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EXECUTIVE SUMMARY

The optimum speed is defined as one which baances the socid costs and benefits of increased
travel time with decreased road trauma, vehicle operating costs, emissons, efc. Recent
reseerch in Audrdia has provided locd information on the reaionships between speeds and
casudty crash involvement (Kloeden et d 1997) and travd times (SMEC 1998) in urban
aess. The project focused on urban resdentid dreets with 60 kmh speed limits because of
the avallability of a condderdble amount of rdevant basc data Making use of information
relaling each socid impact to travedl speed, the project esimaed the optimum speed by
cdculating the tota socid cost for each of a range of traveling speeds. The optimum speed
was considered to be the speed for which the totd cogt isat aminimum.

Three different methods were considered to messure the impact of travel speed on road
trauma and/or crash codts:

the esimated reaive risk of involvement in a casudty crash on urban 60 kmh speed
limited roads when travelling a specific speeds, rdative to a speed of 60 kmh, together
with the 3% confidence limits on the risk estimates (Kloeden et d 1997)

relaionships linking changes in mean or median travd speeds with changes in the number
of fata crashes, seriousinjury crashes, and minor injury crashes (Nilsson 1984)

a redionship deived from Nilsson (1984) which links changes in crash cods with
changes in mean or median travel speeds (Kdlberg and Toivanen 1998).

Kloeden e d’s (1997) edimates of rdative crash risks rdaed to travel speed were associated
with uncertainty in the edimaes which in turn appeared to lead to an unrdigble edimae of
the optimum speed. Nilsson's (1984) relationships gppeared to produce more Sable estimates
of the totd socid cods for different travel speeds Kalberg and Toivanen's (1998)
relaionship was compromised when consdering speeds bdow 55 kmh, which may have led
to unrdiable resullts in this speed range.

Travel time on a link is reaed to the average of al speeds achieved on the link, however it
has been found tha, especidly in urban conditions the average (dl) speeds is condderably
less than the maximum travel speed or cruise speed. SMEC (1998) observed red speed
paterns on Mdbourne resdentid dreets and smulated the changes when speed limits and
cruise speeds were reduced by 5and 10 kmh and increased by 5 kmh. They found thet the
average (dl) speeds varied by only 53 kmh during off-pesk periods, and by 2.8 kmh during
pesk periods, over the 15 kmh change in cruise speed (47 to 62 kmh). The reaionships
between cruise speed and average (dl) speed found by SMEC (1998) were extrgpolated to
measure the impacts on trave time in residentid dtreets for travd speeds in the range 35 to 85
kmh.

The rdationship between vehicle operating costs and travd speed was based on two
Austrdian modds given by Thoresen (2000). Air pollution emisson raes a each travel speed
were based on European relationships given by Wad et d (1998). It was not possble to
congder the impacts of noise pollution or carbon dioxide emissons due to the absence of
suitable impact functions. It was assumed that there would be no diverson of traffic from
resdential dtreets as travel speeds decreased in the range from the current average cruise
speed (57 kmh) to 35 kmh. The andyds of the totd cogt of each of the speed-rdated impacts
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made use of a modification of a computer spreadsheet developed as pat of the European
project MASTER (MAnaging Speeds of Traffic on European Roads).

The costs of road trauma were vaued by both the “human capitd” gpproach (BTE 2000) and
the “willingness to pay” approach (BTCE 1997). When the “human capitd” vaudtions of
road trauma costs were used, the andyss based on Nilsson's (1984) reationships suggested
that the optimum speed on resdentid dreets is 55 kmh. It should be noted, however, that the
esimate of the totd monetary cost was rdaively congtant in the range 50 to 60 kmh. When
the andyds was repested making use of road trauma costs vaued by the “willingness to pay”
goproach, the andlyss suggested that the optimum speed on residentid streetsis 50 kmh.

The andyss described in this report has presumed that it is legitimate to adopt an economic
rationalist gpproach to choose the optimum speed in resdentid dreets There is a broader
perspective which argues that it is not legitimate to compromise road safety to meet other
objectives because “life and hedth can never be exchanged for other benefits within the
society” (Tingval 1998). This perspective has led to a demand for a maximum travel speed of
30 kmh on sreets where there is mixed traffic.

If the values of road trauma costs were five times those estimated by BTE (2000), a trave
goead of 35 kmh would be the maximum speed which could be economicdly judtified. This is
close to the maximum speed which has been demanded by societies aming to prevent dl
desths and serious injuries on residentid streets (30 kmh).
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ESTIMATION OF THE OPTIMUM SPEED ON URBAN
RESIDENTIAL STREETS

1. INTRODUCTION

The optimum speed is defined as one which badances the socid costs and benefits of
incressed travel time with decreased road trauma, vehicle operating cods, emissions, eic.
A recently completed sudy in Addade has adlowed the reationship between road trauma
and speeds on 60 km/h roads in Audrdia to be cabrated for the firg time (Kloeden et d
1997). Coupled with information on other socid cods and benefits related to speed, the
project amed to estimate the optimum speed by caculating the tota socid cost for each of

arange of travelling speeds.

Previous research in Europe suggested that there is sufficient knowledge reating road
trauma, vehicle operating cods, emissons, noise and travel time to vehicle speeds in urban
aress to indicate that the project was feasble (Nilsson 1984; Andersson e d 1991; Peters
et d 1996, Rietveld et d 1996; Carlsson 1997; Toivanen and Kalberg 1998; Elvik 1998).

Recent research in Audrdia has provided locad information on the reaionships between
Speeds and casudty crash involvement (Kloeden et d 1997) and trave times (SMEC 1998)
in urban areas. There is ds0 locd information linking speeds with fud consumption and
other operating costs (Thoresen 2000). Other relevant relationships are documented in the
Europesn research.

The specific objectives of the project were:

To determine the rdationship of travelling speed with road trauma, vehicle operating
cods, trave time, emissons and noise (where possble) on urban roads in Audrdia, by
building on overseas knowledge and making use of availabdle locd inf ormation

To review methods of vauing road trauma, fud consumption, travel time, emissons
andnoise

To edimate the vadues (costs and benefits) of changes in the above products of
travelling speed which can be associated with specific speed changes over a range of

Speeds

To edimate the optimum speed (ie. speed a which the totd socid cost of trave is
minimised) for travel on 60 knvh speed zoned urban roadsin Audrdia

The project focused on urban resdentid dreets with 60 kmh speed limits because of the
avalability of a condderable amount of rdevant basc data provided in the Regulaory
Impact Statement recently relessed by the Victorian Government regarding proposed
regulations to reduce the speed limit on those dreets to 50 kmh (VicRoads 2000). This
focus dso made it ressonable to limit the vauation of travd time to private cars on
persond busness and commuting trips The study consdered travel speeds in the range
from 35 kmh to 85 kmh, but findings were consdered most religble in 45-65 kmh range.

It should be noted tha this project presumes thet it is legitimate to adopt an economic
rationdis gpproach to the choice of travd <gpeeds in reddentid dreets. The
aopropriateness of such decisonswill be covered in the Discusson section of this report.

ESTIMATION OF THE OPT IMUM SPEED ON URBAN RESIDENTIAL STREETS 1



2. PREVIOUS RESEARCH ON OPTIMUM SPEEDS

Nilsson (1984) reported separate relationships between the incresse in the numbers of
killed, serioudy injured, and dightly injured car occupants, and the increese in the median
speed relative to basdine conditions. He built on these rdationships to etimate the totd
injury cogt for car occupants per million vehide kilomeres traveled as a function of
median speed, for each of Sx rurd road environmentsin Sweden.

Some roads had much higher median speeds than would be expected if they had the same
“accepted” balance between speed and injury cost rate which was displayed on other roads.
Nilsson argued that speeds on these roads would need to be reduced (in the order of 510
kmh) if the same baance of speed and injury costs were to be achieved on dl roads. While
Nilsson's proposals may not have achieved the optimum baance, they were amed in this
direction.

Andersson et d (1991) cdculated optimad speeds on different classes of Swedish roads on
the bads of socio-economic costs. The optimal speed was defined as the speed where the
sum of accident costs (injuries and materid damage), vehicle operating cods, and trave
time costs was lowest. The prices or values used were the same as those normdly used in
officia trangport economic caculations.

They found that the optima speeds on three types of urban roads, presently speedzoned
with 50 kmh limits, was in the range 47-58 kmh. However, in the rurd road environments,
the optima speeds were condderably lower than the current mean speeds and the speed
limits.

Powden and Hillman (1996) cdculated optima speed limits for U.K. man roads both
outsde and ingde towns. The cdculations took into account the speedrelated impacts on
and monetary valies of fud, other vehice operdting codts, travel time and accidents. The
results were consdered to be the upper boundaries of the speed limits because dl the
impects left out of the cdculations were negaive and increase with speed (eg. noise
polluion). The cdculations made with and without the assumption of an effect whereby
reduced speed limits influence how much road userstravel.

For motorways and “A” roads outdde towns, in generd they found that optima speed
limits were up to 15 mph lower than exiding limits, depending on the road dass ad
assumptions on fud taxation. Their andyss of urban roads had greaer difficulties
determining the effects of gpeed changes, but they concluded that the urban speed limit
should normdly be 20 mph (32 kmh). However, it gppears that some of their assumptions
may have been extreme, 0 this figure could be viewed as a lower limit for optima speeds
in urban areas. They made a number of suggestions for further work to refine this area.

Rieveld et d (1996) cdculated the socidly optima speed for passenger cars on different
roads types in the Nethelands with and without the assumption that totd trave is
independent of changes in speed. The caculations made a didinction between fata and
other serious accidents, and dso induded the speedreated impacts on travel time, energy
use, and COz2 and NOx emissons. Further information on ther methods and daa is given
by Pecterset d (1996) and Coesdl and Rietveld (1998).

The researchers had to redy on generd edimaes of the eadicity between traveling time
and vehicde travd when etimatiing the speed-rdated impacts They noted that a full
network modd would have been necessary to provide a more redisic esimae of the
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effects of speed changes on tra demand. They dso dated that their andyss was
incomplete because they were not able to consider the effects on noise pollution and cods.

Rietved e d noted that vehides sddom travel a congant speed and that actud average
(al) speeds ae condderably lower than speed limits and desred speeds, especidly in
urban areas. On urban roads with a 50 kmh limit, they found that the average speed was 38
kmh on magor urban through roads and 27 kmh on other urban roads. The average speed
was 15 kmh in residentid sreets, which have a 30 kmh limit. They dso found that the
optima speed on the urban roads'dregts was close to (or a little less than) the average
soeed in each case, wheress on the higher speed limited rurd roads the optimd speeds
were condderably less than the corresponding averages. In the urban aess in the
Netherlands, it appears that desred speed behaviour is generdly consstent with the current
speed limits and produces average (al) speeds which are dlose to socidly optimd.

Elvik (1998) undertook a smilar andyss to cdculae the optimad speed in urban aress in
Norway, conddering in addition the speedrdaed impacts on noise pollution and fedings
of insecurity towards children. He found that the optima speed on urban man roads was
50 kmh, on callector roads it was 40 kmh, and on resdentid access roads it was 30 kmh.

Carlsson (1997) cdculated the optimum speeds of passenger cars on different types of
rurd roads in Sweden. The speedrdated effects on fadities, serious injuries dight
injuries, property damage, travel time, fud consumption, tyre wear, and CO, , NOx and HC
emissons were dl included. He found tha the present travel speeds in Sweden were 15-25
kmh higher than the optimum speed for each type of road.

Kdlberg and Toivanen (1998) have described a framework for assessing the impacts of
gpeed, developed as part of the European project MASTER (MAnaging Speeds of Traffic
on European Roads). While they do not use this to cdculae optimum <Speeds, the
framework was a vduable bass for the project described here It ams to provide a
comprehensve coverage of dl the impacts, both direct and indirect, and quantifidble and
non-quantifigble,

Kdlberg and Toivanen draw an important digtinction between the impacts of speed a the
level of the individud road section or link, viewed in isolation, and a the levd of the
trangport network. It is posshle tha changes in oeeds or speed limits on individud links
can have impacts on percaved accesshility, trangport modd Solit, and broader socio-
economic impects, al of which can have feedback effects on travel speeds. They dso note
that speed management can have objectives relaed to efficiency (where socio-economic
codt-bendfit andyds is an important tool) and equity (where the didtribution of the cods
and benefits of speed needs to be congdered). Speeds which ae desrable from an
efficiency point-of-view may not be acceptable because of red or perceived ineguities to
some parts of society. However, the inequities are usudly difficult to quantify.

The MASTER project has developed a computer spreadsheet to dlow dl the impacts of a
change in speed management policy to be recorded, and andysed where gppropriate. A
copy of the output from the spreadsheet (without data entered) is given in Appendix A to
illusrate its dructure. Kdlberg and Toivnanen (1998) give a detaled description, and
illugrete its use by applying it to speed policy issues in Finland, Hungary and Portugd.
The goreadshest provided a ussfu computationd basis (with modifications) for the
cdculation of the impacts of different travel speeds on urban residentid dreets, for the
project described here (Appendices B-E).

ESTIMATION OF THE OPT IMUM SPEED ON URBAN RESIDENTIAL STREETS 3



3. IMPACTS OF SPEED

3.1 ROAD TRAUMA

3.1.1 Kloeden et al’srelationship betweenspeed and casualty crashes

The mog reevant research linking traveling speed with road trauma on urban 60 kmh
speedtlimited roads in Audrdia has been caried out by Kloeden e d (1997). They
esimated the relative risk of passenger car involvement in a casuaty crast for travelling
speeds (free speeds, unimpeded by other treffic) ranging from 35 to 85 kmh, in 5 kmh
intervas. The risk was esimated rdative to the risk a 60 kmh, which was st a a vaue of
1. Upper and lower 95% confidence limits fa the true relative risk a eech travelling speed
were aso provided.

The estimated relative risk for a car traveling a 65 kmh was 2.0, with confidence limits
ranging from 117 to 343. The edimaed rddive risk and its confidence limits increased
rapidly for speeds above 65 kmh. However, the estimated risks for speeds bdow 60 kmh
did not decresse substantially and each of the upper confidence limits incdluded the vaue of
1, indicating that the risks a the lower speeds were not Sgnificantly different from that at
60 kmh. Each of the lower confidence limits generdly decreased as the speed reduced, as
could be expected for the low-speed risks given the subgtantia increeses in the high-speed
rsks.

Kalberg and Toivanen (1998) consdered that a correct assessment of the effects of speed
on road trauma requires that the impacts on crash injury severity, as wel as crash
frequency, be addressed. This is because of findings that, for a given increase in the speed
of traffic, the effect on the risk of fatd and serious injury crashes is greater than the effect
on injury crashes in generd. Thus it is possble that in the crashes andysed by Kloeden et
d (1997), the proportion of the casudty crashes reaulting in deeth or serious injury may
have decreased for traveling speeds bedow 60 kmh. This was not gpparent from ther
rdionship, which provides the rddive riks of involvement in any form of casudty
crash.

In a supplementary andyss involving recondruction of the crashes for which they had
edtimated the actud travel gpeeds, Kloeden et d (1997) cdculated the reduction in crashes
and number of persons exposed to injury if dl the case vehides had been travdling 5 and
10 km/h dower, respectivdy? They dso caculated the reduction in crash energy which
the exposed persons would have experienced (but the avalable literature did not alow
them to edimate the reduction in injury risk given the edimated reductions in crash
energy). Assuming that the reduction in injury risk is directly rdaed to the reduction in
crash energy, it is possble to edimate the reduction in the number of persons injured for
the given reductions in speed (Table 1). However it is possble that the assumption of a

! Crashes in which a least one person was transported from the crash scene by amulance. The injury may
have been more severe than one requiring any form of medica treatment, the usua minimum criterion for
defining a casualty crash resulting in death or injury.

