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Executive Summary 
 

This report describes a screening-level assessment using Ausroads that was carried 
out to evaluate the possible air quality impacts of highway traffic on receptors near 
the proposed Roe 7 highway, south-east of Perth. The modelling assumed 2006 traffic 
flows and emission factors. Regional background concentrations were obtained from 
nearby air quality monitoring stations with the 90th percentile values used for this 
screening study. The pollutants modelled were carbon monoxide (CO), nitrogen 
dioxide (NO2), particulate matter with an equivalent aerodynamic diameter of 10 µm 
or less (PM10) and 2.5 µm or less (PM2.5), and lead.  

Concentrations (including background) were predicted at locations 40 m or more from 
the centre-line of the roadway and at Leeming Primary School, about 1.4 north of the 
proposed Roe 7 highway. The predicted maximum concentrations were all much 
smaller than the NEPM standards, specifically:  
• 24-hour average PM10 concentration of 29.7 µg m-3 (NEPM 50 µg m-3) 
• 24-hour average PM2.5 concentration of 17.0 µg m-3 (NEPM Advisory 25 µg m-3) 
• 8-hour average CO concentration of 1.4 ppm (NEPM 9.0 ppm) 
• 1-hour average NO2 concentration of 0.061 ppm (NEPM 0.120 ppm)  
• annual average NO2 concentration of 0.009 ppm (NEPM 0.030 ppm) 
• annual average lead concentration less than 0.018 µg m-3 (NEPM 0.5 µg m-3). 
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1. Introduction 
The Roe 7 Alliance (comprising Main Roads WA, Clough Engineering, Henry 
Walker Eltin and Maunsell Australia Pty Ltd) is currently preparing documentation to 
be submitted to the Environment Protection Authority (EPA) as part of the Roe 7 
highway project environmental approvals. The level of assessment for the project has 
been set at a Public Environmental Review (PER). A scoping document for the PER 
has been released by the EPA.  EPA has identified potential air quality issues as one 
of the matters that will require consideration and assessment as part of the 
environmental approvals process.   

This report describes a screening-level assessment carried out to evaluate the possible 
air quality impacts of highway traffic on receptors in close proximity (within 500 m) 
to the proposed highway. In particular, it investigates whether Ambient Air Quality 
National Environment Protection Measures (NEPM, 2003) for the pollutants of 
concern are likely to be exceeded at a distance of 40 m (or more) from the centre-line 
of each carriageway of the proposed highway. The pollutants considered in this report 
are carbon monoxide (CO), nitrogen dioxide (NO2), particulate matter with an 
equivalent aerodynamic diameter of 10 µm or less (PM10) and 2.5 µm or less 
(PM2.5), and lead.  

Figure 1 shows a location map of the proposed highway and some existing roads in 
the Perth Coastal Grid coordinate system. Typical vegetation in the area is shown in 
Figure 2. 
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Figure 1.  Location map of the proposed Stage 7 of the Roe Highway, south-east of 
Perth, which runs between the Kwinana Freeway and Stage 6 of the Roe Highway. 



CSIRO Atmospheric Research C/0908         Potential Air Quality Impacts – Roe 7 Page 4 

 

Figure 2.  Photograph of typical vegetation and terrain along the proposed highway. 

 

2. Methodology 
The study was undertaken using the model Ausroads to calculate the contribution by 
traffic on the proposed Roe 7 highway to ambient levels of CO, NO2, PM10, PM2.5 
and lead in the vicinity of the road.  

The model requires  
• coordinates of the roadway as straight-line segments (links), and the elevation 

of each link compared to the surrounding terrain 
• hourly traffic volumes 
• vehicle emission factors for each pollutant 
• a representative meteorological data file for the region 

• regional background concentrations of the pollutants. 

The anticipated 2006 traffic volumes were provided by the Roe 7 Alliance as daily 
volumes with a diurnal variation (Section 4.2). The same diurnal variation was used 
on each section. The absence of weekday/weekend variation in flows is justified on 
the basis that this is a screening study designed to predict worst-case impacts. 

The vehicle emission factors were calculated for 2006 based on information in the 
latest Department of Transport study on fuel quality and vehicle emission standards 
(Coffey, 2003). The procedure is described in Section 4.3. 

