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Abstract 

For engineers and designers of critical stormwater infrastructure, peak design discharge must be appropriately 

modelled in order to ensure safety to person and property is upheld respectively. As it is now widely accepted 

that climate change is attributable to the actions of humans, the prevalence and intensity of rainfall impacts 

from these actions needs to be quantified in efforts to mitigate the associated risks and implications to existing 

and the future planning of stormwater  infrastructure. 

 

Traditional urban stormwater methodology broadly does not currently account for the unprecedented impacts 

of climate change.  This research will seek to fill this gap providing a comparative analysis of peak design 

discharge (Q) using the rational method with and without climate change factors for a range of plausible 

scenarios. Completion of the research aims to understand the difference in peak design discharge Q for 

respective Annual Exceedance Probability (AEP) events and climate change scenarios to promote resilience 

in the future proofing of urban drainage systems. In doing so, this project will seek to understand and guide 

how climate change considerations will influence stormwater infrastructure requirements and the spill over 

effects onto Council budgets. 

 

A series of model iterations were run for the nominated project site on an unmitigated urban catchment within 

the Logan City Local Government Area (LGA). Varying AEP rainfall events centred on specific planning 

design horizons using scaling factors derived from applicable emissions trajectories of Representative 

Concentration Pathway (RCP) 4.5 and 8.5 were applied. This work is guided by Book 1 of the Australian 

Rainfall and Runoff 2019 (ARR) and its approach to address the risks of climate change. Q values derived 

from modelled scenarios allow for drainage infrastructure requirements to be realised with cost comparisons 

for each outcome presented. 

 

The outcomes from the modelling conducted indicated relatively minor changes in the short term and a large 

impact over the longer term.  Specifically, when considering differences between the RCP 4.5 and RCP 8.5 

scenarios, the effect on peak design discharge was observed as a function of increased rainfall intensity. These 

observed differences are attributable to the increased rainfall intensity as projected by RCPs as influenced by 

temperature variations as a result of climate change. The impact on infrastructure was realised and appeared 

negligible under most design scenarios however noting the outlier of the 2090 1% AEP event under RCP 8.5, 

which indicated a significant increase in costs associated with the additional infrastructure requirements. 

Nevertheless, on balance, RCP 4.5 was proved to be the optimal choice for Local Councils.  

 

It is hoped that this research and its findings could be extended to apply to LGAs beyond Logan City to assist 

and guide stormwater infrastructure programs to ensure sufficient budgetary adjustments are accounted for in 

the forward planning for respective design horizons and inform policy decision making. 
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Chapter 1 – Introduction 

The role of urban stormwater management historically is best understood as a design process employed to 

transport stormwater (Coombes & Roso 2019). Objectives of the urban drainage system are to remove nuisance 

water in lower order or minor rainfall events, and to protect dwellings and properties from flood water and 

potential damage in major rainfall events (Coombes & Roso 2019). Management of this stormwater runoff has 

conventionally been completed through the use of a networked pipe and channel system with the intention of 

shifting flows from a respective site to a receiving environment as quickly and safely as possible (Coombes & 

Roso 2019). Compounding on this is the consideration for additional environmental factors specifically climate 

change for which Bates et al. (2015) discusses having heavy impacts on rainfall intensity.    

 

1.1 Background and problem  

1.1.1 Temperature trends 

It is now well established that climate change is attributable to the actions of humans. However, while it is 

broadly accepted that climate change is unavoidable, uncertainty remains around how fast and on what scale 

the impacts of climate change will be experienced. Since the pre-industrial period, global temperatures have 

been increasing at an alarming rate. This point is highlighted in figure 1 below. 

 

 

Figure 1 Global temperature anomaly increase since pre-industrial period (NASA Earth Observatory 2023) 

Burton and Dredge (2007) note that there is growing support for the position that to prevent runaway positive 

feedback mechanisms, by 2050 global warming must be contained between 2oC – 2.4oC above pre-industrial 

levels. As global mean surface temperatures increase, over wet tropical regions and most mid-latitude land 

masses, heavy rainfall events, being those over the 95th or 99th percentile of daily rainfall, will be very likely 

to become more frequent and more intense at the turn of the century (Bates et al. 2015).  At the top of the list, 

the relationship between rainfall Intensity-Frequency-Duration (IFD) is the most likely to be impacted by 
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Figure 2 Emissions projections (Coast Adapt 2016) 

 

RCPs provide more detailed and better standardised and consistent greenhouse gas concentration inputs for 

running climate models than those provided by any previous scenario sets. This is because the RCP scenarios 

explicitly explore the impact of different climate policies to assist in meeting long-term climate goals.  

 

However, in the context of drainage requirements, while application of a specific RCP can be justified by 

generally supporting documentation and guidelines for an impact assessment, interpreting what should be used 

in practice is not so easy to accomplish. For example, in the context of planning scheme development in 

particular, where a developer will be called upon to design to a specific criterion for development approval, 

the decision-making process on which RCP to adopt cannot be left open to interpretation. RCP adoption needs 

to be reflective of a broader Council strategy to combat climate change. 

 

Given the possible variance in increased rainfall intensity, it is imperative to understand how this impacts 

stormwater infrastructure. Ennesser and Ray (2011) argue that all road infrastructures are directly impacted by 

extreme climate events. The authors suggest that while economic consequences are most often observed, safety 

is also a primary concern. They contend that with a changing climate comes an increased vulnerability when 

exposed to these events. While design events are known and documented in specifying what return occurrence 

should be applied in the design of minor and major stormwater systems, there is little to prescriptively guide 

LGAs on how RCPs should be applied. As RCPs directly impact on projected increased rainfall intensity there 

is a need for this to be factored in the design phase to understand the impact this has on stormwater 

infrastructure requirements and their associated costs. 

 

To understand the volume of water these urban drainage systems are expected disperse, and the infrastructure 

required to do so, it is first necessary to apply an appropriate methodology to understand relationships between 

the characteristics of a given catchment and a nominated rainfall input to convert run-off into an estimated 

peak flow (Hicks, Gray & Ball 2009). Although having its limitations, the most popular and commonly adopted 

method used to determine peak flow is the rational method (Goyen, Phillips & Pathiraja 2014). The method is 
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used extensively and considered standard practice in Australia (French 2002) with its use extended throughout 

State and LGAs. 

 

This project seeks to address this problem of RCP uncertainty by providing guidance on the application of 

RCP pathways through use of the rational mehtod to understand peak design discharge. There is clearly 

appetite for the application of this research as according to the ALGA (2022), local authorities are acutely 

aware of the significant threat posed by climate change to their community’s natural environment, economy 

and wellbeing. Further, LGAs have been faced with declining federal funding since the 1980’s (ALGA 2022). 

It is anticipated that this research will identify budget adjustments that may be required in responding to the 

challenges of climate change that these communities are facing.   

 

1.2 Project Outline 

1.2.1 Project Aim 

The project aim is to undertake a comparative analysis of peak design discharge in unmitigated urban 

catchments with and without the inclusion of climate change factors for LGAs to consider and adopt in practice 

to guide planning scheme policy. The results of this assessment can be used to better understand potential 

implications for infrastructure expenditure and the impacts to capital works program budgets. 

