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2.2. The transport model 

The fundamental diagram of traffic flow is a relation between the traffic flow (vehicles/hour) and the traffic 
density (vehicles/km). A macroscopic traffic model involving traffic flow, traffic density and velocity forms 
the basis of the fundamental diagram through the following relations: 

𝑄 = 𝑉𝐷 

Where, Q is the traffic flow, D is the traffic density and V is the velocity. 

Through empirical studies of massive urban traffic flow data (Geroliminis and Daganzo 2008) and simulation 
results (Gartner and Wagner 2004), it was found that the speed-flow macroscopic fundamental diagram 
follows a parabolic-like pattern, which can be revealed by plotting the flow-speed diagram (see Figure 2(a)) 
and performing a regression (Bellomo et al. 2002):  

𝑄 = 𝑎𝑉! + 𝑏𝑉 

Where, a and b are the parabolic fitting parameters, 
which are estimated by regression. 

Recent studies mainly focus on verification of the 
macroscopic fundamental diagram which takes the 
space-mean speed and density as inputs (Buisson and 
Ladier 2009; Daganzo et al. 2011). In this paper, it is 
assumed that the chosen road segment has such a 
parabolic pattern for the flow-speed relation, and for 
simplification the average speed and flow have been 
used. However, if the road segment to be analysed 
were larger, more complicated methods can be 
adopted. 

For Step 4 we selected two segments of the assumed 
route on Parramatta Road (Sydney’s main western 
arterial road) between Strathfield and the CBD 
(10.3km). From the Sydney Coordinated Adaptive 
Traffic System (SCATS) we obtained vehicle flow 
rate and speed data for 15 minute intervals over the 
AM peak for those study segments and derived an 
elasticity of travel time with flow rate with a 
parabolic regression function (Step 5 - see Figure 
2(a) and (b)). 

Using these regression relations with the estimate of 
flow reduction along the same road segments due to 
the utilization of SWC, we achieve Step 6 of our 
process: an estimate of reduced travel time during the 
peak AM commute. 

3. RESULTS

From the census, JTW and skim matrix data we were 
able to identify 8 candidate SA2 locations for SWC 
based on >= 50 minute average commute time in 
private motorised vehicles, and total number of trips 
to Sydney CBD during the morning peak period 
(refer to Figure 1 and Table 1).  

Taking the M4 Motorway and Parramatta Road as the 
predominant route to this same destination, there are 
a maximum possible number of 890 trips that could 
be substituted for with the use of SWCs. With conservative assumptions about the uptake and utilization of 
SWC, we estimate that 206 trips would be substituted for on a given workday morning. Spreading this 
reduction over the 2.5hour peak AM period results in a flow reduction of approximately 82 vehicles/hour. 

(a) 

(b) 

Figure 2. a) parabolic regression (red line) fitted to 
traffic flow (vehicles/hour) versus velocity based on 

15 min interval data (blue dots) from SCATS b) 
derived parabolic function for a 10.3km segment of 

Parramatta Road, Sydney 

808



Baynes, Wen, Nguyen and Chen, Getting to work: smart work centers reduce morning peak traffic flow 

We have developed an empirical relationship for travel time versus flow rate for the specific road segments 
of Parramatta Road between Strathfield and Sydney CBD. 

Using this relationship and the flow reduction leads to the following statement: the collective reduction in 
vehicle flow due to the use of 8 SWC is likely to effect a saving of approximately 1minute travel time for all 
commuters on the study road segments during the morning peak period. This is a conservative estimate and 
does not include the time saved by more than 200 individuals who use the SWCs and avoid a commute 
entirely (total ~170 hours/day). A greater number, or uptake, of SWC would likely result in further travel-
time saving. 