The one-year meteorology file for 2002 was generated using The Air Pollution Model 
(TAPM) with output in the form of an Ausplume meteorological file (Section 4.1). 
This was validated against meteorological data from two nearby Department of 
Environment ambient air quality monitoring stations. Background concentrations for 
each of the pollutants were obtained from analysis of data from these sites. 
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The worst-case impact was calculated using the maximum predictions from the 
Ausroads modelling at receptors located 40 m from the centre-line of each 
carriageway of the roadway. These were added to the 90th percentile background 
concentrations derived from the monitoring sites. 

3. Background Air Quality Data  
Air quality monitoring data were supplied by WA Department of Environment for 
two stations near the proposed highway. One station, Leeming, is within the study 
area (see Figure 1) but the last full year of data available was for 1999. Data for 2001 
were obtained from South Lake, which is located about 4 km south-west from the 
study area. Table 1 lists the monitoring station coordinates and the pollutants reported 
as 1-hour average concentrations. 

Table 1.  Details of the background air quality monitoring stations and pollutants 
measured (BSP is particle backscattering coefficient). 

 Leeming AQMS  South Lake AQMS  

Location 1 km north of proposed 
highway 

4 km south-west of 
proposed highway 

PCG coordinates 
(approximate) 

54,000 m E 
249,900 m N 

51,600 mE 
245,700 m N 

Available pollution data 
(hourly averages) 

CO, NO, NO2, PM2.5, 
BSP 

CO, NO, NO2, PM10, BSP, 
O3, SO2 

Year of data analysed 1999 2001 

 

The data for each of the pollutants of concern were analysed using the averaging 
times specified in the NEPM goals: 

• NO2 1-hour average and annual average 

• CO  8-hour rolling average (calculated each hour) 

• PM10 24-hour average (calculated once each calendar day) 

• PM2.5 24-hour average (calculated once each calendar day) 

The data files were checked for bad or missing data with values of –9 or –99 removed 
before averaging. The 24-hour averages were calculated once each calendar day and 
the 8-hour averages were calculated as rolling averages each hour (in compliance with 
the procedure defined in the Ambient Air NEPM). In addition, hourly averages of 
ozone were analysed for use in estimating the conversion of NO emissions to NO2 
(see section 5). The results as cumulative probability distributions are presented in 
Figures 3–6. They show very close agreement between the two sites with slightly 
higher concentrations at South Lake. For the particulate measurements, PM10 was 
measured at South Lake and PM2.5 at Leeming. Figure 4 includes a dotted curve 
showing the PM2.5 concentrations multiplied by a factor 1.9, which agrees very 
closely with the PM10 curve. Given the close agreement between the two sites for the 
other pollutants, it is reasonable to use this factor for relating PM10 and PM2.5 
background concentrations. 
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Figure 3.  Annual cumulative probability distributions of 8-hour rolling average carbon 
monoxide concentrations at the two air quality monitoring sites. The dotted lines show 
the 90th percentile of 1.0 ppm. 
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Figure 4.  Annual cumulative probability distributions of 24-hour average particle 
concentrations. The data from Southlake are for PM10, and those from Leeming for 
PM2.5. The good agreement between the dotted and solid lines indicate that the 
PM10:PM2.5 rat io is 1.9. 
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Figure 5.  Annual cumulative probability distributions of 1-hour average nitrogen 
dioxide concentrations at the two air quality monitoring sites. The dotted lines show the 
90th percentile of 0.018 ppm. 
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Figure 6.  Annual cumulative probability distributions of 1-hour average ozone 
concentrations at the South Lake air quality monitoring station. The dotted lines shows 
the 90th percentile of 0.028 ppm. 
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Table 2 lists the 90th and 70th percentile background concentrations derived from these 
graphs together with the NEPM standards and goals. The 90th percentile PM2.5 and 
PM10 concentrations are at about 50% of the NEPM, while all the other pollutants are 
less than 30% of the respective NEPMs. The data in Figures 3–6 all show maximum 
values below the NEPM standards. For particles, the allowance of exceedences on 
five days per year indicates that the 6th highest values are the relevant maxima; these 
are 37 µg m-3 for PM10 and 22 µg m-3 for PM2.5. In the 1999 Leeming data, the five 
highest values occurred during winter, where in the 2001 South Lake data the five 
highest values occurred during summer. 

