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Executive Summary 

Australia is committed to taking actions for reducing the carbon footprint to 43% of 2005 

performance by 2030 and aims to ensure emissions are equal to the amount removed from the 

atmosphere in 2050 [1]. While significant attempts are being made to limit output levels of 

greenhouse gas in the transport sector, emissions remain a major concern for transporters, 

investors, customers, consumers, and governments alike. Many studies have been conducted 

to determine the factors and methods that influence the calculation of carbon emissions in the 

transportation sector. However, these studies are constrained to the national or state levels.  

The current work will bridge this gap by conducting a total emission methodology in freight 

transport under a business-as-usual (BAU) scenario based on the activity projection and 

emission intensity projection. This study analyses data from 2001-2020 (net tonne-kilometre, 

population growth, per capita income levels, road freight costs and average load carried) and 

focuses on different various geographic regions across Australia and targets freight vehicles. 

The findings of this project help regulators understand the factors that influence the growth of 

total emissions. As a result, policymakers can evaluate the effectiveness of regulations in each 

region across the state. They can optimize the implementation of policies to reduce emissions 

thoroughly. Various recommendations are proposed to help develop this methodology further 

to achieve more accurate results in evaluating the effectiveness of policies.  
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1. Introduction 

1.1 Background 

The freight transport sector today remains one of the economic engines that drives commerce 

in Australia and sustains employment for over a million people [2]. Around 4 billion tonnes of 

goods are being delivered across the country yearly, an estimate of 163 tonnes of freight per 

each person [3]. Considering the country’s size, population spread and economic factors – 

domestic freight is a critical sector, that the country heavily relies upon. In 2020-2021, 

according to Australian Bureau of Statistics (ABS) [2], the total transport activity contributed 

7.9% ($164.4 billion) to the century’s GDP.  

Despite the substantial figures, the freight task is expected to continue increasing and double 

by 2030. With the rising demand on transportation systems, more government and industry 

attention are being focused on growing environmental impacts that freight transport brings [4]. 

As a well-known fact - greenhouse gas emissions pose a global challenge, where Australia is 

accountable for around 1% of the total world emissions [5]. The Quarterly Update of Australia’s 

National Greenhouse Gas Inventory for March 2024 shows that 440.2 million tonnes of carbon 

dioxide equivalent (Mt CO2) were emitted over a year [6]. The transportation industry stands 

as one of the top factors in Australia impacting greenhouse gas emissions - 21% of total in the 

country, of which 42% come from freight transport, including Light Commercial Vehicle, Rigid 

Truck and Articulated Truck [7], additional 42% from passenger cars, 4% from rail transport 

and 12% from other sources. In fact, rail transportation produces 16 times less carbon pollution 

per tonne kilometre than road freight, displaying the need for refinements in the road freight 

sector. 

The Australian Government has implemented a significant number of policies to reduce 

emissions. The New Vehicle Efficiency Standard was introduced in January 2025 to regulate 

carbon dioxide emissions from new vehicles in Australia [8]. Additionally, Australian fuel 

quality is regulated to limit the use of poor-quality fuels that affect the environment and damage 

the life of vehicles [8] 

Despite various efforts, Australia’s emissions are 28% below 2005 in 2024 [9]. To achieve Net 

Zero by 2050, the Australian Government must consider the performance of existing policies 

and evaluate their effectiveness to ensure that the target is achieved as planned [10]. 



1.2 Literature Review  

Since the 2015 Paris Agreement, there has been a global surge in research efforts aimed at 

achieving Net-Zero emissions by 2050, including Australia. The focus to solve this challenge 

has never been stronger, bringing more researchers, innovators and policymakers together join 

the effort each year. 

An important work in the field is the “Australian aggregate freight forecasts – 2022 update” by 

the Bureau of Infrastructure and Transport Research Economics (BITRE). The update provides 

a deep analysis into latest trends and estimates of Australia’s freight dynamic for the previous 

and next decades across major transport sectors (air freight, rail freight, road freight, etc). 

