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1. Introduction  

Level of service is commonly used as a simple, qualitative evaluation of road performance, and is applied 

primarily as a means of measuring congestion. It was introduced in the Transportation Research Boardôs 

Highway Capacity Manual (HCM) in 1965, and typically uses a six-letter 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 decades. Adaptations of the 

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 performance and 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 2010). Its simplicity can also, however, 

be problematic. In particular, it is a measure of congestion only that does not contextualise the 

congestionôs location ï for example, in terms of the importance of a link and the number of people 

impacted by congestion, or the non-traffic users of road the road corridor. It also does not account for 

relative perceptions of congestion depending on the size or normal traffic conditions within a city. This 

paper seeks expand upon the traditional level of service measure to include some of these considerations 
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using for planning purposes, using outputs typically available from strategic travel models. In particular, 

it aims to isolate the most significant road performance deficiencies within the context of a particular link 

in a particular network, rather than applying a uniform measure of óacceptableô congestion. 

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, city-wide traffic forecasting for urban planning as a means of identifying and prioritising road 

network deficiencies, informing which projects should be taken forward for further analysis. A common 

approach to this kind of work is to use level of service for identifying deficiencies and potential projects 

for further cost-benefit ratio analyses.  Levels of service for this type of work are usually defined using 

volume capacity (VC) ratios.  Strategic models readily provide the data for this definition. 

 

Levels of service in most common Guidelines and Manuals are expressed in terms of delay or density, 

which are measures that are not calculated reliably from strategic model outputs.  Levels of service 

measurements were originally defined in terms of the driverôs experience, and this definition lingers to 

this day.  In reality, the basis of level of service, whether measured as density, delay or VC ratio are 

traffic engineering concepts, rather than human experience.  In addition, congestion can be viewed as a 

symptom of urban planning failure rather than engineering failure; measuring and treating a symptom is 

sure to exacerbate planning failure. 

2.1. Problems with Level of Service 

 Problems with the level of service measure 

Level of service is a simple, easy to understand way of categorising congestion, using a grading system 

from A through F (Roess et al 2010). It is primarily an engineering-focussed measure, using engineering 

concepts such as volume-capacity or delay-travel time relationships to distil the complexities of road 

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

 

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

in the same way. Papadimitriou et al (2010) conducted a field survey in which 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 minutes to generate a VC 

ratio that could be compared with the driversô perceived level of service. The authors observed a 

significant range in levels of ótoleranceô to congestion. Some drivers ranked road performance as at the 
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lowest possible level of service at a VC ratio of 0.70, while other drivers only started to perceive some 

level of deterioration at this level of congestion. This 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 Ontario, Canada. They 

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 commercial vehicles. Commercial vehicle drivers were 

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 failure - something that is 

associated with a high social and economic cost. In reality, this is not always the case. Infill 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 streetscapes and improve 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 increase 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 little interaction with surrounding land uses or other road users. For sub-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 commercial activity as well as residents, and 

accommodate other road users including pedestrians, cyclists and public transport rolling stock. While an 

engineering-based level of service measure might be the primary way of evaluating a freewayôs 

performance, it is less appropriate for the arterial.   

 Problems with 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 models. It is largely based on modelled measures that have large uncertainty in both base 

and forecast years. For example: 
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¶ Delay at intersections ï strategic models do not generally model turning movements well, let 

alone expected time delays at intersections, Mostly, they are link-based and most do not include 

explicit intersection delay. 

¶ Travel times ï travel times are generally based on a defined speed-flow or volume-delay 

relationship that will yield reasonable travel times or speeds. A study by Dowling and 

Skabardonis (2008) found that VC 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. 

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

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

different purposes. Design capacity is the maximum volume óthat may pass a cross section of a 

road with a certain probability under predefined road and weather conditionsô. Strategic capacity 

represents óthe maximum traffic volumes a road section can handleô, while operational capacity 

represents óthe actual maximum flow rateô of a roadway. Determining the appropriate type of 

capacity to specifying in a strategic model, and then correctly estimating that capacity, is highly 

subjective and can vary from strategic model to strategic model.  

¶ Speed-flow curves ï speed-flow 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 strategic models, 

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 (1996) contends that level of service measures 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 congestion, this higher tolerance should be reflected in level of service measures. His suggestion 

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 in inner-Sydney, have a much higher tolerance 

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

of service is probably not óas bad as it getsô, and that new level of service measures beyond F should be 

considered.  The speed flow observations shown later in this paper in Figure 2 show the spread of 

possible capacity. 

3. Methodology 

Our approach to addressing the limitations of existing traffic engineering-based level of service was two-

fold.  
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Firstly, we identified a VC ratio at which an identification of poor level of service is almost certainly a 

result of excess demand rather than misspecification of capacity. This was done through analysing the 

speed and VC relationship on the Monash Freeway in Melbourne. A one hour AM peak VC ratio was 

then calculated for road network links across the entire Sydney network. 

 

Secondly, we developed four reasonably simple indices that would account for some of the factors 

ómissingô from level of service as described above. These indices are used as óweightsô, which help to 

determine how important traffic congestion should be regarded in the context of a particular link. The 

indices are:  

¶ For strategic importance of 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 the amenity index, we used a simple calculation of traffic noise at the side of the road 

¶ For the density of human activity index, we used a measure of population and employment per 

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

¶ For the mode compatibility index, we used a double level Shannon diversity 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 base VC ratios.  

 Strategic importance 

The count of appearances of a link 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 trips that use each link, and provides a measure of the ócontributionô that each link makes to the 

transport task in a city.  If a new link is added that represents new infrastructure, it alters this measure and 

potentially shows the contribution the new link is likely to make to the transport task.   