2 The initia step cdculated the reduction due soldy to the crash not heppening if the travel speed had been
lower. The next step considered the change in the consequences of the crash due to the lower impact speed.
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direct rdationship is too drong, and that the actud percentage reductions in persons
injured are somewhat |ess than those indicated in the table.

Tablel: Estimated reduction inthe number of personsinjured in crasheson urban
60 km/h speed limit roads for a given reduction in all travel speeds
(derived fromKloeden et al, 1997, Table 4.7)

% reduction in % reductionin Estimated %
Reduction in personsexposed to average crash reductionin
travel speeds injury dueto crash energy of the personsinjured in
reduction crashes remaining crashes
5 kmvh reduction 131 23.6 33.6
10 knvh reduction 34.6 38.7 59.9

These results are in contrast with those suggested by Kloeden et d’s reationship between
seed and the rdative risk of a casudty crash. The confidence limits on the etimated
rlaionship did not provide evidence of a red reduction in the risk a speeds 5 and 10 km/h
bdow 60 knvh (dthough the estimated rdative risk a 50 km/h was 0.62, suggesting a 38%
reduction in casudty crash involvement if cars wereto travel at this speed).

However, the results in Table 1 do not provide informetion about the changes in casudty
crash risks across the full range of travel speeds (35 to 85 km/h) consdered in this study.
For this reason, Kloeden et d's supplementary andyss has been used only to provide
confirmatory evidence to support or reect the edimated changes provided by other
relationships congdered in this sudy, such as those of Nilsson (1984).

3.1.2 Nilsson’srelationships between speed and crashes of different injury severity

Nilsson (1984) devdoped rdationships of the following form linking changes in mean or
median speeds with the number of crashes.

Na=(VAVe)’ *ng

where n ,=number of crashes after the speed change
n s = number of crashes before the speed change
V » = mean or median speed after
Vv g = mean or median speed before
p = exponent degpending on the injury severity of the crashes:
p =4 for fatal crashes

p = 3for seriousinjury crashes
p = 2 for minor injury crashes

These rdationships were based on research linking changes in median speeds (free speeds
measured in traffic surveys) with changes in crash frequencies & various injury severities,
as a result of a large number of changes in speed limits on Swedish rurd roads. A potentid
problem with the fatd crash rdationship is that a poor estimate of the fata crash frequency
before the speed change can give an inaccurate estimate of the impact on fata crash costs,
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due to the fourth-power effect of the exponent in this case, and the rdaively high unit
cogts normaly attached to fatd outcomes.

3.1.3 Kallbergand Toivanen’srelationship between speed and casualty crash costs

The MASTER spreadsheet uses Nilsson's rdationship, with p = 2, as the impact function
linking casudty (fatal and injury) crashes with mean speeds (section D3a in Appendix A),
based on Andersson and Nilsson (1997). It was recognised that this function does not
capture the effects of changing injury severity digtribution resulting from changes in speed
(Kdlberg and Toivanen 1998). Thus the MASTER spreadsheet uses a development of this
function to ca culate speed-reated changes in accident costs (section D3b):

Ca=[K*((vaV 8)*-1)+1]*Cs
where C,= crash costs after
C; = crash costs before

k = a condant depending on the actud unit codts of fata, serious and minor
injuries and the average number of each in casudty crashes of various severities
(Kalberg and Toivanen found that k = 2, gpproximatey, goplied in most Europesn
countries, and adopted this vaue in the spreadshect)

Given the criticd role of the impact function linking traveling speeds with road trauma, dl
three of the above relationships were consdered in this study (Appendices B-E). However,
it should be noted that the function for the change in accident codts bresks down when
vavg < 0.707. For changes in mean speed in this range, it was decided to modify the
formula to k = 1 during this sudy. This problem did not aise when the andyss was
conducted using Nilsson's (1984) relationshipsin their origind form.

3.2 VEHICLE OPERATING COSTS

Thoresen (2000) summarises two modds for cdculaing vehicle operding cods as a
function of travel speeds in urban areas. For gpeeds less than 60 kmh, he proposes that the
fallowing “Urban Stop Start Model” modd be used:

c=A+B/V

where ¢ = vehick operaing cost (centskm) and V = journey speed (kmh). The vaues of
congants applicable to private (used) cars have been used in this study, namdy A = 23.10
and B = 71.48.

For speeds in excess of 60 kmh, Thoresen proposes that the “ Freeway Modd” be used:
c=Co+ C1V +C2V?

The values Co = 2556, G = 0061, and C2 = 0.00043, goplicable to private (used) cars,
have been used in this study.

In Appendices BE (section E1), the Urban Stop Start Model has been used for speeds up
to 60 kmh, and the Freaway Modd has been used for speeds grester than 60 kmh. There is
little discontinuity in vehicle operating cods between the two modes around a speed of 60
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kmh. To illugrate this, the spreadshests dso indude the caculated operating costs for the
“other” modd a each speed, for comparison.

3.3 TRAVEL TIME

It is well known that trave time = link length / speed of traffic flow. However, Kdlberg
and Toivanen (1998) noted that, especidly in urban conditions a condderable pat of the
trave time may be spent not moving a dl or moving a very low speeds. Thus the average
of dl actud speeds may be consderably less than the desired or maximum speed, and the
travel time on the link may be consderably grester than that suggested by the free speeds
of traffic on the road.

To provide a better understanding of this in urban conditions, the (then) Federd Office of
Road Safety commissioned research on the relaionship between changes in cruise speed
and changes in average (dl) speeds in different road environments induding resdentid 60
kmh zoned streets (SMEC 1998). The cruise speed represents the maximum speed at which
the average driver traverses each segment of a trave route. It is typicdly the free speed
(speed of a vehicde obsarved with grester than a minimum headway) obsarved in
traditional speed surveys, mean speeds from these surveys are redly average free speeds.

SMEC dmulated the dtuations where the speed limit on a road link was reduced by 5 and
10 kmh, respectively, and increesed by 5 kmh. The andyses were based on the premise
that the expected change in speed of vehicles traveling above or within 10 kmh of a new
limit will be in proportion to the change in the speed limit. Where the speed profile was
generdly reduced (incressed), the totd travel time was increased (reduced) in the
smulation so that the totd length of the trip remained congtant. The average of al speeds
was then calculated for each change in the speed limit. In the red data they collected from
urben 60 kmh zoned roads in Mebourne, the mean cruise speed was 57 kmh. It was
assumed that the change in mean cruise speed would have been the same magnitude as the

change in the speed limit.

Figures 1 and 2 show the average (dl) speeds estimaed by SMEC during off-pesk and
pesk periods respectively, for cruise speeds of 47, 52, 57 and 62 kmh. Also shown is the
linear extrgpolation of the end points down to 35 kmh and up to 8 kmh. These
extrapolations should be conddered as indicaive only, with the mogt rdidble edimates
bang between 47 and 62 kmh. Over this 15 kmh range of cruise speeds, the average (dl)
goeeds was edimated to vary by only 5.3 kmh during off-pesk periods and by 2.8 kmh

during pesk periods.

For the purpose of edimating the average of al gpeeds on resdentid dreets for cruise
peeds in the range 35 to 85 kmh, the smple averages of the average speeds shown in
Figures 1 and 2 were cdculated, assuming that off-pesk and pesk traffic is equdly
represented on resdentid streets (Appendices B-E, section D2). The estimated average of
al speads was then used to caculate the trave time on the links for each cruise speed.
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Figure 1: Average of all speeds during off-peak periods v. cruise speeds on residential
streets in Melbourne

Residential 60 kmh streets: Off-peak periods

50

45

) /“"—.-v"“v
35

30

25

20

Average speed (kmh)

15

10

30 40 50 60 70 80 90
Cruise speed (kmh)

Figure 2: Average of all speeds during peak periods v. cruise speeds on residential streets
in Melbourne
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SMEC (1999) extended the andyss in SMIEC (1998) to congder higher-order effects of
the changes in cruise speed across the whole Melbourne road network, using a transport
network modd. The modd sSmulated a change in the routes sdected, change in the
trangport mode selected, and change in the totd number of trips. The smulaions were
based on stuations where the speed limit was reduced by 5 and 10 kmh, respectivey, and
increesed by 5 kmh, as before in the linkdevd andysis Unfortunatdy, the speed limits
were reduced or increased smultaneoudy on dl roads in the network, not just the
resdentid 60 kmh zoned dreets which are the focus of this sudy. Hence it is nat possble

to esimate the network-level effects of the change in cruise speeds on residential Streets
aone.

For this reason, the andyss in this sudy was confined to a link-levd examingtion of
changes in cruise speed. It is assumed that there was no change in traffic volumes on
resdentid dreets as a reult, and hence that there was no change in consumer surplus
(Kdlberg and Toivanen 1998) associated with the changes in cruise speed. Given that
resdentia dreets are principaly used by drivers a only the beginning and end of ther
trips in most circumstances, and thet there are few options associated with this practice, it
is believed that the assumption is reasonable. The exception may be in circumstances
where the cruise speeds are at their lowest leves (eg. 35-40 kmh), when drivers may be
atracted to higher speed collector streets and arterid roads.

34 AIRPOLLUTION EMISSIONS

Speed of a vehide has consderable effect on the ar pollutants it emits There are
pollutants directly rdaed to fud consumption (eg. cabon dioxide lead, and oxides of
nitrogen) as wel as those reaulting from incomplete combudion (eg. carbon monoxide,
hydrocarbons, and particulates). The amount of pollutant emitted a a given speed depends
on whether the vehicle is accderating or travelling a a steedy speed (SMIEC 1998, Ward et
d 1998). Hence the totd pollution emitted from a vehide is rdated to whether it is driven
gmoothly or aggressvely.

Ward et d (1998) have presented estimates of the levels of emissons from a typicd stream
of vehicles traveling a Steady speeds between 30 and 90 kmh on flat roads. These
edimates have been interpolated to edimae the ar pollution emisson impacts (in grams
per 1000 km) for carbon monoxide, hydrocarbons oxides of nitragen, and particulaies a
each cruise speed (section D4 of Appendices B-E). Wad et d did not present information
to edimae the impacts of carbon dioxide relaed to travd speed. Since ther edtimates
rdlate to travel a deady Speeds, they probably represent the lower bounds of the impacts
observed in practice.

3.5 NOISE POLLUTION

The impact of noise pollution from vehicles traveling in urban areas increases with peed
and is dso rdaed to the populaion dendty within noise zones a each decibd levd.
Because of the complexity of this rdaionship, it was not possble to obtan an adequate
impact function to represent noise pollution in resdentid dreets For this reason, the
impacts of noise pollution a each peed could not be quantified in this sudy. However, as
Elvik (1998) noted, the impacts of noise pollution in urban aess are likdy to have a
substantia cost.
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4. VALUATION OF COSTS AND BENEFITS

41 ROAD TRAUMA

There are two basic gpproaches to valuing road trauma (Steadman and Bryan 1988):

the “ex-post” approach, which examines the costs of road trauma which has aready
occurred (aso known as the “ human capitd” gpproach)

the “ex-ante¢’ approach, which seeks to determine the amount the community would
pay to prevent road traumain the future (also known as “willingness to pay”)

BTE (2000) has recently provided new estimates of the human capitd costs of road trauma
in Audrdia during 1996. These edimaes were updated to year 2000 vaues using the
Consumer Price Index for Mebourne. The updated estimates of the human cepitd cost of
road crashes, by theinjury level of the most severeinjury, in year 2000 A$ are:

fatal crashes $1,740,359
serious injury crashes $ 420553
other injury crashes $ 14504

These edimates were combined in the prgportion of the different crash types which
occurred on loca dreets in Mebourne during 1995 to provide an estimate of the human
capital cost of casudty crashes on average, namely:

al casudty crashes (average) $ 152,273

Ealier, BTCE (1997) had derived willingnessto-pay vadues of road trauma in Victoria
during 1992, based on willingness-to-pay approaches in the USA and human cepitd cods
for Audrdia a that time. They provided high and low esimates of the willingnessto-pay
vaues of road trauma per person, & eech leve of injury severity, which differed only in
the cases of serious and medicdly treated injury. The high estimates were chosen for this
sudy because the human capitd esimaes of the cost of road injury in Audrdia have
increased subgtantialy snce 1997.

The willingnessto-pay edimates per person were combined according to the average
number of persons injured to each levd of seveity in fad, serious injury and other injury
crashes, respectively, in urban Mdbourne (Corben et d 1994). These edtimates were then
updated to year 2000 A$ usng the Consumer Price Index, and averaged by the proportion
of each crash type on locd dreets in Mebourne, to provide the following esimates of the
willingnessto-pay values of road crases

fatal crashes $4,550,944
serious injury crashes $ 368964
other injury crashes $ 82030

al casudty crashes (average) $ 216655

It was noted that the willingnessto-pay estimate of the value of a serious injury crash was
beow the human capitd cost based on BTE (2000). This was consdered likely to be due
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to methodologicd differences compared with BTCE (1997), but it was beyond the scope of
this study to rationaise these differences.

42 TRAVEL TIME

Thoresen (2000) gives estimates of the vaue of travd time (per hour of trave) rdaed to
vehide type and urban/rurd location of trip. Information was not avalable on the
compostion and trip purpose of traffic in resdentid dreets to cdculae an average of the
cogt of travel time. However, Elvik (1999) suggested that the proportion of heavy vehides
(trucks and buses) in resdentid aress could be expected to be rdativey smdl. In addition,
the proportion of trips that are business trips is likely to be smdler in resdentid areas han
in other aress.

For these reasons, it was assumed thet dl of the travel in resdentid Streets was private car
trave, for the purpose of vauing trave time in this sudy. Thoresen (2000) has provided an
estimate of $7.61 per hour for the vaue per acupant of trave time in urban areas, and an
esimate of 1.6 occupants per car. Together these figures provided the edimate of $12.18
per hour for the cogt of trave time in resdentid dreets which was used in this study
(section E2a of Appendices B-E).

43 AIRPOLLUTION EMISSIONS

Air pollution cost estimates were provided by Cosgrove (1994). The Consumer Price Index
was used to provide estimatesin year 2000 A$, namdly:

Carbon monoxide $0.002 per kilogram
Hydrocarbons $0.44 per kilogram
Oxides of nitrogen $ 1.74 per kilogram
Particulates (PM 10) $ 13.77 per kilogram
Carbon dioxide $0.022 per kilogram

These estimates were used in this study (section E5a of Appendices B-E).

5. ESTIMATION OF OPTIMUM SPEED ON RESIDENTIAL
STREETS

5.1 BACKGROUND

The Regulatory Impact Statement (RIS) released by the Victorian Government regarding
the proposad regulations to reduce the default speed limit on lengths of road in built-up
aess from 60 kmh to 50 kmh (VicRoads 2000) has provided useful badc daa for this
sudy. This information has been incorporaed in the modification to the spreadsheet
developed by the MASTER project (Appendix A) which was used in this study to examine
theimpeacts of arange of cruise gpeeds, under various assumptions (Appendices B-E).

The RIS estimated that 5.275 hillion vehide kilometres per annum are traveled on urban
resdentia dreets in Victoria, most of which are in Mdbourne. It was ds0 edtimated that
there are 69,600 residential dreets in Victoria For the purpose of the spreadshest, it was
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assumed that the average length of each resdentid dreet is one kilometre. This resulted in
an edimate of the Annua Average Daly Traffic (AADT) of 207.65 vehicles per day. In
practice, these somewhat arbitrary assumptions were not critical because the key data used
was the total vehicle kilometres. As discussed in section 4.2, it was assumed that dl of the
travd in reddentid dreets was privae ca travd on pesond busness and commuting
trips. Thisinformation was entered in the Outlining section of Appendices B-E.