Focusing on the Road Freight, the largest contributor of CO2 emissions in the transport sector 

[11], BITRE has developed a single-equation econometric model for forecasting the national 

road freight activity. The model uses a log-linear regression to estimate the relationship 

between road freight task (road freight per capita measured in tonne-kilometres) and key 

economic factors, with primary being the Road Freight Costs and Australia’s per capita real 

Gross National Income (GNI). The method helps capture how changes in economic conditions 

influence freight activity across the country by the Equation 1: 

𝐹𝑟𝑒𝑖𝑔ℎ𝑡	𝑃𝑒𝑟	𝐶𝑎𝑝𝑖𝑡𝑎 = 	−18290.8 + 7525.865 ∗ 𝑙𝑜𝑔(𝐺𝑁𝐼	𝑃𝑒𝑟	𝐶𝑎𝑝𝑖𝑡𝑎) − 2157.340 ∗

𝑙𝑜𝑔(𝐹𝑟𝑒𝑖𝑔ℎ𝑡	𝑅𝑎𝑡𝑒) − 612.551 ∗ 𝐷!"#$%&' − 203.953 ∗ 𝐷())( − 207.555 ∗ 𝐷'*+,- + 𝜀  

Australia’s historic data was used to fit the model and achieve the Equation 1.  The visualization 

of the historical and projected road freight activity in Australia are displayed as a line chart on 

Figure 1. According to BITRE, 241.8 billion tonne-kilometres of freight was transported by 

road in 2022-2023, aligning with BITRE’s projections, which generally indicate a consistent 

upward trend in road freight activity [12]. 



 

Figure 1. Estimated Freight Per Capita dynamics over the timeline of 1970-2020 and forecast 

for years 2021-2050. Source: “Australian aggregate freight forecasts – 2022 update” by the 

Bureau of Infrastructure and Transport Research Economics [11] 

According to Australia's Emissions Projections Methodology, the activity projection will be 

integrated with an emission intensity projection to project total emissions [13]. 

While the report offers in-depth research, including insights and projections, for the road freight 

sector, there are gaps yet to be addressed. In addition, the emission projection accounts for 

national level data and estimates only. The deviation for important factors such as vehicle types, 

states and regional urbanization levels are left out. 

Each state region has unique characteristics and requires different policies to be implemented. 

According to National Heavy Vehicle Regulator, there are many differences in the dangers of 

travelling on rural and regional roads, such as speed limits or environmental differences [14]. 

Firstly, the maximum speed limit in rural areas in the Western Australia is 110 km/h, while in 

densely populated areas, the maximum speed limit is 50 km/h [15]. In addition, regional areas 

will have more environmental challenges, such as animals or visual obstructions, which can 

cause traffic accidents. These differences need to be considered when developing policies for 

individual regions. As a result, regulations cannot take a one-size-fits-all approach to Australia; 

the government should focus on different geographic levels across state to maximize the 

benefits of the regulations [16]. 



Currently, The Australian Truck Association (ATA) has a package of feasible measures to 

support freight transport to reduce greenhouse gas emissions. This project will help research 

and identify existing methods to build a model to assist ATA in evaluating the performance 

levels of the measures for a business-as-usual scenario. These assessments will help evaluate 

emissions under varying scenarios to identify which action or policy applications have a better 

outcome and will assist in reducing CO2 emissions at different levels within the state. This 

improvement will help ATA capture precise changes in transport activities and understand how 

different areas will contribute to emissions at regional levels.  

The work focuses on all Australian states and territories with the following breakdown: Capital 

Cities, Other Urban Areas, Other Areas, Total Interstate. Considering time constraints, aims 

and focus of the project only Light Commercial Vehicles, Rigid Trucks and Articulated Truck 

Types are selected for modelling.  

2. Data and Methodology 

This section outlines the methodology and data sources used to estimate the total emissions in 

the freight transport industry. The methodology involves activity projection and emission 

intensity projection. Activity projection highlights the demand for freight tasks, which depend 

on economic factors, including per capita income levels, population growth, road freight cost 

and average load carried. Additionally, a fundamental estimate is built to project the emission 

intensity. By understanding the relationship between these components, policymakers can 

explore the potential measures and, ultimately, the existing policies to reduce emissions in road 

transport. The relationship between the projection variables is illustrated in Figure 2.  In the 

following sections, a detailed analysis of each variable is provided. The discussion covers the 

data sources used for variable collection, challenges in data processing, including missing 

values or unavailable data, and the methods for building total emissions projection. 



