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Summary of the Monograph 
 

Background 
 
Gold Coast City is the second largest Local Government Area in Australia in terms of 
population. It is currently Australia’s sixth largest city with an estimated population of 438 
473 residents as at 30 June 2002 (Gold Coast City Council, 2004). Its population is 
forecast to continue to grow rapidly in the next decade, though somewhat slower than in 
the past. The average annual growth rate over the five year period from 1997 to 2002 
was 3.46%, higher than the average rate of Australia of 1.2%. Medium estimated 
population projection to 2021 is about 675 700. The city covers some 1400 square 
kilometres and in 2001, there were 187 103 private dwellings in Gold Coast City, of 
which 57% were separate houses.  
 
Gold Coast City is a highly car dependent city and with the population growth, and 
associated growth in motor vehicle usage, there is increasing traffic congestion and 
emissions of motor vehicle pollutants.  This is not commensurate with the City’s mission 
to sustainably manage growth in the area (Gold Coast City Council, 2003). It is noted 
that unless a sustainable transport solution is implemented, average trip times could 
increase by 67% by 2011, leading to reduced accessibility to facilities, jobs, and social 
and recreation destinations and significantly increasing vehicle emissions, noise, 
severance and social exclusion.  The City’s Transport Plan contains several strategy 
options for developing a sustainable transport system with a focus on the need to 
increase public transport use through improvement in existing bus public transport 
systems and an improved line haul public transport system of light rail along the north-
south coast (Gold Coast City Council, 1998). Another major transport infrastructure 
proposed is the extension of the main Brisbane railway line from Robina to Tugun. 
 
Study Purpose 
 
This report is a modelling study of energy use and pollutions emitted from land transport 
sources for the whole Gold Coast City1.  It provides estimates for the years 2000, 2011 
and 2021 as strategic level information on the environmental implications of current and 
future transport systems in the City.  The modelling is based on the Griffith University 
TRAEMS model.  TRAEMS uses the extensive data available on current and future 
flows on the transport networks to provide estimates of current and future transport 
energy use, transport pollution emissions, and the exposure of the City’s population to 
these emissions. TRAEMS has been designed to inform planners and decision makers 
of the “State of the Environment” with respect to transport in the City for the current 
situation and for the prospective situations of future decades. As well as providing global 
information about the City, TRAEMS’ resolution is such as to allow the identification of 
transport pollution “hot spots” in the city. The modelling system encourages the 
comparison of different scenarios and is designed to produce results that can assist in 
strategic policy and planning of land use and transport with respect to their influence on 
transport environmental outcomes. 
 

                                                 
1  Please note:  Gold Coast City was selected as a case study to demonstrate the utility of the Griffith University TRAEMS model 
developed in this Project.  This document is not a Gold Coast City report, nor have its contents been endorsed by Council. 
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Transport sources and environmental factors modelled 
 
The study modelled emissions from the following existing and proposed transport modes 
in Gold Coast City: 

• road traffic (which includes buses operating on the road system); 
• rail (including the proposed Robina –Tugun Rail extension); and 
• proposed Gold Coast Line Haul public transport system. 

 
The environmental factors modelled are: 

• transport energy use; 
• greenhouse gas emissions; 
• transport noise; 
• carbon monoxide (CO) and PM10 particulate matter from road transport source 

only; and    
• vehicle-kilometres travelled per sub-catchment as an indication of potential 

pollution load from transport on stream systems. 
 

Major findings with respect to City of Gold Coast pollution futures 
 
The major findings on the environmental impacts from transport sources in the City of 
Gold Coast include: 

• The combined total energy consumption due to all transport sources in 2000, 
including vehicles powered by electricity, is estimated to be 38 620 GJ, expected to 
increase by 36% and 57% in 2011 and 2021 respectively, when the light rail 
system is operational. 

• Despite current and future investment in rail systems, over 96% of total energy 
consumption for the surface transport task in Gold Coast City is in road transport.  
This proportion will reduce slightly to about 93% in 2021, with the light rail system 
and the Robina-Tugun rail extension in place.  

• If the light rail is not implemented, the total daily energy consumption from all 
transport sources in 2011 and 2021 will increase by near 4% and 7% respectively 
(CO2 production by near 2% and 4% respectively). 

• Daily CO2 production from all transport sources is estimated at 2 934 tonnes per 
day in 2000 (83% from road traffic), increasing by 44% and 70% in 2011 and 2021 
respectively.  

• The modelled maximum worst-case CO and 24-hour PM10 near-field concentration 
levels at dwellings along the roadways are below their respective ambient air 
quality objectives throughout the city, with or without the light rail system.   

• It would be useful to monitor air quality at several of the locations where the highest 
air pollution levels have been estimated in order to confirm the above findings. 
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• Some 5% of total dwelling units in the City are estimated to be exposed to road 
traffic noise levels higher than the primary noise criteria of 68 dB(A) L10, 18h.  This 
will increase significantly by 2021. 

• The roadway links where these high exposures (“hot spots”) are located have been 
identified, as have the roadways where future increases in noise exposure can be 
expected to 2021. 

• The 2011 and 2021 exposures reported are likely to be considerably 
underestimated given the modelling has been based on year 2001 housing stock 
only.  Extending the current demonstration project to estimate the location of future 
dwellings relative to transport links would be warranted. 

• There is some evidence that dwelling units where the median income is lower are 
disproportionately represented in the high noise exposure category. 

• Some 256 dwellings along the existing rail line have estimated noise levels higher 
than 65 dB(A) Leq, 24h and above (the model results do not currently include the 
effect of barriers). 

• Noise levels due to the light rail system at dwellings along the rail lines are below 
the criteria of 65 dB(A) Leq, 24h. 

• The spatial distributions of VKT per subcatchment have been shown, together with 
the locations where this will increase for 2011 and 2021.  This exploratory data 
could prove useful in developing monitoring programs and investigations with 
respect to potential water quality effects.  

 

Conclusions with respect to the use of TRAEMS in this demonstration project 
 

• TRAEMS has made efficient use of existing data sets from the City of Gold Coast - 
transport networks, traffic flows, and land use data base - to model current and 
future transport pollution estimates. 

• The model has provided a range of city-wide and location-specific information on 
transport pollution effects that can provide input to a diversity of policy development 
and planning activities. 

• TRAEMS is based on providing strategic level information, specifically in terms of 
options testing.  It is not designed (and nor should it be used for that purpose) for 
individual site or link investigations or design of mitigation strategies.   

• Options testing is based primarily on the availability of different traffic flow 
scenarios on the transport network, but other options testing is possible, including 
changing fleet composition or, with more effort, examining different land uses near 
the network. 

• The value of TRAEMS is in its not being a one-off study.  The intent and design of 
the model is for its use as an in-house, on-going, easy and rapid tool, for repeat 
use by an organisation to test future scenarios, test hypotheses, or answer specific 
or general questions with respect to a range of land use, transport, housing, vehicle 
fleet characteristic, or environmental matters. 
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1.0 Introduction 
 

1.1 Background 
 
Gold Coast City’s estimated population was 438 473 residents as at 30 June 
2002 (Gold Coast City Council, 2004). The city is the second largest Local 
Government Area in Australia in terms of population.   It is currently Australia’s 
sixth largest city, and forecast to continue to grow rapidly in the next decade, 
though somewhat slower than in the past. The average annual growth rate 
over the five year period from 1997 to 2002 was 3.46%, higher than the 
average rate of Australia of 1.2%. Medium estimated population projections to 
2016 and 2021 are 613 533 and 675 722 respectively1. In 2001 there were 187 
103 private dwellings in Gold Coast City, of which 57% were separate houses. 
The city covers some 1400 square kilometres.  
 
To date, Gold Coast City has been highly car dependent, and with the 
population growth, and associated growth in motor vehicle usage, there is 
increasing traffic congestion and emissions of motor vehicle pollutants.  This is 
not commensurate with the City’s mission to sustainably manage growth in the 
area (Gold Coast City Council, 2003).  Unless a sustainable transport solution 
is implemented, average trip times could increase by 67% by 2011, leading to 
reduced accessibility to facilities, jobs, and social and recreation destinations 
and significantly increasing vehicle emissions, noise, severance and social 
exclusion (Parsons Brinckerhoff, 2003a).  Gold Coast City has released a City 
Transport Plan that contains strategy options for developing a sustainable 
transport system (Gold Coast City Council, 1998). These strategic options 
focus on the need to increase public transport use through improvement in 
existing bus public transport systems and an improved line haul public 
transport system of light rail along the north-south coast. Another major 
transport infrastructure proposed is an extension of the main Brisbane railway 
line from Robina to Tugun. 
 
This current report is a modelling study of energy use and pollution emitted 
from transport sources for the whole city.  It provides estimates for the years 
2000, 2011 and 2021 as strategic level information on the environmental 
implications of current and future transport systems in Gold Coast City.  The 
modelling is based on the Griffith University TRAEMS model (see Appendix 
A.1 for a brief description of the TRAEMS model).  TRAEMS uses the 
extensive data available on current and future flows on the transport networks 
to provide estimates of current and future transport energy use, transport 
pollution emissions, and the exposure of the City’s population to these 
emissions. TRAEMS has been designed to inform planners and decision 
makers of the “State of the Environment” with respect to transport in the City 
for the current situation and for the prospective situations of future decades. As 

                                                 
1 All information from Gold Coast City Council (2004). Our Community: A social profile of Gold Coast City. The Social 
Research Section, Gold Coast City Council, http://www.goldcoast.qld.gov.au/attachment/oc10_housing.pdf. 
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well as providing global information about the City, TRAEMS’ resolution is such 
as to allow the identification of transport pollution “hot spots” in the city1. 
The modelling system encourages comparison of different scenarios and is 
designed to produce results that can assist in strategic policy and planning of 
land use and transport with respect to their influence on transport 
environmental outcomes.  
 

1.2 Transport sources and factors modelled 
 
This study includes emissions from the following existing and proposed 
transport modes2 in Gold Coast City: 
 

• road traffic (which includes buses operating on the road system) 
• rail (including the Robina –Tugun Rail extension) 
• proposed Gold Coast Line Haul public transport system. 

 
This report includes modelling for: 
 

• transport energy use3 
• greenhouse gas emissions 
• transport noise 
• two air pollutants, namely carbon monoxide (CO) and particulate matter 

(PM10) from road transport sources only.   (NOTE: emission levels for the 
other major pollutants: oxides of nitrogen, sulphur dioxide and 
hydrocarbons can be modelled if required. Emissions from electrically 
powered systems are excluded as the electricity is generated outside of 
the City, as are the air pollutants from electricity generation) 

• vehicle-kilometres travelled per sub-catchment as an indication of 
potential pollution load from transport on stream systems. 

                                                 
1 Because the TRAEMS model is designed to provide strategic level information, model results should not be used to 
estimate pollutant exposure at any dwelling or specific location. “Hot spots” identified by TRAEMS are indicative, and 
always need to be subject to further detailed modelling to obtain estimates of pollution levels at specific sites 
2 The modelling does not include any direct impacts from cycling or walking modes, but it does include their effect to 
any extent that these modes reduce the levels of traffic using other modes. Air transport effects are also not included 
in the model.  
3 The energy modelling includes fossil fuels consumed by transport within the City as well as the energy utilised in the 
movement of electrically powered transport systems in the City, even though the latter is generated outside the City 
boundaries. 
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2.0 Causes of Future Change in Modelled Factors 
 
Transport related environmental changes in the Gold Coast City over future 
decades will occur through several mechanisms: changes in the transport 
network; changes in the levels of traffic flow; changes in the characteristics of 
the vehicle fleet; and changes to land use.  The extent to which these 
mechanisms have been incorporated in this report is shown in Table 2.1. 
 
Table 2.1: Potential Cause of Changes in Transport Energy Consumption, 
Pollution Load, and Pollution Exposure in Gold Coast City. 
Nature of 
Change 

Example Examined in 
this report? 

Notes 

Change in traffic  
load  

Annual increase in 
traffic on individual 
transport links 

Yes 2000, 2011 and 2021 
estimated traffic flows are 
available and have been used 
for scenario modelling 

Changes in the 
network 

Opening or closing a 
new roadway link or 
public transport link 

Yes (to the extent 
that changes are 
included in 
modelled 
networks) 

Changes in the road network 
from the year 2000 network 
have been included in the 
2011 and 2021-modelled 
networks.   Extension of the 
Rail line to Tugun has been 
included in the 2011 and 
2021 networks, as has the 
Stage 1 alignment of the Gold 
Coast Line Haul Network. 