 

1.2.2 Project Objectives 

The proposed project objectives will look to achieve the following: 

• Understanding of the impacts climate change has on peak design discharge 

• Identify which rainfall scaling approach leads to greater rainfall 

• Determine infrastructure requirements and address cost implications 

 

1.2.3 Project Justification 

Understanding peak discharge is a critical component in the stormwater design process. Discharge volumes 

are paramount and are used to govern and quantify appropriate sizing of drainage infrastructure to adequately 

convey stormwater runoff. As a consequence, inaccurate discharge estimates may result in stormwater 

networks potentially being either under or over designed and lead to excessive expenditure on infrastructure 

impacting on frugal Council budgets. Engineers and designers are tasked with the design of urban stormwater 

systems to ensure safety to person and property is upheld (IPWEAQa 2017).  

 

Bates et al. (2015) discuss the impact of rainfall intensity for varying AEP events, a critical component for 

estimating peak design discharge. This compounds the responsibility engineers and designers of stormwater 

infrastructure given the additional environmental factors that need to be considered. The prevalence and 

projected intensity of rainfall impacts need to be quantified to mitigate the associated risks and assess 
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implications to stormwater infrastructure costs. While it is important to plan and accommodate for climate 

change, at the same time it is important not to be too conservative so as to not place infrastructure that caters 

for unlikely scenarios. With increases in rainfall contributing to significant impacts to future project capital 

costs and longer-term maintenance programs, the potential risks and costs cannot be disregarded. Where 

climate change exposure is projected to be medium to high, failure to account for hazards as a result can in 

turn lead to poor decision making (Ball et al 2019). 

 

Burton and Dredge (2017) hold a position that local governments play a key role and are paramount in shifting 

rhetoric climate change support and acceptance into action by way of implementing scientific research into 

their planning schemes that guide development for which up until this point is vague and nonprescriptive. 

Discussed further in Chapter 2 and identified as a gap in the knowledge is the lack of direction available 

specifically to LGAs to prescriptively guide a climate strategy with respect to projections in increased rainfall 

heavily influenced by emission projections categorised as RCPs. 

 

It is anticipated that when modelling has been completed for this research, differences between respective 

RCPs and design events will be conclusive in which to formulate a narrative on the direction on which Councils 

should follow with respect to climate change considerations. This will guide how climate change 

considerations influence stormwater infrastructure requirements, promote resilience in the future proofing of 

urban drainage systems and assist Councils to understand the spill over effects on their budgets.  

 

1.3 Challenges for Local Government Areas 

The science of climate change in constantly changing with advice updated frequently (Babister et al. 2016). 

As an example, one of the challenges for Councils is selecting a particular temperature window with the 

frequency in which data is being updated. For example, Bates et al. (2015) reports on a 2010 study completed 

by the Queensland Government that predicts scaled temperature increases for application that include 2°C by 

2050 and 3°C by 2070. Comparatively, interim climate change factors retrieved from the ARR Datahub in 

2023 indicate temperature increases of 1.3°C and 1.7°C under an RCP 4.5 scenario  and 1.7°C and 2.7°C under 

the RCP 8.5 scenario respectively. While the above provides some context that climate change is tangible and 

that its associated factors need to be constantly considered, sourcing prescriptive information on RCPs, and 

how to apply them can prove difficult. 

 

In addition to the application of climate change factors, the challenge for Councils is exacerbated by 

constrained budgets in which to allocate their resources to implement climate adaption and mitigation 

strategies. Over the past three decades, assistance provided to local governments in the form of Financial 

Assistance Grants declined to around 0.55 percent from one percent of Commonwealth taxation revenue 

(ALGA 2022). Councils have no direct mechanism to raise funds for infrastructure such as road and drainage 

construction, and collect just 3.5 percent of Australia’s taxable revenue (ALGA 2022). Nevertheless, Councils 

are responsible for providing and maintaining this infrastructure for their communities.  
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It is the expected physical effects of climate change that will significantly impact on Council owned assets and 

investments, known as infrastructure risk (Burton & Dredge 2007), which in the long-term could be costly 

under already strained budgets. Council have the ability plan and mange such risks with a greater understanding 

of what these look like and the magnitude of the impact on their assets (HCC 2020). However considerable 

uncertainty exists due to a lack of research on the consequences of climate change for local areas and how to 

identify such risks and implement appropriate mitigation strategies (Burton & Dredge 2007). 

 

1.4 Research benefits to Local Government Areas 

There are a range of benefits to local Councils from the work of this research project. In particular, this work 

will provide an understanding of best practice use of RCPs for the forward planning of infrastructure 

requirements and relevant design horizons. It is hoped that this will in turn inform planning scheme policy 

with respect to the design of stormwater infrastructure to incorporate climate change factors. In addition, it 

will assist Councils to understand climate influenced budget impacts for contingency forecasting of master 

drainage programs. 
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Chapter 2 – Literature review 

As the project’s title suggests, this section will discuss what the current literature articulates on the importance 

of understanding peak design discharge in urban catchments with consideration given to the influence of 

climate change. To support this project proposal, this review will also be used to identify the need for new 

knowledge areas while at the same time expose any knowledge gaps that exist within the current literature. 

 

2.1 Related studies 

Studies completed early in 2023 by Michalek et al. (2023) recognise a bias towards regional modelling in the 

pursuit of understanding hydrologic projections with respect to the impacts of climate change. Recognising a 

gap in quantity of studies completed on a local scale, the authors go on the compare peak discharge projections 

at a local level influenced by two respective emissions scenarios of RCP 4.5 and 8.5, across 1000 communities 

in the US state of Iowa. The authors describe the need to complete this research in efforts to improve resiliency 

in both the planning and design of stormwater management systems at a local level. Similar to the approaches 

used in this dissertation, Michalek et al. (2023) selects a suite of global climate models to characterize potential 

future mid and high range emission scenarios. On application and with an emphasis on assessing annual 

discharge characteristics, varying discharge magnitudes are examined across three, nominal thirty-year periods 

from 2006 up until 2095. Predicatively, outcomes of the study found maximum discharge on average to follow 

emission projection trends under both RCP8.5 and RCP 4.5 scenarios complimentary to the graphic shown in 

Figure 2. Under RCP4.5 discharges increased initially by +6.7 declining mid-century to +3.9 before 

significantly reducing to +0.6% prior to the turn of the century. Under the RCP8.5 scenario, agreement was 

found alongside climate projections initially up until mid-century with increases of +8.1% and +10.4%, 

however interestingly, Michalek et al. (2023) return a reduction of -1.1% in the third term 2026-2095 period. 

This result does not follow congruent emission consensus where Jubb, Canadel and Dix (2016) describe the 

RCP 8.5 trajectory to increase all the way through to 2100 and beyond stemming from minimal effort to reduce 

emissions and in turn failure to curb warming. Further discrepancy in the research observed under this pathway 

found in the author’s conclusion whereby closing statements are made nominating an increase in intensity and 

projected annual maximum discharge between the 2066 to 2095 period. Solace however is found within the 

conclusion that under RCP 4.5 the study finds discharge to stabilise in the 2036-2065 mid-century period in 

alignment with the respective emissions trajectory.  

