [enuspisay| ealy 8C'T vSv1 20-1dy USABH [elluspisay 1ayse|d weymsN|9.L
S|00yJs pue |ejuspisay| ealy 050 5. 00-99Q USABH [elluspISay pJojll s weymsN|S.L
S|ooyds pue [enuapisay| ealy 9€0 GT'S T0-dos UaAeH [enuapisay uoidn weyman |72
alusd uMmo]| ealy €00 80 00-1dy 9J1US2 UMO| UOP3|qUIAA uouaN|eL
[00Y2s pue [enuapisay| ealy G20 ov'e g6-uer WweyoliN YyuoN UOLIBINI[Z /.
[enuspisay| ealy 9€0 SL'E z0-des s,uyor 1S wreysiman|t.L
[enuspisay| ealy 0.0 099 co-inc 1se3 uaal9 Aeysny wreysiman|oL
[enuspisay| ealy 820 00t T0-93d 1S9\ UdaI9 Aaysny wreysiman|69
[enuspissy| ealy 00'T 0.8 c¢0-uer 997 JOUBN wreysiman|g9
[enuspisay| ealy /80 20’8 c¢0-uer weyumoq YuoN weysiman| /9
[enuspissy| ealy 7¥'0 €'y co-uer peoy moqua|o wreysiman|99
[elolswwo)| ealy 910 0z g6-uer peoy alapanjag/punois jaddn| (premyinosy) ylaquie|(so
aluad umo]| ealy GZ0 72 c0-Aey uoisbury| ‘enuad umo] uoisbuny |9
[00Y9S pue [enuapisay| ealy 820 Gg8's TO-InC uoisbury|‘eale anoi9 uoisbuny|sg
[enuapisay| ealy ST'0 ' T0-100 uapeiN MaN ‘peoy abpuqued uolsbuiy|z9
[enuspisay| ealy €20 ¥8'C T0-100 uolbuissayd ‘peoy wi3 uolsbuiy|T9
[enuspissy| ealy [A%0) 88°¢€ 00-Aen USp[eN MaN ‘SnudAy sayng uolsbuix|09
[enuspisay| ealy 720 GE'E 76-1NC ©ealy yuomjo uolsbuny|6S
[enuspisay| ealy TT0 60'T 20-Tei\ uojbuissayDyed Asuim uolsbuiy|8g
[enuspisay| ealy 800 S9°0 co-Inc eale aso|D 9|silied uolsbuiy|.g

w
S]UsWWOo9 JaylQ| auoz S ealy m_omwm paluawa|dw 9U0Z JO UO0I1ed07 ybnolog| ‘ou auoz
o}
10 adA1 10 3ZIS Emcw._ a1ep xouddy
T :UOISIOA 1oday 198l01d paysijgndun




€0/.L0/1/4d 14 palwi dL
|[00YJS pue [enuapisay| ealy 160 186 TO-reN eale peoy uajepbep YLomMSpuepA|STT
[00Y3S pue [euspisay| ealy 00 9€0 00-uer peoy |nqed YHUoMSpUue \|vTT