Changes in 
emission 
characteristics of 
the vehicle fleet 

Replacement of 
existing vehicle fleet 
over time; 
Changes in vehicle 
and fuel technology 

Yes EPA emission factors for 
2003 and 2011 are adopted 
as appropriate for each 
modelled scenario. 

Changes in land 
use and the 
location of 
population  

New housing near 
existing roadways, or 
increased housing 
density along existing 
roadways 

Not at present, 
but could be if 
urban growth 
model is added to 
TRAEMS 

This would be a useful 
addition to the TRAEMS 
model 

Change in load 
between private 
and public 
transport modes 

Transfer of load from 
private vehicles on 
the roadway to the 
proposed line haul 
system 

 Yes (to the 
extent that 
changes are 
included in 
modelled 
networks) 

Modelled traffic flows in 2011 
and 2021 with, and without, 
the line haul system 
operational, are used to 
estimate the effects of the 
presence of the light rail 
system. 
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3.0 The Gold Coast Study Area and Transport Network 
 
The study area, contiguous with the boundary of the City of the Gold Coast, is 
shown in Figure 3.1 together with the transport network. The transport network 
includes the year 2000 road system, the existing Brisbane-Robina rail line, the 
Robina-Tugun rail extension and the proposed Gold Coast Light Rail system. 
Part of the study area (including the corridor of the proposed Light Rail system) 
is enlarged1 in Figure 3.2. 
 
The modelling includes only those links in the road system that carry significant 
traffic.  For example, culs-de-sac and other low volume residential streets are 
not included in the modelling on the  assumption that they contribute little to 
adverse environmental effects, and that excluding them from the study has 
minimal effect on the strategic assessment of transport pollution levels. The 
links, or segments, of the road system included in the environmental modelling 
are referred to as the “modelled network” and include all major roads 
(freeways, arterial and sub-arterial roads)2.  
 
For the Gold Coast study area, the length of the modelled road network for the 
base year (2000) is some 1092 kilometres, and represents 31% of the total 
road network (about 3525 kilometres). All results in this report are based on 
the modelled network but, on the assumption that roadways not included in the 
modelled network carry little traffic and produce low levels of emissions, can be 
taken to estimate results for the whole of the City of Gold Coast network.  
 
Planned changes in the road network for the 2011 and 2021 scenarios are as 
advised by the Gold Coast City Council. Changes in the non-road network are 
the two major public transport infrastructure proposals: the Robina-Tugun rail 
connection and the Gold Coast Line Haul public transport system (Light Rail) 
(see Figures 3.1 and 3.2).  These are included in 2011 and 2021 modelling as 
appropriate using traffic flow data from their respective feasibility studies. 

                                                 
1 It should be noted that a high degree of resolution is maintained in the TRAEMS modelling procedure and that the 
choice of the scale for presentation of results (as in Figures 3.1 and 3.2, or at even larger scales if required) is at the 
discretion of the user. 
2 Choice of which roadway links are included, or not included, in the modelled network is based on the availability of 
traffic data for the specific link. Where the link traffic data is based on Travel Demand Modelling (TDM) outputs, as is 
the case in this demonstration project, it is likely that there would be few roadway links carrying more than 1000-2000 
vehicles per day not included in the modelled network. 
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Figure 3.1:  City of the Gold Coast study area, and road, light rail and rail 
networks.  The figure shows the year 2000-modelled road network, existing rail 
line, rail extension and light rail.  That part of the road network not included as 
modelled network (low trafficked roadways) is shown in black. 
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Figure 3.2:  Enlargement of part of the City of the Gold Coast study area. 
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4.0 Input Data Sources, Criteria and Indicators 
 
Input data required for this demonstration modelling of transport pollution 
futures for Gold Coast City included: 
 

• traffic and transport network data  
• estimated Gold Coast vehicle fleet composition 
• location of dwellings in close proximity to the transport sources 
• census population and income data 
• vehicle air pollution emission factors 
• greenhouse gases emission factors, and 
• meteorological conditions. 

 
Further information on these inputs, including sources and assumptions where 
appropriate, are described below. 
 
 
4.1 Transport data 
 
4.1.1 Road traffic data 

The road transport data sets that were used were supplied by the Gold Coast 
City Council and comprise output data generated from their EMME/2 transport 
model.  The data sets provided include: 
 

• modelled road networks for the years 2000, 2011 and 2021;  
• existing traffic flows for 2000; and  
• modelled future traffic flows for 2011 and 2021 - two scenarios for each 

future year (with and without the Light Rail system operational). 
 
Table 4.2 shows the vehicle kilometres travelled (VKT) for each of the five 
scenarios. It is estimated that VKT will increase by about 32% and 62% in 
2011 and 2021 respectively if the light rail system is operational. If the light rail 
system is not implemented, VKT in 2011 and 2021 are estimated to an 
increase by about 5% and 8% in respectively. 
 
 
Table 4.2: Total Daily vehicle kilometres travelled (VKT) for the five 
scenarios. 

2011 2021   
2000 With Light  

Rail 
Without 
Light Rail 

With Light 
Rail 

Without 
Light Rail 

Daily VKT 11.50 
million 

15.22 
million 

15.97 million 18.60 million 20.03 
million 

Percentage 
increase in 
VKT over 2000 

 
- 

 
32 % 

 
39 % 

 
62 % 

 
74 % 
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In order to model energy use and pollution emissions from road traffic, vehicle 
fleet composition, disaggregated by the type of fuel used, is required. The 
vehicle fleet composition in Table 4.2 was adopted in this analysis, and applied 
to the vehicle flow rates on each road link. 
 
Table 4.3: Vehicle fleet composition - vehicle type by fuel type for 2000, 2011 
and 2021. 

Vehicle type Fuel type 20001 20112 20213 
Petrol (%) 77.9301 75.7883 73.8680 
LPG (%) 1.2402 2.4783 3.6039 

 
Passenger cars 

Diesel (%) 0.8401 1.6789 2.4372 
Petrol (%) 9.7772 8.0699 6.6123 
LPG (%) 0.3108 0.6115 0.8814 

 
Light commercial Vehicles 

Diesel (%) 3.0821 4.2457 5.2985 
Petrol (%) 0.0733 0.0027 0.0004 
LPG (%) 0.0543 0.1103 0.1617 

 
Medium Commercial Vehicles 

Diesel (%) 3.6689 3.7422 3.7259 
Heavy Commercial Vehicles  Diesel (%) 1.1364 1.1488 1.1557 

Petrol (%) 0.0517 0.0043 0.0002 
LPG (%) 0.0075 0.0178 0.0281 
Diesel (%) 1.2288 1.4889 1.6055 

 
Buses and coaches 
   

CNG (%) 0.0034 0.0077 0.0122 
Motor cycles Petrol (%) 0.5940 0.6036 0.6089 
 
 
4.1.2 Rail traffic data 

The existing railway line from Brisbane to Robina within the Gold Coast City is 
approximately 51 km long.  Existing train traffic data on this section of the 
railway was compiled from the Queensland Rail TransInfo website 
(Queensland Rail, 2004).  Data available for each rail link between stations for 
each direction of travel includes:  
 

• train type (in terms of number of cars – 3 cars or 6 cars); 
• train service frequency (number of train movements along the line per 

day); 
• average travel time; and  
• average journey speed obtained from the average travel time and 

distance between stations. 
 
The above information is available for weekdays, Saturdays and Sundays, and 
this report uses weekday service frequency. 
 

                                                 
1 Based on VKT and fleet composition data reported in Queensland EPA (2003) 
2 Based on estimated VKT and fleet composition data reported in Queensland EPA (2003) 
3 Projected values based on 2000, 2005 and 2011 VKT and fleet composition trend data reported in Queensland EPA 
(2003) 
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An estimate for 2011 train services between Brisbane and the Gold Coast is as 
follows (Moore, 2004)1: 
 

• all existing 3 car trains changed to 6 car trains; 
• three additional 6 car trains from Robina to Brisbane in the morning peak 

period, and three additional 6 car trains from Brisbane to Robina in the 
afternoon peak period; and  

• two additional contra-peak trains may also be required. 
 
Assuming there is enough demand to warrant the addition of 2 inter-peak 
services each way, total two-way train services in 2011 between Brisbane and 
Beenleigh will be 154 and that between Beenleigh and Robina will be 70. 
 
There are no forecasts available for 2021, but it could be expected that the 
increase from 2011 to 2021 would be roughly of the same order as the 
increase from now to 2011. 
 
The result of the feasibility study for the proposed Robina-Tugun rail extension 
indicates that rail services on this link will operate a half-hour service frequency 
from 5 am to 1 am daily (Parsons Brinckerhoff, 2003b).  This service frequency 
is expected to increase to 15 minutes by 2019.  Hence estimated service 
frequency in 2011 and 2021 are 40 and 80 respectively. 
 
Daily train services within the Gold Coast for 2000, 2011 and 2021, as above, 
are summarised in Table 4.4. 
 
 
Table 4.4: Daily rail service within the City of the Gold Coast  (weekday 
service). 

Train services between 
Brisbane and Beenleigh 

Train services between 
Beenleigh and Robina 

 
Year 

3 cars 6 cars 3 cars 6 cars 

Train services 
from Robina to 
Tugun 

2000 30 114 24 36 n.a. 
2011 0 154 0 70 40 
2021 0 164 0 80 80 

 
 
 
4.1.3 Gold Coast light rail data 

The alignment of the proposed light rail system was digitised from a hard copy 
provided by the Gold Coast City Council (see Figures 3.1 and 3 2 for the light 
rail alignment).   The system is estimated to be 16.4 km or 17.2km in length 
depending on whether Alignment Option A or B is adopted. The data required 
for environmental modelling are length of the light rail vehicles (here assumed 
to be 30m), speed of vehicle travel (Sinclair Knight Merz (1998) proposed 30 
km/h) and frequency of operation (we were advised to use planning estimates, 
as shown in Table 4.4, which equates to a daily service frequency of 166 
vehicles).  This study assumes that the service will be in operation by 2011. 
 

                                                 
1Moore, B. (2004). Future train services on Gold Coast. Queensland Rail. Email correspondence, 30/1/2004  
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Table 4.5: Assumed Light Rail service frequency1 

Time period/headway (in minutes)  
Day   01:00-

06:30 
 06:30-
09:00 

 09:00-
18:00 

18:00-
20:00 

 20:00-
01:00 

Monday to Saturday 20 6 6 10 15 
Sunday to public 
holidays 

20 10 6 10 15 

 
 
4.1.4 Effects of the modelled traffic volume  

The modelled traffic flows for 2011 and 2021 assume that the light rail system 
proposed for the city will be in place. The modelled traffic flows for these years 
indicate that this has resulted in reduced road traffic flow on many links within 
the transport corridor where the light rail system is included – that is, there is a 
shift of load from the road system to the light rail system. As will be seen later 
in this report, this results in a reduction of transport effects in 2011 and 2021 
on parts of the City’s road system. 
 

4.2 Location of receptors (dwellings and people) 
 
Information about the location of the receptors of transport pollutants (in this 
study, the receptors of interest are the residents of Gold Coast City, or their 
dwellings) is needed for two purposes. 
 
Firstly, residential dwelling units located in proximity to roadway and transport 
links are potentially subject to higher near-field exposure to noise and air 
pollutants propagating directly from the link to the dwelling.  Estimation of the 
pollutant immission to these dwelling units (i.e., their exposure) requires 
detailed information about the distance, or “setback”, of the dwelling unit from 
the transport link.  
 
Secondly, ground level concentrations of air pollution can be estimated over 
the whole of the study area, and these can be overlayed on the distribution of 
dwellings across the city, providing estimates of city-wide exposure. 
 
 
4.2.1 Setback distances of dwelling units for estimates of near-field 
exposure 

Measurements of setback were made for all existing dwelling units in proximity 
to any of the modelled transport links in the study area.  This was done using 
the “raster capture” module in TRAEMS (Brown et al, 1998).  This module uses 
on-screen digitising to capture the locational details of buildings from 1km x 
1km aerial photographs (raster images) of the study area supplied by the Gold 
Coast City Council.  The aerial photographs used were taken in 2001.  
Setbacks were measured for 37 398 buildings across the study area.  The land 
use (residential or non-residential) and number of dwelling units in a multiple 
dwelling unit buildings, was obtained by interrogating the City of Cold Coast 
                                                 
1 Source: personal communication, Parson Brinckerhoff, January 2004. 
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Land Use Data Base (Zones and Parcels databases, dated 2001). Of the 37 
398 buildings identified on the aerial photographs as being within 100m of a 
modelled link, 32 550 (87%) were identified as residential dwellings.  Of these, 
30 025 were separate houses and 2 525 were multiple dwelling buildings. 
 