 

In a similar study, Halsnaes and Kaspersen (2018) use emissions trends influencing climate change as the 

factor driving increased rainfall intensity to complete a risk-based damage assessment attributed to the impact 

extreme precipitation events have on the urban landscape and its infrastructure, with the city of Odense in 

Denmark used as the case study. An emphasis is made on the increasing occurrence and losses incurred from 

extreme weather events calling for decision-makers to focus on climate change adaption with the need for 

further investment into mitigation strategies in response to limiting the vulnerability of assets. Complimentary 

in part to this dissertation is the authors’ use of respective current,climatic conditions, 2018 in this case for 
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RCP 4.5 and RCP 8.5 scenarios to simulate rainfall events in a 100 year return event across three, 19 year time 

horizons from 2016 through to 2100 to complete their assessment. Land use characteristics for the study are 

described as having a low level of infiltration in the city centre resulting in higher runoff due to the impervious 

densely developed street scape when compared to the less developed pervious surfaces radiating out towards 

the city’s boundaries. The software-based modelling results of rainfall under the RCP 8.5  scenario were 

congruent with the projections of increasing emissions of Coast Adapt’s (2016) Figure 2 beyond 2100, 

although expectations of a reduction in rainfall under the RCP 4.5 scenario towards turn of the century (2081-

2100) were not evident, with the research still tracking an increase in rainfall. Although emissions stabilisation 

under RCP 4.5 is expected in the lead up to the year 2100 (Jubb, Canadell & Dix 2016), the global climate 

models used in this literature project an increase in rainfall still during this period reflected as elevated 

discharge volumes. This phenomenon was also experienced in the modelling of this dissertation described 

further in Chapter 4.   

 

2.2 Infrastructure inadequacies in urban environments  

Correlating the discharge trends found by Michalek et al. (2023) and Halsnaes and Kaspersen (2018), Bibi and 

Kara (2023) confirm studies in the urban development space identifying variations in rainfall intensity 

impacting greatly on urban catchments appearing as flooding issues. Their works also discuss an analysis by 

Hassan et al. (2017) that concludes rainfall intensity variations attributable to the actions of climate change are 

rising as challenges to be overcome that are exposing urban catchments to increased flood risk. Following this, 

further reporting considered the efficiency and adequacy of stormwater drainage systems when subjected to 

the impacts of climate change. Bibi and Kara (2023) note studies completed in this space identifying failures 

and capacity insufficiencies within existing urban stormwater drainage systems to cope with increased runoff 

volumes stemming from climate change. In 2021, Padulano et al. (2021) through employment of GCMs in 

their work evaluate what impacts projected rainfall has on hydrological process when applied to the urban 

environment. Their results were also in agreement that stormwater management infrastructure in its current 

state would be unable to accommodate anticipated peak design discharge ending in increased flooding. 

 

Bibi and Kara (2023) also discuss increased runoff as a contributing factor being experienced as a result of 

existing natural, previously permeable surfaces of open fields changing to impervious areas as roads and paved 

surfaces are constructed. Without hydrological process that includes factorization of both projected climate 

change conditions and urbanization combined, Akter et al. (2018) returned results in their research that this 

will also lead to infrastructure failure and frequent inundation.  As Bibi and Kara (2023) report, urbanization 

and climate change are acknowledged as the two factors leading to increased runoff and in turn peak discharge 

that must be considered in detail during the design of stormwater management systems. The urbanization 

component with respect to pervious and impervious surfaces areas is factored into hydrological processes 

generally in the form of a defined coefficient of discharge applicable to the particular landuse characteristics 

of a study site or catchment. For example, in the use of the rational method, this coefficient if defined as Cy 

that combines a frequency factor and ten-year discharge coefficient for the required design storm which is then 
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applied directly to the rational method equation. However, factoring of climate change is less common in 

practice particularly in the availability of its application with respect to prescription of an RCP scenario. 

Granted guidance is available and can be readily sourced, it is this absence of prescriptive advice that leaves 

local governments exposed and vulnerable to climate risks that may prove expensive in the long-term (The 

Health, Environment & Waste Branch Logan City Council (HEW) 2023). 

 

Impacted by the relentless pressure of land development, population increase and climate change, the control 

of urban flooding and management of its conveyance infrastructure networks is recognised as one of the largest 

issues being faced by local authorities (Hassan et al 2017).   

 

2.3 Planning guidelines and governance 

Australian Rainfall and Runoff 2019 (ARR) is one such publication that does deliver guidance in the 

assessment of climate change with respect to flood estimation. A national guideline document of heavy 

influence used extensively throughout Australia in its 2019 edition, introduces recommended approaches for 

use by decision-makers and designers to address the risks of climate change at a project level (Bates et al. 

2015). This information is relatively new as ARR’s earlier version (ARR 1987) while acknowledging climate 

change, did not provide guidance or address how climate change should be considered (Ball et al. 2019). 

Described as an interim recommendation, the approaches within were delivered for inclusion in ARR 2019 

following an ARR revision research project. Climate change specific research was completed as a measure to 

allow the factorisation of design rainfall based on temperature scaling derived from temperature projections 

developed by the Commonwealth of Scientific and Industrial Research Organisation (CSIRO) future climates 

tool (Ball et al. 2019). The two approaches (Midpoint and Datahub) offered to project climate change scaling 

factors are discussed in detail within Chapter 3 of this paper. These approaches are recommended under 

radiative concentration pathways of 4.5 as a minimum base for any design coupled with RCP 8.5 for impact 

assessment. The low RCP of 2.6 is dismissed in practice as associated targets and efforts required to achieve 

this representative emissions reduction are considered ambitious. A novel approach also captured in ARR 

recommends applying directly a 5% increase in rainfall (intensity or depth) for each °C of local warming. 

Sound in its advice in a high-level nominal approach, however it cannot be applied in isolation without 

consideration for a projected temperature increase for a predetermined planning horizon. It is the selection of 

an applicable RCP and its projected emissions trajectory that is required to accompany this approach. This 

guideline acts as historical interim advice as Bates et al. (2015) notes this guide was in place in the short term 

until further detailed information was readily available, appearing now and superseded by the 

recommendations of ARR 2019.  

 

Of notable influence also particularly in the best practice design of urban drainage infrastructure in Queensland 

is the Queensland Urban Drainage Manual (QUDM). Sound in its description of practices to relate rainfall and 

runoff and its management through urban environments, there is little offered in its 2017 version with respect 

to guidance on how climate change should be factored prescriptively other than “Designers should consider 
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the impact of climate change” (IPWEAQa 2017 pp. 8-2). Granted, both QUDM and its 2017 background notes 

do discuss the importance of factoring in climate change particularly on its effects to IFD data, other than 

deflecting guidance to be sourced from ARR, its literature still leaves how climate change considerations are 

applied to stormwater infrastructure in the hands of local authorities. The absence of guidance however may 

be by design providing flexibility in the selection of an approach or methodology that is best suited and 

applicable to their respective environments, land use conditions and in alignment with a broader climate change 

strategy. In fairness, the background notes do also highlight that even at a State level, Queensland’s Site 

Planning Policy as of 2016 does not offer a detailed guide on the application of considerations to climate 

change (IPWEAQb 2017). Contrary to this, a 2015 Climate Change Adaption Guideline produced by the 

Government of South Australia (DIT 2015) although with reference to the recommendations of ARR, the 

guideline does set out specific RCP scenarios to be employed for respective asset design life periods. In 

addition, a series of climate variables are tabled including temperature increase and rainfall intensity 

percentage for the various South Australian regions however only under RCP 8.5. 