S|00Y9S pue [enuapisay| ealy S0 Ge'9 00-1dy Bale aAlIQ SaJeM JO aduld yuomspuep\|STT
[00YIs pue [enuspisay| Jesulq S0°0 860 00-Inc peoy poomwoolg YUomspue \(ZTT
S|00YdS pue [enuapisay| ealy 200 0S50 T0-28Q Bale peoy epuald yuomspuep\|TTT
[00YIs pue [enuspisay| Jesulq €00 090 86-1dv 9A0ID UONAT yuomspue \|0TT
[enuapisay| ealy 600 617'T 96-A\ON ureyred yuomspue \|60T
[enuspisay| ealy 4740 S9'S 96-1eN Bunooy yruomspue\|80T
ab9j|00 pue [enuapisay| ealy 120 8Z'v ¥6-dos BaJR Jes|udalD 1S8104 weylep (20T
S|00YJs pue [euapisay| ealy .20 SL'E 20-Re Jeodpay SlsjweH Jamo1 (90T
|[00Y9S pue [enuspisay| ealy 9T°0 8/'2 20-1dy eale 19a.s seyda)d sis|weH Jamo] |S0T
[eluspisay| Jeauln TO'0 920 ¢0-1e\ 193.11S YIe|D SisjweH Jamol |70T
[00Yds pue [enuspisay| ealy €00 LL°0 T0-1dy 199.11S J0W(IAN SlajweH Jamo1 (€0T
[el0JaWWO09 pue [enuapisay| ealy 100 GT'T £6-uer s,Ale|\ 1S ‘Asudals sis|weH Jamo] [ZoT
|00YIs pue [euapisay| ealy T6'T 0€v1 T6-A\ON Yled 191SadI0M\ uonns|Tot
[00YJS pue [euaplsay| ealy L0'T 68 €0-1dy usapuajiad Yremyinos|oot
[00YJS pue [euapIsay| ealy 9T'T 099 €0-1dy Hosuo) N1eMyinos|66
[00YJS pue [euapisay| ealy 0S'T 0€°0T €0-1dvy lesied NIeMmyinos|86
[00YdsS pue [enuspisay| ealy 80°¢ ov'etT €0-1dy Aaianep N1eMyinos| /6
|[00YIs pue [enuapisay| ealy T9'T 629 ¢0-ga4 yamng 1se3 ‘s,ueisung NIeMmyinos|96
[00YJS pue [enuapisay| ealy 080 16°€ 20-q94 Aaspuowag ‘s,sawer 1S }Jemyinos|se
S|00yds pue [efuspisay| ealy 90'T 96'€ l6-uer yam|ng ‘sisjweH ay L NIeMyinos |6
S|00YJs pue [euapisay| ealy 950 S6'E g6-uer YHUOM[EAA 1S9 NIeMUYINos|e6
[enuspisay| ealy A4 80'S Sg6-uer eale Lno) N1eMyinos|26
|00YIS pue [euspisay| ealy TT0 €T'T co-int eaJe a1elss weyayAm pUoOWYIIY|T6
peoJ urew‘s|ooyos‘enuapasay| ealy 20 0€'2 TO-uer weys.alad puowydiy|06
9b9)|00 pue [enuapisay| ealy /T0 ¥8'T 00-g94 eale weyleaH puowyory|68
[eluspisay| ealy 700 .0 68-29d MaM puowydry|88
S|00Y3s pue [elluspisay| Jeauln 100 120 €0-uer |ooyos jred AingmaN abpugpay|/8
w
SJUBWWOD 18YJO| duoZ | W ealy mcmwm pajuawa|duwy 8U0Z JO UO0I1eI07 ybnoisog| ‘ou suoz
o}
10 adA1 10 3ZIS Emcw._ a1ep xouddy
T :UOISIOA 1oday 198l01d paysijgndun




€0/.L0/1/4d S palwi dL
Ge0 ov'e abelony
Z6°6€ G506 [ejol
wi
SjUBWWOD 18YJO| duoz | Wy ealy | speol | pajuswa|dui 8U0Z JO UO0I1eI07 ybnoisog| ‘ou suoz
10
10 adA1 10 9zIS | yibua | orep xoiddy
T :UOISIOA 1oday 198l01d paysijgndun




