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1. Introduction

Level of servie is commonly used as a simple, qualitative evaluation of road performance, and is applied
primarily as a means of measuring congestion. |t
Highway Capacity Manual (HCM) in 1965, and typically usesdetter grade scale A through F (Roess

et al 2010).

While it was initially developed to help understand the performance of specific traffic facilities, such as

intersections and freeway corridors, the measure has gained traction over the decadamnisdafjitae

level of service measure have been developed for the purposes of evaluating multimodal corridors and
networks, with varying degrees of acceptance. The measure has also been increasingly adopted as a

means of evaluating future network perforrmamnd locations of congestion through strategic traffic

forecasts.

Level of service is a useful performance measure, distilling complicated engineering analysis into an easy
to understand concept for decision makers to digest (Roess et al[B)&Dpplicity can also, however,

be problematicin particular, it is a measure of congestion only that doesampextualise the

congestiod s | o doaexdampla, in terms dhe importance of a link and the number of people

impacted by congestionr the nonrtraffic users of road the road corridtiralso does not account for

relative perceptions of congestion depending on the size or normal traffic conditions withirTaisity.

paper seeks expamngonthetraditionallevel of service measure todlude some of these considerations
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usingfor planning purposes, usitgitputs typically avaéble from strategic travel modela particular,
it aims to isolate the most significant road performance deficiencies within the cordgxaicular link

in a particular network, rather than applying auniformmease of O&éacceptablebd conge

2. Background

Strategic travel models are used for a range of purposes. One way in which they can be used is to perform
high-level, citywide traffic forecastindor urban planningas a means of identifying and prioritising road
network deficiencies, informing which projects should be taken forward for further analysimimon

approach to this kind of woilk to usdevel of servicdor identifying deficiencies and potgal projects

for furthercostbenefit ratio analysed.evelks of service for this type of work aresuallydefined using

volume capacityVC) ratios. Strategic modetsadilyprovide the data for this definition.

Levels of service in most common Guidels and Manuals are expresgeterms of delay or density,

which are measures that are not calculated reliably from strategic model outputs. Levels of service
measurements were originally defined ilingerdter ms of
this day. hreality, the basis of level of service, whether measuredrestgedelay or VQatio are

traffic engineering concepts, rather than human experidncddition, congestion can be viewed as a
symptom of urban planning failureth&r than engineering failure; measuring and treating a symptom is

sure to exacerbate planning failure.
2.1. Problems with Level of Service

2.1.1. Problems with the level of service measure

Level of service is a simple, easy to understand way of categorising congastim a grading system
from A through F(Roess et al 2010Ix is primarily an engineerirépcussed measurasing engineering
concepts such amlumecapacity or delayravel time relationships to distil the complexities of road

performance into a sitggnumber that can be allocated to a discrete category (Aftabuzzaman 2007).

There are a number of limitations associated with this measure. Firstly, not all drivers psyngegtion

in the same way. Papadimitriou et al (2010) conducted a field survayich drivers evaluated their

experience of traffic conditions on a freeway segment along which they had just driven. They were asked

to assess the level of service, while traffic volumes were measured every five minetesrtiegd/C

ratiot hat coul d be compared wit h Theluehordobsewedr s6 per cei

significant range in levels of 6tolerance6 to con
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lowest possible level of service aV& ratioof 0.70, whie other drivers only started to perceive some
level of deterioration at this level of congesti®his is consistent with view of Weinstein (2006) that
congestion is subjective rather than objective, and that perceptions of congestion vary not only from

person to person but from cultural context to cultural context.

Similarly, not all road users value the same characteristics of driving experience in the same way.
Hostovsky et al (2004) conducted a focus group of road users on Highway 403 in Ontaatg. Jdiey
found that while urban commuters were most concerned with more traditional measures of level of
service, such as travel time reliability, rural commuters were more likely to notice ease of
manoeuvrability and the high presence of heavy commereiities Commercial vehicle driversere
more concerned with trip times, and the ability to travel at a constant speed.

Level of service also takes a simplistic view of congestion as a sign of network fatumething that is
associated with a higsocial and economic cosh reality, hisis not always the cas#fill development,

for example, is often considered to be a desirable planning outcome, as it encourages more sustainable
travel patterns and, when well executed, can activate streetscapisprove urban amenity. Litman

(2014) points out that a network evaluation using a pure traffic level of service measure would view this
kind of development negatively as it would likely have a negative impact on localised traffic conditions

due to incease travel demand.