Figure 2. Flowchart of methodology for total emission in freight transport 
2.1.1 Activity Projection 

Freight activity forecasts were based on the analysis by the Bureau of Infrastructure and 

Transport Research Economics (BITRE) (2022) [17]. The road freight activity of BITRE is 

modelled as a single-equation econometric model related to road freight task, which depends 

on domestic economic activity and road freight cost [11]. By further studies a road freight 

forecasting model was assembled to represent freight activity affected by future population 

growth, per capita income levels and freight costs [18]. A log-linear regression was selected to 

model the total emissions estimates due to its ability to capture exponential growth. The 

approach accounts for different vehicle types across urban regions for all states.  For each unit 

increase in the independent variable, Net Tonne-Kilometres (NTK) increases by a factor that is 

displayed in the log-linear Equation 2:  

𝐿𝑜𝑔(𝑁𝑇𝐾)	~	𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛	𝐺𝑟𝑜𝑤𝑡ℎ + 	𝑃𝑒𝑟	𝐶𝑎𝑝𝑖𝑡𝑎	𝐼𝑛𝑐𝑜𝑚𝑒	𝐿𝑒𝑣𝑒𝑙𝑠 + 	𝑅𝑜𝑎𝑑	𝐹𝑟𝑒𝑖𝑔ℎ𝑡	𝐶𝑜𝑠𝑡 



Following that, the value of Activity Projection( Vehicle Kilometers Traveled ) is calculated by 

dividing the NTK by the Average Load carried, as expressed in Equation 3: 

𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦	𝑃𝑟𝑜𝑗𝑒𝑐𝑡𝑖𝑜𝑛	 =
𝑁𝑇𝐾

𝐴𝑣𝑒𝑟𝑎𝑔𝑒	𝐿𝑜𝑎𝑑	𝐶𝑎𝑟𝑟𝑖𝑒𝑑 

2.1.2 Emission Intensity Projection  

The emissions intensity of each segment is assumed to improve by 0.5% per year [17], applying 

the Equation 4:  

𝑃𝑟𝑜𝑗𝑒𝑐𝑡𝑒𝑑	𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛	𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦	(𝑌𝑒𝑎𝑟)

= 𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒	𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛	𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦	𝑥	(1 − 0.005)./01# 

2.2 Data Preparation and Processing 

All data used are obtained from various sources of Australian Bureau Statistics (ABS) to ensure 

data reliability and future reusability; data sources are elaborated upon in the following 

sections. The time frame of the analysis was years 2001 to 2020, using the following key 

datasets: 

• Net Tonne-Kilometre (NTK): Survey of Motor Vehicle Use, ABS 

• Average Load Carried: Survey of Motor Vehicle Use, ABS 

• Total Population: Estimated Resident Population, ABS 

• Total Income: Estimates of Personal Income for Small Areas, ABS 

• Deflation Rate for Road Freight Cost: Producer Price Indexes, Australia, ABS 

 

2.2.1. Net Tonne-Kilometre 

Net tonne-kilometres are taken from the Survey of Motor Vehicle Use of the Australian Bureau 

of Statistics. The unit of measurement for NTK is million tonne-kilometres. The survey was 

not conducted consecutively, and the approach was adjusted over time. Therefore, there are 

some missing data and data are not separated into the desired categories. From 2010 to 2020, 

the survey was conducted every two years, which resulted in missing data in odd years. From 

2001 to 2009, the survey was conducted every year, but data from the years 2008 and 2009 

were missing. An example of missing value throughout the year across all regions from New 

South Wales (NSW) with Rigid Truck is shown in Figure 3.  