The multiple dwelling buildings contained a total of 32 068 dwelling units.  
Based on unreported work conducted at Griffith University, approximately one 
half of the dwelling units located near a transport link can be assumed to be 
fully exposed to road traffic noise at that location.  The other half are exposed 
to reduced noise levels.  In terms of air pollution exposure, all multiple dwelling 
units can be assumed to be exposed to the computed near-field air pollutants 
for that location. 
 
Table 4.6 summarises the number of dwelling units along the various transport 
networks for which near-field noise and air pollution immissions were 
calculated.  Approximately 22% of the dwelling units (of the total of 187 103 
dwelling units in the City as at 2001) are located in proximity to the modelled 
road transport network, and thus potentially exposed to near-field pollutants. 
 
 
Table 4.6: Number of dwelling units for which near-field immission levels 
were calculated1. 

2000 2011 2021  
Parameters Road Rail Road Rail Light 

rail 
Road Rail Light 

rail 
No. of single dwellings 17 

557 
   658 1 

7697 
1 043   423 17 

715 
1 043   423 

No. of multiple dwelling 
units 

24 
073 

   523 2 
4159 

   652 4 818 24 
157 

   652 4 818

Total 41 
630 

 1 
181 

4 
1855 

1 695 5 241 41 
872 

1 695 5 241

 
 
4.2.2 Census data 

 
Census data for 2001 was used to obtain population and income data 
throughout the City at Census Collection District (CCD) level. The data comes 
from the ABS census of population and housing as published in CDATA 2001 
(ABS, 2002).  In 2001, there were 795 CCDs within the study area (ABS, 
2002). Summarised demographic data of the city is shown in Table 4.6 below. 
The spatial distribution of the population and median household income data at 
the CCD levels are shown in Figures 4.1 and 4.2 respectively.   
 
 
 
 
 
 
                                                 
1 It should be noted that the modelling reported here models pollutants immissions from existing and future transport 
links to the year 2001 dwelling unit stock only. In other words, growth in the housing stock along the road network is 
neglected, thus underestimating future exposure.  Further work would be required to estimate the extent of this 
underestimate. 
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Table 4.6: Summary of demographic data of Gold Coast City in 2001. 
Total population (including visitors on census night) 441 735 
Total resident population on census night 406 987 
Estimates of the resident population1 423 719 
Number of Census Collection Districts (CCD) 795 
Population density (number of people per square kilometre) 311.7 
Mean household size 2.4 
Medium household income $700.00 
Medium household income range $600-$699 
Proportion of households that recorded income greater than $1000 28.5% 
Total number of dwellings units 187 103 
Total number of occupied private dwellings units 154 490 
Total number of separate dwellings units 100 208 
 
 

                                                 
1 Value differs from resident population on census night, because it includes an estimate for undercount, residents 
living overseas and coverage of residents living in dwellings such as high-rises which have been counted in the 
census as non-private dwellings  
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Figure 4.3: The population of the Gold Coast at the Census Collection 
District (CCD) level in 2001. 
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Figure 4.4: Mean weekly household income in the Gold Coast at the Census 
Collection District (CCD) level in 2001.  
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4.3 Environmental criteria/indicators 
 
The environmental criteria/indicators used in this report are specified in Table 
4.7 and Table 4.8.  For air pollutants there is a choice of using the NEPC 
standards or EPP(Air) guidelines as the criteria.  The former are somewhat 
more stringent and are used in this report.  It should be noted that TRAEMS 
has the capability of operator choice/modification of the criteria, and the results 
in this report could easily be re-examined using any user specified criteria. 
 
Table 4.7: Environmental Criteria/Indicators 
Effects Parameters Road Traffic Railway & Light Rail 
 Noise   Noise scale  

 
 Criterion1 
 
 Secondary  
 criterion2 
 
 Indicator 

 LA10, 18h  
 
 >68 dB  
 
 
 63-68 dB  
 
 Number of receptors above criteria 

LAeq, 24h  
 
>65 dB  
 
 
60-65 dB 
 
Number of receptors 
above criteria  

 Air pollution 
 CO 
 PM10 
 
[NOx, HC & 
 SO2 were also 
modelled, but 
have not been 
included in this 
report] 

 Measures 
 
 
 
 
 Criterion  
 
 
 Indicator 

Total emissions (area-wide and in grid cells); 
 near-field concentration levels; and  
 ground level concentration levels (area-wide 
 and in grid cells)  
 
 Ambient air quality objectives for each  
 pollutant (see Table 4.8) 
 
 Total emissions 
 Number of receptors with concentration  
 levels above health guidelines  

As energy source is 
electricity, air pollution 
emissions are distant from 
operational location, and 
are ignored in this 
assessment. 

 Energy3 and 
 greenhouse  
 gases (CO2) 

 Energy  
 
CO2 emissions 

 Total fuel used 
 
 Total CO2 emissions 

Total energy used.  
 
Total CO2 emissions4 

 Water quality  Indicator 
 

 Potential pollution expressed as total vehicle 
 kilometres travelled (VKT)/catchment 

 

 
 
 
Table 4.8: Ambient Air Quality Objectives for various pollutants 
Objectives Pollutants Maximum Averaging period Allowable exceedances 

within by 20085 
CO 9.0 ppm 8 hours 1 day a year 
PM10 50 µg/m3 1 day 5 days a year 
NO2

*
 0.12 ppm 1 hour 1 day a year 

 
NEPC 
Standards6 

SO2
*
 0.2 ppm 1 hour 1 day a year 

CO 9.0 ppm 8 hours Not specified 
PM10 150 µg/m3 1 day Not specified 
NO2

*
 0.16 ppm 1 hour Not specified 

Queensland 
EPP(Air) 
goals7 

SO2
*
 0.2 ppm 1 hour Not specified 

* Modelled, but not included in this report. 

                                                 
1 Queensland Department of Environnent and Heritage (QDEH) (1997a). Environmental Protection (Noise) Policy 
2 These secondary criteria have been suggested by the authors. 
3 Energy embodied in transport infrastructure and in transport vehicles is not included in TRAEMS assessments. 
4 Estimation technique for rail emissions are based on energy required to move the train as an emission per unit traffic 
activity, (expressed as kilogram per GJ of energy used).  
5 TRAEMS cannot generate the information for checking this condition and so is ignored. 
6 NEPC (1998) 1998 National Environmental Protection Measures. These are to be adopted by all states by 2008 
7 Queensland Department of Environnent and Heritage (QDEH) (1997b) Environmental Protection  (Air) Policy. 
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4.4 Emission factors, meteorological data and greenhouse gases 
conversion factors 
 
4.4.1 Vehicle emission factors 

The emission factors used in the analysis in this report were obtained from the 
South-East Queensland Air Emission Inventory (QDEH, 1995).  These 
emission factors are road-based and are available for the following road types: 
 
• freeways/highways (based on average speed 72 km/h and 1% idle time) 
• free flow arterial roads (based on average speed 31 km/h and 15% idle time)  
• urban congested flow (based on average speed 21 km/h and 27% idle time) 
• residential/minor roads (based on average speed 31 km/h and 19% idle time).   
 
Emission factors are available for summer and winter and for 2003 and 2011.  
For this study the summer weekday factors are used.  The modelling for 2000 
used the 2003 emission factors while 2011 used the corresponding 2011 
factors.  Since emission factors for 2021 are not available from this inventory 
the air pollution modelling for 2021 was based on the 2011 emission factors.  It 
is therefore likely that the 2021 emission levels reported here may be over-
estimated since they ignore potential improved vehicle technology and fuel 
efficiency post 2011. 
 
Queensland EPA has released new speed-based vehicle emission factors for 
2000, 2005 and 2011 for use in South-East Queensland (Queensland EPA, 
2003).  The complexity of these new factors does not lend itself to easy 
application on a link by link basis for a large network like Gold Coast as is 
undertaken in TRAEMS as the factors are disaggregated into 73 vehicle types 
by 11 speed bins for each pollutant, requiring a detailed knowledge of vehicle 
speed and mix on all links in the modelled network.  
 
4.4.2 Wind speed and direction 

Meteorological data sets used by TRAEMS include wind speed, wind direction 
and the wind stability class.  In this study, wind data for the year 2000 from 
Coolooganta Airport is used.  During this period the average wind speed 
recorded in the area was 4.4 m/s.  The wind direction frequency distribution 
recorded is shown in Table 4.9.  These values are used by the ADTL model in 
TRAEMS for modelling the long-term annual average area-wide ground 
pollution concentrations. 
 
Table 4.9: Wind direction at Coolangatta Airport - Frequency distribution for 
2000. 

 Direction Frequency  Direction Frequency 
 North 0.1291  South 0.1592 
 North North-East 0.0389  South South-West 0.1570 
 North-East 0.0329  South-West 0.0864 
 East North-East 0.0393  South South-West 0.0510 
 East 0.0418  West 0.0275 
 East South-East 0.0445  West North-West 0.0209 
 South-East 0.0415  North-West 0.0339 
 South South-East 0.0486  North North-West 0.0476 
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 (Source: Compiled from 2000 meteorological data recorded at Coolangatta Airport.) 
 
 
4.4.3 Greenhouse gases conversion factors 

The energy used per litre of fuel, and greenhouse gas emission factors used to 
estimate total CO2 gases emitted over the entire road network from the fuel 
used, is shown in Table 4.10 
 
The greenhouse gas emission factors used to estimate the total CO2 
equivalent emitted by electric trains are shown in Table 4.7. 
 
Table 4.10: Energy factors (MJ/L) and CO 2 conversion factors by fuel types 
Fuel type Energy density factor (MJ/L) CO2 factor (kg/L) 
Petrol 34.2 2.24 
Diesel 38.6 2.66 
LPG 25.7 1.51 

Source: AGO (1998) 
 
 
Table 4.7: Full cycle CO 2 emission factor for electricity used 
CO2 emission factor (kg CO2-e/kWh) 1.079 
CO2 emission factor (kg CO2-e /GJ) 300 

Source: AGO (2003) 
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5.0 Gold Coast City - Transport Energy Consumption and 
Greenhouse Emissions  
 

5.1 Daily fuel consumption on the road network 
 
Daily fossil fuel consumption by surface transport in Gold Coast City has been 
modelled1 for the base year 2000 and future scenarios 2011 and 2021, with 
the light rail system operational. The estimated energy consumption on the 
networks are shown in Table 5.8.  The percentage increase from 2000 to 2011 
and 2021 with the light rail operational are 33% and 52% respectively, an 
annual compound growth rate of 2.0 to 2.6%.  The 2011 increase 
approximately matches the increase in vehicle kilometres travelled over the 
same period2. The estimated increase in 2021 is slightly lower than the 
increase in vehicle kilometres travelled likely due to an increase in the 
proportion of more fuel-efficient vehicles in the total vehicle fleet by that date. 
 
 
Table 5.8: Energy consumption estimates for surface transportation in Gold 
Coast City: 2000, 2011 and 2021 (excluding vehicles powered by electricity) 

Daily Energy Consumption in Transport in kilolitres per day 
(expressed as GJ in brackets) 

 

2000 2011 2021 
Total 1069 

(36 960) 
1422 
(49 181) 

1629 
(56 222) 

Percentage increase over 2000 33% 52% 
 
 
 
Table 5.9 shows the breakdown of the future road network energy 
consumption by vehicles using petrol, diesel and LPG fuels. The percentage of 
the road network energy consumption by both diesel and LPG vehicles is 
increasing slightly, with concomitant reduction in the percentage of energy 
consumed by petrol-fuelled vehicles from 86% to 79% by 2021. Much of the 
increase in vehicles using non-petrol fuels is additional cars and buses using 
LPG and 4wd, and some cars and heavy vehicles, using diesel fuel. 
 
Table 5.9: Percentage of total energy consumption on the road network by 
vehicles using different fuel types 
Vehicle fuel type 2000 2011 2021 

Petrol 86% 83% 79% 
Diesel 12% 14% 16% 
LPG 2% 3% 5% 
Total 100% 100% 100% 

 
The increasing trend in diesel-fuel use is similar to that occurring in Europe, 
with the market share for diesel-fuelled vehicles doubling over the past 12 
years3. In 2003, diesel accounted for 44% of all new car sales in Europe 

                                                 
1 Further descriptions of the TRAEMS modelling processes are shown in Appendix A.4 
2 Modelled vehicle kilometers travelled in this analysis was 11.5m, 15.2m and 18.6m in 2000, 2011 and 2021 
respectively.  The 2011 and 2021 estimates represent a 32% and 62% increase of vehicle useage over year 2000. 
3 The factors that are contributing to the increase in diesel-fueled vehicles include lower cost and enhanced 
performance and the reduced amount of CO2 and VOCs emissions produced by diesel-powered vehicles (Sawyer et 
al., 1998).  Despite these benefits, particulates from diesel-fueled vehicles are a health concern - the Mates study 
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(DeHavilland Information Services plc, 2004a). Already in some countries (e.g. 
France, Spain, Austria, Belgium and Luxemburg) more diesel-fuelled vehicles 
are being sold than petrol vehicles (DeHavilland Information Services plc, 
2003), and a similar trend is being experienced in some Asian countries.  For 
example, in Korea, the diesel share of car sales in 2003 was 49.8 %. This 
represent an increase of 16.7% compared to sales in 2000 (DeHavilland 
Information Services plc, 2004b). 
 