 
Table 2.  Summary of NEPM standards and goals (within 10 years of the maximum allowable number 
of exceedences) and the 90th and 70th percentile background concentrations from the air quality 
monitoring data presented in Figures 3 – 6. 

 NEPM Monitoring sites  
background concentration 

 Averaging 
Period 

Maximum 
Concentration 

Max. number 
of exceedences 

90th percentile 70th percentile 

CO 8 hours 9.0 ppm 1 day a year 1.0 ppm 0.3 ppm 

PM10 calendar 
day 

50 µg m-3 5 days a year 25 µg m-3  19 µg m-3 

PM2.5 calendar 
day 

25 µg m-3 Advisory 
standard 

14 µg m-3 11 µg m-3 

NO2 1 hour 0.120 ppm 1 day a year 0.018 ppm 0.010 ppm 

NO2 calendar 
year 

0.030 ppm none 0.008 ppm  (annual average) 

O3 1 hour 0.100 ppm 1 day a year 0.029 ppm 0.022 ppm 

 

In accounting for background concentrations when modelling the impact of a new 
facility, a widely adopted approach is to use the 70th percentile as representative of the 
existing background concentration (EPA, 1985). To produce a more conservative 
estimate we have adopted the 90th percentile background concentrations. These are 
added to the maximum predicted concentrations due to emissions from the proposed 
roadway to produce the worst-case concentrations (Section 5). If there were no 
correlation between the roadway and background concentrations, these worst-case 
concentrations would be expected to be exceeded only once every ten years. This 
provides a reasonable margin to allow for some correlation between the roadway and 
background concentrations and still meet the NEPM goal of exceedences on not more 
than one day a year. 

4. Modelling 

4.1 TAPM Meteorology for 2002 
The meteorological modelling for 2002 was undertaken using The Air Pollution 
Model (TAPM) version 2.3 (Hurley, 2002). This model, developed at CSIRO 
Atmospheric Research, consists of prognostic meteorological and air pollution 
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modules that can be run for multiple nested domains. In this study only the 
meteorological module was run. 

The modelling was carried out on four nested grids (each 31 × 31 horizontal 
gridpoints and 30 vertical levels) with grid spacings of 30, 10, 3, and 1 km. All grids 
were centred at 32º 6.0' S, 115º 50.0' E near the intersection of the Kwinana Freeway 
with the proposed Roe 7 Highway, corresponding to AMG84 coordinates of 
(389.920 km E, 6,447.870 km N). 

Terrain elevation was obtained from AUSLIG data with 250-m resolution. The land-
use classification was obtained from the dataset accompanying the TAPM package. 
On the inner-most grid the surface roughness was adjusted to 0.45 m, which is 
representative of a mix of existing vegetation and encroaching suburbia. Based on 
previous modelling in the Perth region, the deep soil moisture was assigned the value 
of 0.05 from September to April and the value of 0.15 from May to August.  

An hourly Ausplume meteorological file was generated using the standard analysis 
options available with TAPM. Figures 7–9 compare the annual distribution of hourly 
wind directions, wind speeds and temperatures with meteorological data from South 
Lake and Leeming (the nearest site, see Figure 1), supplied by the W.A. Department 
of Environment. These observed data sets were not used in the modelling because 
they do not include mixing height or stability class, parameters which are essential 
input to the dispersion model Ausroads. 