 



 

Figure 3. Missing values in net tonne-kilometre trends of rigid trucks by region in NSW 

The values for the years 2012-2020 for all vehicle type across every region is filled using 

interpolation. Following that, interpolation is also applied to the total tonne-kilometre of three 

types of vehicles in the states for 2001-2011 to estimate the missing data. Based on data 

obtained from 2012-2020, the average rate per vehicle across all regions was calculated to then 

be multiplied by the total ton-kilometer in 2001-2011.The resulting values are an estimated 

NTK for each region and vehicle type during the missing years. Continuing with the example 

in Figure 3, after filling in the missing values, Figure 4 presents an example of NTK’s 

completed dataset of Rigid Truck across all NSW regions.  



 

Figure 4.  Net tonne-kilometre rigid truck by regions in NSW after imputation 

2.2.2 Population Growth  

Population data are taken from ABS and filtered based on Table 1 (Appendix) to analyse data 

on required areas. The unit of measurement for Population Growth is person. The urban area 

is divided based on the Australian Standard Geographical Classification (ASGC) 1996.  Urban 

areas are defined as areas or clusters of collection districts and other urban areas with a 

population greater than 40,000 based on the 1996 Population Census [19]. After that, the 

population in other areas is calculated by taking that state’s total minus the capital city and 

other urban areas. The data are available from 2001 to 2020 [19].  

Since Population Growth is not available in the required regions, after collecting the total 

population of the regions across the states, nominal population growth is calculated using the 

Equation 5:  

𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛	𝐺𝑟𝑜𝑤𝑡ℎ	𝑖𝑛	𝑌𝑒𝑎𝑟	𝑡

= 𝑇𝑜𝑡𝑎𝑙	𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛	𝑖𝑛	𝑌𝑒𝑎𝑟	𝑡 − 	𝑇𝑜𝑡𝑎𝑙	𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛	𝑖𝑛	𝑌𝑒𝑎𝑟	(𝑡 − 1)	 

An example of the population growth of New South Wales breakdown by region is shown in 

Figure 5.



Figure 5. Population Growth in NSW by Geographic Level Over Time 

 

2.2.3. Per capita Income Levels  

Per capita income levels is the average income per person in specific areas within the states. 

The unit of measurement for Per capita Income Levels is AUD/person. Data on per capita 

income level are not available from government data sources. Therefore, this variable is 

etatized by the sources available from the government using the Equation 6:  

𝑃𝑒𝑟	𝐶𝑎𝑝𝑖𝑡𝑎	𝐼𝑛𝑐𝑜𝑚𝑒	𝐿𝑒𝑣𝑒𝑙𝑠 = 	
𝑇𝑜𝑡𝑎𝑙	𝐼𝑛𝑐𝑜𝑚𝑒

𝑇𝑜𝑡𝑎𝑙	𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 

To collect income data for regions, these data are filtered by regions in Table 1 (Appendix). An 

example of the per capita income levels breakdown by region is shown in Figure 6. 

 

Figure 6. Per capita income levels in NSW by pegions over time 



 

2.2.4. Road Freight Cost 

Road Freight Cost uses the Vehicle Operating Cost (VOC) formula from TfNSW Economic 

Advisory [20].  The unit of measurement for road freight cost is cents/km. With the start - stop 

formula applied to calculate the cost for the urban area, as shown in Equation 7: 

							𝑐 = 𝐴	 + 2
+
+ 𝐷 × 34

+
+ 𝐸 [20] 

The freeway formula is used to calculate the cost for the rural area, as shown in Equation 8: 

𝑐 = 𝐶4	 + 𝐶( × 𝑉 + 𝐶6 × 𝑉6 + 𝐷 + 𝐸[20] 

In these two formulas, c represents VOC and A, B, C1, C2, C3, D and E are model coefficients, 

which are given in the Table 2 (Appendix). The speed of densely populated urban areas is 

assumed to be 40km/h, while the speed for rural areas is allowed to run at a high speed of 

90km/h. Since VOC is applied to each specific vehicle, all vehicles are calculated and then the 

values of these values are averaged for the vehicles. The values calculated by this formula 

correspond to VOC 2021 because the coefficients are estimated according to 2021 prices. To 

estimate the value in 2001-2020, the deflation rate was calculated from Producer Price Indexes 

under Transport, which reflect the price change in the transport industry, as shown in Equation 

9:   