€0/.L0/1/4d 9 paywig TdL
00T 0109 S9A Jaulo) s}sod Buire3|/2
G§ SOA SOA 19915 Buiepn uopuo jo AuD|9g
eN SOA SOA SOA SOA alenbg uspwe) uspwed|sz
eN SOA SOA peoy 10rebre Ape uapwed|yez
eN SOA SOA peoy As|ybing uspwed|ez
eN SOA SOA SOA SOA led yinowued uspwed|zz
eu SOA SOA SOA SOA UMO] yshuadf 1S9\ uapwed|Tz
eu SOA SOA SOA ale1s] yied swuabay uspwed|oz
0S 01 0¥ SOA SOA Baly SMalpuy 1S uspwed|eT
00T 01 G9 SOA SOA Ae1d Are 1S “19841S ybiH Ao|woig|8T
J0T 01 /S SOA SOA uolbuidiQ ‘peoy wied shelo Aojwoig|sT
eu ubis SINA uolbuldio ‘peoy |eH Ausd As|woig|loT
002Z 01 00T SOA abuad ‘peoy uoishoy Aojwoig|sT
0. SOA SOA S|o0yds uapsajieH walglyt
05 01 €€ SOA Y3 ‘peoy Arepunog Aaixag|eT
00T 01 G SOA SOA SOA [00Yy2S Arewd AelD saulegq Ao|xag|zT
002 01 0¥ SOA SOA Aunod |- 1IN laured(TT
06 01 817 SOA 9Ald 3lqteiN lauled|(0T
0ST 01 €/ SOA s.Are 1S 18uleg|6
08 01 €G SOA aue sAe 1auseg|s
00T 01 0% |Sswulod Buissold pay SOA abe||In [esnsepy lauleg|,
eu SOA gingns uapJes pesisdweH 12useg|g
eu SOA peoy YUoMIUBM % peoy BuAg 1auleg|s
08 01 0S S10J U sak SOA anuaAy splalpeolg 1ouIegly
OTT 01 G SOA SOA eale proy [eAQ Bunreg|e
06 01 GE SOA SOA Bale proy SUBASIS Bunreg|z
£9 0] G¢ SOA SOA anuaAy sAa Bunreg|t
(sanow) sainseaw aueoIyd uolysny | uonounc | dwnH dwny aU0Z JO U0I1e207] ybnoiog "ON
salnseaw 1PYy10 paads pasiey doy doy auoz
jo Buloeds 1’|+ punoy
€00z Areniged v
Blep Sainseaw uopuo ul sauoz ydw oz ‘g xipuaddy
T :UOISIOA 1oday 198l01d paysijgndun




€0/L.0/L/4d L paywig TdL
eu _ _ eale aso|) a|sied uoisbun|zs
'u a|ge|leAe uonewlojul oN eale Ainque) uoisbunyag
G/ 0109 SOA SBA0ID 8y L uolsbuiy|gg
78 01 Ot SOA 19911S s,1919d 1S uolbulisi|S
OTT 0169 SOA [00Y9S eIpUBRXD|Y MO|SUNOH |G
60T 01 88 SOA SOA eale plojusig MO|SUNOH|[zS
0. 0109 SOA SMOpPESIN XOIMSIYD MO|SUNOH (TS
G9 01 Of SOA SOA Bale |00yos Jouel\ SsakeH uopbuliH|og
00T 01 O SOA SOA SOA Bale |00Yyas yied sakeH uopbuliH|6t
02T 01 G¢ SOA SOA SOA alels3 uloyisiym uopBulljiH|8Y
G/ 01 G2 SOA SOA alowuels sl MoJIeH|/y
00T 01 08 SOA SOA SOA peoy JaideN AabuleH |9y
08 01 0 SOA SOA € aseyd ‘weyuanol yuoN AabulreH|sy
GOT 01 €5 SOA SOA Z 9@seyd ‘weyuano] YuoN AebulreH |y
GOT 01 €S SOA SOA T 9seyd ‘weyusano YuoN AabuureH|ey
€9 0] 8¢ SOA SOA SOA BaJe alowsape|o AabuueH|zy
G 01 GE sduls ajquiny S9A peoy uAjw3| weyind % ylwsiswweH|Ty
08 01 0 SOA SOA SOA SOA eale proy UOIB|PPIN AauxoeH|oty
GZ1 01 0 SOA SOA SOA ©eale UOIXoH AauxoeH|6e
eu SOA peoy a3oo.g AauyoeH|8s
eu eale peoy YINOWUON JJETTVE=1VE>
eu Bale anuaAy saduld planu3|og
'u Bale peoy pJeyalo playu3|ge
eN eale peoy isinypues plByu3 (e
eN zaseyd eale peoy AingjaseH plauu3|es
eN eale proy AlngjeseH pleuu3l|zs
eN a|ge|leA. uonewlojul oN eale aueT pu3 SPHOM ETTEIRRS
G/ 01 8€ SOA SOA uojuowps playu3|0e
eN SOA SOA speoy oAl Bulre3|6z
GTT 01 09 SOA SOA alels3 004oN9 Buire3|8z
(senaw) salnseawl auedIyd uolysny |uonoung| dwny dwny au0z JO uoled07] ybnoiog "ON
salnses|N 12Y10 paads pasiey doy do] auoz
10 Buloeds 1’ punoy
T :UOISIOA 1oday 198l01d paysijgndun