The figures indicate good agreement between the wind directions and temperatures, 
but the TAPM wind speeds show a peak at 2.5 m s-1, whereas the data from Leeming 
peak at 1.4 m s-1. This discrepancy may arise from a number of sources, including 
discrepancies between the surface roughness around the Leeming tower and that 
assumed in the model, or limitations of the model. As low wind speeds are a 
significant factor in high pollution events, it was considered important to generate a 
data set with a wind speed distribution more representative of the observed data sets.  
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Figure 7.  Comparison of annual probability densities of wind directions from the TAPM 
simulation and two Department of Environment sites. The size of the wind direction bins is 
15º with the data plotted at the bin midpoint. 
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In order to be able to adjust the TAPM wind speeds, the TAPM and Leeming wind 
speeds wind speeds were compared during various parts of the day. (It was not 
possible to compare the data sets hour-by-hour because the TAPM modelling was for 
2002 whereas the Leeming data was from 1999.) This showed that the greatest 
discrepancies between TAPM and the Leeming wind speeds occurred during the early 
morning. Thus a modified Ausplume file was generated with the wind speeds between 
2300 and 0500 hours set at half those in the original Ausplume file. The dashed line in 
Figure 8 shows that this adjustment produced a good agreement with the distribution 
of Leeming wind speeds. 
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Figure 8.  Comparison of annual probability densities of wind speeds from the TAPM 
simulation and two Department of Environment sites. The size of the wind speed bins is 
0.3 m s-1 with the data plotted at the bin midpoint. 
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Figure 9.  Comparison of annual probability densities of wind directions from the TAPM 
simulation and two Department of Environment sites. The size of the wind direction bins is 
15º with the data plotted at the bin midpoint. 
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4.2 Traffic Flows 
Traffic flows on the proposed and existing connecting roads in 2006 are indicated in 
Figure 10. For the purposes of this screening study, these flows were assumed to be 
the same on all days of the week. The modelling included all traffic flows shown in 
the figure. The hourly variation in traffic flow is shown graphically in Figure 11 and 
listed in Table 3.  
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Figure 10.  Daily traffic flows (vehicles per day) on the proposed Roe 7 Highway and connecting 
roads. Small discrepancies in some totals are due to the rounding of all flows to the nearest 100. 
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Figure 11.  Assumed diurnal variation in traffic flow. 
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Table 3.  Tabulation of assumed diurnal variation in traffic flow. The same variation 
is assumed on each road section. 

Time 
 

Percentage of 
 daily flow  

Time 
 

Percentage of 
 daily flow 

12am to 1am 0.32  12pm to 1pm 5.59 

1am to 2am 0.19  1pm to 2pm 5.54 
2am to 3am 0.19  2pm to 3pm 6.75 

3am to 4am 0.28  3pm to 4pm 8.60 
4am to 5am 0.52  4pm to 5pm 9.12 

5am to 6am 2.01  5pm to 6pm 8.37 
6am to 7am 5.22  6pm to 7pm 4.96 

7am to 8am 8.92  7pm to 8pm 3.00 
8am to 9am 8.10  8pm to 9pm 2.22 

9am to 10am 5.54  9pm to 10pm 1.83 
10am to 11am 5.39  10pm to 11pm 1.25 
11am to 12pm 5.42  11pm to 12am 0.67 

 

4.3 Emission factors 
The fleet mix was assumed to match typical Australian arterial road conditions but 
with 10% heavy diesel vehicles (as a proportion of vehicle kilometres travelled –
VKT). The other components of a typical profile were adjusted slightly to give 5% 
light commercial and 4WD diesels, 10 % light commercial petrol vehicles and 75% 
petrol passenger cars. 

Vehicle emission factors were calculated for 2006 based on information in the latest 
Department of Transport study on fuel quality and vehicle emission standards 
(Coffey, 2003). The estimates in Table 4 take into account the distribution of annual 
VKT with vehicle age as presented in Figure 7.5 of Coffey (2003). It was assumed 
that in 2006, 35% of VKTs will be from vehicles satisfying Euro 2 standards, with 
another 35% less than 10 years old, and the remainder up to 20 years old.  

The calculated emission factors for each vehicle/fuel type are listed in Table 4 along 
with the VKT-weighted emission factors. 

Table 4.  Basis of the calculations used to derive the vehicle-kilometre-travelled (VKT)-weighted 
emissions factors used in the modelling. The listed NO2 emission factors are 5% of the quoted NOx 
emission factors. 

Vehicle type Fuel % 
VKT 

CO  
(g km-1) 

NO2  
(g km-1) 

PM10  
(g km-1) 

PM2.5  
(g km-1) 

Lead 
(g km-1) 

Passenger Petrol 75 3.5 0.032 0.018 0.014 - 

Light Commercial Petrol 10 3.5 0.037 0.018 0.014 - 

Light Commercial Diesel 5 1.2 0.046 0.18 0.14 - 

Heavy vehicle Diesel 10 4.7 0.54 0.48 0.38 - 

        

VKT-weighted emission 
factor 

 3.51 0.084 0.072 0.058 <0.0008 
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NO2 emissions were assumed to be 5% the NOx emissions with the rest emitted as 
NO. The PM2.5 emission factors were taken to be 80% of the PM10 factors based on 
data in the emissions inventory for the Port Phillip Region (EPA Victoria, 1998). The 
Fuel Quality Standards Act (2000) specifies that the lead content of fuel should be not 
more than 0.005 g L-1. Assuming that the average fuel consumption for the vehicle 
fleet does not exceed 0.15 L km-1, the emission factor for lead was derived to be less 
than 0.0008 g km-1. 