In addition the types of users accessing a particularly piece of infrastructure should be taken into
consideration. The function of a freeway is to carry large volumes of traffic for longer distances at high
speeds and have littlateraction with surrounding land uses or other road uBersub-arterials in

established inner city areas, on the other hand, carrying private and commercial vehicle users is only a
small part of their function. Many also support retail and commerciifty as well as residents, and
accommaodate other road users including pedestrians, cyclisgaiblicitransport rolling stock. While an
engineeringpased | evel of service measure might be the

performance, it is lessappropriate for the arterial.

2.1.2. Problemswith using level of service in planning forecasts
Level of service has additional issues when applied in a planning context using traffic forecasts from
strategic travel modeld. is largely based on modelled nseaes that have large uncertainty in both base

and forecast yearEor example:
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1 Delay at intersectionis strategic models do not generathypdelturning movements well, let

alore expected time delays at intersectiomM®stly, they are linkbased and mosbdot include
explicit intersection delay.

1 Travel times travel times are generally based on a defined sfjeecor volumedelay
relationship that will yield reasonalti@vel times or speedé study by Dowling and
Skabardonis (2008) found thd€ ratio only accounts for about 30 per cent of variation in travel
speeds on arterial roads, and that single timing offsets were almost equally as impactful.

1 Specifying capacity capacity can be defined in various different ways, with the same road

having diffeent types of capacity. Minderhoud et al (1997) identity three types of capacity with

di fferent purposes. Design capacity is the max
road with a certain probability under definedr o ad and we a.tStnategic capacityd i t i on
represents o6the maximum traffic volumes a road
represents o6the actual megekminimgitime apptopriate typadf e 6 o f &
capacity to specifying in a strategic model, #meh correctly estimating that capacity, is highly

subjective and can vary from strategic model to strategic model.

1 Speedfiow curvesi speedflow curves tend to overestimate the extent to which traffic volumes

will continue to use highly constrained infrastructure, when in reality drivers would likely
change time of travel. This can result in an overestimation of congestion in stratetgls,

particularly when forecasting is being done at more distant planning horizons.

Finally there is a likelihood that as congestion grows into the future, tolerance to congestion will also
improve.Cameron (19963ontendghat level of service meass have not kept pace with changing travel

patterns since their initial development in the 1960s. He also argues that, as the public now expects higher
levels of cmgestion, this higher toleransbould be reflected in level of service measures. His stigge

is to expand the level of service measure to quantify the hours of operation at each level of service. Clark
(2008) also highlights that drivers in larger cities, such as in48péney, have a much higher tolerance

to traffic delays than drivers iregional environments. He also suggests that a maximum category of level

of service is probably not 6as bad as it getsod, a
considered.The speed flovmbservations shown later in this paper in Figushiow the spread of

possible capacity.

3. Methodology

Our approach to addressing the limitations of existing traffic enginebasgd level of serviogas two
fold.
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Firstly, we identified avC ratioat which an identification of poor level of servicalmost certainly a
result of excess demand rather than misspecification of capBlgisywas done through analysing the
speed an¥C relationship on the Monash Freeway in Melboutene hour AM peak VC ratio was

then calculatedor road network linkaaoss the entire Sydney network.

Secondlywe developed four reasonably simple indices that would account for some of the factors

O0mi ssingd6 from | evel of service as described abov
determine how importantaffic congestion should be regarded in the context of a particular link. The

indices are:

i Forstrategic importancef each link the road network, we used the number of times the link

appeared in the set of free flow minimum travel time paths
For theamenity indexwe used a simplealculation of traffic noise at the side of the road

For thedensity ofhuman activityindex, we used a measure of population and employment per

unit length on each link, and the speed of traffic along the link.

1 For themode compatibility indexwe used a double level Shanrdiversity index.

We then normalised each of the measures to a range between 0 and 1, so that they could be easily used to

weight the bas¥C ratios.

3.1.1. Strategic importance

The count of appearances dfrik in the free flow minimum time paths provides a simply computed

measure of the importance of a link in a city's network. It is an indication of the geographical dispersion

of tripsthatuseeachlink and provi des a metlateach ek makestothee 6 cont r i
transport task in a city. If a new lin&k addedhat represents new infrastructure, it alters this measure and

potentially shows the contribution the new liskikely to maketo the transport task.

Ideally, the measure wouletlweighted by the number of trips travelling on the path between the origin
and destinations. However, in the trip distribution step, the trip matrix is influenced by the impact of new
transport links on the travel times. In order to avoid double cayttimmimpact of network changes, we

chose, in this case, to use the unweighted measure.