€0/.L0/1/4d 8 pauwi 4L
09 0] G S9A |00yos red AingmaN abpugpay|/8
G9 01 09 SaA |]ooyds dojire abplgpay|98
G9 01 0G SaA |ooyos |reydn abpugpay|s8
G9 01 0§ SOA |00YJS LNoJlseq abpugpay|y8
G9 01 0t SOA |00YIS Uaal9 PIOJSSON abpugpay|ec8
0L 0109 S9A peoy pialjsueiN abpugpay|z8
0/, 010§ SOA abajj0D wieus|o abpugpay|18
/8 0101 SBA |00Y3s pJojuei abpugpay|08
G/ 01 0% SaA |00Y0S peaisuep abpugpad|6.
08 01 0% SaA |ooyos Arewld pue|ansld abpugpay|g.
G/ 0] OF SOA S|00YyJs s|ned % sia1ed 1S abpugpay|..
08 01 €€ SOA SOA UsABH [enuspisay 1ayse|d weymanN|9.L
G8 01 #§ S9A SOA SOA USABH [elluapIsay pJojl s weymsN|S.L
08 01 0E SOA SOA uaneH [enuapisay uoldn weymaN |/
0/ 01 0S SOA SOA 8J1U32 UMO_ UOP3[qWIAA UOLIBN|EL
GTT 0189 S9A S9A S9A WEeyYIA YLION UOLIBIN[Z L
0ET 01 0€ SOA SOA SOA SOA s,uyor 1S weysiman|T.
08 01 02 SOA SOA SOA SOA 1se3 uaal9 Aaysny wreysima|o/
00T 01 0S SOA SOA SOA SOA 1S9\ Usal9 Aaysny wreysima|e9
0ST 01 0§ S1g4 IUIN SOA SOA SOA SOA 997 louey wreysima|g9
0ST 01 0§ SOA SOA SOA SOA weyumoq YuoN wreysima|/9
0ET 01 0¢ SOA S9A SOA peoy moqualo weysiman|99
09 01 G¥ SOA SOA SOA peoy alspanjag/punoio Jaddn|  (jremyinoswy) yiaque|go
eu uolsbury ‘anuad umo] uolsbury |9
'eu uolsbury ‘ease anoio uolsbury|eg
eu uspreNy MaN ‘peoy abpuqwe)d uolsbury|z9
eu uojbuissay) ‘peoy wi3 uoisbuny{to
eu d|ge|leA. uonew.lojul ON|  USplelN MaN ‘@nuany sayng uolsbury|09
G8 01 09 SOA S9A ©ealy yUomjo L uoisbuiy|6s
eu uolbuissaydred Asuipn uoisburyi(gs
(senaw) salnseawl auedIyd uolysny |uonoung| dwny dwny au0z JO uoled07] ybnoiog "ON
salnseaw 12Y10 paads pasiey doy doj auoz
10 Buloeds 1’ punoy
T :UOISIOA 1oday 198l01d paysijgndun