 

At the local government level and at the focus of this dissertation, literature surrounding prescriptive advice 

was absent. A simple journal search of “what RCP values should be used by local Councils” did not return any 

articles that specifically address RCP pathways in which to pursue. A search undertaken by Burton and Dredge 

(2007) at both State and local Government levels across South East Queensland (SEQ) into their respective 

local planning policy and regulation, discovered climate risks are not adequately captured. The authors found 

this alarming considering the IPCC’s assessment of SEQ as a region facing intensified risk to climate change 

sighting its aggressive urban development and geographic locations as contributing factors. This discovery is 

still evident in 2023 within Logan City Council’s Planning Scheme, Version 8.1 for 2015 (LCC PSP), (City of 

Logan 2015), a planning document designed to manage growth and guide sustainable land development 

throughout the city returning no discussion of climate change. Upon review simple statements regarding 

definitions of climate change adoption and mitigation are included, however there is no guidance or discussion 

of key terms such as climate change or representative concentration pathways, all critical criteria for the careful 

consideration in the design and development assessment of stormwater infrastructure for its town planners or 

developers alike. In this case, this has been perceived as a gap in the knowledge for the LGA of Logan however 

could be extended broadly to other SEQ Local Government Areas when combined with the results of literature 

reviews completed by Burton and Dredge (2007) discussed earlier. Granted the LCC PSP is towards the back 

end of its lifecycle with LCC’s PSP 2025 being prepared for release in the second half of 2024 (Logan City 

Council 2023), there has been opportunity to include guidance advice on how to employ and cater for climate 

change factors during revisions of LCC PSP 5 that have been rolled out progressively over the years. This 

aligns with statements made by Burton and Dredge (2007) describing LGAs as the drivers, key to transitioning 

scientific discourse on matters of climate change into action, although commenting that implementation at the 

local level is often lacking appearing fragmented in spite of growing support for adaption and mitigation 

strategy.  
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All is not lost following discovery of LCC’s 2020 Climate Change Resilience policy (HCC 2020). Content of 

the policy described its purpose in establishing a commitment by Council to manage the associated risks of 

varying climate conditions. In summary, the document holds steadfast in its statements with Council’s 

recognition of climate variability, being cognisant of the adverse impacts to community and its commitments 

to embedding adaption strategies throughout the organisation. However, respectful of its merit, information on 

how this relates to driving policy change with respect to the design of infrastructure of any kind is absent. This 

policy in its content aligns with discussions by Hurlimann, Bush and Cobbinah (2023) that knowledge 

regarding climate change is prevalent, however, further work is required to incorporate and better communicate 

this in practice, when it comes to policy structure. 

 

Further research discovered early 2023 correspondence prepared by the Local Government Association of 

Queensland (LGAQ) to the Queensland Treasury on behalf of local Governments in response to the Treasury’s 

calls for feedback on proposed disclosure surrounding climate-related financial risk and opportunities within 

Australia. In summary of the LGAQ’s response, the correspondence highlights two main areas local Councils 

throughout Queensland are seeking. These include appropriate legislative framework and policy led by Federal 

and State Government for Councils to issue essential decision making and responses to climate change without 

excessive risk. This was followed by requests for access to consistent national data applicable locally alongside 

methodologies and standards developed by both Federal and State Governments ensuring climate change 

responses are safe, balanced and equitable (LGAQ 2023). 

 

These two points are reflected in Logan City Council’s contributions to LGAQ requesting Government to 

develop a set of standards for use that ensures consistency between organisations broadly, and an agreed RCP 

model or respective set of scenarios for employment when it comes to the analysis of climate-related risk 

(HEW 2023). This further supports the need for this research paper in the impacts of climate change addressing 

a gap in the knowledge at the local level on this topic. 

 

In summary, this literature review returned agreements between multiple sources that climate change does 

influence the intensification of rainfall impacting the hydrological process presenting as increased peak design 

discharge in urban catchments, placing strain on its infrastructure networks. Advice in mitigating these risks 

was found in its offerings as guidance only throughout the Federal, State and local levels. Of this guidance and 

literature available, as presumed being a national guideline document, ARR returned the most comprehensive 

approach with regards to providing an understanding of climate change, its related RCPs, and the application 

of them in a methodical approach. However, as a reoccurring trend throughout, prescriptive advice on RCP 

adoption was absent for which this project will look to resolve. To follow is the methodology used in the 

practice of this research project incorporating the findings from the above literature review.  
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Chapter 3 – Methodology 

This research seeks to determine peak discharge using rainfall IFDs influenced by climate factors for design 

horizons to determine infrastructure requirements. To correlate the identified climate change impacts and their 

effects to peak design charge in unmitigated urban catchments, a study site, base rainfall, input parameters and 

a suitable modelling approach needs to be selected. The two approaches provided by ARR, Midpoint and 

Datahub will be compared in the first instance to identify the appropriate rainfall scaling method to be carried 

forward for use throughout the modelling. Figure 3 below illustrates a broad outline of the methodology used 

for this research project. 

 

 

Figure 3 Research methodology 

3.1 Project area 

The LGA of Logan City will be used as the Project area. Logan City is described as one of the fastest growing 

cities in Australia of mixed land use with its Council responsible for managing  approximately $6.5 billion in 

assets (LCC 2023). Figure 4 below indicates the city’s unique positioning within the bounds of adjoining 

LGAs. 

 

Figure 4 City of Logan (City of Logan 2015) 
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The study site within Logan City is located in the suburb of Shailer Park. Shailer Park is mapped as a low-

density residential land use area and the analysis will take place within one of the fully developed suburban 

catchments. The area is best described as a suburban catchment measuring 3.44ha (34,400m2) in area. The site 

selected would be an example of a typical project site that would be included for upgrade in a Councils capital 

works master drainage program. This design site will be subjected to the modelling scenarios discussed within 

this chapter. Figure 5 below shows the site location and catchment area.  

 

Figure 5 Site Location - Shailer Park 

3.2 Base rainfall and Intensity-Frequency-Duration 

Essential to the design of stormwater infrastructure and the key input into a hydrologic model is the 

procurement of an estimated rainfall depth for a project site. In cases where rainfall data is known from 

empirical record, rainfall depth is identifiable and applied based on its probability of occurrence. For instances 

where empirical rainfall data is not available, common particularly for urban environments, a design rainfall 

approach needs to be employed. Design rainfall can be described as a probabilistic approach to estimate the 

likelihood for a specific rainfall depth to be recorded at a certain location for a defined duration classified by 

its annual exceedance probability (Bates et al. 2015) This designed rainfall cannot be considered real as this 

information has not been observed and by design is probabilistic by nature (Bates et al. 2015).  

 

Current base rainfall data is made available on the Bureau of Meteorology’s website known as the 2016 Design 

Rainfalls and is based off historical rainfall data and contemporary statistical analysis superseding earlier ARR 

1987 and interim 2013 datasets (BOM 2023). Outputs of this data are returned in the form of IFD tables that 

correlate rainfall intensity, frequency and duration characteristics for a geographical region based on its spatial 

coordinates. The IFD table as shown in Table 2 accompanied by its corresponding IFD curve in Appendix B 

indicate rainfall IFD relationships for the study site adopted in the modelling. Sound in its application for 
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design under current climatic conditions, it is the imminent variations in climate that suggests statistical data 

from the past cannot be relied in the future (Ennesser & Ray 2011). To understand future variations in rainfall 

projections under respective greenhouse gas emissions scenarios, Babister et al. (2016) also known as RCPs 

an appropriate scaling method discussed in respective sections 3.5 and 3.6 must be applied for prescribed 

design events and horizons. 