There are other ways that this index could be measured, especially in the light of analysis of social media

networks. In particular, measurescot o n n e cdf lenkk Prenedeséand measuresiofluencedin
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social media networks could be adapted for transport networks. However, the necessary research and

tests were not available for this exercise.

3.1.2. Density of human activity index

To define a measure for this indawe looked to calculate the number of residents or workers that are
potentially impacted by the traffic on each link in terms of the number of people affected and for the
length of time they are affected. For this study, we associated each link watretiage of the

population and employment per length of road within an area (in the case SA2). We then factored this
linear density by the assigned speed of traffic on the link. The resulting formula means that lower
assigned speeds result in higher valfehe measure, indicating that each vehicle assigned to the link
impacts for longer on the people living and working around the link. Explicitly, the formula for this

index is as follows:
0 00—, where p is the average population per km oads in an area

e is the average employment per km on roads in an area

s is the assigned speed in km/hr on the link

3.1.3. Amenity Index

Amenity is a complex concept. Finding a way to enumerate amenity from the information that a strategic
transporimodel provides is particularly difficult. As a result, for this exercise, we chose to represent
amenity using the calculated traffic generated noise at the side of the road as a proxy. In particular, we
used the expression for noise pard by TripathiMittal and Ruwali (2012) as a base for the amenity

index.This expression is:

g oy

0O x& ¢x0 ¢ T[&*,oljb(é“«(% ] AN T8t ol

Where Ni=volumeinveh/hr
Vi = speed in km/hr
p = %age heavies
L = length of link
n = number of lanes

In this evaluation, the amenity index is directly proporido the volume of traffic, its speed and the
proportion of heavy vehicles, the number of lanes and the length of the road. If we understand amenity to
be roughly defineds the impact that a road has on the quality of the surroundshéhareasure is a
pragmatic proxy for amenity because:

9 higher volumes of traffic reduce the quality of the surrounds

1 higher speeds reduce the quality of the surrounds, if only becauszaHsed safety issues

1 higher numbers of heavy vehicles produce more noise and emissions
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1 the length of a road link without a crossing and the number of lanes on the road both increase the

barrier that a road presents to easy movement through an area

3.1.4. ModeCompatibility Index
The mode compatibility index aims to measure the diversity of speeds and modes that use a link. To
measure this index, we used Shannon's diversity index for speed and volume separately. The Shannon
index for speed is calculated by:

B"Y B"Y
where  Siis the speed of individual mode i

Similarly,
w0 pz nzaém

where piis the proportion of the total volume made up by individual mode |

These two indices were then combined into a single roodgpatibility index with:

MCI = Sl * VI/ m, where m is the number of modes using the link.

The mode compatibility index is 0 if only 1 mode uses a link, but increases to 1 with more diversity of

speed and mode volume mix.

3.1.5. Combined Index

The individual indices described above were then used to modify the base congestion measure (in this
caseVC ratio). There is no uniguely acceptable way to combine the four measures for modifyM@ our

ratio based level ofesvice.We also acceptthahi accor dance with Arrowds Gen ¢
that there is no unique way to rank the prioritisscombining the measures we aimed to preserve the

spread of frequencies of the levels of service duhe same time, reduce the level of sermeasuresf

links that have their importance artificially inflated in the strategic model.

The way we looked for the measures to modifyMieratio are as follows:
1 the strategic indewouldincrease th&C ratio, because links that serve larger numioérsrigin
and destination pairs should have increased priority
1 the amenity index should increase Ye ratio, because a higher index indicates the reduction in
amenity on the linland therefore demand higher priority
9 the density index shoul@ducetheVC ratia Although this measure is an indication of the

impact on human activity along a link and we would want to minimise it, the cause of the demand
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on the link is most commonly traffic generated in areas away from the link. Consequently, we
want to hghlight the links in the areas of the root cause of demand causing congestion
downstream

1 the mode compatibility index shoutdduce thé/C ratio. Links with low traffic speeds, even if
they are the result of congestion, are more bicycle and pedesteiadiyri Consequently, in areas
of high cycling and w&ing demand, we may want to reduce the priority of congestion treatment.

A simple additive process or plain factoring process would not be satisfactory because it affords each of
the indices the sameeight and it is not clear that equal weights are approprifter much

experimentation, we decided on an approach that can be viewed as the position of an indicator on a slider.
The indicator starts at the value equal to the origit@atatio. It isthen movedstep by step to a position

that is calculated with the distance of the pointer froamd the index value, in the case of Strategic
Importance and Amenity, and the distance of the pointer from 0 and the index value, in the case of

Density and Mde Compatibility. The process is described diagrammaticaifjgurel below.