€0/L20/1/4d

payiwi 1dL

eu eale peoy usepbep YLUOMSPUBRM\|STT
'eu peoy [nged yuomspuep\ | TT
eu Bale aAlg S9eM JO 9dulld yuomspueph|eTT
eu peoy poomwoolg yuomspuep\|zTT
eu a|ge|ieAe uonewlojul oN Bale peoy epuaig YLOMSPURM\|TTT
eu SOA SOA 9A0IS) UONAT yuomspuep\|0TT
eu SOA SOA weyleq yromspuepn|60T
eu SOA SOA SOA Bunoo] yuomspuepn|8oT
06 01 G¥ SOA SOA SOA eale Jes|usalo 1S2104 Weyyep|zot
eu SOA SOA Te0opay Sla|weH Jamol (90T
eu SOA SOA eale 1901 seydsa) s)a|WweH Jamo (0T
eu SOA SOA 199a.11S Mre|D Sla|weH Jamo 0T
eu SOA SOA 199.11S 10W[IAN Sla|weH Jamol [€0T
91T 01 0% SOA SOA SOA s e 1S ‘Asudals S1o|WweH 1amo |Z0T
S0TO1 0. SOA SOA SOA dled 191SadI0M uonns|(Tot
eu SOA uapus|leg YIemyinos|00T
G/ 01 8¢ SOA SOA Hosuo) XIeMyinos|66
26 01¢¢ SOA 1osJied NIeMUInos |86
GET 01 ¥E SOA Aajianep XIemyinos| L6
/601 TV SOA yoming 1sea ‘s,ueisung NIemyinos|o6
16 0181 SOA SOA SOA Aaspuowiag ‘s,sawer 1S NIemyinos|se
GET 0129 SOA S9A yaming ‘sis|weH ay L XIemyinos |6
/8 01G¢ SOA SOA UHOM[EAN 1S9 NIeMUyINos|c6
ST 01 OF SOA SOA eale uno)d NIemyinos|ze6
00T 0105 SOA eale alelsa WeyanAm puowyory|16
09T 0108 ubis SNA SOA weysialad puowyd1y|06
G/ SOA SOA eale weyresH puowydiy|68
88 01 GG SOA MY puowyadry|88
(sanaw) sainseawl auealyd uolysno uonounp dwny dwny aU0Z JO U0Ie207] ybnoiog "ON
salnseaw 1_Y10 paads pasiey doj doy auoz
jo Buioeds 114 punoy
T :UOISIOA 1oday 198l01d paysijgndun




payiwi 1d1L

€0/.L0/1/4d 0T
%2 %l %.2 %V, %¢CS alnseall Yum sauoz
G6 G6 G6 G6 G6 S9U0Z G@ T8 UMOUY SaINSeay
Z [A% 9z 0L 61 aInseaw Ylm Sauoz Jo 'ON
(senaw) salnseawl auedIyd uolysny |uonoung| dwny dwny au0z JO uoled07] ybnoiog "ON
sainseaw 12Y10 paads pasiey doy doy auoz
jo Buioeds 1eld punoy