5.2 Daily energy consumed by electrically-powered vehicles on the rail 
and light rail network, and total energy consumed by vehicles on all 
networks 
 
It is useful to examine the energy used on the road network in the context of 
the total energy requirements of the surface transport systems in the study 
area as outlined below. 
 
5.2.1 Daily energy consumed in rail transport 

The operational energy consumed by the electricity-powered rail system within 
the study area is estimated to be 1660 GJ per day in 2000, and based on 
forecast train service frequency in 2011 and 2021, estimated to increase to     
2 970 GJ and 3 919 GJ per day respectively. 
 
 
5.2.2 Daily energy consumed in light rail transport 

The TRAEMS model estimates energy consumption of rail vehicles based on 
type of vehicle and their weight (see Appendix A.4).   This information is 
currently not available for the light rail system, hence an estimated power 
usage of 20 Gigawatt hour per annum quoted by the consultants in their 
feasibility study (Parsons Brinckerhoff, 2003a) has been adopted.  This gives 
an estimated energy consumption of 296 GJ in 2011, and assuming the 
energy used by the light rail system will increase in proportion to the projected 
increase in patronage1 in future years, the daily energy consumed in 2021 will 
be 367 GJ. 
 
 
5.3 Total daily transport energy consumption in Gold Coast City 

The total daily energy consumption of vehicles on all networks is shown in 
Table 5.3. Total daily energy used from all transport sources in 2000 is 38 620 
GJ, estimated to increase by 36% and 57% in 2011 and 2021 respectively. It 
can be seen that, despite investment in rail systems, over 96% of total energy 
consumption for the surface transport task in Gold Coast City remains with 
road transport. This proportion will reduce slightly to about 93% in 2021 
provided the light rail system and the Robina-Tugun rail extension are in place 
and the predicted transfer in load occurs. 
 
 

                                                                                                                                             
concluded that diesel paticulates from mobile sources are the most significant contributor to cancer risk accounting for 
about 90% of cancer risk (Zeldin, 2000). 
1 Based on an annual increase in patronage of 2 % from 2011 (Sinclair Knight Merz, 1998). 
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Table 5.10: Daily Energy Consumption estimates for all surface transport 
networks in Gold Coast City: 2000, 2011, 2021 in Gigajoules/day 
(percentages of total daily transport energy consumption on the transport 
networks in parentheses). 
Modelled 
Year 

Road Network Rail and Light 
Rail1 Networks 

Total Daily Energy 
Consumption on 
Transport Networks 

2000 36 960  (96%) 1 660 (4%) 38 620 (100%) 
2011 49 181 (94%) 3 266 (6%) 52 447 (100%) 
2021 56 222 (93%) 4 286 (7%) 60 508 (100%) 

   
  

5.4 Examination of the energy requirements, with and without the light 
rail system  
 
It is useful to examine the benefits of the construction of the light rail system in 
terms of total surface transport energy requirements with and without the light 
rail system. Estimates of the energy consumption based on future road 
network flow estimates for 2011 and 2021, with and without, the light rail 
incorporated in the transport networks are shown in Table 5.11 below. It shows 
that the effect of the light rail system will be to reduce daily energy use by 
about 3.5% in 2011 and 6.6% in 2021. 
 
Table 5.11: Daily Energy Consumption estimates for all surface transport 
networks in Gold Coast City: 2011 and 2021 with and without the light rail 
system in GJ/day (percentages of total daily transport energy consumption 
on the transport networks in parentheses). 
Year 2011 2021 
 
Mode 

With    
Light Rail 

Without 
Light Rail 

Percentage 
change 

With 
Light Rail 

Without 
Light Rail 

Percentage 
change 

Road 49 181 
(93.8%) 

51 520 
(94.5%) 

4.8% 56 222 
(93.0%) 

60 570 
(94.0%) 

7.7% 

Rail 2 970  
(5.6%) 

2 970 
(5.5%) 

0 3 919 
(6.4%) 

3 919 
(6.0%) 

0 

Light Rail 296 
(0.6%) 

0 - 367 
(0.6%) 

0 - 

Total 52 447 
(100%) 

54 490 
(100%) 

3.5% 60 508 
(100%) 

64 489 
(100%) 

6.6% 

 
  

5.5 Total daily greenhouse gas (CO2) production on the road network 
 
TRAEMS models greenhouse emissions from both road and rail networks 
based on the fuel consumed.  Daily greenhouse gas (CO2) produced by road 
transportation is modelled for 2000 and future scenarios 2011 and 2021 with 
the light rail operational (see Table 5.12).  Since CO2 production is related 
linearly to the energy consumed, the percentage changes to 2011 and 2021 
are the same as those for energy usage.  

                                                 
1 Energy use from the Light Rail network is first included in the 2011 results. 
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Table 5.12: Daily CO2 production estimates from road transport in Gold 
Coast City: 2000, 2011, 2021 

CO2 production on the Road Network  (tonnes per day)*  
2000 2011 2021 

Total 2436 3240 3706 
Percentage increase over 2000 33% 52% 
*  Results for all year scenarios are based on the same Fuel to CO2 conversion factors  

 
 

5.6 Daily greenhouse gas (CO2) production by electrically powered 
vehicles on the rail and light rail network, and total greenhouse gases 
produced by vehicles on all networks 
 
When CO2 production from electrically powered vehicles (train and line haul 
routes) is taken into account, the total CO2 production in the city is shown in 
Table 5.13.  The percentage of the total CO2 production contributed by each of 
the transport modes is also shown in the Table.   
 
It is observed that the proportion of total energy consumed by rail transport (rail 
and light rail) is far lower (4 to 7 percent - see Table 5.3) than the proportion of 
CO2 produced by rail transport (17 to 26 percent - see Table 5.6). This is due 
to the inefficiency of electricity production from coal in terms of the amount of 
CO2 produced per GJ of energy used. However it should be noted that when 
CO2 production per person kilometre travelled is taken into account, electrically 
powered transport is more efficient than road transport. 
 
 
Table 5.13: Daily CO2 production estimates from all surface transport in Gold 
Coast City: 2000, 2011, 2021 

 
 

CO2 production in Transport   (in tonnes per day)  
(Percentage of Total in parentheses) 

Year TOTAL Road Rail Light Rail 
2000 2 934 2 436 (83%) 498 (17%) - 
2011 4 220 3 240 (77%) 891 (21%) 89 (2%) 
2021 4 990 3 706 (74%) 1 176 (24%) 108 (2%) 

 
 

5.7 Comparison of daily CO2 production for future years with and 
without the light rail system 
 
Estimates of the effects of implementing the light rail system in terms of total 
CO2 production based on future road network flow estimates for 2011 and 
2021, with and without, the light rail are shown in Table 5.14 below. It shows 
that there will be an increase in daily CO2 produced of about 1.7% in 2011 and 
3.6% in 2021 if the light rail system is not constructed compared to if the light 
rail is operational.  
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Table 5.14: Daily CO2 produced for all surface transport networks in Gold 
Coast City: 2011 and 2021, with and without the light rail system, in 
tonnes/day (percentages of total daily transport energy consumption on the 
transport networks in parentheses). 
Year 2011 2021 
 
Mode 

With Light 
Rail 

Without 
Light Rail 

Percentag
e change 

With Light 
Rail 

Without 
Light Rail 

Percentag
e 
change 

Road 3 240  
(77%) 

 3 400  
(79%) 

4.9% 3 706  
(74%) 

3 995  
(77%) 

7.7% 

Rail    891   
(21%) 

    891  
(21%) 

0 1 176  
(24%) 

1 176  
(23%) 

0 

Light 
Rail 

    89   
 (2%) 

       0 -    108   
(2%) 

0 - 

Total 4 220  
(100%) 

 4 291  
(100%) 

1.7% 4 990  
(100%) 

5 171  
(100%) 

3.6% 
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6.0 Gold Coast City - Air Pollution from Road Transport  
 
The results presented here are for carbon monoxide (CO) and particulate 
matter (PM10) from road traffic sources only.  Similar outputs can be generated 
for the other pollutants: oxides of nitrogen (NOx), hydrocarbons (HC) and 
sulphur dioxide (SO2) but these have generally not been included in this report 
in order to simplify the presentation. Results for these other pollutants are of a 
similar order of magnitude to those reported. A description of the 
methodologies of the air pollution modelling can be found in Appendix A.3.  
 
In this study air pollution modelling has been used to estimate: 
 

• the total emissions of CO and PM10 from road traffic for 2000, 2011 and 
20211; 

• the exposure of near-field receptors (dwellings and people near the 
roadways) in terms of a distribution of the exposure concentrations; 

• Area-wide ground level concentrations. 
 
 
6.1 Emission levels of CO and PM10 from road traffic 
 
The total CO and PM10 emission levels for the base year 2000 and 2011 and 
2021 modelled years with the light rail system operational, and the percentage 
increase over the base year 2000, are shown in Table 6.15.  Both CO and 
PM10 emissions will increase by a modest 5 and 2 percent respectively by 
2011, but by 23 percent and 29 percent respectively by 2021. It should be 
noted that this increase is far lower than the increase in vehicle kilometres 
travelled of about 32 and 53 percent respectively. Again, the lower increase in 
emission levels can be attributed to estimated improvement in vehicle 
technology and lower emission factors for both pollutants in future years, and 
probably a shift in mode of travel from passenger cars to the light rail system 
since most of the reduction in pollution levels are within the light rail transport 
corridor (see Figures 6.4 and 6.6). 
 
Table 6.15: Total CO and PM10 emissions levels (summer weekday) in 2000, 
2011 and 2021 for Gold Coast City (from road traffic with the light rail 
system operational). 
Pollutant CO PM10 
Modelled 
Year 

Emission levels 
(tonnes per day) 

Percentage 
increase over 
year 2000 

Emission 
levels (tonnes 
per day) 

Percentage 
increase over year 
2000 

2000 162 - 1.37 - 
2011 170 4.8% 1.39 1.5% 
2021 199 23.4% 1.76 28.5% 

 
 

                                                 
1 Emission factors for 2021 are not available from the 1993 SEQ Air Emission Inventory (QDEH, 1995) emission 
factors database used in this study.  As a result, emission modelling for 2021 traffic conditions were based on 2011 
emission factors.  It is therefore likely that 2021 estimates of emission levels may be a bit high as we expect 2021 
emission factors to be slightly lower that those of 2011 due to improved vehicle technology and cleaner fuels. 
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The spatial distribution of hourly CO emission levels per length of roadway 
along each roadway link (in kg/km/h) for the 2000 modelled network on a 
typical summer weekday is shown in Figure 6.5.  As would be expected, the 
highest emissions are from the Pacific Highway, with most links recording 
emission rate of over 40 kg/km/h.  The pattern for daily PM10 emissions from 
the roadway network across the city is similar to that of CO (see Figure 6.6). 
 
Figure 6.7 shows CO emission levels in 3 km x 3 km grid cells in 2000 
respectively, while Figure 6.8 shows the changes in CO emission levels in 3 
km x 3 km grid cells between 2000 and 2011 for the entire study area.  As 
depicted in Figure 6.8 sections of the eastern side of the city actually shows a 
decrease in emission levels while the rest of the Gold Coast area shows an 
increase in emission levels. The same pattern is obtained for PM10 emission 
levels (see Figures 6.5 and 6.6). The reduction in emissions can again be 
attributed to the change in transport load from road transport to light rail. A 
similar reduction between 2000 and 2021 is observed. 
 
It should also be noted that the South East Queensland Region in general 
exhibit seasonal variations in emissions levels, with winter emission levels 
generally higher than the summer due to lower vehicle efficiency and more 
incomplete combustion.  For example, in 1993, winter CO and PM10 emission 
levels were estimated (QDEH, 1995) to be 23 and 11 percent higher than 
summer emission levels respectively. 
 