𝐷𝑒𝑓𝑙𝑎𝑡𝑖𝑜𝑛	𝑅𝑎𝑡𝑒	(%) =
(𝐼𝑛𝑑𝑒𝑥	𝑣𝑎𝑙𝑢𝑒	(𝑌𝑒𝑎𝑟	2) − 𝐼𝑛𝑑𝑒𝑥	𝑣𝑎𝑙𝑢𝑒	(𝑌𝑒𝑎𝑟	1)	

𝐼𝑛	𝑑𝑒𝑥	𝑣𝑎𝑙𝑢𝑒	(𝑌𝑒𝑎𝑟	1)  

The deflation rate is then multiplied by the 2021 VOC value to calculate the value of road 

freight costs from 2001 to 2021. An example of the breakdown of road freight costs by freight 

vehicle type and area is shown in Figure 7.  



 

Figure 7. Road freight cost of freight vehicles in urban and rural areas over time 

2.2.5 Average Load Carried 

Average Load Carried is taken from the Survey of Motor Vehicle Use. The unit of measurement 

for Average Load Carried is tonne. However, this value is only available for each freight 

vehicle's total average load carried by the state. To address this problem, the approach uses the 

relevant values broken down into required regions to calculate the value of the Average Load 

Carried, calculated by the Equation 10: 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒	𝐿𝑜𝑎𝑑	𝐶𝑎𝑟𝑟𝑖𝑒𝑑 = 	
𝐴𝑣𝑒𝑟𝑎𝑔𝑒	𝑇𝑜𝑛𝑛𝑒 − 𝐾𝑖𝑙𝑜𝑚𝑒𝑡𝑟𝑒𝑠
𝐴𝑣𝑒𝑟𝑎𝑔𝑒	𝐾𝑖𝑙𝑜𝑚𝑒𝑡𝑟𝑒	𝑇𝑟𝑎𝑣𝑒𝑙𝑙𝑒𝑑 

An example of average load carried by rigid truck in NSW by regions over time after 

calculation as illustrated in Figure 8.  



 

Figure 8. Average load carried by rigid truck in NSW by regions over time 

3. Results and Analysis 

This section will focus on analysing the NTK results because the projection of this variable 

requires a regression model. In contrast, the calculations of other variables, such as the average 

load carried or the emission intensity, follow a straightforward calculation project using 

formulas. 

3.1 Fitness 

An adjusted R-square is used to evaluate the performance of the model. It measures the amount 

of variation in the response variable that can be explained by our predicting variables. The 

higher the adjusted R-squared value, the better the model performs. As shown in Figure 9, most 

models with high adjusted R-Square are articulated trucks and rigid trucks. This shows that the 

model performance for articulated trucks and rigid trucks is better than for light commercial 

vehicles. In addition, it shows that the models work better in Western Australia, Victoria, South 

Australia, and Queensland than in other states. 

Different economic drivers influence freight activity in each state since the relationship 

between variables and designers varies across states. Understanding the relationship will 

benefit the organization when adjusting policies to fit states. Another performance metric used 



is p-value. When p-value is < 0.05, it indicates that independent variables significantly 

influence response variables. Per Capita Income Level has a stronger influence in Victoria and 

South Australia, while Road Freight Cost plays a bigger role in Queensland and Western 

Australia. In New South Wales, Northern Territory and Tasmania, Population Growth is the 

most significant factor, as shown in Figure 10. 

 

Figure 9. Number of models with high adjusted 𝑅6 (>0.7) across vehicle types and states 

 

Figure 10. Distribution of statistically significant variables (p < 0.05) by state 



3.1.2. Difference between models including and excluding the Road Freight Cost 

The importance of Road Freight Cost is questioned as to whether it affects the freight task. 

Therefore, two models are compared to find the results using ANOVA function. The 

performance metrics used are p-value and F-value. When the p-value is < 0.05, this explains 

that Road Freight cost significantly impacts the improvement of freight tasks. The F-value 

shows whether the additional variable has improved the model fit. Therefore, the higher the F-

value, the better the model fit when Road Freight Cost is included. 

Overall, the performance of the freight task model with road freight cost and without road 

freight cost shows comparable performance. However, the freight task model with road freight 

cost shows a statistically significant improvement in some areas. 