T :UOISIOA 1oday 198l01d paysijgndun




€0/L20/1/4d 11 payiwi 1d1L

€6 L€ 0€ 9 T 8y 71T LS A4 0T 0 09 ©aJe UOIXOH AauxoeH|6g
8T 6 6 0 0 09 z€ 91 vT z 0 09 peoy axooig KauxoeH|ge
10T LT 9T T 0 61 91T 85 0S 8 0 09 ©dJe dNUBAY S8dUld plRyu3|9e
70 T T 0 0 €e 0T S S 0 0 09 eale peoy preydio playu3|(se
80 14 14 0 0 1€ v'e Z1 11 T 0 09 Bale peoy Isinypues plRyu3|ve
70 T T 0 0 8z 97 8 L T 0 09 eale peoy AingjaseH playu3|(ze
97 € 1 z 0 4 7T L L 0 0 09 eale aueT pu3 splIoO plRYUa|TE
7T L L 0 0 09 71T 1S 15 9 0 09 uojuowp3 plRyu3joe
8'G 14 v T 0 4] 09 0€ 14 S 0 09 aJeIsg 004N Buires|sz
S0 z z 0 0 14 90 € € 0 0 09 13U10D S180d Buie3|sz
00 0 0 0 0 09 00 0 0 0 0 09 19945 Bulrem uopuoT Jo AID|9z
9'¢ 6 6 0 0 0€ 9'S 82 €2 S 0 09 ajeis3 yied swabay uspwed|oz
90 € € 0 0 09 z€ 91 €T € 0 09 ©aly SMaIpUY 1S uspwe)|6T
00 0 0 0 0 09 00 0 0 0 0 09 uoibuidiQ ‘peoy |reH Aiied Aajwoig|9T
00 0 0 0 0 €T ¥'0 14 14 0 0 09 abuad 'peoy uoishoy Aajwolg|sT
LT S S 0 0 Ge v'e LT ST z 0 09 S|00Ys uapsalieH waig|vT
Z0 T 1 0 0 95 00 0 0 0 0 09 Yz ‘peoy Arepunog Aa|xag|eT
L€ vT €T T 0 14 9'g 8¢ 44 9 0 09 |ooyos Arewlid Aei saureg Kalxegd|ztT
90 T T 0 0 61 90 € € 0 0 09 abejin rensepy 1Bureg|,
90 T 1 0 0 0z 97 8 L T 0 09 Qngns uapJes peajsdweH lauseq|9
00 0 0 0 0 12 00 0 0 0 0 09 peoy YUoMIUS\ B peoy BuAg 18uleg|g
97T € € 0 0 €2 07T S 14 T 0 09 aNUBAY sp|aypeoiq 1Bueg|y
00 0 0 0 0 12 80 14 14 0 0 09 eale peoy [eAQ Bunyreg|e
TT 4 T T 0 12 97T 8 9 4 0 09 ©ale peoy SUaAdlS Bunjreg|z
00 0 0 0 0 12 80 14 14 0 0 09 BNUBAY SAaT Bunyreg|t
"bauy 1\ wbys |snouss (rereq Syluo |-bai4q 1\ wbys |[snouss |rered SYIUON 2uo0z JO uoled0T] ybnoiog ‘ou
[enuuy A11anas 1uaplooy [enuuy A11anas 1uaplooy auoz
SN AV 9l10Jog
sauoz
ydw gz uopuoT ul SjusaplaIdy D xipuaddy