The information and assumptions to provide impact functions for vehicle operating cods,
travd time and ar pollution emissons rdaed to cruise speed were described in section 3.
These impact functions and the unit prices of eath impact were entered in the
Measurement section of Appendices B-E and were unchanged for each of the scenarios
conddered. The specific impact functions and cost estimates used for the effects of cruise
speed on accidents will be described for each scenaio below. In each case it was assumed
that there were 2000 casudty crashes per anum on resdentid dreets in Victoria, as
edimated in the RIS, and tha the corresponding mean travel speed on these dreets was 57
kmh, based on SMEC' s (1998) observations of red traffic in Mebourne.

The magnitudes of the physicd impacts, and ther monetary vaues, are shown for each
cruise speed in the Assessment section of Appendices B-E. Since it was assumed that
traffic volumes on resdentia dreets will not change as a result of changes in cruise speed,
no change in consumer surplus has been conddered in the Assessment section. The totd
monetary impacts of vehicle operating cods, travel time codsts crash costs and ar
pollution cogsts are shown for each cruise goeed consgdered. The cruise speed a which the
totd cods were & a minimum was conddered to be the optimum speed, under the
assumptions and for the scenario congdered. It should be noted that the optimum speed has
been edimated in this sudy only to the nearet 5 kmh in the range of cruise speeds
between 35 and 85 kmh. As dso noted in section 3.3, the mogt rdiable estimates are likdy
to be those faling between 47 and 62 kmh.

5.2 HUMAN CAPITAL VALUATION OF CRASH COSTS

The initid scenarios congdered were those where the codts of crashes were based on the
“human capitd” esimates provided by BTE (2000), updated to year 2000 prices. The tota
mongtary impact of each cruise speed conddered depended on the specific reaionship
between speed and road trauma Each rdationship will be addressed in turn in the
following sections.

5.2.1 Kloeden et al’srelationship between speed and casualty crashes

The comparison based on Kloeden et d’s (1997) edimates of the relative risk of a casudty
crash at each speed is shown in Appendix B and in Figure 3 below.

The minimum total cost occurred a& a cruise speed of 60 kmh (estimated $3.361 hillion
p.a), however it can been seen that the totd cogt is relatively congtant in the range 50 to 60
kmh. The risk of a casudty crash was etimated by Kloeden et d to vary rddivdly little at
gpeeds below 60 kmh.

The 95% confidence limits on Kloeden et d’s eimates were dso rdaively wide and for
this reason it was decided to congder the influence on the comparison if the lower 95%
confidence limits were used indead of the centrd estimates of rdative risk (Figure 4). The
minimum tota cost then occurred a a cruise speed of 50 kmh (estimated $3.295 hillion

p.a).
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Figure 3: Impacts of speed based on Kloeden et al's relationship

Monetary impacts of cruise speeds on residential 60 kmh streets:
"Human Capital" valuation of accident costs (BTE 2000)
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Figure 4: Impacts of speed based on Kloeden et al’s relationship (lower limits of risk)

Monetary impacts of cruise speeds on residential 60 kmh streets:
"Human Capital" valuation of accident costs (BTE 2000)
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5.2.2 Nilsson’srelationships between speed and crashes of different injury severity

The comparison basad on Nilsson's (1984) rdationships linking mean traved speed with
fad, serious injury, and other injury crashes is shown in Appendix C and in Fgure 5
below. For this andyss, the totd of 2000 casudty crashes per annum assumed to occur on
resdential  dtreets was sub-divided in the proportion of fad, seious injury, and other
injury crashes which occurred on locad dreets in Mdbourne during 1995. Thus it was
assumed that there are 24 fatd crashes, 564 serious injury crashes, and 1412 other injury
crashes per aonum on resdentia dreets, on which mean travel speeds are currently 57
kmh, for the purpose of applying Nilsson's rdationships

Figure 5: Impacts of speed based on Nilsson’s relationships

Monetary impacts of cruise speeds on residential 60 kmh streets:
"Human Capital" valuation of accident costs (BTE 2000)
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The minimum totd cost occurred a a cruise speed of 55 kmh (estimaed $3.382 hillion
p.a). As in section 52.1 (Kloeden et d’s rdationship), it can be seen that the totd cog is
relaively congant in the range 50 to 60 kmh. As the number, severity and cost of crashes
risesin that range, the cost of trave timefdls, leading to the total cost being very stable

Nilsson's redionships gppear to produce more Sable edtimates of the totd monetary
impects of different cruise speeds on resdentia dreets. Kloeden et d’s estimates of the
relative risk of casudty crashes at each speed are subject to uncertainty as indicated by the
confidence limits on each estimate. When the lower limits of Kloeden e d’s edimates
were used, they suggested a much lower optimum speed (50 kmh) than that found when
the estimates were used directly (60 kmh).
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Nilsson's rdationships suggest an edtimated reduction of 18.2% in the number of casudty
crashes if the travel speed on resdentid dreets was 5 km/h dower, reldive to a trave
speed of 60 km/h (Appendix C). This is less than the esimate derived from Kloeden et d’'s
(1997) supplementary andysis involving recongruction of their crash cases and cdculation
of the implications if al travd speeds were reduced by 5 kmv/h (33.6% from Table 1).
Nilsson's relationships suggest a 34.2% reduction in casudty crashes if travel speads were
10 km/h dower, which is ds0 less than the 59.9% deived from Kloeden & d's
supplementary analysis for the same speed reduction scenario (Table 1).

In generd, Kloeden e d’'s (1997) supplementary andyss provides some support for the
vdidity of Nilsson's reationships in urban aress for travel speeds bdow 60 knvh. It was
noted in Section 3.1.1 tha the edimates of the reductions in the number of persons injured
derived from Kloeden & d’s andyds may be an over-etimate of the actud percentage
reductions. The disagreement between the estimates produced by the two methods appears
to be in the direction whereby Nilsson's reationships may underestimeate the reduction in
casudty crashes a lower travel speeds. However, Nilsson's reaionships do represent the
reduction in the injury severity of the casudty crashes which occur a lower speeds, and
esimate greater reductions in crash cods than the estimated reductions in casudty crash
numbers.

5.2.3 Kallbergand Toivanen’srelationship between speed and casualty crash costs

The comparison based on Kalberg and Toivanen's (1998) reationship linking changes in
mean travd speed with changes in crash costs is shown in Appendix D and in Figure 6
below. The changes in gpeed were referenced to the current mean trave speed of 57 kmh
assumed for cars on resdentid dreets, where it was assumed that 2000 casudty crashes
per annum occur.

Figure 6: Impacts of speed based on Kallberg and Toivanen’s relationship

Monetary impacts of cruise speeds on residential 60 kmh streets:
"Human Capital" valuation of accident costs (BTE 2000)
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When applying Kadlberg and Toivanen's reationship, it was found thet it produced
unregdigic esdimates of crash costs when consdering speeds of 50 kmh or less. In this
range of speeds, the congtant k in the relationship was set a one, ingead of two. Thus, in
these cases, the ratio of crash costs was assumed to be directly related to the square of the
ratio of the gpeeds (conddered speed divided by 57 kmh). For speeds of 55 kmh and above,
Kalberg and Toivanen's rdaionship was used in unmodified form.

The minimum totd cost occurred a a cruise speed of 55 kmh (esimated $3.371 hillion
p.a). The reslts were very amilar to those based on Nilsson's reationships (Figure 5).
However, there was concern that Kalberg and Toivanen's redionship had been
compromised at speeds below 55 kmh where it gppeared to produce unredistic results.

Because of concern about the reigbility of the estimates derived from either Kloeden et
d’s rddionship or Kdlberg and Toivanen's reationship, it was decided to consder only
Nilsson's relationships in the subsequent andysis in which road trauma was vadued using
the “willingnessto-pay” approach.

53 WILLINGNESSTO-PAY VALUATION OF CRASH COSTS

A compaison based on the “willingnessto-pay” vaduation of crash costs was dso carried
out, based on BTCE (1997) edimates updated to year 2000 prices (see section 4.1). Only
Nilsson's rdationships linking travel speeds were used in this comparison, for reasons
outlined in the previous section. The results are shown in Appendix E and in Figure 7
below.

Figure 7: Impacts of speed based on Nilsson’s relationships and “Willingness-to-Pay”
valuation of road crash costs

Monetary impacts of cruise speeds on residential 60 kmh streets:
"Willigness-to-Pay" valuation of accident costs (BTCE 1997)
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The minimum totd cod, when road trauma was vaued by the willingness-to-pay method,
occurred a a cruise speed of 50 kmh (estimated $3.493 hillion p.a). As with the results
based on human capita cods, the totd cost was rddively congant in the 50 to 60 kmh
range.

6. DISCUSSION

This sudy amed to edimate the optimum travd speed on urban reddentid dreets in
Audrdia which, for the most part, are currently zoned with a speed limit of 60 kmh (the
exceptions mainly being municipdities in New South Wdes and South East Queendand).
The optimum speed was defined as the travel or cruise speed on residentia Streets which
leeds to the total cost of road trauma, travel time, vehide operating codts, and ar pollution
emissions being a aminimum.

A limitation of this sudy was that noise pollution emissons could not be consdered and
their cost included in the totd. No impact function to adequately represart the harm from
vehicle noise in resdentid areas of Audrdia could be found. This was unfortunate because
the cost of noise pollution in urban aress is likdy to be subgantid. Another limitation was
the impacts of carbon dioxide emissons could not be conddered. If impact functions for
noise pollution and carbon dioxide emissons were to become avalable, they could reedily
be incuded in the spreadsheets in Appendices B-E. In the interim it should be noted thet
the magnitude of each of these pollutants is known to increase with travel speed. The
optimum speed found if their cods were included would be no grester (possbly lower)
than the optimum suggested by this study.

This sudy has been limited to a link-level andyss of resdentid dreets and hes assumed
that no traffic would be diverted to collector dreets or arterid roads if travel speeds on the
resdentid dreets decressed. The dudy has had to rdy on an extrgpolation of the
relationships found by SMEC (1998) between cruise speeds and the average of dl Speeds,
especidly when congdering travel speeds bdow 47 kmh. It is possble that a low trave
peeds, traffic would be diverted from resdentid dreets and the average (dl) speeds would
not reduce as much as expected. In this Stuation, travel times would not be as grest and
hence the totd cost (as defined above) would aso not be as great a the low speeds. While
the reduction in traffic is perhgps a disbenefit from the road users point of view, it may be
perceved as a benefit from the point of view of resdents and non-motorised travelers in
the resdentid streets (Elvik 1999).

Agang this background of information avalable and assumptions made, this sudy hes
been adle to edimae the optimum speed in reddentid dreets given two scenarios for
vauing road trauma and three methods for relatiing road trauma cods to travel speeds
Kloeden et d's (1997) edimaes of rdative crash risks rdlated to travel speed were
asociaed with uncertainty in the estimates which in turn gppeared to lead to an unrdiable
edimate of the optimum speed. Ther rdationship of speed with casudty crashes did not
take into account the didribution of injury severity related to speed; this may have led to
unreliable results, epecidly at speeds bebw 60 kmh.

Nilsson's (1984) rdationships did not suffer from this deficency and gppeared to produce
more dable estimates of the total monetary impacts for different travel speeds. There was
some support for Nilsson's redionships when their estimates of the reductions in casudty
crashes a speeds below 60 km/h were compared with those derived from Kloeden et d’s
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(1997) supplementary andlyss which estimated reductions if dl speeds were reduced by 5
and 10 krmvh, respectively.

Kdlberg and Toivanen's (1998) rdaionship was derived from Nilsson's and, while it is
gmpler to use, did not produce subgtantialy different results. In practice in this sudy, ther
relationship was compromised when consdering speeds bdow 55 kmh, which may have
led to unreiable resultsin this speed range.

When the “human capitd” vauations of road trauma costs were used, the andysis based
on Nilsson's rdationships suggested that the optimum speed on resdentid dreds is 55
kmh. It should be noted, however, tha the edimate of the totd monetary cost was
relaivdly congant in the range 50 to 60 kmh. Only Nilsson's reationships were
condgdered, for reasons given above, when the andyss was repested making use of road
trauma cods vdued by the “willingness to pay” gpproach. In this case, the andyss
suggested that the optimum speed on resdentid dreets is 50 kmh. The optimum speed was
lower because the higher vauation of road trauma a 50 kmh more than overcame the cost
of additiond travel time associated with a travel gpeed of 50 kmh, compared with 55 kmh.

The andyss destribed in this report has presumed that it is legitimate to adopt an
economic raiondis goproach and to conduct a socio-economic cod-bendfit andyss to
choose the optimum speed in resdential dSreets Kdlberg and Toivanen (1998) have
suggested that the equity of the didribution of the cogts and benefits dso needs to be
conddered. There is dso a broader perspective which argues that it is not legitimate to
compromise road safety to meet other objectives because “life and hedth can never be
exchanged for other benefits within the society” (Tingvall 1998).

In residentid dredts, the road users a grestest risk of death or serious injury if involved in
an impact with a vehide are pededrians and, in smdler numbers bicydids It has been
found that the risk of a pededrian being killed when impacted by a vehide traveling a 30
kmh fals to 10%, compared with a risk of 80% a 50 kmh (Wdz et d 1993). This finding
hes led to a demand for a maximum travel speed of 30 kmh on Streets where there is mixed
traffic (motorised and non-moatorised) (Ministry of Transport and Communications 1997).

This travedl speed is bdow the range of speeds conddered in this sudy (35 to 85 kmh).
However it was conddered informative to examine the circumstances in which the anadysis
conducted here (usng Nilsson's rdaionships) would leed to the conduson that the
optimum speed in resdentid dreets should be no more than 35 kmh. This was done by
multiplying the human capita estimates of road trauma costs (Appendix C) by a congtant
multiplier. It was found that amultiplier of 5 resulted in the Stuation shown in Figure 8.

Thus if the values of road trauma costs were five times those estimated by BTE (2000), ie.
aoproximatdly $8.7 million per fad crash and $215 million per serious injury crash, a
travd speed of 35 kmh (perhgps less) would be the maximum speed which could be
economicdly judified. This is dso dose to the maximum speed which has been demanded
by societiesaiming to prevent dl deaths and seriousinjuries on resdentia Streets.
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Figure 8: Impacts of speed if crash costs are valued 5 times higher

Monetary impacts of cruise speeds on residential 60 kmh streets:
5 times "Human Capital" valuation of accident costs (BTE 2000)
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7. CONCLUSIONS

The optimum travel speed on urban resdentid dreets in Audrdia depends on the vaue
which society places on the deaths, serious injuries and other injuries which result from
crashes associated with each speed. If the costs of road trauma are vaued by the “human
capitd” approach, then the optimum speed gppears to be 55 kmh. Howerer, if road trauma
is vdued by the “willingness to pay” approach, then the optimum speed appears to be 50
kmh.

It should be noted that, in each case, the totd cost of road trauma, travel time, vehicle
operating cods, and ar pollution emissons vaies redivey little for speeds around the
optimum speed. Thus the optimum speed should not be viewed as having been determined
exactly in each case. The study was not able to consder the speedreated impacts of noise
polluion and carbon dioxide emissons Since the magnitude of these pollutants is known
to increese with speed, it is likely that that the optimum speed would be no greater then
that determined in this study, for each gpproach to vauing road trauma.