The most significant improvement when adding road freight cost is the articulated trucks in 

Western Australia and Queensland rural areas, where F-values are greater than 80 and 38, 

respectively. This indicates that Road Freight Cost has a large influence on the development of 

freight tasks in this area. In contrast, Tasmania and South Australia, New South Wales, 

Northern Territory and Victoria have small F-values, ranging from 4.6 to 11.2, as shown in 

Figure 11. This shows that road freight cost has a moderate influence on these areas. 



 

Figure 11. ANOVA Results: Significant factors by state, vehicle type, and area 

3.2. Model Outcome 

The project presents a data-driven approach using regression models to project freight transport 

emissions under a business-as-usual scenario. This approach is intended to assist policymakers 

in assessing the effectiveness of existing measurements based on key metrics, including 

population growth, economic changes, freight rates, average load carried and emissions 

intensity. Policymakers can utilize the model by selecting the desired model attributes and 

corresponding weights, available in the Excel file provided in the Final Submission folder. 

Attribute selection options include: 

• State: Choose from six states and two territories. 

• Region Type: Select from five categories: 

o Capital City 

o Other Urban Areas 

o Other Areas 

o Total Intrastate 



o Australia 

• Vehicle Type: Choose from three categories: 

o Light Commercial Vehicles 

o Rigid Trucks 

o Articulated Trucks 

The right part of the equation combines model weights and three input variables. An example 

of project NTK in New South Wales with Rigid Truck in Other Areas is illustrated as Equation 

10:   

𝐿𝑜𝑔(𝑁𝑇𝐾) = 8.11𝐸 + (2.84𝐸 − 5) × 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛𝐺𝑟𝑜𝑤𝑡ℎ

+ (2.97𝐸 − 5) × 𝑃𝑒𝑟	𝐶𝑎𝑝𝑖𝑡𝑎	𝐼𝑛𝑐𝑜𝑚𝑒	𝐿𝑒𝑣𝑒𝑙𝑠	

+ (−2.79𝐸 − 2) × 𝑅𝑜𝑎𝑑	𝐹𝑟𝑒𝑖𝑔ℎ𝑡	𝐶𝑜𝑠𝑡 

To calculate total emissions in 2030, users must collect input data on vehicle types and specific 

regions within the state for which they want to make projections, including Population Growth, 

Per Capita Income Level, and Estimated Road Transport Cost of the target year. Next, these 

values will be inserted in their placeholders to obtain the estimate the NTK value in 2030. The 

projected NTK value will be divided with the average load carried value in 2030 to project the 

activity for that year. Subsequently, the activity project value will be multiplied by the emission 

intensity projection of the target year to calculate the final value of total emission. 

4. Conclusion and Recommendation 

4.1 Conclusion 

While Australia has taken action to reduce greenhouse gas emissions, it remains a significant 

issue, with a growth of 0.8% between 2022 and 2023 [5]. The freight industry understands 

implicitly that it needs to implement revolutionary changes and highly efficient policies to 

achieve the net zero emissions target by 2050. 

In acknowledging this need, this report has provided policymakers with a new, detailed view 

of freight demands at various levels of regions across Australia. The effective total emissions 

formula includes important causes of emissions increases during freight transport. A freight 

activity projection model is built based on a business-as-usual scenario with a target on freight 

vehicles, including light commercial vehicles, rigid trucks and articulated trucks. Additionally, 

the fundamental formula for calculating the emission intensity is also provided.  



One of the model's important findings is to find out the different levels of influence of economic 

factors in the states, helping policymakers make better adaptation decisions for each region to 

achieve high efficiency. Another crucial finding is that the model used to project Net Tonne-

Kilometre works better for Rigid Truck and Articulated Truck in South Australia, Victoria, 

Queensland and Western Australia.  

4.2 Potential Model Enhancements 

The original model was built to project emissions in transport at the state level only. However, 

the current model used in this study constructed freight tasks across regions, states, and vehicle 

types. Therefore, the current variables might not provide a complete understanding of the 

freight activity of the regions. Several areas can be improved to increase the accuracy for all 

regions and vehicle types.  