Table 2 Study site Intensity-Frequency-Duration (IFD) | Shailer Park (BOM 2023) 
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3.3 Design event 

In most cases, infrastructure design is undertaken based on set regulation or an authority’s planning policy 

(Ennesser & Ray 2011). Used interchangeably in practice during infrastructure design, a design event and AEP 

event can be described as the correlation of design rainfall for a design scenario. Logan City’s planning scheme 

in the context of stormwater network design, calls for networks to be adequately designed for the conveyance 

of major and minor events in accordance with QUDM as its desired level of service (City of Logan 2015). 

 

IPWEAQ  (2017) recommends that a 10% AEP is utilised for the design of a minor system in urban residential 

high-density areas which is defined as greater than 20 dwellings per hectare. Similarly, major systems are to 

be designed using a 1% AEP. Minor events are described in QUDM as having flows conveyed through the 

stormwater drainage system restricting flow widths along kerb and channel to prescribed distances to ensure 

pedestrian and vehicle access is maintained without nuisance during said event. Major events utilise also the 

stormwater drainage system with the additional allowance of using the full road reserve to convey flows. This 

is under the provision that a prescribed minimum freeboard is maintained and that all flows are retained within 

the road reserve or a defined overland flow path not exceeding a governing flow velocity so as to ensure 

protection to person and property is upheld. On this basis and meeting LCC’s policy requirements the 

recommendations of QUDM, the research that follows will apply a 10% AEP for the minor event and 1% AEP 

for the major event. 

 

3.4 Design horizon and infrastructure lifespan requirements 

On the selection of a design event, consideration needs to go into the design horizon for which the design event 

is taking place. In addition, considerable thought is required on the designed asset’s lifespan. For this research 

in addition to current year, two additional design horizons have been selected for years 2040 and 2090 in which 

to determine peak discharge with and without the impacts of climate change.  

 

Bates et al. (2019) recommend climate change impacts are assessed at a minimum of 20 years from the current 

year as a period shorter than will have limited influence to IFD tables, which in this paper will be reflected as 

the interim 2040 year. With consideration given to the planning horizon for major urban infrastructure shown 

in Figure 6, and a service lifespan of these assets recommended by Bates et al. (2015) in Figure 7, 2090 has 

been selected 50 years on from the 2040 interim year as the second and long-term design horizon adopted for 

this study. 
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Figure 6 Typical planning horizon (years) for different sectors (Coast adapt 2017) 

 

 

 

 

Figure 7 Indicative design service life of assets (Bates et al. 2015)  
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3.5 RCP selection  

Introduced earlier in this paper were the representative concertation pathways announced by the IPCC to guide 

developing climate change scenarios. ARR recommends the use of RCP 4.5 and where of grounds of 

environmental and socioeconomic benefit RCP 8.5 for impact assessment (Ball et. al. 2019). On this advice 

and to broaden the datasets for comparative assessments both will be employed with RCP 8.5 representative 

of a worst-case scenario in the event global greenhouse gas emission continue on their current trajectory 

(Halsnaes & Kaspersen 2018). In support of ARR’s RCP 4.5 recommendation, Hassan et al. (2017) are in 

agreement of adoption describing this pathway as the likely future representation particularly in the space of 

planning for local administrators. This based on the agreements made at 2015 and 2016 United Nation Climate 

Change Conference proceedings (COP21 and 2022) formally captured in a legally binding international treaty 

on climate change known as the Paris Agreement, to limit global temperature increase between 1.5-2°C closet 

to the scenario laid out by RCP 4.5. 

 

Further support on the likelihood of RCP 4.5 being achieved is to be considered with respect to the actions 

proposed by the Australian Government under its net zero initiative. In a global effort, this initiative under a 

series of decarbonisation plans and strategies targets Australia’s greenhouse gas emission to achieve net zero 

by 2050 honouring international commitments and party to the Paris Agreement (Department of Climate 

Change, Energy the Environment and Water (DCCEEW) 2023). This achievement would complement 

emissions trajectories suggested by Coast Adapt (2016) under RCP 4.5 illustrating a global emissions peak 

prior to 2050 and then falling before a year 2100 stabilisation as show in Figure 2. With the above as reference, 

RCP 8.5 is considered sound for impact assessment however could be considered excessive and a conservative 

pathway in which to mandate at a local level for design purposes. 

  

3.6 Rainfall scaling approach 

It is here that variation in climate change scaling factors need to be understood in which to apply to sourced 

IFD values. For the purposes of this project, both the ARR Midpoint and ARR Datahub approaches will be 

employed as a comparison in the first instance in this section to deliver a projected rainfall intensity (IP) via 

scaling factors that incorporate the effects of climate change. Realising these scaling factors for the Midpoint 

approach will be achieved with the use of Equation 1 and the GCM consensus of the Natural Resource 

Management Cluster (NRM) - East Coast Cluster shown in Table 3. The Datahub approach will rely on 

Equation 2 and the data retrieved directly from the ARR Datahub website. These processes along with their 

outputs are described further below. 

 

3.6.1 ARR Midpoint approach  

For the Midpoint approach, first a temperature midpoint (Tm) for respective consensus temperature class 

intervals is to be calculated. This is completed first by considering the applicable NRM for where the site is 

located. NRMs are regions across Australia selected for their geographical location and biophysical attributes 
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(Dowdy et al 2015) with this project’s study site being located within the East Coast Cluster as shown in Figure 

8 below. 

 

Figure 8 Natural Resource Management Location Clusters (Ball et al. 2019) 

Following selection of an applicable NRM the corresponding GCM consensus shown in Table 3 is consulted 

to determine consensus or agreement in the likelihood of one of four temperature class intervals being 

experienced for the respective year and corresponding RCP. 

Table 3 GCM Consensus for Natural Resource Management - East Coast Cluster (Ball et al. 2019) 
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Following this a temperature midpoint (Tm) for the respective consensus temperature class interval is calculated 

with the outcomes of this below in Table 4. 

 

Table 4 Temperature midpoints 

 

 

Substitution of the above calculated midpoints into Equation 1 returns the rainfall intensity scaling factor 

shown below in Table 5 that will generate projected rainfall intensity using this approach. 

 

Midpoint equation  

 

𝐼𝑝 = 𝐼𝐴𝑅𝑅 × 1.05𝑇𝑚 

          [Equation 1] 

 

Described as: 

𝐼𝑝 = projected rainfall intensity (mm/h) 

𝐼𝐴𝑅𝑅 = design rainfall intensity (mm/hr) for current climate conditions 

𝑇𝑚 = temperature midpoint of a selected class interval 

1.05 = 
assumed temperature scaling based on the approximately exponential relationship 

between temperature and humidity 

 

(Ball et al. 2019) 

Table 5 Scaling factors for projected rainfall intensity – ARR Midpoint approach 

 

 

3.6.2 ARR Datahub approach 

The online Datahub provides 10 commonly used design inputs which can be extracted for a series of outputs. 