T :UOISIOA 1oday 198l01d paysijgndun




€0/LL0/1/dd 4} pauwiI 141
L0 € [4 T 0 S 80 14 € T 0 09 S|00YJS s|ned % sialad 1S abpugpay |/
90T [44 8T € T 14 8'LT 68 v, ST 0 09 UaAeH [enuaplisay pJoj|l SN WeymsN|S.L
0€ 14 14 0 0 9T '6 VA% (0% 9 T 09 usAeH [enuapisay uoldn WeymsN|y.L
(0% 1T 0T T 0 €e Vv [44 6T € 0 09 9J1U32 UMO | Uop3|quipn UOMBN(EL
T 9 14 [4 0 09 9'T 8 8 0 0 09 weyadliy YuoN UOLIBIN(CL
G'q 9 ] T 0 €T LA JAS 14> € 0 09 1S9\ Usal9) Aaysny weysima|e9
(oA A 9 T 0 [4) 91T 89 18 L 0 09 997 IOUe\ weysima|(go
(0% 14 14 0 0 [4) 2’6 9v 8¢ L T 09 weyumoq YLoN weysima|(L9
(0% 14 14 0 0 [4) 9'€ 8T 4 9 0 09 peoy moqus|9 weysima|o9
(0% 0¢ 9T 14 0 09 '8 [4% JAS ] 0 09 peoy aispaAeg/punol Jaddn (Hremuyinos®) ylaqueT|s9
%4 € € 0 0 LT ¥'9 4 8¢ 4 0 09 uojsBbury‘esse anolo uolsbuni|e9
00 0 0 0 0 ST [ 9 ] T 0 09 uspleN MaN ‘peoy abpuguwed uoisbuiy|z9
00 0 0 0 0 ST C'T 9 S T 0 09 uojbuissay ‘peoy w3 uolsbuiy |19
0 T T 0 0 [43 9T 8 € ] 0 09 uaple|N MaN ‘BnuaAy saxng uolsbuix|09
80 14 14 0 0 09 VT L ] 4 0 09 ealy yuom|o uoisbury|6s
90 € € 0 0 09 8'¢C V1 cT 4 0 09 S9A0ID 3y L uolsbuiy|gg
9'6 9€ T€ S 0 Sy 7'0C c0T 08 0¢ [4 09 19311S S.J918d 1S uolbuls||¥S
871 6 9 € 0 09 0T ] ] 0 0 09 eale piojjuaigd MOJSUNOH(ZS
00 0 0 0 0 09 70 4 4 0 0 09 SMOPE3IN XIIMSIYD MOISUNOH|TS
97 4 Z 0 0 ST 2c 1T 8 € 0 09 eale |00Yds Jouey sakeH uopbulliiH|os
90 T 0 T 0 12 97T 8 S € 0 09 eaJle [00YdSs Yyied sakeH uopbBulliiH|6v
7'e LT 142 € 0 09 09 0€ 144 9 0 09 9lels3 uioylaliym uopbulliiH|8y
0T S [4 € 0 09 (A% X4 8T € 0 09 alowuels st MOLeH(/.y
8¢ 6T LT T T 09 (4% 1c 8T € 0 09 peoy JsideN AsbulreH oy
9¢C € € 0 0 T 'C 4 0T Z 0 09 € aseyd ‘weyusno| yuoN AebuueH|sy
8¢ L 9 T 0 [44 (X4 1T 6 4 0 09 Z 9seyd ‘weyuano] YuonN KabuleH |y
6'9 ST cl 4 T 9¢ 9'6 8v 6€ 6 0 09 T 8Seyd ‘weyusno] YuUoN AsbuueH ey
'S 9¢ 144 4 0 09 9, 8¢ 143 14 0 09 weyusno| yinos ‘aiowsspe|o KebuieH|zy
Z'0 T T 0 0 09 8T 6 6 0 0 09 peoy UAjw3| weynd ® ylwsiswweH|Ty
€EeT €9 (414 0T 0 8y 8'GT 6/ 89 17 0 09 ©ale peoy UO13|ppIA AauxoeH oy
"bauy 1\4 wbys |snouss (rereq Syluo |-bai4q 1\v4 wbys |[snouss |rered SYluoW auo0z JO uoled07] ybnoiog ‘ou
[enuuy A11anas 1uaplooy [enuuy A11anas 1uaplooy auoz
PuyY 9l10Jjog
T :UOISIOA 1oday 198l01d paysijgndun