 

Ideally, the measure would be weighted 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 counting the impact 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, measures of óconnectednessô of links or nodes and measures of óinfluenceô in 
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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.  

 Density of human activity index  

To define a measure for this index, we 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 with the average 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 values of the 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: 

ὃὈὍ ,   where,  p is the average population per km on roads 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 

 Amenity Index 

Amenity is a complex concept.  Finding a way to enumerate amenity from the information that a strategic 

transport model 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 provided by Tripathi, Mittal and Ruwali (2012) as a base for the amenity 

index. This expression is: 

 

ὃὍ χȢςςχzὰέὫὔ πȢςσψzὰέὫ
ρ

ὠ
πȢςπψzὴ πȢπππυφὒz

ςȢτσψ

ὲ
 

    Where, Ni = volume in veh / 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 proportional to 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 defined as the impact that a road has on the quality of the surrounds, then the measure is a 

pragmatic proxy for amenity because: 

¶ higher volumes of traffic reduce the quality of the surrounds 

¶ higher speeds reduce the quality of the surrounds, if only because of increased safety issues 

¶ higher numbers of heavy vehicles produce more noise and emissions 
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¶ 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. 

 Mode Compatibility 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: 

ὛὍ ρz
Ὓ

ВὛ
ὰzὲ

Ὓ

ВὛ
 

    where Si is the speed of individual mode i 
 

Similarly,  

ὠὍ ρz ὴ ὰzὲὴ  

 

    where pi is the proportion of the total volume made up by individual mode I 
 

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

 

MCI = SI  * 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. 

 Combined Index 

The individual indices described above were then used to modify the base congestion measure (in this 

case, VC ratio). There is no uniquely acceptable way to combine the four measures for modifying our VC 

ratio based level of service. We also accept that, in accordance with Arrowôs General Possibility Theorem 

that there is no unique way to rank the priorities.  In combining the measures we aimed to preserve the 

spread of frequencies of the levels of service but, at the same time, reduce the level of service measures of 

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

 

The way we looked for the measures to modify the VC ratio are as follows: 

¶ the strategic index would increase the VC ratio, because links that serve larger numbers of origin 

and destination pairs should have increased priority 

¶ the amenity index should increase the VC ratio, because a higher index indicates the reduction in 

amenity on the link and therefore demand higher priority 

¶ the density index should reduce the VC ratio.  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 highlight the links in the areas of the root cause of demand causing congestion 

downstream 

¶ the mode compatibility index should reduce the VC ratio.  Links with low traffic speeds, even if 

they are the result of congestion, are more bicycle and pedestrian friendly.  Consequently, in areas 

of high cycling and walking 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 same weight and it is not clear that equal weights are appropriate.  After 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 original VC ratio.  It is then moved step by step to a position 

that is calculated with the distance of the pointer from 1 and 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 Mode Compatibility.  The process is described diagrammatically in Figure 1 below. 

 

Figure 1 Approach to modified normalised weighted VC ratio

 

 

While the process is reasonably simply described, the mathematical formula for the process is long: 

Mod_vc = -vcr+si*abs(1-vcr)+(ai-1)*(vcr+si*abs(1-vcr))+(di-1)*(vcr+si*abs(1-vcr)+(ai-

1)*(vcr+si*abs(1-vcr)))-mci*(vcr+si*abs(1-vcr)+(ai-1)*(vcr+si*abs(1-vcr))+(di-1)*(vcr+si*abs(1-

vcr)+(ai-1)*(vcr+si*abs(1-vcr)))) 

 

The individual and combined indices were calculated for a 2031 ódo-nothingô scenario in Sydney (i.e. 

only completed or under construction projects are included in transport networks). The results are 

represented graphically below. 
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4. Results and discussion 

Firstly, analysis of the speed ï VC ratio relationship on the Monash Freeway at various locations suggests 

that observed traffic VC ratios peak at around 1.3 (see Figure 2). At this point, it can be inferred that 

excess VC 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 result, an additional level of service category, F+, was 

adopted, as suggested by Clark (2008).  

Figure 2 Speed and VC ratio relationships, various locations on the Monash Freeway, 

Melbourne 
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Figure 3 shows the traditional VC ratio across the entire Sydney network in the 2031 ódo-nothingô 

scenario. This suggests that congestion levels are likely to be very bad into the future, making it difficult 

to isolate where the most pressing network deficiencies are located. Much of the motorway and arterial 

network appears to be severely under strain in the busiest morning peak hour, which suggests that 

considerable infrastructure investment and policy intervention will be required to keep Sydneyôs road 

network operating effectively. The ósea of redô does not, however, make it easy to determine the biggest 

priorities for planning purposes. The objective of the modified measure is to preseve the most substantial 

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

 

Figure 3 Traditional VC Ratio  

 

 

  



Lauren Walker 

Tony Fransos 

 11 

Beyond Level of Service ï Towards a relative measurement of 

congestion in planning transport 

The strategic importance measure (Figure 4) clearly highlights motorways as the key links in the road 

network, as well as the north-south A1, A3 and A6 corridors and the A4 corridor from Parramatta through 

to the ANZAC Bridge. To a lesser extent, the A28-Hume/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 index (Figure 5) yields unsurprising results, largely distinguished by the road hierarchy. 

Busy sections of the motorway network, such 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 distinguishable from local roads.  

 

Figure 5 Amenity index 
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The density of human activity index (Figure 6) clearly shows that the Sydney inner city and north shore 

area have the highest intensity of land use per kilometre of road network, as well as some pockets around 

Parramatta. Interestingly, the M7 and M2 also show higher densities of human activity. These are more 

difficult to interpret, and may require further investigation. Density per link is currently calculated on the 

basis of total population and employment by SA2, which is 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 

 

 

  