Table 6.16 compares total CO emission and PM10 estimated in this study with 
previous estimates.  These include the 1993 South East Queensland Air 
Emission Inventory (QDEH, 1995), the 2000 South East Queensland Air 
Emission Inventory (Queensland EPA, 2003) and the National Pollutant 
Inventory (NEPC, 2003).  Though there are differences in the values from the 
different studies – Table 6.2 shows that current estimates are of the same 
order of magnitude as previous estimates (the NPI average estimate includes 
winter emission levels - 23 percent more than summer levels), and are 
adequate for the strategic purposes for which TRAEMS is intended. The value 
of the TRAEMS modelling is that, not only does it produce total emission 
estimates for 2000, it also provides estimates for future scenarios (2011 and 
2021) as well as information on the distribution of these emissions across the 
City. 
 
Table 6.16: Comparison of computed CO emissions from different sources. 

Total Emissions  (tonnes per day)  
Study source 

 
Year CO PM10 

This study  2000 (summer weekday) 162 1.4 
NPI (NEPC, 
2003) 

2000-2001 (annual 
average) 

197 1.1 

QDEH (2003) 2000 (summer weekday) 211 1.2 
QDEH (1995) 1993 (summer weekday) 132 1.5 (TSP) 
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6.2 Concentration levels at near-field receptor locations 
The Caline4 model option, as implemented in TRAEMS, was utilised in this 
Gold Coast City demonstration project. 
 
The dispersion modelling process is based on an average wind speed of 
4.4m/s recorded at Coolangatta Airport in 2000 (the best available information 
to represent the average wind speed for the whole study area) and the worst-
case option in the Caline4 model.  The results for CO and PM10, based on 
2000 traffic conditions, are shown in Figure 6.11 and Figure 6.12 respectively. 
Figure 6.11 shows the spatial distribution of the estimated 8-hour CO 
concentrations (in ppm) at the façade of dwellings along each road link for the 
base year 2000 scenario. Figure 6.12 depicts the spatial distribution of the 
estimated 24-hour average PM10 concentrations (in µg/m3) at the façade of 
dwellings along each road link. For CO, the maximum concentration exposed 
at any near-field receptors due to road transport was 2.0 ppm while the 
maximum daily average PM10 concentration exposed at the near-field 
receptors is 12.8 µg/m3.  The corresponding winter season concentrations for 
CO and PM10 are estimated to be 2.5 ppm and 14.2 µg/m3 respectively (refer 
to Section 6.1). The dwellings that are exposed to higher concentrations are 
located mostly along the Pacific Highway and some along a few roadways, 
mostly in the south-east of the City, where the dwellings are located very close 
to the roadway (ie 3m to 6.2m from the roadway). 
 
Modelled levels are those emitted by the closest roadway, and it is necessary 
to estimate the background concentration levels that need to be added to 
these nearby sources in order to estimate total concentration level of 
exposure, and hence compare exposure to health limit criteria.  For the 
purpose of this study the background concentration for each pollutant is 
assumed to be equal to the 50th percentile of the observed concentration at the 
nearest available EPA Monitoring Stations in 2000 (Table 6.17).  It is highly 
likely that these background levels, at least for CO, will be conservative (high) 
when applied to Gold Coast City. 
 
Table 6.17: Background concentration levels for CO and PM10 in 2000.   
Pollutant Background concentration Monitoring station 
CO (ppm) 0.4 Brisbane CBD 
PM10 (µg/m3) 16.3 Helensvale 

Source: Qld EPA (2001) 
 
 
The combined maximum locally emitted concentration, together with the 
assumed background concentration for CO, is 2.9 ppm (winter estimate), still 
much lower than the ambient air quality objectives of 9 ppm.  Similarly, for 
PM10, when the background concentration level of 16.3 µg/m3 is included, the 
maximum near-field concentration levels (30.5 µg/m3) is still below both the 
NEPC standard and EPP ambient air quality objectives of 50 µg/m3 (NEPC 
standard) and 150 µg/m3 (EPP goal).  In short, near-field air quality in the Gold 
Coast City from road traffic is currently estimated to be better than required 
standards. 
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Nor, given similar levels of background concentrations in the future, are near-
field concentrations of CO and PM10 predicted to exceed ambient air quality 
objectives in the 2011 and 2021 scenarios.  This is illustrated in graphical form 
for the two pollutants for 2011 (Figures 6.9 and 6.10), and in tabular form in 
Table 6.4, where the summer weekday near-field concentrations of these 
pollutants are predicted for every near-roadway receptor in the City for 2000, 
2011 and 2021 if the light rail is operational. The mean and maximum 
exposures for the distribution of exposures at all dwellings are shown in the 
table. Mean concentration levels of both pollutants at dwellings decrease for 
both future year scenarios (from an already low 2000 level) though there is an 
increase in the maximum predicted levels.  The maximum levels of CO and 
PM10 at any dwelling, including background concentrations, are 3.5 ppm and 
37.0 µg/m3 respectively, both less than current ambient air quality objectives. 
However, to demonstrate the utility of the TRAEMS model, three additional 
figures are shown. Figure 6.11 repeats Figure 6.8, but for the year 2021 
scenario. It indicates that the maximum estimated PM10 concentration level in 
2021 excluding the background level will be 20.7 µg/m3. Figure 6.12 and 
Figure 6.13 show the changes in PM10 exposure at dwelling units between 
2000 and 2021 at two different spatial scale levels. The figures show that while 
most areas will see an increased exposure levels, the south east of the city will 
experience some reductions in exposure levels. 
 
 
Table 6.18: Statistics of the distribution of near-field concentration levels at 
all receptors in 2000, 2011, 2021 – Summer weekday (background 
concentrations not included). 

Modelled near-field 
concentration levels 

Percentage change 
over 2000 (%) 

 
Pollutant 

 
Parameter 

2000 2011 2021 2011 2021 
 Maximum 2.0 2.1 3.1 5.0 55.0   

CO (ppm)  Mean  0.14 0.11 0.11 -21.4 -21.4 
 Maximum 12.8 14.1 20.7 10.2 61.7 PM10 (µg/m3)  
 Mean  0.95 0.81 0.86 -14.7 -9.5 

 
 
6.3 Examination of exposure levels if the Light rail system was not 
built  
 
Further modelling was conducted to determine if there were changes in 
exposure to CO and PM10 pollutants if the light rail system was not built. The 
results of this modelling are shown in Table 6.19 below. The results indicate 
that, with and without the light rail system, the maximum near-field 
concentration levels for the modelled pollutants are below their respective 
guidelines, though there will be increases in exposure levels of between 4 and 
10 percent in maximum near-field concentration levels for both pollutants in 
2011 and 2021. Figure 6.18 depicts the spatial distribution of the estimated 24-
hour PM10 concentrations (in µg/m3) at the façade of dwellings along each link 
in 2021 if the light rail system is not operational. When compared to Figure 
6.15, only slight differences are observed.  
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Table 6.19: Maximum CO and PM10 near-field concentration levels at a 
receptor in 2011 and 2021 with and without the light rail systems 
(background levels not included). 
 Modelled near-field concentration levels 
Year 2011 2021 
 
Pollutant 

With 
Light 
Rail 

Without 
Light 
Rail 

Percentag
e change 

With 
Light 
Rail 

Without 
Light 
Rail 

Percentag
e change 

CO (ppm)  2.1 2.3 9.5% 3.1 3.4 9.7% 
PM10 
(µg/m3) 

14.1 14.6 3.5% 20.7 21.8 5.3% 

 
6.4 Other pollutants (NOX emissions and NO2 concentrations) 
 
The total daily NOx emission for a typical summer day in 2000 was 18.6 
tonnes.  The modelled maximum hourly NO2 concentration level was 0.03 
ppm.  If background concentration of 0.005 ppm is added, the maximum NO2 
hourly concentration is still less than the air quality objectives of 0.16 ppm. 
 
 
6.5 Ground level concentrations 
 
Using the ATDL dispersion model, ground level concentrations within 3 km x 
3km grid cells were calculated over the whole of the City.  Resultant 
concentrations were found to be very low for both CO and PM10 - maximum 
summer weekday concentrations in any grid cell in 2000 were 1.8ppm and 11 
µg/m3 for CO and PM10 respectively, and little different for 2011 and 2021. The 
spatial distribution for PM10 concentration levels across the city for 2021 is 
shown in Figure 6.15, with a maximum recorded concentration level of 15 
µg/m3.  Since the concentration levels across the whole study area were much 
lower than the guidelines, it was regarded as superfluous to showing the 
spatial distribution of these concentration levels over the City for the other 
modelled years.  These plots can, if required, readily be produced.  
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Figure 6.5: CO emission levels (in kg/km/h) on each road link in 2000. 
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Figure 6.6: Daily PM10 emission levels (in kg/km/day) on each road link in 
2000. 
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Figure 6.7: Total CO emissions levels (in kg/h) using 3 km grid cell in 2000. 
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Figure 6.8: Change in CO emissions levels (in kg/h) using 3 km grid cell from 
2000 to 2011 with light rail operational. 
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Figure 6.9: Total PM10 emissions levels (in kg/day) using 3 km grid cell in 
2000. 
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Figure 6.10: Change in PM10 emissions levels (in kg/day) using 3 km grid cell 
from 2000 to 2011 with light rail operational. 
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Figure 6.11: The summer weekday 8 h average CO concentration levels (in 
ppm) due to road traffic at the façade of the nearest dwelling along each 
road link in 2000. Note: a background concentration level has not been added to 
the above modelled concentrations.  When background of 0.4 ppm is added (see 
text), maximum concentration levels throughout the city remain below the ambient 
air quality objectives of 9 ppm – see Table 4.6. 
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Figure 6.12: The 24 h average PM10 concentration levels (in µg/m3) due to 
road traffic at the façade of the nearest dwelling along each road link in 
2000.  Note: a background concentration level has not been added to the above 
modelled concentrations.  When background of 16.3µg/m3 is added (see text), 
maximum concentration levels throughout the City remain below the ambient air 
quality objectives of 50 µg/m3 – see Table 4.6. 
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Figure 6.13: Distribution of the 8-hour CO concentration levels (ppm) at 
dwellings fronting the roadways for both 2000 and 2011  (background 
concentration is not included). 
 
 
 

 
Figure 6.14: Distribution of the 24-hour PM10 concentration levels (µg/m3) at 
dwellings fronting the roadways for both 2000 and 2011  (background 
concentration is not included). 
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Figure 6.15:  24 h average PM10 concentration levels (in µg/m3) due to road 
traffic at the façade of the nearest dwelling along each road link in 2021 with 
light rail operational. Note: a background concentration level has not been 
added to the above modelled concentrations. When background of 16.3µg/m3 is 
added (see text), maximum concentration levels throughout the City remain below 
the ambient air quality objectives of 50 µg/m3. 
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Figure 6.16: Changes in maximum PM10 exposure levels at dwellings between 
2000 and 2021 with the light rail system operational. 
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Figure 6.17: Changes in maximum PM10 exposure levels at dwellings between 
2000 and 2021 with the light rail system operational for part of the City 
(labels indicate the changes in exposure levels in µg/m3). 
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Figure 6.18: Maximum 24 h average PM10 concentration levels (in µg/m3) due 
to road traffic in 2021 at the façade of the nearest dwelling along each road 
link if the light rail system is not implemented. Note: a background 
concentration level has not been added to the above modelled concentrations. 
When background of 16.3µg/m3 is added (see text), maximum concentration 
levels throughout the City remain below the ambient air quality objectives of 50 
µg/m3. 
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Figure 6.19:  Estimated PM10 area-wide concentration levels (in µg/m3) using 
3 km grid cell in 2021 with the light rail operational. 
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7.0 Gold Coast City – Noise from Surface Transport 
 
The TRAEMS modelling provides an estimate of the number of dwellings 
fronting the transport network that are exposed to different levels of transport 
noise.  A brief description of the TRAEMS noise modelling procedures is in 
Appendix A.2. 
 
 

7.1 Road traffic noise modelling  
 
7.1.1 Road traffic noise modelling results for 2000, 2011 and 2021 with the 
light rail in place 

The first result is a prediction of noise level emissions from the road network, 
computed at a distance of 10 m from the roadway, for the base year 2000 (no 
façade correction included).  Figure 7.20 shows these emission levels, and 
demonstrates the not unusual finding that the majority of roadways on the 
modelled network produce high levels of noise.  Modelling emissions is not 
particularly useful for planning and control purposes. 
 