Figure 1 Approach to modified normalised weighted VC ratio
v/c after
strategic v/c after
importance amenity
Initial v/c adjustment adjustment
——————— >
€ e
N =
¥ A4 Ny N/
0 1
Final v/c after v/c after
Mode amenity
compatibility adjustment
adjustment

While the process is reasonably simply described, the mathematical formula for the process is lon
Mod_vc= -ver+si*tabs(lver)+(ai-1)*(ver+si*abs(Lver))+(di-1)*(ver+si*abs(L-ver)+(ai-
1)*(ver+si*abs(2vcer)))-mci*(ver+sitabs(Lver)+(ai-1)*(ver+sifabs(Lver))+(di-1)*(ver+sitabs (1
ver)+(ai-1)*(vert+sitabs(lvcr))))

The individual and combined indices were calculdtenlr a -8 0 8 hi 6 d on Sgdoeg(irear i o
only completed or under construction projectsiactided in transpontetworls). The results are

represented graphically below.
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4. Results and discussion

Firstly, analysis of the speeidVC ratio relationship on the Monash Freeway at various locations saggest
that observed traffis’C ratios peak at around 1.3 (deigure?2). At this point, it can be inferred that
excesd/C is no longer a function of potential misspecification in the estimate of link capacities, and is
almost certainly a function of excess demand. As a resulidditional level of service category, as

adopted, as suggested by Clark (2008).

Figure 2 Speed andvC ratio relationships, various locations on the Monash Freeway,
Melbourne
Speed-V/C Curve on Monash Freeway Inbound Off Ramp at Toorak Road Speed-V/C Curve on Monash Freeway Inbound at Toorak Road
8 4 Average Capacy Limi | 4
E = =i
£ o _| £ @
X © =
g 2 2 i
o
[+ @ < -
& Q & -
o - o 4
T T T T T T T T
00 02 04 06 08 10 12 14 00 02 04 06 08 10 12 14
Volume Capacity Ratio Volume Capacity Ratio
Speed-V/C Curve on Monash Freeway Inbound at Burke Road Speed-V/C Curve on Monash Freeway Outbound West of Warigal Road
o o
o = R
— — — — Average Capacity Limit
= =
£ 8 £ &
= =
o N = N
E 9 2 @n
(%) _| () ol
o — o -
T T T T T T T T
00 02 04 06 08 10 12 14 00 02 04 06 08 10 12 14
Volume Capacity Ratio Volume Capacity Ratio



Beyond Level of ServiéeTowardsa relative measurement of

Lauren Walker o .
congestion in planning transport

Tony Fransos

Figure3 shows the traditionafC ratcacr oss t he entire Sydoekhingdwor k |
scenario. This suggests that congestion levels are tilddg very bad into the future, making iffidiult

to isolate where the most pressing network deficiencies are lobéed.of the motorway and arterial
networkappears to bseverelyunder strain in the busiest morning peak hour, which suggests that

considerable infrastructure investmentandpeli i nt er venti on wi | | be requir
net work operating effectively. The 6sea of redod6 d
prioritiesfor planning purposes. The objective of the modified measure is to preseve thelstattsal

network deficiencies, while reducing the appearence of those links which should be lower priority.

Figure 3 Traditional VC Ratio
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The strategic importance meas(irggure4) clearly highlights motorways as the key links in the road
network, as well as the norttouth A1, A3 and A6 corridors and the A4 corridor from Parramatta through
to the ANZAC Bridge. To a kser extent, the A2Bume/Cumberland Highway, the A28 through

Military Road and Spit Road, Richmond Road, Old Windsor Road and Camden Valley Way approaching

the M5/M7 interchange are also identified as key strategic links.

Figure 4 Strategic importance
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The amenity indexKigureb) yields unsurprising resulttargely distinguished by the road hierarchy.
Busy sections of the motorway netkpsuch as the M4 around Parramatta, the M5 near the airport
around the M7 interchange, and the Sydney Harbour Bridge have the worst level amenity. The arterial

network is also clearly distinguishalftem local roads.

Figure 5 Amenity index

Amenity )
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The density of human activity indekigure6) clearly shows that the Sydney inner city and north shore
area have the highest intensity of land usellometre of rad network, as well as some pockets around
Parramattalnterestingly, the M7 and M2 also shdwgher densities of human activitfhese are more
difficult to interpret, and may require further investigatiDensity per link is currentlgalculated on the
basis of total populatioandemployment by SA2, whicis only an approximation of density of land use

activity. Improving this calculation to reflect adjacent land uses may improve these outcomes.

Figure 6 Density of human activity index

13



