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Abstract 

Overland flow paths are an important and fundamental component of any Stormwater drainage 

system. They form part of both the flood plains but more importantly the upper dendritic drainage 

tendrils that convey the bulk of flows to the lower topographical depressions in a catchment. Despite 

the fundamental importance and widespread distribution of this part of the stormwater network, there 

appears to be a general lack of understanding of management requirements and policy provision for 

overland flow paths within local and state government bodies across, Australia and New Zealand. This 

paper investigates and discusses some of the drivers, needs and dynamics involved in overland flow 

path management and provides a snap shot of the ‘state of play’ in terms of practice in Australia and a 

best practice example in the Auckland Region of New Zealand. 
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1.0 Introduction 

In addition to the piped network, the stormwater drainage system includes overland flow paths, some 

formal, but by far the majority being informal. Because the path, direction and source of overland flow 

paths are influenced by slight topographical changes and features, there is often poor recognition of 

their location, frequency of flow and importance in consideration of flood risk management. This 

paper explores how overland flow paths are relevant in urban catchment management, including 

providing a high level overview of the policies and procedures relevant to overland flow paths across 

Victoria and Australia. The objective is to provide an overview of requirements or management 

practices in Australia. Because the authors have been heavily involved in recent significant work in 

Auckland, New Zealand, this work is referred to as a yard stick to inform the investigation and provide 

context to the discussion.  

The body of work done for Auckland Council, details a cost efficient method used to digitise overland 

flow paths, and then carryout both desktop and field assessment. The resulting data is used in the 

identification of remedial options for properties deemed at potential risk of overland flow inundation. 

The associated case study, provided in this paper, documents the work conducted over an eight year 

period which involved the assessment of over 7,000 properties identified at risk of overland flow 

flooding impacts, on the North Shore, of Auckland. 
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2.0 What is an overland flow path? 

This section gives some background and context to overland flow paths and their relevance within 

catchment management processes, particularly with regards to flood mapping and flood risk 

management. An additional aim is to provide councils and other regulatory bodies with a bench mark 

to compare current practice and policy. 

2.1 Overland flow path definitions 

The following are a selection of definitions of overland flow from local councils and government 

agencies across Australia. 

1. State Level 

 When runoff from the catchment exceeds the capacity of the underground or piped drainage 

system and passes overland (Melbourne Water, 2008). 

 The component of rainfall (excess) that is not removed by infiltration or use and discharges down-

gradient as surface flow (Department of Water, WA 2006). 

 When normally dry depressions on hillsides gather water and begin to flow it is known as 

overland flow. (Flood Victoria, 2010). 

2. Local Government 

 Overland flow flooding - inundation by local runoff rather than overbank discharge from a creek, 

estuary, lagoon or lake (City of Pittwater, NSW, 2012). 

 The surface flow of stormwater runoff that occurs when the volume of runoff exceeds the capacity 

of the piped drainage system. (City of Casey, 2013). 

 Land affected by surface flows that occur when the drainage system cannot accept any more 

stormwater. (Manningham City Council, 2004). 

 Overland flow is excess rainfall runoff from homes, driveways and other surfaces. Overland flow 

flooding is water that runs across the land after rain, either before it enters a creek or stream, after 

a creek or stream breaks its banks, or after rising to the surface naturally from underground. 

Overland flow flooding tends to affect localised areas rather than the whole city at once. (Brisbane 

City Council, 2014). 

There are a wide range of definitions for overland flow, with many councils not having any formal 

definition for overland flow paths. While similar in nature and intent, there is some disparity between 

the definitions and this has the potential to result in inconsistencies in terms of management and/or 

policy. We consider that consistency in the definition of overland flow is a major precursor to the 

development of policy and consequential management actions. Consistency at a state level would be 

a very desirable starting point. 

It was also noted that there are currently some subtle variations in naming conventions including 

overland flow, overland flooding, flooding and flash floods. All have the same or similar intent, but it 

further demonstrates the lack of consistency. For the purpose of this paper, overland flow will be the 

term used. The proposed working definition for overland flow is: 

The route taken by stormwater flowing over the ground surface when any existing piped system does 

not have sufficient conveyance capacity, or is blocked. The overland flow path finishes when it enters a 

water body such as a stream or river. 
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2.2 Effects of overland flow paths 

Large scale flood plain impacts on the built-up urban environment are in general well understood 

through various 2-dimensional hydraulic modelling tools. However, it is the overland flow path 

activation during flooding events which tend to be more frequent, and as we have realized over the 

last decade, wider spread in terms of cumulative impact. 

Melbourne Water identified in The 2007 Flood Management and Drainage Strategy for the Port Phillip 

and Westernport Region, that “There are currently more than 100,000 properties in the region that are 

known to be at risk from flooding of which 82,000 properties are at risk of flooding from overland 

flows. More than 40,000 of these properties contain buildings or dwellings that are at risk of flooding 

above floor level. On average, the annual damage caused by flooding in the region has been 

estimated to be $245 million” (Melbourne Water, 2007). 

Recent technical studies on Auckland’s North Shore, has involved the detailed assessment of the 

potential impacts of overland flow paths to properties, based on GIS and field assessments. Of the 

approximately 7,000 properties investigated in the past eight years, 1,030 were identified as likely to 

be impacted by overland flow in a major storm event. 