€0/.L0/1/4d €T palwi yL
16T 065 €19 €L 14 0€6¢ [43 099T |[8LET G/¢ L 0891 [e10L
x4 14 14 0 0 [44 0€ ST V1 T 0 09 eale peoy usjepbep YLOMSPUBM (STT
0T 4 [4 0 0 144 00 0 0 0 0 09 peoy [nqed YUoMsSpue\ |7 TT
S9 8T 9T 4 0 €e 0¥l 0L S 71 4 09 eale aAl(Q S3[e JO adulld YLOMSPUBM (ETT
70 T T 0 0 0€ Ve c1 0T 4 0 09 peoy poomuwoolid ULIOMSPUEBA|CTT
8T 4 4 0 0 €T C'T 9 ] T 0 09 Bale peoy epualg YLUOMSPUBM(TTT
9'0 € € 0 0 1S 80 14 Z Z 0 09 3A0J9 UONAT YUOMSPUBM (0T T
0 T T 0 0 09 7’1 L L 0 0 09 weyegd yuomspue\|60T
0'€¢ ST 1 0 0 09 'S yX4 €C 14 0 09 Bunoo YLOMSpPUBM (80T
V1 A 9 T 0 09 8¢CT 9 A L 0 09 BdJe Jes|uasl) 158104 weyiie\|L0T
TT [4 [4 0 0 TZ ¢'0 T T 0 0 09 19311S JO0WIIM Slo|weH JaMO L |E0T
97 8 14 14 0 09 Vv [44 V1 8 0 09 s.Aren 1S ‘Asudals Sl9|WeH J1amo | (20T
0€ 1 4 € 0 09 V1T A 144 97 0 09 Aled 181S82I0\ uonns|ToT
9'T 8 9 [4 0 09 o'V 0¢ 9T 14 0 09 yoming ‘sis|jweH ay L Aemyinos|y6
0’8 (014 LE € 0 09 1T 99 (014 9T 0 09 YLomepn 1Sspn Aemyinos|e6
x4 1T 6 4 0 09 81 e [44 4 0 09 eale uno) Aremyinos| 26
g€ A L 0 0 144 8’ e 61 14 T 09 weysialed puowydIy (06
7T 14 14 0 0 GE 8T 6 9 € 0 09 eale weylesH puowydiy (68
00 0 0 0 0 09 ¢0 T T 0 0 09 M3 puowyadiy (88
00 0 0 0 0 cl ¢'0 T T 0 0 09 peoy p|aljsueiN abpugpay|zs
0¢ 4 4 0 0 [4) 0¢ 0T 8 4 0 09 869]|00 wieus|o abpugpay|Ts
L0 T T 0 0 8T 0T S S 0 0 09 |00YIs plojueiN abpugpayd|os
00 0 0 0 0 8T 00 0 0 0 0 09 |00Y3s pesjsue\ abpugpad|6.
60 14 14 0 0 S 917 8 9 4 0 09 [00Y2S Arewlid pue|aas|d abpugpay|(s.
‘bal4 v wybys |snouss |rere4 Syiuop |-bai4q 1\ wbys |snouss |rere4 SYIUoWN 2u0z Jo uoleosoT] ybnoiog ‘ou
[enuuy A11anas 1uaplooy [enuuy A11anas 1uaplooy auoz

BV alojog
T :UOISIOA 1oday 198l01d paysijgndun




Unpublished Project Report

Version: 1

Appendix D: Chi-squared test

Changes in the accident (and casualty) totals before and after the 20 mph zones were introduced were
assessed using a standard Chi-Squared test. The test uses the number of accidents in the Before
period to predict the expected number of accidents in the After period. The expected number is
compared to the number that is actually observed and the significance of any difference is calculated.

Method

The expected number of casualties in the After period is first calculated. This is the casualties per
month in the Before period multiplied by the number of months in the After period. The difference
between this value and the observed value is calculated. This is squared and divided by the expected
number of casualties to obtain the Chi-Squared value. This calculation is shown in equation (1)

The Chi-Squared value is calculated as:

(ExpectedValue — ObservedValue)’

ExpectedValue

)

This Chi-Squared value can be looked up in standard statistical tables and a significance value
obtained. Any value less than 0.05 is regarded as significant evidence of a change in the distribution.
Any value of less than 0.01 is regarded as highly significant evidence of a change in the distribution.

Example
Before After
Casualtie |Months Months  |Expected |Observed |[Chang [Chi*” |Significance
s Casualtie |casualties ||e value
s
20 mph [1936 4680 2930 1212 650 -46.4% [260.6 |<0.001
zones
(78 sites)
Boundary |5367 2280 1554 3658 3551 -2.9% (3.132 |0.077
roads (38
sites)

In the 20 mph zone there were 1936 casualties in the 4680 months of the Before period, that is 0.414
casualties per month. Therefore, in the After period, which contains 2930 months, we would expect
to observe 2930 x 0.4137 = 1212 casualties. In fact we observed 650 casualties, 562 fewer than
expected. We square 562 and divide by 1212 to obtain the chi-squared value of 260.6. This value can
be looked up in a statistical table and is in fact so high that it is not listed. We can therefore conclude
that there is very strong statistical evidence of a reduction in the casualty totals after the introduction
of 20 mph zones. In the boundary roads a similar calculation produces a significance level of 0.077.

This is not statistically significant.

TRL Limited

PR/T/077/03
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