Relevant to this research is the data generated on interim climate change factors. Simple in its use, the Datahub 



  20 

requires only selection of a desired output following the nomination of spatial coordinates over a specific 

project site. This approach was considered progressive in its design allowing designers and engineers alike to 

access data from a single location containing the most up to date information, which is particularly important 

when considering the frequency on which the data is updated (Babister et al. 2016).  

 

Extracted from the ARR Datahub, Table 6 below demonstrates projected temperature increases and percentage 

increase in rainfall respectively for a suite of forecast years and respective RCP scenarios for the study site 

over Shailer Park. 

Table 6 Interim Climate Change factors – Shailer Park (ARR 2023) 

 

 

Although comparable in its approach, using the ARR Datahub, there is no need to calculate a midpoint with 

the above factors being applied directly into Equation 2 below to give a projected rainfall intensity. Table 7 

demonstrates this application with respect to the interim climate change factors for the study site. 

 

Datahub equation  

 

𝐼𝑝 = 𝐼𝐴𝑅𝑅 × 𝐼𝐶𝐶𝐹 

          [Equation 2] 

 

𝐼𝑝 = projected rainfall intensity (mm/h) 

𝐼𝐴𝑅𝑅 = design rainfall intensity (mm/hr) for current climate conditions 

𝐼𝐶𝐶𝐹 = interim climate change factor 
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Table 7 Scaling factors for projected rainfall intensity – ARR Datahub approach 

 

 

The projected rainfall intensity Ip as determined in Tables 5 or 7 depending on the ultimate approach selected 

is then substituted into the rational method formula shown as Equation 3 in Section 3.7 allowing peak design 

discharge to be realised.  

 

3.7 Hydrologic method 

Understanding climate change, its projected temperature increases, RCPs and impacts to rainfall is sound from 

a theoretical perspective however it is the relationships between this data and the available hydrological 

methods that correlates this phenomenon allowing peak discharge throughout a catchment or study site to be 

realised. For this project, the rational method will be adopted to translate rainfall to a peak design discharge 

volume Q with consideration of respective climate change factors, design scenarios and catchment 

characteristics. 

 

Originating in the 19th century, the rational method is a popular approach to estimate peak stormwater discharge 

as generated by constant rainfall rate onto a catchment over a period of time (Coombes, Babister & McAllister 

2015). According to the literature, while there are a number of methods that can be applied in estimating 

rainfall run-off, the rational method is likely to be used most often in estimating peak flood flows with its 

popularity stemming from the ability to apply simple hand calculations (Goyen, Phillips & Pathiraja 2014). 

The rational method relies on a relationship between a time of concentration for stormwater flow and a run-

off coefficient. This determines the events averaged rainfall intensity which are expected to jointly account for 

rainfall run-off variations and characteristics of the subject catchment (Coombes, Babister & McAllister 2015). 

 

  



  22 

The standard form of the rational method used throughout the civil industry is as follows as presented within 

the Queensland Urban Drainage Manual. 

 

𝑄𝑦 =
𝐶𝑦. 𝑡 𝐼𝑦. 𝐴

360
 

[Equation 3] 

 

Described as: 

𝑄𝑦 = peak flow rate (m3/s) for annual exceedance probability (AEP) in ‘y’ years 

𝐶𝑦 = coefficient of discharge (dimensionless) for AEP of 1 in ‘y’ years 

𝐴 = area of catchment (ha) 

𝑡𝐼𝑦 = 
average rainfall intensity (mm/h) for a design duration of ‘t’ hours and an AEP of 1 

in ‘y’ years 

𝑡 = the nominal design storm duration as defined by the time of concentration tc 

360 = unit conversion factor applicable to the units used 

 

(IPWEAQ 2017) 

  

With urban development and climate change, the size and frequency of urban flooding is increasing calling for 

the requirement of local measures to assist in mitigating the extent of these impacts. A more realistic 

representation of actual surface flow can be identified via the use of coupled 1D/2D models. Together, this has 

significantly contributed to their common use in understanding urban flow and expanded their application to 

the urban flood modelling space (Davidsen et al. 2017). This position is supported by Fan et al. (2017) where 

it is acknowledged 2D should ideally be utilised for flow modelling in urban environments. With strengths in 

predicting volumes through a drainage system stemming from the 1D model and 2D modelling providing the 

capability to simulate flow across a ground surface, the coupling of these is a considered a necessity to 

accurately understand interactions between pipe and surface through urban catchments (Fan et al. 2017). 

Although the above supports the use of computer-based modelling, these methods are complex and require the 

employment of sophisticated computer software.  

 

In support of non-computer-based models, Coombes and Roso (2019) suggests common modelling approaches 

that can be used to model urban runoff outlining to users methods that may be considered for use dependent 

on, and to compliment a design tasks’ performance objectives and intent. Support for the rational method in 

its intent for this study is further described in IPWEAQ (2017) where the method is considered appropriate for 

the design of LGA drainage systems where resources required to create complex, comprehensive computer 

models are absent. Table 8 below is an extract from book 9 of the ARR 2019 that captures urban model types, 

their design intent focus, hydrology in this instance and the model type’s respective capability. 
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Table 8 Common types of Urban Models (Ball et al. 2019) 

 

 

As per the table above, ARR is in agreement that the rational method is a suitable method capable of predicting 

peak flow Q in unmitigated urban environments and as such will be used in this research. 
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3.8 Model parameters 

For the purpose of this research, governing parameters for the rational method will be adopted from the 2017 

version of QUDM to undertake respective modelling scenarios. Details of these parameters that address 

frequency factors, fraction impervious coefficients for respective development categories and standard inlet 

times of concentration are captured in Appendix D of this report. These parameters were applied across the 

site for use in the project’s hydrologic method. 

 

3.9 Application of hydrologic method 

To understand the hydrological impacts climate change has on the study site, design models were created for 

respective design events as documented in Section 4.2. To begin modelling, first sub-catchments for the project 

site were defined to understand the rainfall flow paths through the site and likely placement of gully pits. Figure 

9 below indicates two sub-catchment layouts that were used during the design modelling. Due to the significant 

peak discharge experienced in the RCP 8.5 2090 1% AEP discussed in Chapter 4, a separate sub-catchment 

layout was created to cater for its respective flows that otherwise could not be catered for in the sub-catchment 

developed for all other events. A full suite of sub-catchments layouts are provided in Appendix C. 

 

 

 

 

 

 

Figure 9 Project catchments 

Taking advantage of the rational method’s ability to be implemented through simple calculation methods, a 

spreadsheeting tool was developed to correlate site runoff coefficients, rainfall intensity, surface and pipe flow. 

Input details and resultant outputs are shown in Appendix E. In a similar approach, gully capture charts were 

applied to the surface flows of each sub-catchment for inlet type, capture and bypass rates to be realised. 

Alongside this process, spreadsheeting was used to determine pipe flow capacity and size guided by QUDM’s 

governing pipe flow requirements. Examples of both gully capture and pipe flow calculations are shown in 
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Appendices F and G. Through application of the above hydrologic method, peak discharge Q was realised for 

all of the modelled design scenarios along with their respective drainage infrastructure requirements to inform 

cost estimates.  

 

3.10 Estimates  

On conclusion of hydrologic modelling, infrastructure requirements for each design scenario needed to be 

reconciled in which to identify projected costs. To do this, itemised estimates were undertaken documenting 

infrastructure requirements tabled under a bill of quantities with the costs for each item assigned accordingly. 