Much more useful is a prediction of road traffic noise immissions, indicating the 
noise exposure of dwellings located near to the roadways.  Figure 7.21 and 
Figure 7.22 show the noise immission levels at the façade of all dwellings 
fronting the modelled road network in 2000.  The computed noise level 
includes a 2.5 dB(A) façade correction.  Figure 7.21 shows the noise 
immission levels for the entire City of the Gold Coast while Figure 7.22 
presents the same data, but for a part of the City that includes the corridor for 
the light rail proposed for the City.  In year 2000, 7701 dwelling units in the City 
(some 5% of the total dwelling units) are exposed to noise levels of 68 dB(A) 
L10, 18h and above, and another 5% are exposed to levels of 63-67 dB(A), L10, 

18h. 
 
The distribution of traffic noise exposure levels at all dwelling units in proximity 
to the 2000 modelled network is shown in Figure 7.23 (only dwelling units 
exposed to noise levels of 50 dB(A) or above are included) and Figure 7.24 
shows the changes in this distribution in the study area for 2011 and 2021 
traffic flows with the light rail system operational.  The maximum estimated 
noise level is 80 dB(A) in 2000, rising to 83 dB(A) in 2021. Table 7.20 
summaries two statistics from these distributions - the number of dwellings 
exposed to noise immission levels above the primary and secondary criteria. 
The number of dwelling units exposed of 68 dB(A) and above in 2021 
increases about 9% over the 2000 level. 
 
The analysis did not include changes to the number of dwelling units along the 
future networks. Therefore, when examining these results it is important to 
note the caveat in Section 4.2.1 that infill in the housing stock along the road 
network is neglected  - all estimates of future noise exposure are based on 
year 2001 dwelling unit stock only.  As a consequence, the results for 2011 
and 2021 are potentially a significant underestimate of the extent of future 
exposure. 
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Table 7.20:  Number of dwelling units in Gold Coast City exposed to different 
road traffic noise levels for each of the 2000, 2011 and 2021 scenarios with 
the light rail system operational (figures in parentheses are the number of 
individual properties exposed to different levels). 
Modelled year 2000 2011 2021 
Number of dwelling units exposed to noise 
level primary criterion of 68 dB(A) and 
above 

7 701  
(4 354) 

7 452  
(4 553) 

8 382  
(5 131) 

Number of dwelling units exposed to 
secondary criterion of 63-67 dB(A) 

8 288 
(5 650) 

8 367  
(5 818) 

8 297  
(5 698) 

 
 

The location of changes in noise levels between two time periods (2000 to 
2021) is shown in Figures 7.6 to 7.9.  Figure 7.25 shows the changes in noise 
immission levels between 2000 and 2011 with the light rail system operational 
for the City.  Figure 7.26 presents the same data, but only for the part of the 
City that includes the transport corridor of the proposed light rail system.  
Figures 7.8 and 7.9 show the same results for the changes to 2021 (Figure 
7.10 shows the changes between 2000 and 2021, but without the light rail 
implemented) 
 
Visual inspection of these figures indicates that changes in noise impacts 
between the two periods are not uniform across the entire city.  Some areas 
show an increase whilst others show a reduction in noise levels.  It is observed 
that the areas that recorded reductions in the number of dwelling units 
exposed to noise immission levels above the primary criteria are mostly within 
the areas to be serviced by the light rail while areas outside this corridor mostly 
recorded increase in number of dwelling units exposed to noise levels above 
the primary criteria.  The reduced noise exposure within the light rail corridor 
can be attributed to a shift in travel from road traffic to the light rail system.  
 
Further analysis of the noise immission levels was conducted to determine if 
certain socio-economic group are disproportionately exposed to high levels of 
road traffic noise.  This analysis was based on the 2001 median household 
income1 levels at the census collection district2 (CCD) level, and 2000 traffic 
flows. Table 7.2 shows some evidence that there is a differential exposure (chi-
square test is significant, p<.001) with high noise-exposure dwellings being 
disproportionately represented in the lower income bands. For example, 45% 
of dwellings with high noise exposure have a median income of less than 
$600, but this income range represents only 32% of the number of dwelling 
units in the City. 
 
 
 
 
 
 
 

                                                 
1 Range of household income used are as specified in 2001 census  
2 A collection district is made up of about 225 households (ABS, 2001).  
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Table 7.21: Analysis of differential exposure of different socio-economic 
groups to noise levels of 68 dB(A) and above (based on CCD median 
household incomes). 

Dwellings units in the City with 
this median income 

Dwelling units exposed to noise levels of 
68 dB(A) and above 

 
Median 
weekly 
household 
income  

Number of 
dwelling units 
in income 
range 

Percentage of City 
dwelling units in 
income range 

Number of 
dwelling units 
 

Percentage of high noise 
exposure dwellings in 
income range 

$1 - $399 6 785 4% 542 7% 
$400 - $499 24 526 13% 1 417 18% 
$500 - $599 28 619 15% 1 541 20% 
$600 - $699 36 578 20% 1 999 20% 
$700 - $799 28 479 15% 810 11% 
$800 - $999 41 679 22% 1 063 14% 
$1000-$1199 16 150 9% 294 9% 
>=$1200 4 311 2% 35 1% 
Total 187 127 100% 7 701 100% 
 
 
 
7.1.2 Road traffic noise modelling results if the light rail is not 
implemented  

The summary results for modelling noise levels in the city in 2011 and 2021 
without the light rail system operational are shown in Table 7.22.  The 
modelling results indicate an increase of about 6% in the number of dwelling 
units exposed to noise levels of 68 dB(A) and above if the light rail system is 
not operational in 2011 and 2021. The spatial location of changes in noise 
levels in 2021, with and without the light rail system, are shown in Figure 7.30 
for the part of the City that includes the transport corridor of the proposed light 
rail system. As expected, the figure indicates that along each road link there is 
either no change or an increase in number of dwelling units exposed to noise 
levels of 68 dB(A) and above. The results for 2011 are similar to those of 2021. 
 
Table 7.22: Number of dwelling units in Gold Coast City exposed to different 
road traffic noise levels for each of the 2011 and 2021 scenarios with and 
without the light rail system. 

2011 2021  
With 
Light 
Rail 

Without 
Light 
Rail 

Percen
t 
chang
e 

With 
Light 
Rail 

Without 
Light 
Rail 

Percen
t 
chang
e 

Number of dwelling 
units exposed to 
noise level criterion of 
68 dB(A) and above 

 
7 452 

 
7 886 

 
5.6% 

 
8 382 

 
8 917 

 
6.4% 

Number of dwelling 
units exposed to 
between 63-67 dB(A) 

 
8 367 

 
8 454 

 
1% 

 
8 297 

 
8 674 

 
4.5% 
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Figure 7.20: Noise emission levels adjacent to the 2000 modelled road 
network. 
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Figure 7.21: Noise immission levels resulting from the 2000 modelled 
network for the City of the Gold Coast.   
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Figure 7.22: Noise immission levels resulting from the 2000 modelled 
network for the part of the City that includes the Light Rail corridor.  Link 
labels show the number of dwellings on that link whose exposure exceeds the 
primary criterion level. 
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Figure 7.23: Distribution of noise immission levels at facade of dwellings for 
2000 modelled network (frequency of dwelling units exposed to noise levels less 
than 50 dB(A) not shown). 
 
 

 
Figure 7.24: Distribution of noise immission levels at facade of dwellings for 
2000, 2011 and 2021 networks (frequency of dwellings with noise levels less 
than 50 dB(A) not shown). 
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Figure 7.25: Change in noise immission levels between 2000 and 2011 with 
the light rail operational for the City of the Gold Coast (showing links where 
differences exist between the noise impacts from the two scenarios). 
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Figure 7.26: Enlargement of part of Figure 7.6. Change in noise immission 
levels between 2000 and 2011 with the light rail operational (showing links 
where differences exist between the noise impacts from the two scenarios). 
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Figure 7.27: Change in noise immission levels between 2000 and 2021 with 
the light rail system operational for the City of the Gold Coast.   
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Figure 7.28: Enlargement of part of Figure 7.8.  The labels on the links show 
the increase or decrease in the number of dwellings that exceed the criterion of 
68 dB(A).  
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Figure 7.29: Same as Figure 7.9, but without the implementation of the light 
rail.
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Figure 7.30: Effects, in 2021, on noise immission levels, if the light rail 
system is not implemented.  The labels on the links show the increase or 
decrease in the number of dwellings that exceed the criterion of 68 dB(A).  
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7.2 Railway noise levels 
 
The impact of railway noise on residential dwellings was modelled for 2000, 
2011 and 20211.  As for the road network, the modelling was based on the 
year 2001 dwelling unit information2.  The results of the modelling based on 
2000 traffic are shown in Figure 7.31 and Figure 7.32.  Figure 7.31 shows the 
frequency distribution for noise exposure levels at the facade of dwelling units 
fronting the railway line and Figure 7.32 the location of these exposures.  The 
results indicate significant levels of exposure, with 21% (256 of a total of 1181) 
dwelling units fronting the existing railway lines (within a distance of 300 
metres) exposed to noise levels of 65 dB(A) Leq, 24h and above. 
 
Table 7.23 below provides the summary of the noise impacts on dwellings 
units in 2000, 2011 and 2021.  The proportion of dwelling units fronting the rail 
line exposed to noise levels above the primary criteria increased to 22% and 
28% in 2011 and 2021 respectively.  The increase in exposure level in future 
years includes the number of dwelling units exposed to noise levels due the 
Robina-Tugun rail extension and the increase in noise levels at dwelling units 
along the existing rail line due to increase rail traffic (but again, the exposures 
are based on year 2001 dwelling unit stock). 
 
 

Table 7.23: Summary statistics of the changes in rail noise immission levels 
between 2000, 2011 and 2021 scenarios. 
Indicator parameters 2000 2011 2021 
Number of residential buildings exposed to LAeq, 

24h noise levels criterion of 65 dB (A) and above 
256 
 

368 
 

478 
 

Number of residential buildings exposed to 
secondary criterion of between 60-64 dB(A) 

468 
 

656 
 

699 
 

 
 
 
 
 

                                                 
1 The rail network for 2011 and 2021 include the proposed Robina-Tugun rail extension. The 2000 rail network 
terminates at Robina 
2The effects of barriers were also not considered (though they could be included in TRAEMS modelling if required) 
hence some dwellings might have lower exposure than predicted because of shielding effects of any barriers on links.   
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Figure 7.31: Distribution of railway noise immission levels at the facade of 
dwelling units (exposures less than 55 dB(A) are not shown). 
 

 
Figure 7.32: Railway noise immission levels from the existing railway line 
within the City of the Gold Coast – year 2000. (Link labels show the number of 
dwellings  exposed to 65 dB(A) or more, with the number in parentheses being dwelling 
units 60 to 64dB(A)). 
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7.3 Noise levels from the Gold Coast light rail 
 
Modelling of noise levels from the proposed light rail system on surrounding 
dwelling units were based on the service frequencies and the speed of travel 
as estimated from the feasibility study (see Table 4.5).  A summary of the 
modelling results are shown in Figure 7.33 in the form of a frequency 
distribution of noise exposure at the facade of all dwelling units fronting the 
light rail system.  It is observed that all dwelling units fronting the light rail 
system will be exposed to Leq, 24h noise levels below the primary criteria of 65 
dB(A) with the maximum noise levels estimate of 61 dB(A).   The low noise 
levels are a reflection of the low speed of travel of the light rail vehicles 
(assumed at 30 km/h) and the fact that light rail vehicles powered by electricity 
are relatively quiet.   
 
 

 
Figure 7.33: Distribution of noise immission levels at facade of dwellings 
along light rail network (dwelling units exposed to noise levels less than 50 
dB(A) are not shown). 
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8.0 Gold Coast City – Relative potential water pollution 
effects of road transport  
 
The City of the Gold Coast has 12 major catchments.  These catchments 
contain 112 sub-catchments, which are further divided into 542 smaller sub-
catchments.  The analysis of the relative potential pollution load has been 
based on these 542 sub-catchments.  In the absence of a quantitative model 
for water quality pollution levels from road traffic, TRAEMS uses the total 
vehicle travel (VKT) within a sub-catchment as a tentative measure of the 
potential water quality effect1.  Analysis of the modelled traffic flows indicates 
that there will be about 32 percent and 62 percent increase in vehicle 
kilometres travelled in the city in 2011 and 2021 respectively, above the 2000 
traffic flows.  The total vehicle distance travelled, as computed from the 
modelled data, have been shown earlier in Table 4.2. 
 
The spatial distribution of VKT per sub-catchments for 2000 is shown in Figure 
8.34.   As would be expected, the highest VKT levels can all be found in sub-
catchments along the Pacific highway.  The relative changes in VKT per sub-
catchment across the city for 2011 and 2021 with the light rail operational are 
shown in Figure 8.2 and Figure 8.3 respectively. The relative changes in VKT 
per sub-catchment across the city in between 2000 and 2021 if the light rail 
system is not implemented is shown in Figure 8.4. These figures show that 
sub-catchments along the sub-catchments along the Pacific Highway will 
experience the highest increase in VKT and hence highest potential pollution 
loads from road traffic. 
 