First, adding more factors and observations are recommended for models with low adjusted R-

square to better explain freight tasks in these regions. The added variables will help to explain 

more with the evolution of freight tasks in the regions. Additionally, due to the limitations of 

existing current data, the analysis of the project is only from 2001-2020 with an acknowledged 

amount of missing data, the model might not capture all the trends. It would be better to have 

more historic data to capture the complex representation that the current model might missing. 

Next, the suggested Road Freight Cost calculation method should try the value provided by the 

Operator Cost Model from the National Transport Commission for Rigid and Articulated 

Trucks in 2020 and then also apply the deflation rate from the Produce Price Indexes to 

calculate the road freight cost value for previous years. Performing this calculation method 

helps to compare the performance between the two to see whether the model with the new 

Road Freight Cost value performs better than the Road Freight Cost value currently in use. 

Currently, the emission intensity projection method is based on only 0.5% annual growth based 

on baseline emission intensity. This calculation also does not clearly show the influence of 

factors on emission intensity. Therefore, this project recommends building a detailed model 

that shows the influence of fuel factors on emission intensity. This method helps to understand 

the importance of different factors affecting emission intensity and provides a more 

comprehensive view of emission.  

Another recommendation for developing a better model is to use different techniques to find 

missing values. The Average Load Carrying and NTK datasets have more than 50% missing 



data for regions. Therefore, trying different methods will help to check which dataset values 

provide a more accurate model. The suggested method is machine learning techniques, 

including K-Nearest Neighbors Imputation or Time Series Forecasting. 

On the other hand, regarding the economic components that affect the freight transport task, 

BITRE mentioned using either per capita income or per capita GDP. In this project, per capita 

income was used, so in the future, per capita GDP is proposed to evaluate the impact on the 

model. 

In 2017, approximately 32% of Australia's total tonne-kilometres were for interstate freight 

movements [21]. Therefore, when one state's economy in Australia is affected, it will also affect 

the freight tasks of other states. Therefore, state-to-state freight task projection is 

recommended. Applying this approach can fill the gap of missing data, capture state-specific 

trends, and increase the model's reliability. 

5. Closure Activities 

5.1 Project Documentation  

The output of this project includes eight datasets, five programming files, one coefficient 

models in Excel, one presentation slide and one report. These components are saved in Final 

Emission at channel WRF3- BAU Model Road Freight Transport Emission. 
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Appendix  

A.1 Methodology for Total Emission in Transport Industry 

 

Figure 1. Flowchart of Methodology for Total Emission in Freight Transport 

A.2. The division of regional areas within Australia 

State/Territory Capital City Other Urban Areas Other Areas 

New South Wales Sydney Newcastle, Lake Macquarie, Port 

Stephens, Wollongong, Kiama, Bathurst-

Orange, Maitland, Albury (excluding 

Wodonga), Hume, Wagga Wagga, 

Tweed Heads (excluding Gold Coast), 

Queanbeyan (excluding Canberra ACT), 

Coffs Harbour, Tamworth, Shellharbour, 

Cessnock, Nelson Bay. 

 

Remaining Areas 

Victoria Melbourne Geelong, Ballarat, Bendigo, Wodonga 

(excluding Albury), Shepparton, La 

Trobe Valley and Mildura. 

Remaining Areas 



 

Table 1. Australian Standard Geographical Classification (ASGC) 1996 

A.3. Road Freight Cost  

 

Table 2. VOC model coefficients for stop-start and free-flow models (cents per km), $2021 

 

Queensland Brisbane The Sunshine Coast, Bundaberg, Hervey 

Bay, Rockhampton, Mackay, Townsville, 

Cairns, Gold Coast (excluding Tweed 

Heads), and Toowoomba. 

Remaining Areas 

Western Australia Perth Mandurah, Bunbury and Rockingham. Remaining Areas 

Tasmania Hobart Launceston, Burnie, Devonport, 

Wynyard and Latrobe. 

Remaining Areas 

South Australia Adelaide N/A Remaining Areas 

Northern Territory Darwin N/A Remaining Areas 

Australian Capital Territory Canberra N/A Remaining Areas 