If road trauma was vaued five times higher than the “human capitd” gpproach, this study
suggests that the optimum speed on resdentid streets would be a mogt 35 kmh. This is
close to the maximum speed which has been demanded by socigties aming to prevent dl
desths and serious injuries on residential streets.
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APPENDIX A:
MASTER FRAMEWORK FOR ANALYSIS OF
IMPACTS OF A SPEED MANAGEMENT POLICY
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Outlining

MANAGING SPEEDS OF TRAFFIC ON EUROPEAN ROADS
%ﬁj Application of the MASTER framework (see separate instructions) Ver. 01/99

LINK-LEVEL ANALYSIS OF THE IMPACTS OF A SPEED MANAGEMENT POLICY

Name of applier:
Institution:

1. Outlining

A. Policy test

Al. Length of link km

A2. Flow characteristics

Before policy After policy

Traffic attributes Total/ Total/
Avera 0 0 0 0 0| Avera

ge ge

Mean speed, km/h #DIV/O! #DIV/0!
AADT* 0 0
Share of traffic #DIV/0!|#DIV/0!| #DIV/0!|#DIV/0![#DIV/0! | #DIV/0! [ #DIV/0! [#DIV/0! [ #DIV/0! [ #DIV/0! | #DIV/0Q! | #DIV/0!
Business trips, % #DIV/0! #DIV/0!
Pers. bus. and commuting. trips, % #DIV/0! #DIV/0!
Leisure trips, % | #DIV/O! #DIV/O!

*average annual daily traffic volume, vehicles per day

B. Link/network level analysis

This workbook is best suited for link analysis. However, elastic travel demand can be assumed, for the workbook
contains formulas for consumer surplus calculation.

C. Deciding on relevant impacts

Vehicle operating costs
Travel time

Accidents

Air pollution

Noise

Other

End of sheet
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Measurement

MANAGING SPEEDS OF TRAFFIC ON EUROPEAN ROADS

Application of the MASTER framework Ver. 01/99

2. Measurement of impacts
D. Impact functions

D1. Vehicle operating costs

(describe here)

D2. Travel time
Function: travel time = link length/speed of traffic flow

D3a. Accidents

For example:
Injury accidents before = ng Average speed before = vg
Injury accidents after = nj, Average speed after = v,

Nia = (Valve)* * Nig |(Andersson & Nilsson, 1997)

D3b. Accident costs
For example:

Total accident costs before = Cg, total accident costs after = C,
k = country specific constant 1.75...2.30

Ca = [K*(Valvg)*-1)+1]*Cg |(Andersson & Nilsson, 1997)

D4. Air pollutant emission coefficients

At initial speed, g/km At final speed, g/km
Emission factors 0 0 0 0 0| Average 0 0 0 0 0| Average
Carbon monoxide CO #DIV/0! #DIV/0!
Hydrocarbons HC #DIV/0! #DIV/0!
Oxides of nitrogen NO, #DIV/0! #DIV/0!
Particles PM #DIV/O! #DIV/O!
Carbon dioxide CO, #DIV/O! #DIV/O!

D5. Noise pollution

(specify model used here)

E. Unit prices

El. Vehicle operating costs

Petrol| Diesel

[Fuel price, ECU per litre | | | (inserting prices here is preferred to writing them in formulas with absolute numbers)
ECU per vehicle-km
Before policy After policy
0 0 0 0 0 Average 0 0 0 0 0 Average
[Vehicle oper. costs* #DIV/O! #DIV/O!

*Without tax
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E2a. Time costs per hour

Measurement

F. Calculation of impacts

ECU per hour
Value of travel time 0 0 0 0 0
Business trips, %
Pers. bus. and commuting. trips, %
Leisure trips, %
Average 0.0 0.0 0.0 0.0 0.0
E2b. Time costs per kilometre ECU per vehicle-km
Before policy After policy
0 0 0 0 0 Average 0 0 0 0 0 Average
|Time costs #DIV/O! | #DIV/O! | #DIV/0! | #DIV/Q! | #DIV/Q! | #DIV/Q! | #DIV/Q! | #DIV/0! | #DIV/0! | #DIV/0Q! | #DIV/Q!| #DIV/0!
E3. Total user costs ECU per vehicle-km
(vehicle operating+ time costs) Before policy After policy
0 0 0 0 0 Average 0 0 0 0 0 Average
|Total user costs #DIV/O! | #DIV/O! | #DIV/0! | #DIV/Q! | #DIV/Q! | #DIV/Q! | #DIV/Q! | #DIV/0! | #DIV/O! | #DIV/0Q! | #DIV/Q!| #DIV/0!
E4. Accident costs
Before After
. kECU/| KECU/
Accident type accid.| accid.
Personal injury accident 316| #DIV/0!
E5a. Air pollution costs E5b. Noise pollution costs
Air pollutants' unit costs ECU/t Unit costs of noise pollution ECUlyear
Carbon monoxide CO Noise zone 55 to 65 dB
Hydrocarbons HC Noise zone 65 to 70 dB
Oxides of nitrogen NOx Noise zone >70 dB
Particles PM
Carbon dioxide CO2
E1. Vehicle operating costs
Before policy, KECU/year After policy, KECU/year
0 0 0 0 0 Total 0 0 0 0 0 Total
[Vehicle operating costs 0 0 0 0 0 0 0 0 0 0 0 0
F2a. Travel time Before policy, vehicle-hours/day After policy, vehicle-hours/day
0 0 0 0 0 Total 0 0 0 0 0 Total
|Tota| travel time on link #DIV/O! | #DIV/O! | #DIV/0! | #DIV/Q! | #DIV/Q! | #DIV/Q! | #DIV/Q! | #DIV/0! | #DIV/O! | #DIV/0! | #DIV/0!| #DIV/0!
E2b. Travel time costs Before policy, KECU/year After policy, KECUlyear
0 0 0 0 0 Total 0 0 0 0 0 Total
|Tota| travel time costs #DIV/O! | #DIV/0! | #DIV/0! | #DIV/Q! | #DIV/Q! | #DIV/0! | #DIV/Q! | #DIV/0! | #DIV/O! | #DIV/0! | #DIV/Q!| #DIV/0!
E3. Consumer surplus Input data, before polic Input data, after policy
Average Average
0 0 0 0 0 0 0 0
Total user costs, ECU/veh.km #DIV/OI|  #DIV/0!|  #DIV/OI|  #DIV/0!|  #DIVIO!|  #DIV/O!|  #DIV/O!|  #DIV/O!|  #DIV/O!| #DIV/O!| #DIV/O! #DIV/O!
Mio veh.kms/year 0 0 0 0 0 0 0 0 0 0 0 0
Change in consumer surplus Total
[KECUlyear #DIV/O![ #DIV/O![ #DIV/0!I] #DIV/O!] #DIV/O!| #DIV/O!
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Measurement

F4a. Accidents

Before After Change
Number of accidents per year policy| policy
Personal injury accident #DIV/0! | #DIV/O! [ #DIV/0!
F4b. Accident costs
KECUlyear |
Before After Change
Cost of accidents policy| policy
Personal injury accident #DIV/0! | #DIV/O! | #DIV/0!
E5a. Air pollution
Atinitial speed, t/year At final speed, tlyear
Emissions 0 0 0 0 0 Total 0 0 0 0 0 Total
Carbon monoxide CO 0 0 0 0 0 0 0 0 0 0 0 0
Hydrocarbons HC 0 0 0 0 0 0 0 0 0 0 0 0
Oxides of nitrogen NOx 0 0 0 0 0 0 0 0 0 0 0 0
Particles PM 0 0 0 0 0 0 0 0 0 0 0 0
Carbon dioxide CO2 0 0 0 0 0 0 0 0 0 0 0 0
E5b. Air pollution costs
Atinitial speed, KECU/year At final speed, KECU/year
Emissions 0 0 0 0 0 Total 0 0 0 0 0 Total
Carbon monoxide CO - - - - - - - - - - - -
Hydrocarbons HC 0 0 0 0 0 0 0 0 0 0 0 0
Oxides of nitrogen NOx 0 0 0 0 0 0 0 0 0 0 0 0
Particles PM - - - - - - - - - - - -
Carbon dioxide CO2 0 0 0 0 0 0 0 0 0 0 0 0
Total 0 0 0 0 0 0 0 0 0 0 0 0
E5c. Noise pollution
Before After
No. of residents policy| policy Change
Noise zone 55 to 65 dB 0| #DIV/O!
Noise zone 65 to 70 dB 0| #DIV/O!
Noise zone >70 dB 0| #DIV/O!
E5d. Noise pollution costs KECU/ year
Before After
) . Change
policy| policy
Noise zone 55 to 65 dB 0 0 0| #DIV/O!
Noise zone 65 to 70 dB 0 0 0| #DIV/O!
Noise zone >70 dB 0 0 0| #DIV/O!
Total 0 0 0] #DIV/0!

G. Non-quantified impacts

(describe here)

End of sheet
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Assessment

A?a\ MANAGING SPEEDS OF TRAFFIC ON EUROPEAN ROADS

€y

Application of the MASTER framework Ver. 01/99

H. Net impacts

H1. Physical impacts

Before After Change
Total travel time on link, hours/day #DIV/O! | #DIV/O! | #DIV/O! | #DIV/O!
Number of accidents per year 0.0]| #DIV/0! [ #DIV/O! | #DIV/0O!
Emissions, tlyear  [Carbon monoxide CO 0 0 0[ #DIV/0!
Hydrocarbons HC 0 0 0.0[ #DIV/0!
Oxides of nitrogen NOx 0 0 0[ #DIV/O!
Particles PM 0 0 0.00| #DIV/0!
Carbon dioxide CO2 0 0 0[ #DIV/O!
Residents in area where Laeq 07.22ns > 55 dB 0 0 0| #DIV/O!
H2. Monetary impacts
kECUlyear Before After Change
Consumber surplus (N.A)|  (N.A) (N. A)
Vehicle operating costs 0 0 0| #DIV/0!
Time costs #DIV/O! | #DIV/O! | #DIV/O!| #DIV/0O!
Accident costs Of #DIV/O! | #DIV/O! | #DIV/O!
Air pollution costs 0 0 0[ #DIV/0!
Noise costs 0 0 0| #DIV/O!
Total #DIV/O! | #DIV/0!
Change #DIV/O! [ #DIV/O!

NB: Table H2 has two alternative appearances depending on whether the traffic volume changes:
If the traffic volume does not change, the difference of the sums of vehicle operating and
time costs is used normally. Without an estimate of the demand curve of traffic as a function of
user costs, the before and after figures for consumer surplus (CS) cannot, however, be presented.
In this case, the change in consumer surplus equals the change in vehicle operating + time costs.
If the traffic volume changes as a result of the policy, change of the user costs cannot
be used as a component of socio-economic costs of the policy. Instead, the change in consumer
surplus is used. But, as stated above, the CS figures for the initial and final situation are not
known, and thus the Total row will only include accident and environmental costs in the before and
after columns. The absolute figure for total change will in all cases include changes in the total costs,
as this can always be calculated. No percent change is presented in this latter case.

I. Distribution of impacts

Vehicle | Travel | Accid- | Pollut-

Affected Groups .
costs time ents ion

Private motorists

Coach passengers

Goods traffic

Nearby residents

Animals crossing road

Oth 1

Oth 2

Oth 3

Oth 4

J. Sensitivity tests

(list here)

End of sheet
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Outlining

MANAGING SPEEDS OF TRAFFIC ON EUROPEAN ROADS

Application of the MASTER framework (see separate instructions) Ver. 01/99
LINK-LEVEL ANALYSIS OF THE IMPACTS OF A SPEED MANAGEMENT POLICY
Name of applier: Max Cameron
Institution: Monash University Accident Research Centre
1. Outlining
A. Policy test
Comparison of cruise speeds on urban residential streets in Melbourne with 60 kmh limits
Al. Length of link 69600 km
(69,600 residential streets @ av. 1 km)
A2. Flow characteristics
Cruise speed on urban residential streets
Traffic attributes 35 kmh| 40 kmh|45 kmh|50 kmh|55 kmh|57 kmh|60 kmh|65 kmh|70 kmh| 75 kmh|80 kmh|85 kmh
Mean cruise speed, km/h 35 40 45 50 55 57 60 65 70 75 80 85
AADT* 207.65| 207.65| 207.65| 207.65| 207.65| 207.65| 207.65| 207.65| 207.65| 207.65| 207.65| 207.65
Share of traffic 100%| 100%| 100%| 100%| 100%| 100%| 100%| 100%| 100%| 100%| 100%| 100%
Business trips, %
Pers. bus. and commuting. trips, % 100 100 100 100 100 100 100 100 100 100 100 100
Leisure trips, %

*average annual daily traffic volume, vehicles per day (=5.275 billion veh. Km. P.a. /69600 km /365 )

B. Link/network level analysis

This workbook is best suited for link analysis. However, elastic travel demand can be assumed, for the workbook
contains formulas for consumer surplus calculation.

C. Deciding on relevant impacts

Vehicle operating costs
Travel time

Accidents

Air pollution

|_|Noise

. Other

End of sheet
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Measurement

MANAGING SPEEDS OF TRAFFIC ON EUROPEAN ROADS

Application of the MASTER framework Ver. 01/99

2. Measurement of impacts
D. Impact functions

D1. Vehicle operating costs

Urban Stop-Start Model for cruise speeds <= 60 kmh Coefficients for Private (used) Cars used in each model
Freeway Model for cruise speeds > 60 kmh (Thoresen 2000, Table 12)

D2. Travel time

Function: travel time = link length/average (all) speeds of traffic on link Average (all) speeds from SMEC (1998), extrapolated below:
Average (all) speeds (kmh)
Cruise speed (kmh) 35 40 45 50 55 57 60 65 70 75 80 85
Average (all) peak speeds 27.10 28.60 30.10 31.60 32.56 32.8 33.22 33.92 34.62 35.32 36.02 36.72
Average (all) off-peak speeds 29.30 31.80 34.30 36.80 39.00 39.8 40.28 41.08 41.88 42.68 43.48 44.28
[Average (all) speeds 28.20 30.20 32.20 34.20 35.78 36.30 36.75 37.50 38.25 39.00 39.75 40.50

D3a. Accidents

Estimated relative risk of involvement in a casualty crash as a function of travelling speed, relative to 60 kmh (Kloeden et al 1997, Figure 4.3)

D4. Air pollutant emission coefficients (Ward et al 1998, Figure 1)
At cruise speed, g/1000km At cruise speed, g/1000km
Emission factors* 35kmh| 40kmh| 45kmh| 50kmh| 55kmh| 57kmh| 60kmh| 65kmh| 70kmh| 75kmh| 80kmh|  85kmh
Carbon monoxide CO 3030 2450 2510 2570 2880 3004 3190 3420 3650 3780 3910 4075
Hydrocarbons HC 945 870 800 730 715 709 700 690 680 670 660 695
Oxides of nitrogen NO, 2165 2170 2280 2390 2425 2439 2460 2570 2680 2805 2930 2955
Particles PM 36.3 28.9 27.9 26.8 28.0 28.4 29.1 37.8 46.4 51.0 55.6 57.9
Carbon dioxide CO,
D5. Noise pollution
No impact function available
E. Unit prices
E1. Vehicle operating costs
Petrol Diesel
[Fuel price, A$ per litre | 0.45] (inserting prices here is preferred to writing them in formulas with absolute numbers)
A$ per vehicle-km
Models from Thoresen (2000) Urban Stop-Start Model Freeway Model
35kmh] 40kmh] 45kmh] 50 kmh[ 55kmh][ 57 kmh[ 60 kmh| 65 kmh] 70 kmh] 75 kmh[ 80 kmh[ 85 kmh
[Vehicle oper. Costs 0.25142| 0.24887| 0.24688] 0.24530] 0.24400]  0.24354] 0.24291[ 0.23412] 0.23397| 0.23404] 0.23432] 0.23482

Other model:[_0.23952] 0.23808] 0.23686] 0.23585] 0.23506]  0.23480] 0.23448] 0.24200] 0.24121] 0.24053] 0.23994] 0.23941]
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E2a. Time costs per hour

AS$ per
Value of travel time hour
Business trips, %
Pers. bus. and commuting. trips, % 12.18
Leisure trips, %
Average 12.18

E2b. Time costs per kilometre

Measurement

Thoresen (2000)