It is emphasised that the data shown in these figures is simply indicative of 
potential vehicular emission load across sub-catchments and does not provide 
a quantitative measure of water pollution level, nor an indication that a water 
quality problem from road traffic exists. 
 

                                                 
1 See Appendix A.5 for brief description of the procedure. 
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Figure 8.34: Vehicle Kilometres Travelled per day (veh-km per day) per sub-
catchment within Gold Coast City for 2000. 
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Figure 8.35: Change in Vehicle Kilometres Travelled per day (veh-km per 
day) per sub-catchment within Gold Coast City between 2000 and 2011. 
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Figure 8.36: Change in Vehicle Kilometres Travelled per day (veh-km per 
day) per sub-catchment within Gold Coast City between 2000 and 2021. 
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Figure 8.37: Change in Vehicle Kilometres Travelled per day (veh-km per 
day) per sub-catchment within Gold Coast City between 2000 and 2021 if the 
light rail system is not implemented. 
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9.0 Conclusions 
 

9.1 Major conclusions with respect to City of Gold Coast pollution 
futures  
 
The major findings on the environmental impacts from transport sources in the 
City of Gold Coast include: 
 

• The total energy consumption due to road traffic in 2000 was 36 960 GJ 
(1069 kL), expected to increase by 33 and 52 percent in 2011 and 2021 
respectively (with the light rail system operational).  

• The combined total energy consumption due to all transport sources in 
2000, including vehicles powered by electricity, is estimated to be 38 620 
GJ, increasing by 36% and 57% in 2011 and 2021 respectively. 

• Despite current and future investment in rail systems, over 96% of total 
energy consumption for the surface transport task in Gold Coast City is in 
road transport.  This proportion will reduce slightly to about 93% in 2021 
with the light rail system and the Robina-Tugun rail extension in place.  

• If the light rail is not implemented, the total daily energy consumption from 
all transport sources in 2011 and 2021 will increase by near 4% and 7% 
respectively. 

• Daily CO2 production from all transport sources is estimated at 2 934 
tonnes per day in 2000 (83% from road traffic) increasing by 44% and 
70% in 2011 and 2021 respectively. Daily CO2 production from road 
traffic alone is expected to increase by 33% and 52% in 2011 and 2021 
from the 2000 levels if the light rail system is in place.  

• The modelled worst-case 8-hour average CO near-field concentration 
levels at dwellings along the roadways are within ambient air quality 
objectives throughout the city. The maximum concentration level is 2.0 
ppm (2.5 ppm in winter) in 2000, expected to increase to 3.1 ppm (3.8 
ppm in winter) in 2021. This is the case even with a background level of 
0.4 ppm added to the near-field concentration estimates. If the light rail 
system is not implemented the maximum concentration level in 2021 of 
3.4 ppm (4.2 ppm in winter) is still within the air quality objective.   

• The worst-case 24-hour PM10 near-field concentration levels are similarly 
low, and within air quality objectives. Other near-field pollutants (NOx, HC 
and SO2) have also been modelled, but not reported here because levels 
of those too are within objectives. 

• It would be useful to monitor air quality at several of the locations where 
the highest air pollution levels have been estimated in order to confirm the 
above findings. 

• Some 7 701 dwelling units in the City (about 5% of total dwelling units) 
are estimated to be exposed to road traffic noise levels equal to and 
higher than the primary noise criteria of 68 dB(A) L10,18h, while a further 



  65 

8288 are exposed to levels between 63 and 67 dB(A).  This will increase 
significantly by 2021. 

• The roadway links where these high exposures (“hot spots”) are located 
have been identifies, as have the roadways where future increases in 
noise exposure can be expected to 2021. 

• The 2011 and 2021 exposures reported are likely to be considerably 
underestimated given the modelling has been based on year 2001 
housing stock only. Extending the current demonstration project to 
estimate the location of future dwellings relative to transport links would 
be warranted. 

• There is some evidence that dwelling units where the median income is 
lower are disproportionately represented in the high noise exposure 
category. 

• Some 256 dwellings along the existing rail line have estimated noise 
levels of 65 dB(A) Leq, 24h and above (the model results do not currently 
include the effect of barriers). 

• Noise levels due to the light rail system are below the criteria of 65 dB(A) 
Leq, 24h.  

• The spatial distributions of VKT per subcatchment have been shown, 
together with the locations where this will increase for 2011 and 2021.  
This exploratory data could prove useful in developing monitoring 
programs and investigations with respect to potential water quality effects.  

 

9.2 Conclusions with respect to the TRAEMS Demonstration Project 
 

• TRAEMS has made efficient use of existing data sets from the City of 
Gold Coast - transport networks, traffic flows, and land use data base - to 
model current and future transport pollution estimates. 

• The model has provided a range of city-wide and location-specific 
information on transport pollution effects that can provide input to a 
diversity of policy development and planning activities. 

• TRAEMS is based on providing strategic level information, specifically in 
terms of options testing.  It is not designed (and nor should it be used for 
that purpose) for individual site or link investigations or design of 
mitigation strategies.   

• The value of TRAEMS is in its not being a one-off study.  The intent and 
design of the model is for its use as an in-house, on-going, easy and 
rapid tool, for repeat use by an organisation to test future scenarios, test 
hypotheses, or answer specific or general questions with respect to a 
range of land use, transport, housing, vehicle fleet characteristic, or 
environmental matters. 

• Options testing is based primarily on the availability of different traffic flow 
scenarios on the transport network, but other options testing is possible, 
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including changing fleet composition or, with more effort, examining 
different land uses near the network. 

• The City of Gold Coast is encouraged to “adopt” the model for internal 
use and continue to test and expand it application, potentially in 
association with Griffith University.



  67 

References 

 

ABS (2001). 2001 Census Dictionary, Australian Bureau of Statistics. ABS 
Catalogue no. 2901.0 

ABS (2002). CDATA 2001. Australian Bureau of Statistics 

Australia Greenhouse Office (AGO) (1998). The National Greenhouse Gas 
Inventory Committee, Workbook 3.1 with Supplements. 

Australia Greenhouse Office (AGO) (2003). The National Greenhouse Gas 
Inventory Committee, Workbook 3.1 with Supplements. 
http://www.greenhouse.gov.au/challenge/tools/ 
workbook/factorsmethod_section2.html [Accessed on 1 July 2003] 

Brown, A.L. Affum, J.K and Tomerini, D (1998). TRAEMS: The Transport 
planning Add-on Environmental Modelling System. Proceedings of the 19th 
ARRB Transport Research Conference, Section C, pp. 114-138 

DeHavilland Information Services plc (2003). Diesel penetrates European 
automotive market 
http://www.platinum.matthey.com/media_room/1067850002.html. [Accessed 
on 16 February 2004]. 

DeHavilland Information Services plc (2004a) Diesel market grows in South 
Korea. http://www.platinum.matthey.com/media_room/1076522404.html 
[Accessed on 16 February 2004]. 

DeHavilland Information Services plc (2004b). European diesel sales hit record 
high for 2003. 
http://www.platinum.matthey.com/media_room/1074528005.html. [Accessed 
on 16 February 2004]  

Gold Coast City Council (1998). Gold Coast City Transport Plan, CD-ROM, 
Gold Coast City Council. 

Gold Coast City Council (2003) Our Community: A Social Profile of the City of 
Gold Coast. The Social Research Section, GCCC. 
http://www.goldcoast.ld.gov.au/t_std2.asp?PID=250. [Accessed on 9 May 
2003] 

Gold Coast City Council (2004) Our Community: A social profile of Gold Coast 
City. The Social Research Section, GCCC. 
http://www.goldcoast.qld.gov.au/attachment/oc10_housing.pdf . [Accessed on 
11 May 2004] 

Moore, B. (2004). Future train services on Gold Coast. Queensland Rail. Email 
correspondence, 30/1/2004. 

NEPC (1998). National Environmental Protection Measures. Australia 



  68 

NEPC (2003). National Pollution Inventory. NPI. http://www.npi.gov.au/ 
[Accessed on 9 July 2003] 

Parsons Brinckerhoff  (2003a). The Gold Coast Light Rail feasibility study 
Stage 1.  http://www.pb.com.au/gclightrail/GCLR_Report/Report_index.htm 
[Assessed on 1 July 2003] 

Parsons Brinckerhoff  (2003b). Robina to Tugun Rail Impact Assessment 
Study. Draft Impact Assessment Report. 

QDEH (1995). Air Emissions Inventory, South East Queensland. Queensland 
Department of Environment and Heritage, Queensland Government. 

QDEH (1997a) Environmental Protection (Noise) Policy 1997. Queensland 
Department of Environment and Heritage, Queensland Government. 

QDEH (1997b) Environmental Protection (Air) Policy 1997. Queensland 
Department of Environment and Heritage, Queensland Government.  

Queensland Rail (2002). TransInfo Timetable website, 
http://www.qr.com.au/passenger_services/citytrain [Accessed on 7 May 2003]. 

Queensland EPA (2001) Ambient air quality monitoring in Queensland – 2000 
annual summary and trend report. Queensland Environmental Protection 
Agency. 

Queensland EPA (2003). South East Queensland motor vehicle inventory 
Final Report. Queensland Environmental Protection Agency. 

Sawyer R. Harley R., Cadle S., Norbeck J., Slott R., Bravo H. (2000). Mobile 
sources critical review: 1998 NARSTO assessment, Atmospheric Environment, 
34: 2161-2181.  

Sinclair Knight Merz (1998). Foundation and Feasibility Study for Improved 
Line Haul Public Transport for the City of the Gold Coast 

Zeldin M. (2000). Multiple Air Toxics Multiple Air Toxics Exposure Study 
Exposure Study (MATES (MATES-II) in the South Coast Air Basin. 6th Diesel 
Engine Emissions Reduction Workshop San Diego, CA. 
http://www.osti.gov/fcvt/deer2000/zeldinpa.pdf (Accessed on 16 January, 
2004). 

 



  69 

Appendix A: Overview of TRAEMS 
 

A.1 What is TRAEMS 
TRAEMS is an acronym for TRansport planning Add-on Environmental 
Modelling System.  It is a GIS-based program designed and developed by 
Griffith University to provide a practical tool for the estimation and evaluation of 
the environmental impacts of multi-modal transport proposals.  It is developed 
for use by transport planners as an add-on program to travel demand models 
to provide them with quality and timely information on the environmental 
impact of any transport-planning scenario being tested.  Currently transport 
modes considered are road transport, rail and light rail.  The environmental 
effects considered are traffic noise, air pollution, energy consumption and 
greenhouse gases.  The results of the system enable both a global analysis as 
well as a local analysis.  Computations are on a link-by-link basis and 
aggregated to obtain the overall network level impacts.  
 
The outputs from TRAEMS are generated as a series of maps and tables 
showing the various pollutant levels emitted per unit length on each link, total 
emissions and immission levels.  These are displayed immediately on the 
screen but hard copies are easily generated.  The results are stored and may 
be viewed at a later stage during the modelling process, allowing for 
comparison of different scenarios.  
 
A.2 Transportation noise modelling 
TRAEMS models traffic noise from both road and rail transport.  Estimates of 
road traffic noise is based on the UK Calculation of Road Traffic Noise 
(CoRTN) method (UK DoT 1988), while noise levels from heavy and light rail 
are based on the 1984 version of the Nordic Railway Noise model (Ringheim, 
1984). This is the model currently used by Queensland Rail.  The approach in 
TRAEMS is to calculate the noise immissions at the front façade of the first row 
of all noise sensitive buildings.  (In this example, only residential buildings 
have been considered, though there is no difficulty in extending the analysis to 
other noise sensitive land uses such as schools, hospitals, etc.). 
 
TRAEMS uses the setback and location information of individual noise 
sensitive buildings and their relationship to the transport networks to produce: 

• noise immission levels depicting how the noise-exposed dwellings are 
distributed across the network.  It indicates where noise problems exist 
and their magnitude 

• noise emissions levels computed at a distance of 10 m from the roadway 
in the case of road traffic noise, and 25m from the rail line for noise from 
conventional trains and light rail 

• the “state of environment” report for the area, showing the distribution of 
traffic noise levels at the facade of the front row of noise sensitive 
receptors in the study area.   This output could also be used to monitor 
the changes and location of the distribution of noise impacts in the area 
with time (changes in noise immission levels between current and future 
scenarios). 
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A.3 Air pollution modelling 
In TRAEMS, only air emissions and concentrations of pollutants from road 
transport sources are modelled.  Air emissions from rail transport sources are 
not considered as in most cases the major pollutants produced are outside the 
area of study.  The main traffic related air pollutants are carbon monoxide 
(CO), oxides of nitrogen (NOx), hydrocarbons (HC), sulphur dioxide (SO2) and 
particulate matter in the form of PM10.  These pollutants are generated mainly 
from the incomplete combustion of the fossil fuel in vehicle engines.   The 
magnitudes of the emissions depend on the type of fuel used, type and age of 
vehicle, speed of travel, trip lengths, local driving conditions and 
meteorological conditions. 
 