The dominant factor in the VKT-weighted emission factors for NO2, PM10 and 
PM2.5 is the 10% of heavy diesel vehicles, so that it can be seen that the model 
results are most sensitive to the emission factors for these vehicles. The results from 
the Ausroads modelling are directly proportional to the VKT-weighted emission 
factors. Analysis of the figures in Table 4 show that a 50% increase in the emission 
factors for heavy diesels produces a 30% increase in the total VKT-weighted emission 
factors. 

4.4 Ausroads modelling 
Version 1.0 of Ausroads was used for the modelling (EPA Victoria, 2002). The 
coordinates of the centreline of each carriageway were digitised as straight-line 
segments (links) from the supplied data file. A total of 100 links was needed to model 
all the roadways shown in Figure 1. Based on terrain data and the batters information 
in the road drawings, the elevations of the filled and depressed links were estimated. 
The height of the Roe Highway bridge over the Kwinana Freeway was 8.3 m, over 
South Street 9.1 m, and the Karel Avenue bridge over the Roe Highway was 8.6 m. 

Model settings in Ausroads were: 
• roughness length 0.4 m 
• wind exponent: Irwin Rural 
• sigma theta values in the meteorological file used for horizontal dispersion 
• meteorological  data assumed to be at 10 m, with site roughness of 0.4 m and a 

sigma theta averaging period of 60 minutes 

• meteorological data file for 2002 in Ausplume format, generated by TAPM. 
Sensitivity study also run with reduced night-time wind speeds (see section 4.1) 

A total of 620 receptors was located between 40 m and 500 m from the roadway 
centreline with an additional receptor at Leeming Primary School (PCG coordinates 
54,330 m E, 249,750 m N), which was classed as a sensitive site. 

5 Results 
The model results were analysed using the Ausroads statistics utility to generate 
statistics for 1-hour and 8-hour rolling averages. Calendar-day averages for PM10 and 
PM2.5 were generated using a separate analysis routine. The statistics produced were 
maximum, second highest, 99.9th, 99.8th, 99.5th, 99.0th, 98.0th, 95.0th, and 90.0th 
percentiles.  

Figure 12 shows an example of the contour plots of maximum PM10 concentrations 
around the modelled roadway and Figure 13 shows a profile of NO2 concentrations 
along the cross-section A–A marked in Figure 12. As expected, there is a rapid fall-
off in concentrations with distance from the roadway; concentrations at 300 m are less 
than half those at 40 m. 
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Figure 12.  Contour map of Ausroads predicted maximum calendar-day average PM10 concentrations 
(µg m-3). The modelled roadway is shown in blue with a 40-m buffer about the centre-line shown in white. 
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Figure 13.  Maximum 1-hour average NO2 concentrations across the proposed 
Roe 7 highway taken at the cross-section A–A indicated in Figure 9. The results 
presented elsewhere in this report only include concentrations outside the 40 m 
buffer zone. 
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Table 5.  Statistics of the highest concentration predicted by Ausroads at distances of 
40 m or more from any of the roadways in the modelled region due to emissions from 
vehicles on these roadways (background concentrations not included). Note that the NO2 
concentration only includes direct vehicle emissions. The predicted annual average NO2 
concentration was 0.0009 ppm, and the predicted annual average lead concentration was 
not more than 0.018 µg m-3. 