A$ per vehicle-km

F. Calculation of impacts

At average (all) speeds corresponding to cruise speed: At average (all) speeds corresponding to cruise speed:
35kmh[ 40 kmh] 45kmh] 50 kmh[ 55kmh] 57 kmh[ 60 kmh] 65 kmh] 70 kmh[ 75 kmh][ 80 kmh] _ 85 kmh
[Time costs 0.432] 0.403] 0.378] 0.356] 0.340] 0.336 0.331] 0.325] 0.318] 0.312] 0.306] 0.301
E3. Total user costs A$ per vehicle-km
(vehicle operating+ time costs) Cruise speed Cruise speed
35kmh[ _ 40kmh] 45kmh] 50 kmh[ 55kmh] 57 kmh[ 60 kmh] 65 kmh] 70 kmh[ 75 kmh][ 80 kmh] _ 85 kmh
[Total user costs 0.683] 0.652] 0.625] 0.601] 0.584] 0.579 0.574] 0.559] 0.552] 0.546] 0.541] 0.536
E4. Accident costs
) kAS/]
Accident type accid.
Personal injury accident 152.27|"Human capital" valuation (BTE 2000)
E5a. Air pollution costs (Cosgrove 1994) E5b. Noise pollution costs
Air pollutants' unit costs A$/t Unit costs of noise pollution Aslyear
Carbon monoxide CO 2 Noise zone 55 to 65 dB
Hydrocarbons HC 440 Noise zone 65 to 70 dB
Oxides of nitrogen NOx 1740 Noise zone >70 dB
Particles PM 13770
Carbon dioxide CO2 22
F1. Vehicle operating costs
At cruise speed, kA$/year At cruise speed, kA$/year
35kmh[ _ 40kmh] 45kmh] 50 kmh[ 55kmh| 57 kmh[ 60 kmh] 65 kmh] 70 kmh[ 75 kmh] 80 kmh] _ 85 kmh
[Vehicle operating costs 1,326,291| 1,312,824] 1,302,350] 1,293,971| 1,287,115] 1,284,710[ 1,281,402| 1,235,003] 1,234,225| 1,234,581 1,236,071[ 1,238,695
F2a. Travel time Vehicle-hours/day Vehicle-hours/day
35kmh[ _ 40kmh] 45kmh] 50 kmh[ 55kmh| 57 kmh[ 60 kmh] 65 kmh] 70 kmh[ 75 kmh][ 80 kmh] _ 85 kmh
[Total travel time on link 512,498] 478,558| 448,834] 422,586] 403,925 398,139 393,264 385,398] 377,842 370,575] 363,583] 356,850
F2b. Travel time costs kA$/year kA$/year
35kmh] 40kmh] 45kmh| 50 kmh[ 55 kmh] 57 kmh| 60 kmh] 65kmh] _70kmh| 75 kmh[ 80 kmh[ 85 kmh
[Total travel time costs 2,278,412| 2,127,524 1,995,379 1,878,690| 1,795,730] 1,770,006] 1,748,332| 1,713,366| 1,679,770| 1,647,467| 1,616,383| 1,586,450
E3. Consumer surplus Input data Input data
35 kmh 40 kmh 45 kmh 50 kmh 55 kmh 57 kmh 60 kmh 65 kmh 70 kmh 75 kmh 80 kmh 85 kmh
|T0ta| user costs, A$/veh.km 0.683 0.652 0.625 0.601 0.584 0.579 0.574 0.559 0.552 0.546 0.541 0.536
|Mi0 veh.kms/year 5,275 5,275 5,275 5,275 5,275 5,275 5,275 5,275 5,275 5,275 5,275 5,275
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F4a. Accidents

F4b.

Measurement

At cruise speed

Number of accidents per year 35 kmh 40 kmh 45 kmh 50 kmh 55 kmh 57 kmh 60 kmh 65 kmh 70 kmh 75 kmh 80 kmh 85 kmh
Relative risk v. speed 0| 141 0.94] 0.62 1.01 1 1 2 4.16 10.6 31.81 56.55
Personal injury accident 0.0 2820.0 1880.0 1240.0 2020.0 2000.0 2000.0 4000.0 8320.0] 21200.0] 63620.0[ 113100.0
Accident costs
kA$/year
[Cost of accidents 35kmh]  40kmh] 45kmh| 50 kmh[ 55kmh] 57 kmh| 60 kmh] 65kmh] _70kmh] 75 kmh[ 80 kmh[ 85 kmh
[Personal injury accident 0] 429,401] 286,268 188,815] 307,585] 304,540 304,540 609,080| 1,266,886] 3,228,124| 9,687,417 #iHHHH#
F5a. Air pollution
At cruise speed, tlyear At cruise speed, tlyear
Emissions 35 kmh 40 kmh 45 kmh 50 kmh 55 kmh 57 kmh 60 kmh 65 kmh 70 kmh 75 kmh 80 kmh 85 kmh
Carbon monoxide CO 15,984 12,924 13,241 13,557 15,192 15,847 16,828 18,041 19,254 19,940 20,626 21,496
Hydrocarbons HC 4,985 4,589 4,220 3,851 3,772 3,740 3,693 3,640 3,587 3,534 3,482 3,666
Oxides of nitrogen NOx 11,421 11,447 12,027 12,608 12,792 12,866 12,977 13,557 14,137 14,797 15,456 15,588
Particles PM 191 152 147 141 147 150 154 199 245 269 293 305
Carbon dioxide CO2 0 0 0 0 0 0 0 0 0 0 0 0
E5b. Air pollution costs
At cruise speed, kA$/year At cruise speed, kA$/year
Emissions 35 kmh 40 kmh 45 kmh 50 kmh 55 kmh 57 kmh 60 kmh 65 kmh 70 kmh 75 kmh 80 kmh 85 kmh
Carbon monoxide CO 32 26 26 27 30 32 34 36 39 40 41 43
Hydrocarbons HC 2,193 2,019 1,857 1,694 1,660 1,646 1,625 1,602 1,578 1,555 1,532 1,613
Oxides of nitrogen NOx 19,872 19,918 20,928 21,937 22,258 22,387 22,580 23,589 24,599 25,746 26,894 27,123
Particles PM 2,633 2,099 2,023 1,947 2,030 2,064 2,114 2,742 3,370 3,705 4,039 4,206
Carbon dioxide CO2 0 0 0 0 0 0 0 0 0 0 0 0
Total 24,731 24,062 24,834 25,605 25,979 26,128 26,352 27,969 29,586 31,046 32,506 32,985
F5c. Noise pollution
At cruise speed
No. of residents 35 kmh 40 kmh 45 kmh 50 kmh 55 kmh 57 kmh 60 kmh 65 kmh 70 kmh 75 kmh 80 kmh 85 kmh
Noise zone 55 to 65 dB
Noise zone 65 to 70 dB
Noise zone >70 dB
E5d. Noise pollution costs kA$/ year
35 kmh 40 kmh 45 kmh 50 kmh 55 kmh 57 kmh 60 kmh 65 kmh 70 kmh 75 kmh 80 kmh 85 kmh
Noise zone 55 to 65 dB 0 0 0 0 0 0 0 0 0 0 0 0
Noise zone 65 to 70 dB 0 0 0 0 0 0 0 0 0 0 0 0
Noise zone >70 dB 0 0 0 0 0 0 0 0 0 0 0 0
Total 0 0 0 0 0 0 0 0 0 0 0 0

G. Non-quantified impacts

Noise pollution costs could not be quantified

End of sheet
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H. Net impacts

H1. Physical impacts

Application of the MASTER framework

MANAGING SPEEDS OF TRAFFIC ON EUROPEAN ROADS

Assessment

Cruise speed| 35kmh| 40 kmh| 45kmh| 50kmh| 55kmh| 57 kmh| 60 kmh| 65kmh| 70 kmh[ 75 kmh 80 kmh 85 kmh

Total travel time on link, hours/day 512,498 478,558 448,834| 422,586| 403,925 398,139| 393,264| 385,398 377,842| 370,575 363,583 356,850

Number of accidents per year 0.0l 2,820.0/ 1,880.0f 1,240.0f 2,020.0/ 2,000.0f 2,000.0f 4,000.0f 8,320.0| 21,200.0f 63,620.0( 113,100.0

Emission{Carbon monoxide CO 15984 12924 13241 13557 15192 15847 16828 18041 19254 19940 20626 21496

Hydrocarbons HC 4985 4589 4220 3851 3772 3740 3693 3640 3587 3534 3482 3666

Oxides of nitrogen NOx 11421 11447 12027 12608 12792 12866 12977 13557 14137 14797 15456 15588

Particles PM 191 152 147 141 147 150 154 199 245 269 293 305

Carbon dioxide CO2 0 0 0 0 0 0 0 0 0 0 0 0

Residents in area where Laeg o7-22ns > 55 dB 0 0 0 0 0 0 0 0 0 0 0 0
H2. Monetary impacts

kA$/year 35 kmh 40 kmh 45 kmh 50 kmh 55 kmh 57 kmh 60 kmh 65 kmh 70 kmh 75 kmh 80 kmh 85 kmh

Consumber surplus (N. A) (N. A) (N. A) (N. A) (N. A) (N. A) (N. A) (N.A) (N.A) (N.A) (N.A) (N.A)

Vehicle operating costs 1,326,291|1,312,824| 1,302,350 1,293,971| 1,287,115 1,284,710| 1,281,402 1,235,003 1,234,225| 1,234,581| 1,236,071| 1,238,695

Time costs 2,278,412|2,127,524] 1,995,379| 1,878,690( 1,795,730| 1,770,006| 1,748,332( 1,713,366| 1,679,770| 1,647,467 1,616,383 1,586,450

Accident costs 0| 429,401| 286,268| 188,815| 307,585 304,540| 304,540| 609,080(1,266,886|3,228,124| 9,687,417| 17,221,737

Air pollution costs 24,731 24,062 24,834 25,605 25,979 26,128 26,352 27,969 29,586 31,046 32,506 32,985

Noise costs 0 0 0 0 0 0 0 0 0 0 0 0

Total 3,629,433| 3,893,812| 3,608,831 3,387,082| 3,416,409( 3,385,383| 3,360,626| 3,585,417 4,210,468| 6,141,218|12,572,377| 20,079,867

NB: Table H2 has two alternative appearances depending on whether the traffic volume changes:

If the traffic volume does not change, the difference of the sums of vehicle operating and

time costs is used normally. Without an estimate of the demand curve of traffic as a function of

user costs, the before and after figures for consumer surplus (CS) cannot, however, be presented.

In this case, the change in consumer surplus equals the change in vehicle operating + time costs.

If the traffic volume changes as a result of the policy, change of the user costs cannot

be used as a component of socio-economic costs of the policy. Instead, the change in consumer

surplus is used. But, as stated above, the CS figures for the initial and final situation are not

known, and thus the Total row will only include accident and environmental costs in the before and

after columns. The absolute figure for total change will in all cases include changes in the total costs,

as this can always be calculated. No percent change is presented in this latter case.
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APPENDIX C:

COMPARISON BASED ON NILSSON'S
RELATIONSHIPS BETWEEN SPEED AND
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Outlining

MANAGING SPEEDS OF TRAFFIC ON EUROPEAN ROADS

Application of the MASTER framework (see separate instructions) Ver. 01/99
LINK-LEVEL ANALYSIS OF THE IMPACTS OF A SPEED MANAGEMENT POLICY
Name of applier: Max Cameron
Institution: Monash University Accident Research Centre
1. Outlining
A. Policy test
Comparison of cruise speeds on urban residential streets in Melbourne with 60 kmh limits
Al. Length of link 69600 km
(69,600 residential streets @ av. 1 km)
A2. Flow characteristics
Cruise speed on urban residential streets
Traffic attributes 35 kmh| 40 kmh|45 kmh|50 kmh|55 kmh|57 kmh|60 kmh|65 kmh|70 kmh| 75 kmh|80 kmh|85 kmh
Mean cruise speed, km/h 35 40 45 50 55 57 60 65 70 75 80 85
AADT* 207.65| 207.65| 207.65| 207.65| 207.65| 207.65| 207.65| 207.65| 207.65| 207.65| 207.65| 207.65
Share of traffic 100%| 100%| 100%| 100%| 100%| 100%| 100%| 100%| 100%| 100%| 100%| 100%
Business trips, %
Pers. bus. and commuting. trips, % 100 100 100 100 100 100 100 100 100 100 100 100
Leisure trips, %

*average annual daily traffic volume, vehicles per day (=5.275 billion veh. Km. P.a. /69600 km /365 )

B. Link/network level analysis

This workbook is best suited for link analysis. However, elastic travel demand can be assumed, for the workbook
contains formulas for consumer surplus calculation.

C. Deciding on relevant impacts

Vehicle operating costs
Travel time

Accidents

Air pollution

|_|Noise

. Other

End of sheet
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Measurement

MANAGING SPEEDS OF TRAFFIC ON EUROPEAN ROADS

Application of the MASTER framework Ver. 01/99

2. Measurement of impacts
D. Impact functions
D1. Vehicle operating costs

Urban Stop-Start Model for cruise speeds <= 60 kmh Coefficients for Private (used) Cars used in each model
Freeway Model for cruise speeds > 60 kmh (Thoresen 2000, Table 12)

D2. Travel time

Function: travel time = link length/average (all) speeds of traffic on link Average (all) speeds from SMEC (1998), extrapolated below:
Average (all) speeds (kmh)
Cruise speed (kmh) 35 40 45 50 55 57 60 65 70 75 80 85

Average (all) peak speeds 27.10 28.60 30.10 31.60 32.56 32.8 33.22 33.92 34.62 35.32 36.02 36.72

Average (all) off-peak speeds 29.30 31.80 34.30 36.80 39.00 39.8 40.28 41.08 41.88 42.68 43.48 44.28

[Average (all) speeds 28.20 30.20 32.20 34.20 35.78 36.30 36.75 37.50 38.25 39.00 39.75 40.50
D3a. Accidents

Accidents before = ng Average speed before = vg

Accidents after = nj, Average speed after = v,

Fatal accidents Na= (Valve)* * ng (Andersson & Nilsson, 1997)

Serious injury accidents N = (Valve)** nig

Other injury accidents N = (Valve)> * Nig
D4. Air pollutant emission coefficients (Ward et al 1998, Figure 1)

At cruise speed, g/1000km At cruise speed, g/1000km

Emission factors* 35kmh| 40kmh| 45kmh| 50kmh| 55kmh| 57kmh| 60kmh| 65kmh| 70kmh| 75kmh| 80kmh|  85kmh

Carbon monoxide CO 3030 2450 2510 2570 2880 3004 3190 3420 3650 3780 3910 4075

Hydrocarbons HC 945 870 800 730 715 709 700 690 680 670 660 695

Oxides of nitrogen NO, 2165 2170 2280 2390 2425 2439 2460 2570 2680 2805 2930 2955

Particles PM 36.3 28.9 27.9 26.8 28.0 28.4 29.1 37.8 46.4 51.0 55.6 57.9

Carbon dioxide CO,
D5. Noise pollution

No impact function available

E. Unit prices
E1. Vehicle operating costs
Petrol Diesel
[Fuel price, A$ per litre | 0.45] (inserting prices here is preferred to writing them in formulas with absolute numbers)
A$ per vehicle-km
Models from Thoresen (2000) Urban Stop-Start Model Freeway Model
35kmh] 40kmh[ 45kmh[ 50 kmh] 55kmh] 57 kmh[ 60 kmh| 65 kmh] 70 kmh] 75 kmh[ 80 kmh[ 85 kmh
[Vehicle oper. Costs 0.25142| 0.24887| 0.24688] 0.24530] 0.24400]  0.24354] 0.24291[ 0.23412] 0.23397| 0.23404] 0.23432] 0.23482