The TRAEMS approach considers each road link or segment as an 
independent line source of pollution with constant traffic variables.  In the case 
of networks in which the data is available through Transport Demand 
Modelling (TDM), the variables include the link-based output (speeds, traffic 
volume, road type, road length, etc) and any other network information 
available.  These are supplemented by the air emission factors and vehicle 
fleet composition by type of vehicle and fuel used.  In line with its planning and 
scenario testing purpose, considerable effort has been built into the design of 
TRAEMS to give maximum control to the user.   Options selected by the user 
include: 

• the air emission model type (ie road-type-based or speed-based air 
emission) 

• meteorological conditions 

• the required output (namely air emissions only or both emissions and 
near-field concentration levels) 

• air quality criteria and background concentration level for each pollutant 

• the vehicle emission factors for each vehicle type and fuel used.  
 
The air pollution modelling in TRAEMS produces: 

• total daily emission levels for the whole study area and emission levels (in 
grams per kilometre of roadway) emitted by the traffic on each link 

• the total emission levels in a user specified grid cell - computed as the 
sum of the emissions from the individual links within each cell 

• estimates of the near-field concentration levels of the various pollutants 
(the user chooses to use either the CHOCK or Caline4 dispersion model).  
The Chock model assumes that chemical reactions involving the 
pollutants are negligible.  The near-field concentration levels computed 
are based on the worst-case wind direction for a given user-specified 
wind speed at each receptor location.  For each receptor location, the 
worst-case wind direction is computed based on its location, and the wind 
speed for the Chock model.  In the case of the Caline4 model, the default 
worst-case conditions for the specified wind speed are used.  The Chock 
model predicts concentration levels based on traffic from the nearest road 
link, and usually predicts higher concentration levels than the Caline4 



  71 

model for receptors close to the road link.  The original Caline4 model, 
has the limitation accommodating only 20 links and 20 receptors at a 
time, making it difficult to apply easily to large networks.  This limitation 
has been overcome in TRAEMS by treating one receptor and the 
surrounding links at a time. In TRAEMS, modelling concentration levels of 
pollutants at receptor locations abutting the roadway is accomplished 
based on either the Chock dispersion model or the Caline4 dispersion 
model.  It is generally accepted that Caline4 model provides more reliable 
model results compared to the Chock model.  For example, the Caline4 
model takes into inconsideration the effect of vehicle generated 
turbulence (e.g. through the introduction of mixing zone concept), site 
characteristics (e.g. intersections, parking facilities, etc.) and chemical 
characteristics of pollutants (e.g. for NOx).  The model is also supported 
by field studies data (California Department of Transportation, 1989). 

• long term average area-wide concentration levels using the ATDL 
dispersion model (Hanna, 1972) 

• comparison of grid-based emission levels between different transport 
planning scenarios, and the same for near-field and area-wide 
concentration levels,. 

Since vehicle emission factors change over time, TRAEMS can also be used 
to test the effect of changes in vehicle fleet characteristics and emission 
factors.  This means many scenarios incorporating any combination of these 
parameters, for example reflecting possible changes to emission regulation 
requirements, can be modelled to provide future estimates.  
 
 

A.4 Energy consumption and greenhouse gases 
 
The TRAEMS energy module produces estimates from both road and rail 
transport of the following: 

• total fuel used 

• CO2 produced and  

• changes in fuel used and CO2 produced between different future 
scenarios. 

The greenhouse gases emitted (expressed as CO2 equivalent ) is computed 
based on the total fuel consumed.  This is obtained by multiplying the fuel used 
by the appropriate greenhouse gas emission factor as shown in Table 4.8. 
 
 
A.4.1 Energy used from road transport 

Energy used by road transport is computed for each fuel type of fuel using one 
of two models available for estimating fuel consumption from road traffic, 
namely - the running-speed or the average-speed model.   These are empirical 
models appropriate for use in transport planning model for which the equation 
used in TRAEMS are reported by Bowyer et al (1985).  The appropriate 
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method to use depends on the scale and location of the network under 
investigation.  
The running-speed model provides estimates of fuel consumption, within 10-15 
percent of observed values, for travel over road sections of at least 0.7km 
length (Bowyer et al, 1985).  It is therefore the most appropriate model to use 
for strategic planning at the regional and city-wide levels where, usually, only 
the main roads are modelled and length of links in the network are 
substantially long.  Input data required for this model includes the link length, 
traffic flow, running speed and stop (or idle) time.  The energy consumption is 
computed separately during periods when the vehicle is stopped and when 
travelling at the link level, and then aggregated to determine the total network 
energy use.  The mean fuel consumed per unit distance (Es in mL/km) is 
predicted from Bowyer et al (1985).  
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where 
xs is length of road section in km; 
 ts is the travel times along the road section;  
 ti is the idle (stopped) time in seconds;  
 α is idle fuel consumption rate in mL/s;  
 fr is the fuel consumption per unit distance (in mL/km) excluding 
stopping time effects (ie while cruising at constant running speed vr) and is 
function of vehicle mass, engine efficiency and kinematic parameters  
 
The running speed on each link is computed to include the effects of 
acceleration and deceleration delays due to stops and slow downs along the 
road section, but exclude the effects of stopped time.   Running speed and idle 
time can be expressed as a function of the average travel speed (Bowyer et al 
1985).  Hence this model can be applied at the network level where only 
average speeds on links are known. 
 
The average-speed model computes the total network energy use based on 
the average network speed.  It is known to give reasonably accurate estimates 
of fuel consumption over road sections with average speeds less than 50 
km/h.  It is therefore suitable for use in planning at the local levels, where 
dense networks representing all the roads in the network are modelled and 
where each link length is short, and where speeds are generally low.  The 
average speed method requires, as data input, the total distance travel and 
average travel speed over the network.  The fuel consumed per unit distance 
(fx in mL/km), taken from Bowyer et al (1985), is: 
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where  
fi  is the idle fuel consumption rate in mL/h; 
vs is average network speed of travel in km/h; 
c is a derived regression coefficient derived using a default vehicle 

parameters and varies with driving conditions; and  
K is an adjustment factor to allow for varying vehicle parameters in the 

vehicle fleet. 
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The drag, inertia and effect of grade on fuel consumption are accounted for by 
the constant term (cK), both of which depends on the driving environment, and 
TRAEMS uses the values of cK from Bowyer et  al (1985).  The computed fuel 
levels for each fuel type are then multiplied by the appropriate greenhouse gas 
emission factor as shown in Table 4.8 to estimate the total CO2 gases emitted 
over the entire network. 
 
A.4.2 Energy used in rail transport 

TRAEMS assumed all rail vehicles are powered by electricity.  The energy 
used to power the rail vehicles are therefore estimated in megajoules of 
energy per day (MJ/day).  The literature search indicated that the model used 
by Cox and Hickman (1998) in the EU MEET project1 is the most appropriate 
and the only one that meet the requirements of TRAEMS.  This method has 
few input data requirements, namely number of stops (or stations), average 
route speed, maximum train speed, length of rail length and gradient.  This 
model is yet to be evaluated using Australian data – hence its reliability to 
accurately predict train energy used in Australia conditions is uncertain and 
this is a major limitation.  The energy consumption of a particular rail route is 
estimated using the following equation (Cox and Hickman, 1998) 
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where: 
E is the energy consumption in kJ/tonne-km 
N is the number of intermediate stops 
L is the trip length (km) 
vave is the average speed (km/h) 
vmax is the maximum speed (km/h) 
B0 is a constant equating to rolling resistance 
B1 is a constant equating to friction resistance 
B2 is a constant equating to aerodynamic resistance 
g is the gravitational constant 
∆h is the change in height (ie ∆h/L = slope of rail line) 

 
Similar to greenhouse gases from road transport, TRAEMS estimates 
greenhouse gases from railway vehicles in terms of carbon dioxide produced.  
It is obtained by multiplying the estimated energy used in MJ/day by the 
greenhouse gas emission factor2 shown in Table 4.9. 
 

A.5 Water quality – potential water pollution impacts of transport 
Currently no reliable model for prediction of quantitative water quality impacts 
from road transport exists (Tomerini, 1997).  This is due, in part, to a lack of 
understanding of the principles and the complexities of the processes involved 
                                                 
1 Cox & Hickman (1998) Aggregated Emission Factors for Road and Rail Transport. MEET Project: Methodologies for 
Estimating Air Pollutant Emissions from Transport Deliverable No. 23 Contract No. ST-96-SC.204, Project funded by 
the European Commission under the Transport RTD programme of the 4th framework programme. 
2 Australia Greenhouse Office (AGO) (2003). The National GreenhouseGas Inventory Committee, Workbook 3.1 with 
Supplements. http://www.greenhouse.gov.au/challenge/tools/ workbook/factorsmethod_section2.html  
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in road traffic impacts on water quality.  The traditional method of considering 
road runoff as an indicator of the influence of roadway-related activities on 
urban stormwater quality is flawed.  This is because pollutants produced from 
roadway-related activities are distributed across the entire catchment, not only 
on road surfaces, through the processes of interception, dry deposition, 
translocation and resuspension.  A critical review by Tomerini (1997) has 
shown that the same pollutants emitted by the road and road traffic are found 
in urban stormwater runoff and receiving water bodies.  This indicates that 
transport activities are a contributing source to overall urban water quality 
pollutants.  The major pollutants in water bodies that are generated by 
roadway activities are Polycyclic Aromatic Hydrocarbons (PAHs) and the 
heavy metals: lead, zinc and copper (Peterson and Batley 1992).  These 
pollutants are a product of exhaust emissions, tyre wear, brake linings, motor 
parts, vehicle fuel and lubrication system losses, litter and spillage, and the 
wear of road surfaces 
 
A detailed account of the stormwater pollution process into the surrounding 
catchments is presented in Tomerini (1997) but, briefly, the process is as 
follows.  When a pollutant is discharged from motor vehicle it may initially be 
emitted to the atmosphere or deposited onto impervious or pervious surfaces.  
The pollutants in the atmosphere may fall and accumulate onto plants and 
buildings via interception processes or onto impervious and pervious surfaces 
through the mechanism of dry deposition.  These pollutants move between 
impervious and pervious surfaces via translocation processes, while 
resuspension processes also take place by the movement of pollutants from 
the catchment surfaces back to the atmosphere.  During a rainfall event, the 
pollutants that have accumulated in the atmosphere during the antecedent dry 
period may be washed out of the atmosphere via wet deposition.  Those that 
accumulated on surfaces throughout the catchment including the roadways are 
removed via runoff.  Those accumulated on unstable pervious surfaces may 
be removed via erosion.  The accumulated pollutants from all the above 
processes may all find their way into the receiving water bodies which is often 
a natural creek or stream.  This means that, overall, water quality impacts from 
road traffic result from runoff from the entire catchment.  It should also be 
noted that, in addition to the above processes, the pollutants may also undergo 
changes by chemical and biological processes.  The quantity and quality of the 
receiving water in the creek or stream also influence the final concentration 
and fate of pollutants. 
 
Given this complexity, no simple empirical relationship between transport 
sources and water pollution levels from transport exists.  However, TRAEMS 
uses a very unsophisticated model based on estimating the total traffic activity 
that occurs within each subcatchment of a study area, and indicating the 
relative water pollution potential in each subcatchment based only on traffic 
activity.  The water quality module uses: 

• the total vehicle kilometres travelled (VKT) on roadways within a 
catchment (or sub-catchment) as a surrogate measure of substance 
which may pollute water bodies; 

• the assumption that roadway emissions within a particular catchment 
will largely be washed off within that catchment; 
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• the notion that even if we are unable to predict absolute levels of 
stormwater pollution from roadways at present, that knowledge of the 
relative potential for traffic related water pollution of different catchments 
is useful.  The output is a relative pollutant load in the receiving water 
bodies.  This variable is referred to as the Relative Potential Pollution 
load (RPP). 

 
The output from TRAEMS is displayed as RPP (a relative variable) across all 
subcatchments in the study area. 
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