4. DISCUSSION

Whereas previous studies on SWC have investigated an assumed location of SWC or an assumed number of 
SWC in a metropolitan area, we have developed an empirical basis for SWC locations close to where 
workers, in relevant occupations, reside. Wilmot et al (2014) looked at the time savings to workers who use 
SWCs and we have further estimated the indirect apparent time savings to all commuters for a specific route 
choice. We have concentrated on a single route for West to East commuting in the Sydney GMA to provide a 
proof-of principle result. This shows that the analysis is worthwhile expanding to include multiple commuter 
origins, multiple work destinations and multiple route choices. Such a simulation would likely involve 
considerable computing resources. 

Even within our relatively simple model, several improvements are possible. Data on relative flows by 
different routes to Sydney CBD would refine the assumption about route choice proprtions from origin SA2 
locations. We have assumed that the flow reduction is spread uniformly across the peak AM period when it is 
possible the incidence of flow reduction might occur over a more concentrated interval. Distribution of the 
departure time of for trips from origins would help in this regard. The analysis could be performed at a higher 
spatial resolution: at the level of transport zones (~3000 in Sydney GMA). However, there is no finer 
resolution on origin of occupations than SA2 boundaries. Any mapping to transport zones would effectively 
involve a downscaling estimation to disaggregate current census information and so there would be no real 
improvement in resolution. 

The result of a 1minute time saving needs to be placed in perspective of the scale and cost of infrastructure to 
achieve similar outcomes. By 2031, the $16.8 billion WestConnex project2 aims to deliver, among other 
outcomes, an approximate travel time saving of 10 minutes along the exact same route as our study (Sydney 
Motorway Corporation 2015). It may be readily appreciated that even 100 SWCs (ten times our study) would 
involve considerably less investment and may even present as an opportunity for direct private investment in 
property management. To provide a more rigorous comparison further research is required: investigating the 
effect of a larger population of SWC on the same study segment; assessing the effect of a larger population of 
SWC on the metropolitan road network and; surveying the latent demand commuting population regarding 
likely uptake. There is also the need to consider multiple destinations for work and other activities. 

We have not measured the economic value of time-savings and reduced congestion although this would be a 
relatively simple extension as in Wilmot et al (2014). There are also possible indirect benefits to the local 
economy and community (as a location of new employment activity) coupled with personal benefits of time-
savings for SWC users related to improving work-life balance: less time spent commuting means more time 
spent with family or volunteering or just enjoying a less stressful, healthier lifestyle. The latter features are 
actually an important part of the putative effectiveness of SWC. In many other system interventions there are 
feedbacks and ‘rebound effects’ whereby the initial action (reducing congestion) leads to a perverse outcome 
(greater uptake of private transport) exacerbating the original problem. When the effect of the intervention is 
in multiple dimensions, (e.g. reduced congestion AND personal convenience and lifestyle), there is the 
potential to ameliorate the rebound effect because the value of diverse benefits cements behavior and 
preferences into a new regime. For example, implementing SWC at scale may reduce travel-times but if 
SWC users value the lifestyle change highly, they may not return to commuting even though it becomes less 
costly. Again, further research through surveying SWC users and their choices would refine this hypothesis. 

SWC are an aspect of land use and therefore can be part of urban planning. At the same time they clearly 
have a quantitative connection with the transport system and relate to industry and productivity. As such, 
they present a bridge between policy areas, enabling and perhaps requiring more coordination across 
government. 

2 https://www.westconnex.com.au/
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5. CONCLUSION

Using census and JTW data we have identified locations for SWCs in the Sydney GMA. Conservative 
utilization of 8 SWCs results in reduced traffic flow and, with a transport model, we estimate a generalised 
peak AM travel-time saving of 1minute over a 10.3km segment of the main west-east arterial road. This 
proof-of-principle result is achieved with only 200 SWC users and suggests that SWCs implemented at scale 
(>>10 SWCs) could further reduce congestion and respond to calls for better use of existing infrastructure, 
better connectivity and access to employment opportunities in outer suburbs. There are potentially substantial 
social gains from such a scenario in Australian cities but further modeling and survey research is required. 
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