Percentile NO2  
1-hr average 

(ppm) 

CO 
8-hr average 

(ppm) 

PM10 
24-hr average 

(µg m-3) 

PM2.5 
24-hr average 

(µg m-3) 

maximum 0.0131  0.41 4.7 3.8 

2nd highest 0.0128 0.38 4.7 3.7 

99.9% 0.0105 0.32 4.5 3.6 

99.8% 0.0097 0.29 4.3 3.5 

99.5% 0.0085 0.27 3.9 3.1 

99.0% 0.0069 0.25 3.5 2.8 

NEPM  0.120 9.0 50 25 

 

The maximum modelled concentrations for each of the main pollutants as well as the 
second highest, 99.9th, 99.8th, 99.5th and 99.0th percentiles are listed in Table 5. The 
predicted annual average NO2 concentration was 0.0009 ppm, and the predicted 
annual average lead concentration was not more than 0.018 µg m-3. 

For most pollutants the total impact was derived by adding the 90th percentile 
background concentrations in Table 2 to the predicted maximum impact of roadway 
vehicle emissions. However, for NO2 an additional allowance was made for reaction 
of emitted NO with O3 to form NO2. The conservative assumption was made of 
complete reaction of all available background ozone with NO emitted from the 
roadway. This is equivalent to adding an NO2 concentration equal to the background 
ozone concentration. Table 2 shows that the 90th percentile background O3 
concentration was 0.029 ppm. This is well below the maximum NO concentration of 
0.27 ppm due to vehicle emissions (based on the assumption in section 4.3 that 5% of 
vehicle NOx emissions are NO2, the other 95% are NO). 

 
Table 6 lists the predicted maximum concentrations (with background) for each of the 
pollutants in three regions:  
• anywhere greater than 40 m from all the modelled roadways shown in Figure 1 
• anywhere greater than 40 m from the proposed Roe 7 Highway 
• at Leeming Primary School, located about 1.4 km north of the Roe 7 Highway. 

In all cases, the combined impact of the roadway emissions and background 
concentrations is well below the NEPM. For PM10, PM2.5 and 1-hour average NO2 
the predictions are approximately 50% of the NEPM, for the annual-average NO2 
approximately 30%, for CO less than 15%, and for lead less than 3% of the NEPM. 

The relatively small contribution of the roadway emissions to the total concentrations 
indicates that the results are not particularly sensitive to the emission factors used in 
the modelling. Even a doubling of emission factors would still see all concentrations 
well below the NEPM. 
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Table 6.  Predicted maximum concentration including background at distances greater than 40 m from the 
(a) all the modelled roadways shown in Figure 1, (b) the Roe 7 highway, and (c) at Leeming Primary School. 

 
 

Regional  
Background 

Predicted maximum concentration 40 m (or more) 
from roadway including regional background 

 

Pollutant 

 

NEPM 

 Within 500 m 
design buffer 

Along Roe 7 
roadway, 
(excluding 

Kwinana Fwy) 

At Leeming 
Primary School  

CO 
8-hour average 

9.0 ppm 1.0 ppm 1.4 ppm 1.3 ppm 1.0 ppm 

PM10 
24-hour average 

50 µg m-3 25.0 µg m-3 29.7 µg m-3 29.7 µg m-3 25.5 µg m-3 

PM2.5 
24-hour average 

25 µg m-3 13.2 µg m-3 17.0 µg m-3 17.0 µg m-3 13.6 µg m-3 

NO2 
1-hour average 

0.120 ppm 0.047 ppm 
(see text) 

0.061 ppm 0.059 ppm 0.048 ppm 

NO2 
Annual average 

0.030 ppm 0.008 ppm 0.009 ppm 0.009 ppm 0.008 ppm 

Lead 
Annual average 

0.5 µg m-3 not available <0.018 µg m-3 
from vehicles 

<0.014 µg m-3 
from vehicles 

<0.001 µg m-3 
from vehicles 

 

The maximum concentrations due to roadway emissions occurred during the winter 
months with the highest concentrations predicted to occur near the south-east corner 
of the intersection of the Roe 7 highway with the Kwinana freeway, and near the 
north-east corner of the intersection of the Roe 7 highway with South Street. 

The sensitivity study with the modified TAPM file (reduced wind speeds at night) did 
not produce higher concentrations than those listed in Table 5. This is not surprising 
for the 1-hour averages (NO2) because these occur at the times of the morning and 
afternoon peak traffic volumes (Figure 11). Similarly for the 8-hour and 24-hour 
averages, the strong diurnal variation in emissions appears to have a stronger 
influence on the predicted concentrations than the night-time meteorology. 
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