This was completed for the current year, and design horizons 2040 and 2090 under respective RCP scenarios. 

Appearing in Appendix H, each of the estimates were condensed to include only the supply and placement of 

required infrastructure on site. Consideration was given to including other such factors of kerb and channel 

replacement, ancillary road and pavement works however variation is these items for design scenarios were 

minimal and considered the same for all design scenarios, and as such were omitted from design estimates.  
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Chapter 4 – Results and discussion 

In this chapter the results of scaling factor approaches and comparisons of the respective outcomes are 

considered. Following this, justification of the selected approach is discussed and peak design discharge results 

with and without the inclusion of climate change factors are presented. With this information, infrastructure 

requirements and applicable costs are determined. Observations of the implications for local Councils are 

identified and the chapter concludes by acknowledging limitations of this research project.  

 

4.1 Scaling factor application to IFDs 

Results of the scaling factors when applied to current base rainfall are reflected in Tables 9 and 10 below.  

The initial hypothesis prior to application of RCP scenarios was for the projected rainfall to increase 

significantly across all events under each scenario. However, this was not reflected broadly in the results. 

Under the 10% AEP design event where there were only minor increases to rainfall intensity observed under 

both midpoint and Datahub scaling approaches across both RCPs and the 2040 design horizon. Although, 

rainfall intensity did increase moreso under each RCP for the 2090 design horizon. With respect to the 1% 

AEP design event, similarly the 2040 design horizon did not present significant increases in rainfall intensity 

under either RCP. However, under the 2090 design horizon, in particular under RCP 8.5 significant increases 

were observed attributable to the scaling factors calculated for those prescribed.       

Table 9 Projected rainfall intensities – ARR Midpoint approach 
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Table 10 Projected rainfall intensities – ARR Datahub approach 

 

 

As a reference tool and for comparison check purposes, Tables 11 and 12 have been prepared reflecting 60-

minute duration rainfall IFD values from the base current year IFD table, subject ARR midpoint and Datahub 

approaches and reference QLD Future climate dashboard outputs under the RCP 4.5 scenario for 1% AEP and 

10% AEP design events respectively. Predictively, the IFD values against the base IFD rainfall increased, 

however it was pleasing to see congruent results in IFD values for each ARR approach alongside an alternative 

reference method of rainfall intensity projection. This alternative approach uses temperature projections from 

the Queensland Futures climate dashboard website and ARR’s now superseded interim rainfall scaling factor 

which was discussed earlier in Chapter 2. 
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Table 11 Rainfall intensity comparisons between various approaches under a 1% AEP  RCP 4.5 scenario 

 

Table 12 Rainfall intensity comparisons between various approaches under a 10% AEP  RCP 4.5 scenario 

 

 

4.1.1 Adopted approach justification 

Analysis of the IFD values derived from respective ARR approaches detailed above offer agreement under the 

selected scenarios and design horizons. From this, the ARR Datahub IFD data was selected to be taken through 

into modelling activities as this was considered to be the optimal method as it uses the most relevant up to date 

information available. Consideration was given to the ARR midpoint approach where although having merit, 

the criteria used in its calculation and GCM consensus tables on which it is based are derived from ARR guides 

published in 2019. As described earlier in this research, the advice on temperature increases is constantly 
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Under RCP 4.5 in both 10% and 1% AEP events, relatively minor discharge increases were observed over the 

current year discharge in the 2040 design horizon. However, more significant increases were observed under 

the 2090 design horizon under RCP 8.5. Marginally higher increases were observed under the 2040 design 

horizon for this RCP. However, as a percentage almost double the increase was observed in the 2090 design 

horizon under RCP 8.5 when compared to the RCP 4.5 scenario. 

 

The outcome of this modelling shows relatively little change in the short term but predictably a large impact 

over the longer term particularly when considering differences between the RCP 4.5 and RCP 8.5 scenarios. 

The effect on peak design discharge is a function of the increased rainfall intensity projected by adoption of 

one RCP over another. Differences are explained by the increased rainfall intensity as projected by RCP 

influenced by temperature increase as a result of climate change 

 

4.3 Infrastructure requirements and costs  

To inform infrastructure requirements and costs, design estimates were completed for each of the modelled 

scenarios found in Appendix G, Table 14 and Figure 11 providing a summary of the respective design estimates 

resulting from the exercise. 

 

When considering the 1% AEP for the current year, RCP 4.5 and RCP 8.5, although additional peak discharge 

was generated for each scenario, there was additional capacity in the infrastructure that could adequately 

capture and convey runoff and therefore this redundancy in the system indicates that no additional 

infrastructure would be required. As a result, the total cost of $201,005.00 estimated for the current year is also 

applicable under the RCP 4.5 and 8.5 scenarios to the 2040 design horizon when considering 1% AEP. The 

reason for this under the 2040 design horizon the scaling factors were relatively small resulting in minimal 

change to rainfall intensity from the current year.  

 

Similarly, when considering the 10% AEP for the current year and its RCP 4.5, additional capacity in the 

system was observed and for RCP 8.5 a marginal increase in cost was projected. Under all scenarios as we 

approach the 2090 design horizon, costs start to increase as expected. In particular, under RCP 8.5 1% AEP,  

additional infrastructure would be required including both the number and size of gullies, and lengths of pipes 

attributable to the significant increase in rainfall and peak discharge. It should however be noted that in other 

instances, although infrastructure requirements in terms of the number of gully pits and pipe length appear the 

same, changes in the physical size of both the gully pits and networked pipes to collect and convey runoff 

would be required. This is reflected in the varying estimated costs presented in Table 14 below and further 

detailed within Appendix G. For budget forecasting purposes, based on the results, factoring in a 10% 

contingency to drainage infrastructure costs would be sufficient to inform program budgets during planning 

stages.  
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projects which need to be rolled out simultaneously under a capital works program, in absolute dollar terms 

would prove a significant impact on Council budgets. Furthermore, catering for RCP 8.5 scenario, which would 

be unlikely as detailed in Chapter 3 could be considered overly conservative resulting in excessive expenditure 

by Council and not the best use of ratepayer funds. 

 

Table 15 Cost percentage increases 

 

 

4.4 Limitations of research  

This paper seeks to provide a comparative analysis of peak discharge in unmitigated urban catchments to factor 

in the impacts of climate change. However, it was necessary to limit the scope of the climate modelling 

component as a single urban catchment pilot study. To reinforce and test the robustness of the results presented 

here, a larger sample size of urban catchments with varying characteristic would need to be modelled. It is also 

acknowledged that this analysis did not consider hydraulic analysis due to time constraints. However, it is the 

position of this paper that the hydraulic analysis was not required to determine cost implications at this level 

of modelling. The main objective of this paper relied on the hydrologic process to determine peak design 

discharge Q, therefore the hydrologic assessment using the rational method was determined to be fit for 

purpose in providing peak discharge estimates to inform potential costs for budgeting purposes.  
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Chapter 5 – Recommendations and conclusion 

Throughout this paper, the research has been focused on understanding the impacts of climate change and its 

factors on peak discharges in urban catchments. Further, this work has identified the appropriate rainfall scaling 

approach as Datahub to be adopted in conjunction with the plausible RCP scenario of RCP 4.5. In turn this 

paper has demonstrated what adopting these scenarios may look like for typical urban catchments with respect 

to infrastructure requirements and associated costs. This chapter provides, a series of recommendations to 

inform decisionmakers ending with concluding remarks.  