Other model:[_0.23952] 0.23808] 0.23686] 0.23585] 0.23506]  0.23480] 0.23448] 0.24200] 0.24121] 0.24053] 0.23994] 0.23941]
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E2a. Time costs per hour

Measurement

Value of travel time

AS$ per
hour

Business trips, %

Pers. bus. and commuting. trips, %

12.18|Thoresen (2000)

Leisure trips, %

Average

12.18

E2b. Time costs per kilometre

A$ per vehicle-km

F. Calculation of impacts

At average (all) speeds corresponding to cruise speed: At average (all) speeds corresponding to cruise speed:
35kmh[ 40 kmh] 45kmh] 50 kmh[ 55kmh] 57 kmh[ 60 kmh] 65 kmh] 70 kmh[ 75 kmh][ 80 kmh] _ 85 kmh
[Time costs 0.432] 0.403] 0.378] 0.356] 0.340] 0.336 0.331] 0.325] 0.318] 0.312] 0.306] 0.301
E3. Total user costs A$ per vehicle-km
(vehicle operating+ time costs) Cruise speed Cruise speed
35kmh[ _ 40kmh] 45kmh] 50 kmh[ 55kmh] 57 kmh[ 60 kmh] 65 kmh] 70 kmh[ 75 kmh][ 80 kmh] _ 85 kmh
[Total user costs 0.683] 0.652] 0.625] 0.601] 0.584] 0.579 0.574] 0.559] 0.552] 0.546] 0.541] 0.536
E4. Accident costs
) kAS/]
Accident type accid.
Fatal accident 1740.36
Serious injury accident 429.55
Other injury accident 14.50
Personal injury accident (av.) 152.27|"Human capital" valuation (BTE 2000)
E5a. Air pollution costs (Cosgrove 1994) E5b. Noise pollution costs
Air pollutants' unit costs A/t Unit costs of noise pollution Aslyear
Carbon monoxide CO 2 Noise zone 55 to 65 dB
Hydrocarbons HC 440 Noise zone 65 to 70 dB
Oxides of nitrogen NOx 1740 Noise zone >70 dB
Particles PM 13770
Carbon dioxide CO2 22
F1. Vehicle operating costs
At cruise speed, kA$/year At cruise speed, kA$/year
35kmh[ _ 40kmh] 45kmh] 50 kmh[ 55kmh| 57 kmh[ 60 kmh] 65 kmh] 70 kmh[ 75 kmh] 80 kmh] _ 85 kmh
[Vehicle operating costs 1,326,291| 1,312,824] 1,302,350] 1,293,971| 1,287,115] 1,284,710[ 1,281,402| 1,235,003] 1,234,225| 1,234,581 1,236,071[ 1,238,695
F2a. Travel time Vehicle-hours/day Vehicle-hours/day
35kmh[ _ 40kmh] 45kmh] 50 kmh[ 55kmh| 57 kmh[ 60 kmh] 65 kmh] 70 kmh[ 75 kmh] 80 kmh] _ 85 kmh
[Total travel time on link 512,498] 478,558| 448,834] 422,586] 403,925 398,139 393,264 385,398] 377,842 370,575] 363,583] 356,850
F2b. Travel time costs kA$/year kA$/year
35kmh] 40kmh] 45kmh| 50 kmh[ 55 kmh] 57 kmh| 60 kmh] 65kmh] _70kmh| 75 kmh[ 80 kmh[ 85 kmh
[Total travel time costs 2,278,412| 2,127,524 1,995,379 1,878,690| 1,795,730] 1,770,006] 1,748,332| 1,713,366| 1,679,770| 1,647,467| 1,616,383| 1,586,450
E3. Consumer surplus Input data Input data
35 kmh 40 kmh 45 kmh 50 kmh 55 kmh 57 kmh 60 kmh 65 kmh 70 kmh 75 kmh 80 kmh 85 kmh
|T0ta| user costs, A$/veh.km 0.683 0.652 0.625 0.601 0.584 0.579 0.574 0.559 0.552 0.546 0.541 0.536
|Mi0 veh.kms/year 5,275 5,275 5,275 5,275 5,275 5,275 5,275 5,275 5,275 5,275 5,275 5,275
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F4a. Accidents

Measurement

At cruise speed

Number of accidents per year 35 kmh 40 kmh 45 kmh 50 kmh 55 kmh 57 kmh 60 kmh 65 kmh 70 kmh 75 kmh 80 kmh 85 kmh
Fatal accident 34 5.8 9.3 14.2 20.8 24 29.5 40.6 54.6 71.9 93.1 118.7
Serious injury accident 130.6 194.9 2775 380.7 506.7 564 657.8 836.4 1044.6 1284.8 1559.3 1870.3
Other injury accident 532.4 695.4 880.1 1086.5 1314.7 1412]  1564.5 1836.2]  2129.5]  2444.6] 27814  3140.0
Total 666.4 896.1 1166.9 1481.4 1842.1 2000 2251.8 2713.1 3228.7 3801.3 4433.8 5128.9
E4b. Accident costs
kA$/year
Cost of accidents 35 kmh 40 kmh 45 kmh 50 kmh 55 kmh 57 kmh 60 kmh 65 kmh 70 kmh 75 kmh 80 kmh 85 kmh
Fatal accident 5,938 10,130 16,226 24,730 36,208 41,769 51,281 70,632 95,004| 125,198| 162,073| 206,551
Serious injury accident 56,088 83,724| 119,208| 163,523| 217,649| 242,266 282,567 359,260 448,707| 551,889 669,789 803,387
Other injury accident 7,719 10,083 12,761 15,754 19,062 20,474 22,686 26,624 30,878 35,447 40,330 45,529
Total 69,746] 103,936] 148,195 204,007] 272,919] 304,509 356,534| 456,516 574,589 712,534 872,193| 1,055,467
F5a. Air pollution
At cruise speed, tlyear At cruise speed, tlyear
Emissions 35 kmh 40 kmh 45 kmh 50 kmh 55 kmh 57 kmh 60 kmh 65 kmh 70 kmh 75 kmh 80 kmh 85 kmh
Carbon monoxide CO 15,984 12,924 13,241 13,557 15,192 15,847 16,828 18,041 19,254 19,940 20,626 21,496
Hydrocarbons HC 4,985 4,589 4,220 3,851 3,772 3,740 3,693 3,640 3,587 3,534 3,482 3,666
Oxides of nitrogen NOx 11,421 11,447 12,027 12,608 12,792 12,866 12,977 13,557 14,137 14,797 15,456 15,588
Particles PM 191 152 147 141 147 150 154 199 245 269 293 305
Carbon dioxide CO2 0 0 0 0 0 0 0 0 0 0 0 0
E5b. Air pollution costs
At cruise speed, kA$/year At cruise speed, kA$/year
Emissions 35 kmh 40 kmh 45 kmh 50 kmh 55 kmh 57 kmh 60 kmh 65 kmh 70 kmh 75 kmh 80 kmh 85 kmh
Carbon monoxide CO 32 26 26 27 30 32 34 36 39 40 41 43
Hydrocarbons HC 2,193 2,019 1,857 1,694 1,660 1,646 1,625 1,602 1,578 1,555 1,532 1,613
Oxides of nitrogen NOx 19,872 19,918 20,928 21,937 22,258 22,387 22,580 23,589 24,599 25,746 26,894 27,123
Particles PM 2,633 2,099 2,023 1,947 2,030 2,064 2,114 2,742 3,370 3,705 4,039 4,206
Carbon dioxide CO2 0 0 0 0 0 0 0 0 0 0 0 0
Total 24,731 24,062 24,834 25,605 25,979 26,128 26,352 27,969 29,586 31,046 32,506 32,985
E5c. Noise pollution
At cruise speed
No. of residents 35 kmh 40 kmh 45 kmh 50 kmh 55 kmh 57 kmh 60 kmh 65 kmh 70 kmh 75 kmh 80 kmh 85 kmh
Noise zone 55 to 65 dB
Noise zone 65 to 70 dB
Noise zone >70 dB
E5d. Noise pollution costs kA$/ year
35 kmh 40 kmh 45 kmh 50 kmh 55 kmh 57 kmh 60 kmh 65 kmh 70 kmh 75 kmh 80 kmh 85 kmh
Noise zone 55 to 65 dB 0 0 0 0 0 0 0 0 0 0 0 0
Noise zone 65 to 70 dB 0 0 0 0 0 0 0 0 0 0 0 0
Noise zone >70 dB 0 0 0 0 0 0 0 0 0 0 0 0
Total 0 0 0 0 0 0 0 0 0 0 0 0

G. Non-quantified impacts

Noise pollution costs could not be quantified

End of sheet
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Monetary impacts of cruise speeds on residential 60 kmh streets:
Nilsson's relationships between speed and crashes by severity
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Assessment

MANAGING SPEEDS OF TRAFFIC ON EUROPEAN ROADS

Application of the MASTER framework

H. Net impacts

H1. Physical impacts

Cruise speed| 35kmh| 40 kmh| 45kmh| 50kmh| 55kmh| 57 kmh| 60kmh| 65kmh[ 70kmh[ 75kmh| 80kmh| 85kmh

Total travel time on link, hours/day 512,498| 478,558| 448,834| 422,586| 403,925| 398,139] 393,264| 385,398| 377,842] 370,575| 363,583| 356,850
Number of accidents per year 666.4 896.1| 1,166.9 1,481.4] 1,842.1f 2,000.0/ 2,251.8 2,713.1] 3,228.7| 3,801.3[ 4,433.8/ 5,128.9
Emission{Carbon monoxide CO 15984 12924 13241 13557 15192 15847 16828 18041 19254 19940| 20626 21496
Hydrocarbons HC 4985 4589 4220 3851 3772 3740 3693 3640 3587 3534 3482 3666

Oxides of nitrogen NOx 11421 11447 12027 12608 12792 12866 12977 13557 14137 14797 15456 15588

Particles PM 191 152 147 141 147 150 154 199 245 269 293 305

Carbon dioxide CO2 0 0 0 0 0 0 0 0 0 0 0 0

Residents in area where Lacq o7-22ns > 55 dB 0 0 0 0 0 0 0 0 0 0 0 0

H2. Monetary impacts

kA$/year 35 kmh 40 kmh 45 kmh 50 kmh 55 kmh 57 kmh 60 kmh 65 kmh 70 kmh 75 kmh 80 kmh 85 kmh
Consumber surplus (N.A) (N.A) (N.A) (N.A) (N.A) (N.A) (N.A) (N.A) (N.A) (N.A) (N.A) (N.A)
Vehicle operating costs 1,326,291(1,312,824( 1,302,350( 1,293,971( 1,287,115( 1,284,710( 1,281,402( 1,235,003( 1,234,225( 1,234,581 1,236,071( 1,238,695
Time costs 2,278,412|2,127,524] 1,995,379| 1,878,690( 1,795,730| 1,770,006| 1,748,332( 1,713,366| 1,679,770| 1,647,467( 1,616,383] 1,586,450
Accident costs 69,746| 103,936 148,195| 204,007| 272,919 304,509| 356,534| 456,516 574,589| 712534| 872,193|1,055,467
Air pollution costs 24,731 24,062 24,834 25,605 25,979 26,128 26,352 27,969 29,586 31,046 32,506 32,985
Noise costs 0 0 0 0 0 0 0 0 0 0 0 0
Total 3,699,179| 3,568,346| 3,470,758 3,402,274| 3,381,743| 3,385,352| 3,412,620| 3,432,854| 3,518,170| 3,625,627| 3,757,152 3,913,598

NB: Table H2 has two alternative appearances depending on whether the traffic volume changes:
If the traffic volume does not change, the difference of the sums of vehicle operating and
time costs is used normally. Without an estimate of the demand curve of traffic as a function of
user costs, the before and after figures for consumer surplus (CS) cannot, however, be presented.
In this case, the change in consumer surplus equals the change in vehicle operating + time costs.
If the traffic volume changes as a result of the policy, change of the user costs cannot
be used as a component of socio-economic costs of the policy. Instead, the change in consumer
surplus is used. But, as stated above, the CS figures for the initial and final situation are not
known, and thus the Total row will only include accident and environmental costs in the before and
after columns. The absolute figure for total change will in all cases include changes in the total costs,
as this can always be calculated. No percent change is presented in this latter case.
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Outlining

MANAGING SPEEDS OF TRAFFIC ON EUROPEAN ROADS

Application of the MASTER framework (see separate instructions) Ver. 01/99
LINK-LEVEL ANALYSIS OF THE IMPACTS OF A SPEED MANAGEMENT POLICY
Name of applier: Max Cameron
Institution: Monash University Accident Research Centre
1. Outlining
A. Policy test
Comparison of cruise speeds on urban residential streets in Melbourne with 60 kmh limits
Al. Length of link 69600 km
(69,600 residential streets @ av. 1 km)
A2. Flow characteristics
Cruise speed on urban residential streets
Traffic attributes 35 kmh| 40 kmh|45 kmh|50 kmh|55 kmh|57 kmh|60 kmh|65 kmh|70 kmh| 75 kmh|80 kmh|85 kmh
Mean cruise speed, km/h 35 40 45 50 55 57 60 65 70 75 80 85
AADT* 207.65| 207.65| 207.65| 207.65| 207.65| 207.65| 207.65| 207.65| 207.65| 207.65| 207.65| 207.65
Share of traffic 100%| 100%| 100%| 100%| 100%| 100%| 100%| 100%| 100%| 100%| 100%| 100%
Business trips, %
Pers. bus. and commuting. trips, % 100 100 100 100 100 100 100 100 100 100 100 100
Leisure trips, %

*average annual daily traffic volume, vehicles per day (=5.275 billion veh. Km. P.a. /69600 km /365 )

B. Link/network level analysis

This workbook is best suited for link analysis. However, elastic travel demand can be assumed, for the workbook
contains formulas for consumer surplus calculation.

C. Deciding on relevant impacts

Vehicle operating costs
Travel time

Accidents

Air pollution

|_|Noise

. Other

End of sheet
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Measurement

MANAGING SPEEDS OF TRAFFIC ON EUROPEAN ROADS

Application of the MASTER framework Ver. 01/99

2. Measurement of impacts
D. Impact functions

D1. Vehicle operating costs

Urban Stop-Start Model for cruise speeds <= 60 kmh Coefficients for Private (used) Cars used in each model
Freeway Model for cruise speeds > 60 kmh (Thoresen 2000, Table 12)

D2. Travel time

Function: travel time = link length/average (all) speeds of traffic on link Average (all) speeds from SMEC (1998), extrapolated below:
Average (all) speeds (kmh)
Cruise speed (kmh) 35 40 45 50 55 57 60 65 70 75 80 85
Average (all) peak speeds 27.10 28.60 30.10 31.60 32.56 32.8 33.22 33.92 34.62 35.32 36.02 36.72
Average (all) off-peak speeds 29.30 31.80 34.30 36.80 39.00 39.8 40.28 41.08 41.88 42.68 43.48 44.28
[Average (all) speeds 28.20 30.20 32.20 34.20 35.78 36.30 36.75 37.50 38.25 39.00 39.75 40.50
D3a. Accidents
Injury accidents before = ng Average speed before = vg
Injury accidents after = nj, Average speed after = v,
Nia = (Valve)* * nig |(Andersson & Nilsson, 1997)

D3b. Accident costs

Total accident costs before = Cg, total accident costs after = C,
k = country specific constant 1.75...2.30 (k = 2 used)

[ Ca=[K*(vave)~1)+1]*Cs _ |(Kallberg and Toivanen, 1998)

D4. Air pollutant emission coefficients (Ward et al 1998, Figure 1)
At cruise speed, g/1000km At cruise speed, g/1000km
Emission factors* 35kmh| 40kmh| 45kmh| 50kmh| 55kmh| 57kmh| 60kmh| 65kmh| 70kmh| 75kmh| 80kmh|  85kmh
Carbon monoxide CO 3030 2450 2510 2570 2880 3004 3190 3420 3650 3780 3910 4075
Hydrocarbons HC 945 870 800 730 715 709 700 690 680 670 660 695
Oxides of nitrogen NO, 2165 2170 2280 2390 2425 2439 2460 2570 2680 2805 2930 2955
Particles PM 36.3 28.9 27.9 26.8 28.0 28.4 29.1 37.8 46.4 51.0 55.6 57.9
Carbon dioxide CO,
D5. Noise pollution
No impact function available
E. Unit prices
E1. Vehicle operating costs
Petrol Diesel
[Fuel price, A$ per litre | 0.45] (inserting prices here is preferred to writing them in formulas with absolute numbers)
A$ per vehicle-km
Models from Thoresen (2000) Urban Stop-Start Model Freeway Model
35kmh] 40kmh] 45kmh] 50 kmh[ 55kmh] 57 kmh[ 60 kmh| 65 kmh] 70 kmh] 75 kmh[ 80 kmh[ 85 kmh
[Vehicle oper. Costs 0.25142| 0.24887| 0.24688] 0.24530] 0.24400]  0.24354] 0.24291[ 0.23412] 0.23397| 0.23404] 0.23432] 0.23482

Other model:[_0.23952] 0.23808] 0.23686] 0.23585] 0.23506]  0.23480] 0.23448] 0.24200] 0.24121] 0.24053] 0.23994] 0.23941]
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E2a. Time costs per hour

AS$ per
Value of travel time hour
Business trips, %
Pers. bus. and commuting. trips, % 12.18
Leisure trips, %
Average 12.18

E2b. Time costs per kilometre

Measurement

Thoresen (2000)

A$ per vehicle-km

F. Calculation of impacts

At average (all) speeds corresponding to cruise speed: At average (all) speeds corresponding to cruise speed:
35kmh[ 40 kmh] 45kmh] 50 kmh[ 55kmh] 57 kmh[ 60 kmh] 65 kmh] 70 kmh[ 75 kmh][ 80 kmh] _ 85 kmh
[Time costs 0.432] 0.403] 0.378] 0.356] 0.340] 0.336 0.331] 0.325] 0.318] 0.312] 0.306] 0.301
E3. Total user costs A$ per vehicle-km
(vehicle operating+ time costs) Cruise speed Cruise speed
35kmh[ _ 40kmh] 45kmh] 50 kmh[ 55kmh] 57 kmh[ 60 kmh] 65 kmh] 70 kmh[ 75 kmh][ 80 kmh] _ 85 kmh
[Total user costs 0.683] 0.652] 0.625] 0.601] 0.584] 0.579 0.574] 0.559] 0.552] 0.546] 0.541] 0.536
E4. Accident costs
) kAS/]
Accident type accid.
Personal injury accident 152.27|"Human capital" valuation (BTE 2000)
E5a. Air pollution costs (Cosgrove 1994) E5b. Noise pollution costs
Air pollutants' unit costs A$/t Unit costs of noise pollution Aslyear
Carbon monoxide CO 2 Noise zone 55 to 65 dB
Hydrocarbons HC 440 Noise zone 65 to 70 dB
Oxides of nitrogen NOx 1740 Noise zone >70 dB
Particles PM 13770
Carbon dioxide CO2 22
F1. Vehicle operating costs
At cruise speed, kA$/year At cruise speed, kA$/year
35kmh[ _ 40kmh] 45kmh] 50 kmh[ 55kmh| 57 kmh[ 60 kmh] 65 kmh] 70 kmh[ 75 kmh] 80 kmh] _ 85 kmh
[Vehicle operating costs 1,326,291| 1,312,824] 1,302,350] 1,293,971| 1,287,115] 1,284,710[ 1,281,402| 1,235,003] 1,234,225| 1,234,581 1,236,071[ 1,238,695
F2a. Travel time Vehicle-hours/day Vehicle-hours/day
35kmh[ _ 40kmh] 45kmh] 50 kmh[ 55kmh| 57 kmh[ 60 kmh] 65 kmh] 70 kmh[ 75 kmh][ 80 kmh] _ 85 kmh
[Total travel time on link 512,498] 478,558| 448,834] 422,586] 403,925 398,139 393,264 385,398] 377,842 370,575] 363,583] 356,850
F2b. Travel time costs kA$/year kA$/year
35kmh] 40kmh] 45kmh| 50 kmh[ 55 kmh] 57 kmh| 60 kmh] 65kmh] _70kmh| 75 kmh[ 80 kmh[ 85 kmh
[Total travel time costs 2,278,412| 2,127,524 1,995,379 1,878,690| 1,795,730] 1,770,006] 1,748,332| 1,713,366| 1,679,770| 1,647,467| 1,616,383| 1,586,450
E3. Consumer surplus Input data Input data
35 kmh 40 kmh 45 kmh 50 kmh 55 kmh 57 kmh 60 kmh 65 kmh 70 kmh 75 kmh 80 kmh 85 kmh
|T0ta| user costs, A$/veh.km 0.683 0.652 0.625 0.601 0.584 0.579 0.574 0.559 0.552 0.546 0.541 0.536
|Mi0 veh.kms/year 5,275 5,275 5,275 5,275 5,275 5,275 5,275 5,275 5,275 5,275 5,275 5,275
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Measurement

F4a. Accidents

At cruise speed

[Number of accidents per year, 35kmh] 40kmh] 45kmh| 50 kmh[ 55 kmh] 57 kmh[ 60 kmh] 65kmh] 70 kmh] 75 kmh[ 80 kmh[ 85 kmh
[Personal injury accident 754.1] 084.9 _12465] 15389  1862.1] _ 2000.0] 2216.1] _ 2600.8] _ 3016.3] _ 3462.6] _ 3939.7| 44475
F4b. Accident costs
kA$/year
[Cost of accidents 35kmh] 40kmh] 45kmh| 50 kmh[ 55kmh] 57 kmh| 60 kmh] 65kmh] 70 kmh] 75 kmh[ 80 kmh[ 85 kmh
|Personal injury accident 114,823] 149,974 189,810[ 234,334] 262,547| 304,540] 370,341] 487,508 614,048] 749,961| 895,248| 1,049,908
NOTE: K=2 rule breaks down for speeds <=50 kmh (K=1 used)
E5a. Air pollution
At cruise speed, tlyear At cruise speed, tlyear
Emissions 35 kmh 40 kmh 45 kmh 50 kmh 55 kmh 57 kmh 60 kmh 65 kmh 70 kmh 75 kmh 80 kmh 85 kmh
Carbon monoxide CO 15984 12,024 13,241 13,557 15,192 15847| 16,828 18,041 19254] 19,940[  20,626] 21,496
Hydrocarbons HC 4,985 4,589 4,220 3,851 3,772 3,740 3,693 3,640 3,587 3,534 3,482 3,666
Oxides of nitrogen NOx 11,421 11,447 12,027 12,608 12,792 12,866]  12,977| 13557|  14,137| 14,797| 15456] 15588
Particles PM 191 152 147 141 147 150 154 199 245 269 293 305
Carbon dioxide CO2 0 0 0 0 0 0 0 0 0 0 0 0
E5b. Air pollution costs
At cruise speed, kA$/year At cruise speed, kA$/year
Emissions 35 kmh 40 kmh 45 kmh 50 kmh 55 kmh 57 kmh 60 kmh 65 kmh 70 kmh 75 kmh 80 kmh 85 kmh
Carbon monoxide CO 32 26 26 27 30 32 34 36 39 40 41 43
Hydrocarbons HC 2,193 2,019 1,857 1,694 1,660 1,646 1,625 1,602 1578 1,555 1532 1,613
Oxides of nitrogen NOx 19,872 19,018] 20,928] 21,937| 22,258 22,387| 22,580 23589 24599] 25746] 26,894] 27,123
Particles PM 2,633 2,099 2,023 1,947 2,030 2,064 2,114 2,742 3,370 3,705 4,039 4,206
Carbon dioxide CO2 0 0 0 0 0 0 0 0 0 0 0 0
Total 24,731  24,062]  24,834] 25605] 25,979 26,128]  26,352] 27,969] 29,586]  31,046] 32,506] 32,985

F5c. Noise pollution

At cruise speed
No. of residents 35 kmh 40 kmh 45 kmh 50 kmh 55 kmh 57 kmh 60 kmh 65 kmh 70 kmh 75 kmh 80 kmh 85 kmh
Noise zone 55 to 65 dB
Noise zone 65 to 70 dB
Noise zone >70 dB

E5d. Noise pollution costs kA$/ year
35 kmh 40 kmh 45 kmh 50 kmh 55 kmh 57 kmh 60 kmh 65 kmh 70 kmh 75 kmh 80 kmh 85 kmh

Noise zone 55 to 65 dB
Noise zone 65 to 70 dB
Noise zone >70 dB
Total

o|o[o|o
o|o[o|o
o|o[o|o
o|o[o|o
o|o[o|o
[=l{=][=][=]
=l{=][=][=]
o|o[o|o
o|o[o|o
o|o[o|o
o|o[o|o
o|o[o|o

G. Non-quantified impacts

Noise pollution costs could not be quantified

End of sheet
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PEAK Average:

Relative
cruise speed

OFF PEAK Average:

Relative
cruise speed
-10
-5
0
5

57 33

Cruise Residentia Increase  Cruise
(free) speed | 60 per 1 kmh speed
47 30.7 0.3
52 32.2 0.12
57 32.8 0.14
62 335
57 40
Cruise Residentia Cruise
(free) speed | 60 speed
47 35.3 0.5
52 37.8 0.4
57 39.8 0.16

62 40.6

57 39
Arterial
60
47 35.3
52 375
57 38.9
62 39.8
57 51
Arterial
60
47 445
52 48.4
57 50.6
62 51.7



A$'000 per year

Monetary impacts of cruise speeds on residential 60 kmh streets:
Kallberg and Toivanen's relationship with casualty crash costs

"Human Capital" valuation of accident costs (BTE 2000)
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O Air pollution costs

O Accident costs

B Time costs
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Assessment

MANAGING SPEEDS OF TRAFFIC ON EUROPEAN ROADS

Application of the MASTER framework

H. Net impacts

H1. Physical impacts

Cruise speed| 35kmh| 40 kmh| 45kmh| 50kmh| 55kmh| 57 kmh| 60kmh| 65kmh[ 70kmh[ 75kmh| 80kmh| 85kmh

Total travel time on link, hours/day 512,498| 478,558| 448,834| 422,586| 403,925| 398,139 393,264 385,398 377,842 370,575 363,583 356,850
Number of accidents per year 754.1 984.9] 1,246.5| 1,538.9| 1,862.1f 2,000.0/ 2,216.1| 2,600.8] 3,016.3] 3,462.6| 3,939.7| 4,4475
Emission{Carbon monoxide CO 15984 12924 13241 13557 15192 15847 16828 18041 19254 19940 20626 21496
Hydrocarbons HC 4985 4589 4220 3851 3772 3740 3693 3640 3587 3534 3482 3666

Oxides of nitrogen NOx 11421 11447 12027 12608 12792 12866 12977 13557 14137 14797 15456 15588

Particles PM 191 152 147 141 147 150 154 199 245 269 293 305

Carbon dioxide CO2 0 0 0 0 0 0 0 0 0 0 0 0

Residents in area where Lacq o7-22ns > 55 dB 0 0 0 0 0 0 0 0 0 0 0 0

H2. Monetary impacts

kA$/year 35 kmh 40 kmh 45 kmh 50 kmh 55 kmh 57 kmh 60 kmh 65 kmh 70 kmh 75 kmh 80 kmh 85 kmh
Consumber surplus (N.A) (N.A) (N.A) (N.A) (N.A) (N.A) (N.A) (N.A) (N.A) (N.A) (N.A) (N.A)
Vehicle operating costs 1,326,291(1,312,824( 1,302,350( 1,293,971( 1,287,115( 1,284,710( 1,281,402( 1,235,003( 1,234,225( 1,234,581 1,236,071( 1,238,695
Time costs 2,278,412|2,127,524] 1,995,379| 1,878,690( 1,795,730| 1,770,006| 1,748,332( 1,713,366| 1,679,770| 1,647,467( 1,616,383] 1,586,450
Accident costs 114,823| 149,974| 189,810 234,334 262,547| 304,540| 370,341| 487,508| 614,048| 749,961| 895,248]1,049,908
Air pollution costs 24,731 24,062 24,834 25,605 25,979 26,128 26,352 27,969 29,586 31,046 32,506 32,985
Noise costs 0 0 0 0 0 0 0 0 0 0 0 0
Total 3,744,257| 3,614,384| 3,512,374 3,432,600| 3,371,371| 3,385,383| 3,426,427| 3,463,845| 3,557,629| 3,663,055| 3,780,207 3,908,039

NB: Table H2 has two alternative appearances depending on whether the traffic volume changes:
If the traffic volume does not change, the difference of the sums of vehicle operating and
time costs is used normally. Without an estimate of the demand curve of traffic as a function of
user costs, the before and after figures for consumer surplus (CS) cannot, however, be presented.
In this case, the change in consumer surplus equals the change in vehicle operating + time costs.
If the traffic volume changes as a result of the policy, change of the user costs cannot
be used as a component of socio-economic costs of the policy. Instead, the change in consumer
surplus is used. But, as stated above, the CS figures for the initial and final situation are not
known, and thus the Total row will only include accident and environmental costs in the before and
after columns. The absolute figure for total change will in all cases include changes in the total costs,
as this can always be calculated. No percent change is presented in this latter case.
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Outlining

MANAGING SPEEDS OF TRAFFIC ON EUROPEAN ROADS

Application of the MASTER framework (see separate instructions) Ver. 01/99
LINK-LEVEL ANALYSIS OF THE IMPACTS OF A SPEED MANAGEMENT POLICY
Name of applier: Max Cameron
Institution: Monash University Accident Research Centre
1. Outlining
A. Policy test
Comparison of cruise speeds on urban residential streets in Melbourne with 60 kmh limits
Al. Length of link 69600 km
(69,600 residential streets @ av. 1 km)
A2. Flow characteristics
Cruise speed on urban residential streets
Traffic attributes 35 kmh| 40 kmh|45 kmh|50 kmh|55 kmh|57 kmh|60 kmh|65 kmh|70 kmh| 75 kmh|80 kmh|85 kmh
Mean cruise speed, km/h 35 40 45 50 55 57 60 65 70 75 80 85
AADT* 207.65| 207.65| 207.65| 207.65| 207.65| 207.65| 207.65| 207.65| 207.65| 207.65| 207.65| 207.65
Share of traffic 100%| 100%| 100%| 100%| 100%| 100%| 100%| 100%| 100%| 100%| 100%| 100%
Business trips, %
Pers. bus. and commuting. trips, % 100 100 100 100 100 100 100 100 100 100 100 100
Leisure trips, %

*average annual daily traffic volume, vehicles per day (=5.275 billion veh. Km. P.a. /69600 km /365 )

B. Link/network level analysis

This workbook is best suited for link analysis. However, elastic travel demand can be assumed, for the workbook
contains formulas for consumer surplus calculation.