 

5.1 Recommendations 

In chapter 4 of this research infrastructure requirements were identified for a suite of design scenarios. This 

was following the application of increased rainfall reflective of projected future climate conditions. The results 

found that the RCP 4.5 scenario across all events could be accommodated broadly into drainage systems that 

otherwise would be designed to cater for the current year under present climatic conditions. To achieve this, 

only minor variations to gully pit and physical pipe sizes would be required for new major projects at minimal 

additional cost inclusive of a 10% contingency applied to planned drainage infrastructure requirements. This 

would also be suitable for interim works to solve minor flooding issues of existing systems in advance of 

potential future major drainage upgrades, funding permitted. This will prove valuable return in investment for 

Councils by providing improved immunity against 10% AEP events that are likely to be experienced more 

frequently than that of the infrequent 1% AEP events.  

 

Similarly, in an assessment scenario, RCP 8.5 could also be extended for most events at minimal cost to 

Council budgets. However, this scenario would not be recommended to the 2090 1% AEP design event as the 

projected discharge would impact heavily on the network at significant cost. Furthermore, as discussed earlier 

in the paper, the likelihood of the RCP 8.5 scenario eventuating with consideration given to global efforts to 

curb emissions is improbable. It is therefore recommended that RCP 4.5 is adopted for use in the design of all 

new urban stormwater networks to ensure climate change factors have been captured. This will future proof 

and ensure long-term resiliency at a minimal cost to Council budgets.  

 

A further recommendation of this paper would be to see stronger relationships created between Federal, State 

and local Governments. These respective authorities need to work in unison to provide prescriptive advice on 

RCP adoption and climate change mitigation strategies. This sentiment is echoed by Burton and Dredge (2017) 

who calls for a considered and coordinated approach. The authors contend that this is necessary to raise the 

response capacity of local Councils. 
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5.2 Further research  

Broad in its topic this research provides opportunity for further research to be undertaken across a larger 

number, and a varying spectrum of urban catchments. This work could be further extended by the collection 

of rainfall data to compare actual rainfall against RCP projections longer term to calibrate against modelled 

events into the future. This data in the urban environment is something generally missing from data sets with 

regional areas usually taking preference. In addition, with research based on one-dimensional flow using the 

rational method, modelling completed using 2d computer analysis could further refine results as it is able to 

consider a greater number of physical factors such as storage and evolving Water Sensitive Urban Design 

(WSUD) systems (Willems et al. 2012). 

 

5.3 Conclusion 

This research has articulated the challenge faced by LGAs of being left vulnerable due to climate risks. It is 

clear however that there is a lack of direction and no prescriptive guidelines for LGAs. This has created RCP 

adoption uncertainty and unnecessary complexity for decision makers. This gap in the research has been 

addressed by this paper providing evidence to support a likely RCP scenario to be adopted by local Councils. 

 

To this end, a comparative analysis of RCP 4.5 and RCP 8.5 was conducted across minor and major events for 

several design horizons in determining impacts on peak discharge. Infrastructure requirements were identified 

and estimated costs tabled. Differences between respective RCPs and design events were conclusive in which 

to formulate a narrative on the direction on which Councils should follow with respect to climate change 

considerations. The modelling and analysis led to the conclusion that local Councils would be best suited to 

adopt RCP 4.5 in future planning and design of urban stormwater networks. This research has provided an 

understanding of best practice use of RCPs for planning and infrastructure design horizons while informing 

impacts to budgets to assist with forecasting future infrastructure costs. In doing so, this research project has 

achieved its aim and objectives and hopefully provides a meaningful contribution to industry. 

 

While the focus of this research was within Council area of Logan City, it is hoped that this research and its 

findings could be extended and applied to other LGAs. This would inform policy decision makers in updating 

or revising planning scheme policies that impact local Councils and development through their cities. Its 

adoption will also future proof urban drainage systems for an uncertain climatic future. In addition, it will build 

robust Council budgetary contingencies to meet the demands of a growing community. At a minimum this 

paper has provided the comparisons as a tool for city planners to consider and take the appropriate steps to 

implement in the design of urban stormwater infrastructure. 
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Appendices 

Appendix A: Project specification  

For:  Jeremy Wiegand 

  

Title: Impacts of climate change on peak design discharge of unmitigated urban catchments – a 

comparative analysis 

   

Major:   Civil Engineering 

 

Supervisor: Sreeni Chadalavada 

 

Enrolment: ENG4111 – EXT S1, 2023 

  ENG4112 – EXT S2, 2023 

 

Project Aim: The research aims to understand the difference in peak design discharge Q for respective AEP 

events under respective climate change scenarios and the impact this has to infrastructure 

requirements or selected design horizons.  

 

Programme: Version 2, 18th August 2023 

 

1. Undertake a desktop literature review regarding what impacts climate change has on the 

determination of peak design stormwater discharge. 

 

2. Identify respective urban catchments within the Logan City LGA and apply manual calculation 

methods. 

 

3. Setting up of the catchment models using the rational method and its associated parameters. 

 

4. Complete model simulations of base case (current year), 2040 and 2090 design horizons. 

 

5. Interrogate and review modeling results. 

 

6. Complete comparison assessments between simulated scenarios and determine infrastructure 

requirements for each scenario at respective site. 

 

7. Prepare cost estimates, document outcomes, and prepare recommendations. 

 

If time and resource permit: 

 

8. Undertake modelling of additional urban catchments to increase the data set. 
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Appendix C: Project site design catchment layouts 

Current 2023 10% AEP 

 

 Current 2023 1% AEP 

 

RCP 4.5 2040 10% AEP 

 

 RCP 4.5 2040 1% AEP 

 

RCP 4.5 2090 10% AEP 

 

 RCP 4.5 2090 1% AEP 
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RCP 8.5 2040 10% AEP 

 

 

RCP 8.5 2040 1% AEP 

 

RCP 8.5 2090 10% AEP 

 

 RCP 8.5 2090 1% AEP 
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Appendix D: Queensland Urban Drainage Manual 2017 modelling parameters 

 

 

 

 

 

 

 

   

Note: QUDM advises that the Cy should be limited to unity (1.0) within urban areas and as such was adopted 

for this research. 

Cy10 Cy100

Fi = 0.90 Fi Fy10 x C10 = C10 Fy100 x C10 = C100

Current 0.9 1.0 x 0.87 = 0.87 1.2 x 0.87 = 1.04 > 1.0

RCP 4.5 2040 0.9 1.0 x 0.88 = 0.88 1.2 x 0.88 = 1.06 > 1.0

RCP 4.5 2090 0.9 1.0 x 0.88 = 0.88 1.2 x 0.88 = 1.06 > 1.0

RCP 8.5 2040 0.9 1.0 x 0.88 = 0.88 1.2 x 0.88 = 1.06 > 1.0

RCP 8.5 2090 0.9 1.0 x 0.88 = 0.88 1.2 x 0.88 = 1.06 > 1.0

Discharge co-efficients
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Appendix E: Manual calculation (Rational Method) spreadsheets for design scenarios 
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Appendix G: Pipe flow 
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