C. Deciding on relevant impacts

Vehicle operating costs
Travel time

Accidents

Air pollution

|_|Noise

. Other

End of sheet
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Measurement

MANAGING SPEEDS OF TRAFFIC ON EUROPEAN ROADS

Application of the MASTER framework Ver. 01/99

2. Measurement of impacts
D. Impact functions
D1. Vehicle operating costs

Urban Stop-Start Model for cruise speeds <= 60 kmh Coefficients for Private (used) Cars used in each model
Freeway Model for cruise speeds > 60 kmh (Thoresen 2000, Table 12)

D2. Travel time

Function: travel time = link length/average (all) speeds of traffic on link Average (all) speeds from SMEC (1998), extrapolated below:
Average (all) speeds (kmh)
Cruise speed (kmh) 35 40 45 50 55 57 60 65 70 75 80 85
Average (all) peak speeds 27.10 28.60 30.10 31.60 32.56 32.8 33.22 33.92 34.62 35.32 36.02 36.72
Average (all) off-peak speeds 29.30 31.80 34.30 36.80 39.00 39.8 40.28 41.08 41.88 42.68 43.48 44.28
[Average (all) speeds 28.20 30.20 32.20 34.20 35.78 36.30 36.75 37.50 38.25 39.00 39.75 40.50
D3a. Accidents
Accidents before = ng Average speed before = vg
Accidents after = nj, Average speed after = v,
Fatal accidents Na= (Valve)* * ng (Andersson & Nilsson, 1997)
Serious injury accidents N = (Valve)** nig
Other injury accidents N = (Valve)> * Nig
D4. Air pollutant emission coefficients (Ward et al 1998, Figure 1)
At cruise speed, g/1000km At cruise speed, g/1000km
Emission factors* 35kmh| 40kmh| 45kmh| 50kmh| 55kmh| 57kmh| 60kmh| 65kmh| 70kmh| 75kmh| 80kmh|  85kmh
Carbon monoxide CO 3030 2450 2510 2570 2880 3004 3190 3420 3650 3780 3910 4075
Hydrocarbons HC 945 870 800 730 715 709 700 690 680 670 660 695
Oxides of nitrogen NO, 2165 2170 2280 2390 2425 2439 2460 2570 2680 2805 2930 2955
Particles PM 36.3 28.9 27.9 26.8 28.0 28.4 29.1 37.8 46.4 51.0 55.6 57.9
Carbon dioxide CO,
D5. Noise pollution
No impact function available
E. Unit prices
E1. Vehicle operating costs
Petrol Diesel
[Fuel price, A$ per litre | 0.45] (inserting prices here is preferred to writing them in formulas with absolute numbers)
A$ per vehicle-km
Models from Thoresen (2000) Urban Stop-Start Model Freeway Model
35kmh] 40kmh[ 45kmh[ 50 kmh] 55kmh] 57 kmh[ 60 kmh| 65 kmh] 70 kmh] _75kmh[ 80 kmh[ 85 kmh
[Vehicle oper. Costs 0.25142| 0.24887| 0.24688] 0.24530] 0.24400]  0.24354] 0.24291[ 0.23412] 0.23397| 0.23404] 0.23432] 0.23482

Other model:[_0.23952] 0.23808] 0.23686] 0.23585] 0.23506]  0.23480] 0.23448] 0.24200] 0.24121] 0.24053] 0.23994] 0.23941]
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E2a. Time costs per hour

Measurement

Value of travel time

AS$ per
hour

Business trips, %

Pers. bus. and commuting. trips, %

12.18|Thoresen (2000)

Leisure trips, %

Average

12.18

E2b. Time costs per kilometre

A$ per vehicle-km

F. Calculation of impacts

At average (all) speeds corresponding to cruise speed: At average (all) speeds corresponding to cruise speed:
35kmh[ 40 kmh] 45kmh] 50 kmh[ 55kmh] 57 kmh[ 60 kmh] 65 kmh] 70 kmh[ 75 kmh][ 80 kmh] _ 85 kmh
[Time costs 0.432] 0.403] 0.378] 0.356] 0.340] 0.336 0.331] 0.325] 0.318] 0.312] 0.306] 0.301
E3. Total user costs A$ per vehicle-km
(vehicle operating+ time costs) Cruise speed Cruise speed
35kmh[ _ 40kmh] 45kmh] 50 kmh[ 55kmh] 57 kmh[ 60 kmh] 65 kmh] 70 kmh[ 75 kmh][ 80 kmh] _ 85 kmh
[Total user costs 0.683] 0.652] 0.625] 0.601] 0.584] 0.579 0.574] 0.559] 0.552] 0.546] 0.541] 0.536
E4. Accident costs
) kAS/]
Accident type accid.
Fatal accident 4550.94
Serious injury accident 368.96
Other injury accident 82.03
Personal injury accident (av.) 216.66|"Willingness-to-pay" valuation (BTCE 1997)
E5a. Air pollution costs (Cosgrove 1994) E5b. Noise pollution costs
Air pollutants' unit costs A/t Unit costs of noise pollution Aslyear
Carbon monoxide CO 2 Noise zone 55 to 65 dB
Hydrocarbons HC 440 Noise zone 65 to 70 dB
Oxides of nitrogen NOx 1740 Noise zone >70 dB
Particles PM 13770
Carbon dioxide CO2 22
F1. Vehicle operating costs
At cruise speed, kA$/year At cruise speed, kA$/year
35kmh[ _ 40kmh] 45kmh] 50 kmh[ 55kmh| 57 kmh[ 60 kmh] 65 kmh] 70 kmh[ 75 kmh] 80 kmh] _ 85 kmh
[Vehicle operating costs 1,326,291| 1,312,824] 1,302,350] 1,293,971| 1,287,115] 1,284,710[ 1,281,402| 1,235,003] 1,234,225| 1,234,581 1,236,071[ 1,238,695
F2a. Travel time Vehicle-hours/day Vehicle-hours/day
35kmh[  40kmh] 45kmh] 50 kmh[ 55kmh| 57 kmh[ 60 kmh] 65 kmh] 70 kmh[ 75 kmh] 80 kmh] _ 85 kmh
[Total travel time on link 512,498] 478,558| 448,834] 422,586] 403,925 398,139 393,264 385,398] 377,842 370,575] 363,583] 356,850
F2b. Travel time costs kA$/year kA$/year
35kmh] 40kmh] 45kmh| 50 kmh[ 55kmh] 57 kmh| 60 kmh] 65kmh] _70kmh| 75 kmh[ 80 kmh[ 85 kmh
[Total travel time costs 2,278,412| 2,127,524 1,995,379 1,878,690| 1,795,730] 1,770,006] 1,748,332| 1,713,366| 1,679,770| 1,647,467| 1,616,383| 1,586,450
E3. Consumer surplus Input data Input data
35 kmh 40 kmh 45 kmh 50 kmh 55 kmh 57 kmh 60 kmh 65 kmh 70 kmh 75 kmh 80 kmh 85 kmh
|T0ta| user costs, A$/veh.km 0.683 0.652 0.625 0.601 0.584 0.579 0.574 0.559 0.552 0.546 0.541 0.536
|Mi0 veh.kms/year 5,275 5,275 5,275 5,275 5,275 5,275 5,275 5,275 5,275 5,275 5,275 5,275
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F4a. Accidents

Measurement

At cruise speed

Number of accidents per year 35 kmh 40 kmh 45 kmh 50 kmh 55 kmh 57 kmh 60 kmh 65 kmh 70 kmh 75 kmh 80 kmh 85 kmh
Fatal accident 34 5.8 9.3 14.2 20.8 24 29.5 40.6 54.6 71.9 93.1 118.7
Serious injury accident 130.6 194.9 2775 380.7 506.7 564 657.8 836.4 1044.6 1284.8 1559.3 1870.3
Other injury accident 532.4 695.4 880.1 1086.5 1314.7 1412]  1564.5 1836.2]  2129.5]  2444.6] 27814  3140.0
Total 666.4 896.1 1166.9 1481.4 1842.1 2000 2251.8 2713.1 3228.7 3801.3 4433.8 5128.9
E4b. Accident costs
kA$/year
Cost of accidents 35 kmh 40 kmh 45 kmh 50 kmh 55 kmh 57 kmh 60 kmh 65 kmh 70 kmh 75 kmh 80 kmh 85 kmh
Fatal accident 15,527 26,488 42,429 64,669 94,681 109,223 134,097 184,700 248,431| 327,384| 423,812 540,118
Serious injury accident 48,177 71,914| 102,393| 140,457| 186,948| 208,093| 242,710| 308,584| 385414| 474,043| 575,312 690,066
Other injury accident 43,671 57,040 72,191 89,125 107,841 115,826 128,339| 150,621 174,684| 200530 228,159 257,570
Total 107,375] 155442 217,013] 294,250 389,470 433,142| 505,146] 643,905] 808,529| 1,001,958| 1,227,283| 1,487,754
F5a. Air pollution
At cruise speed, tlyear At cruise speed, tlyear
Emissions 35 kmh 40 kmh 45 kmh 50 kmh 55 kmh 57 kmh 60 kmh 65 kmh 70 kmh 75 kmh 80 kmh 85 kmh
Carbon monoxide CO 15,984 12,924 13,241 13,557 15,192 15,847 16,828 18,041 19,254 19,940 20,626 21,496
Hydrocarbons HC 4,985 4,589 4,220 3,851 3,772 3,740 3,693 3,640 3,587 3,534 3,482 3,666
Oxides of nitrogen NOx 11,421 11,447 12,027 12,608 12,792 12,866 12,977 13,557 14,137 14,797 15,456 15,588
Particles PM 191 152 147 141 147 150 154 199 245 269 293 305
Carbon dioxide CO2 0 0 0 0 0 0 0 0 0 0 0 0
E5b. Air pollution costs
At cruise speed, kA$/year At cruise speed, kA$/year
Emissions 35 kmh 40 kmh 45 kmh 50 kmh 55 kmh 57 kmh 60 kmh 65 kmh 70 kmh 75 kmh 80 kmh 85 kmh
Carbon monoxide CO 32 26 26 27 30 32 34 36 39 40 41 43
Hydrocarbons HC 2,193 2,019 1,857 1,694 1,660 1,646 1,625 1,602 1,578 1,555 1,532 1,613
Oxides of nitrogen NOx 19,872 19,918 20,928 21,937 22,258 22,387 22,580 23,589 24,599 25,746 26,894 27,123
Particles PM 2,633 2,099 2,023 1,947 2,030 2,064 2,114 2,742 3,370 3,705 4,039 4,206
Carbon dioxide CO2 0 0 0 0 0 0 0 0 0 0 0 0
Total 24,731 24,062 24,834 25,605 25,979 26,128 26,352 27,969 29,586 31,046 32,506 32,985
E5c. Noise pollution
At cruise speed
No. of residents 35 kmh 40 kmh 45 kmh 50 kmh 55 kmh 57 kmh 60 kmh 65 kmh 70 kmh 75 kmh 80 kmh 85 kmh
Noise zone 55 to 65 dB
Noise zone 65 to 70 dB
Noise zone >70 dB
E5d. Noise pollution costs kA$/ year
35 kmh 40 kmh 45 kmh 50 kmh 55 kmh 57 kmh 60 kmh 65 kmh 70 kmh 75 kmh 80 kmh 85 kmh
Noise zone 55 to 65 dB 0 0 0 0 0 0 0 0 0 0 0 0
Noise zone 65 to 70 dB 0 0 0 0 0 0 0 0 0 0 0 0
Noise zone >70 dB 0 0 0 0 0 0 0 0 0 0 0 0
Total 0 0 0 0 0 0 0 0 0 0 0 0

G. Non-quantified impacts

Noise pollution costs could not be quantified

End of sheet
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PEAK Average:

Relative
cruise speed

OFF PEAK Average:

Relative
cruise speed
-10
-5
0
5

57 33

Cruise Residentia Increase  Cruise
(free) speed | 60 per 1 kmh speed
47 30.7 0.3
52 32.2 0.12
57 32.8 0.14
62 335
57 40
Cruise Residentia Cruise
(free) speed | 60 speed
47 35.3 0.5
52 37.8 0.4
57 39.8 0.16

62 40.6

57 39
Arterial
60
47 35.3
52 375
57 38.9
62 39.8
57 51
Arterial
60
47 445
52 48.4
57 50.6
62 51.7



A$'000 per year

Monetary impacts of cruise speeds on residential 60 kmh streets:
Nilsson's relationships between speed and crashes by severity

"Willigness-to-Pay" valuation of accident costs (BTCE 1997)
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Assessment

MANAGING SPEEDS OF TRAFFIC ON EUROPEAN ROADS

Application of the MASTER framework

H. Net impacts

H1. Physical impacts

Cruise speed| 35kmh| 40kmh| 45kmh| 50kmh| 55kmh| 57 kmh| 60kmh| 65kmh{ 70kmh[ 75kmh| 80kmh| 85kmh

Total travel time on link, hours/day 512,498| 478,558| 448,834| 422,586| 403,925| 398,139| 393,264| 385,398| 377,842] 370,575| 363,583| 356,850
Number of accidents per year 666.4 896.1| 1,166.9 1,481.4] 1,842.1| 2,000.0/ 2,251.8 2,713.1] 3,228.7| 3,801.3[ 4,433.8/ 5,128.9
Emission{Carbon monoxide CO 15984 12924 13241 13557 15192 15847 16828 18041 19254 19940 20626 21496
Hydrocarbons HC 4985 4589 4220 3851 3772 3740 3693 3640 3587 3534 3482 3666

Oxides of nitrogen NOx 11421 11447 12027 12608 12792 12866 12977 13557 14137 14797 15456 15588

Particles PM 191 152 147 141 147 150 154 199 245 269 293 305

Carbon dioxide CO2 0 0 0 0 0 0 0 0 0 0 0 0

Residents in area where Lacg o7-22ns > 55 dB 0 0 0 0 0 0 0 0 0 0 0 0

H2. Monetary impacts

kA$/year 35 kmh 40 kmh 45 kmh 50 kmh 55 kmh 57 kmh 60 kmh 65 kmh 70 kmh 75 kmh 80 kmh 85 kmh
Consumber surplus (N.A) (N.A) (N.A) (N.A) (N.A) (N.A) (N.A) (N.A) (N.A) (N.A) (N.A) (N.A)
Vehicle operating costs 1,326,291(1,312,824( 1,302,350( 1,293,971( 1,287,115( 1,284,710( 1,281,402( 1,235,003( 1,234,225( 1,234,581 1,236,071( 1,238,695
Time costs 2,278,412|2,127,524] 1,995,379| 1,878,690( 1,795,730| 1,770,006| 1,748,332( 1,713,366| 1,679,770| 1,647,467| 1,616,383] 1,586,450
Accident costs 107,375 155,442] 217,013 294,250 389,470] 433,142| 505,146 643,905| 808,529|1,001,958(1,227,283| 1,487,754
Air pollution costs 24,731 24,062 24,834 25,605 25,979 26,128 26,352 27,969 29,586 31,046 32,506 32,985
Noise costs 0 0 0 0 0 0 0 0 0 0 0 0
Total 3,736,808| 3,619,852( 3,539,577| 3,492,517| 3,498,294| 3,513,986/ 3,561,232| 3,620,242| 3,752,110| 3,915,051| 4,112,242| 4,345,884

NB: Table H2 has two alternative appearances depending on whether the traffic volume changes:
If the traffic volume does not change, the difference of the sums of vehicle operating and
time costs is used normally. Without an estimate of the demand curve of traffic as a function of
user costs, the before and after figures for consumer surplus (CS) cannot, however, be presented.
In this case, the change in consumer surplus equals the change in vehicle operating + time costs.
If the traffic volume changes as a result of the policy, change of the user costs cannot
be used as a component of socio-economic costs of the policy. Instead, the change in consumer
surplus is used. But, as stated above, the CS figures for the initial and final situation are not
known, and thus the Total row will only include accident and environmental costs in the before and
after columns. The absolute figure for total change will in all cases include changes in the total costs,
as this can always be calculated. No percent change is presented in this latter case.




I. Distribution of impacts

Assessment

Affected Groups

Vehicle
costs

Travel
time

Travel
time

Travel
time

Travel
time

Private motorists

Coach passengers

Goods traffic

Nearby residents

Animals crossing road

Oth 1

Oth 2

Oth 3

Oth 4

J. Sensitivity tests

(list here)
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