The planning for building intensification (in particular infill developments) can easily overlook how 

overland flow is conveyed. Impacts are exacerbated by significant increases in impermeable surfaces, 

greater stormwater runoff and poor design of surface drainage. In older developments, stormwater 

infrastructure is often not designed to convey the increased flows. Buildings and landscaping often 

impede or divert flow paths causing further problems and flood impacts. 

Slab on ground developments have in recent times become common and because of the nature of 

the design style this type of construction can be susceptible to increased risk of flooding due to a lack 

of adequate freeboard. 

2.3 Overland flow paths vs. flooding 

While flooding events from defined watercourses (including channelized open drains) are typically 

associated with long storm durations, an overland flow path can be activated in a high intensity storm 

event, over a much shorter period of time. This can be triggered by extreme peak intensities in 

localised catchments, blockages to the infrastructure of the piped network or a combination of both. 

Furthermore even a very small contributing catchment area can generate sufficient flows to cause 

flooding of floors. This is often the case in older developed suburbs where significant leaf fall from 

established deciduous street trees can coincide with seasonally intense rainfall events resulting in 

complete blockage of side entry pits. 

This is very apparent in urbanised catchments with highly impervious areas, particularly where infill 

housing is prevalent. A short, high intensity storm can very quickly develop overland flows that can 

have significant impacts on habitable and non-habitable floors, as well as key public infrastructure. 

It is important that both the overland flow paths and floodplains are taken into account in the 

catchment management planning process. Understanding both components of flooding provides a 

comprehensive understanding of the potential impacts of stormwater and provides a good basis for 

identifying and scoping remedial solutions which can reduce the risk to Councils and better manage 

the insurability of private property. 
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3.0 Current policies and procedures 

A literature review has been undertaken to summarise the current policies related to overland flow 

across Victoria and Australia. The review involved identifying key documents and policies within 

Victoria, with a particular focus on Melbourne Water and the local government agencies within the 

Melbourne Water catchment area. 

Key policies and documents outlining the current management approach to overland flow have also 

been collated for New South Wales, Queensland, South Australia, Western Australia and Tasmania. 

3.1 Victoria 

Across Victoria, Catchment Management Authorities and Melbourne Water are responsible for 

floodplain management, including identifying flood affected land and advising on the development of 

flood affected areas (Melbourne Water, 2007). While Melbourne Water has been addressing the 

necessity for improved understanding and recognition of overland flow paths, the approach at the 

local council level has been limited and inconsistent. 

Melbourne Water has prepared a variety of documents and policies over the past 10-15 years with a 

strong focus on identifying and managing overland flow paths. There is a good acknowledgment of 

the potential impacts overland flow paths can have, and the cost implications as a result of damage to 

properties and public infrastructure as well as potential risks to public health and safety. This is further 

documented through Melbourne Water’s 2010 report: “Flood Risk Assessment: How flood impacts are 

assessed in the Port Phillip and Westernport region”, which outlines Melbourne Water’s intent to 

assess the level of flood risk and identify the benefits of flood risk management measures over time 

(Melbourne Water, 2010). 

Melbourne Water has acknowledged the influence and impacts of overland flow paths. However, this 

is focussed on catchments larger than 60 hectares for which Melbourne Water have a mandated 

interest in the drainage performance. The large flows from such catchments are generally conveyed 

via permanent open watercourses or large capacity pipes (often aligned with relic perennial or 

ephemeral watercourses) and have associated flood plains. Overland flow paths, for the purposes of 

management, need to be considered at a much smaller contributing catchment scale defined by the 

threshold at which flow may become overland. The scale of this can be as little as 2,000 m
2
. 

Melbourne Water’s Special Building Overlay (SBO) (refer Figure 1) identifies the areas greater than 60 

hectares prone to overland flooding for planning purposes. These areas are typically identified based 

on network modelling with the assumption that existing pipe infrastructure will be functional and 

providing intended level of service. Based on catchments this size, there could be significant numbers 

of houses upstream that aren’t identified by the SBO but which may be vulnerable to flooding during 

high intensity events. 

The 38 local councils within Melbourne Water’s region manage an estimated 25,000 km of local 

underground drains and drainage infrastructure (Melbourne Water, 2007). Each council is responsible 

for the installation and maintenance of its drainage systems, including drain capacity and flood 

mitigation works, for catchments less than 60 ha. 

The reliance from local councils appears to be on Melbourne Water’s SBO for planning purposes. This 

tends to suggest the smaller Overland flow paths are not being considered and these present 

localized, but as a consequence of numbers and distribution, wide spread impacts. Melbourne Water 

confirm this in their Flood Management and Drainage Strategy, “If the estimated local overland flow 

impacts are considered, the impacts of these shorter duration events could be as much as seven times 

greater than the annual damage caused by riverine flooding.” 
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Figure 1: Melbourne Water’s special building overlay  

(Department of Transport, Planning and Infrastructure, 2014) 

A performance audit report completed by JW Cameron, Auditor-General, in 2005 investigated six 

Melbourne councils to identify how effectively they were mitigating the risk of overland flooding. 

Melbourne Water was noted as having completed detailed studies into flood prone areas within its 

catchments. This information was passed onto the councils but of the six included in the audit, only 

two had mapped the data supplied into their local drainage catchments and incorporated it into their 

planning schemes. The Auditor-General deemed that the four other councils did not have a clear 

appreciation of the flooding risks in their catchments (Auditor General, 2005). 

This highlights what appears to be a trend across Melbourne Councils. Consideration of Melbourne 

Water’s SBO is identified as a requirement for building and planning permits, however that typically is 

as far as the assessment into overland flow paths appears to go. On this basis there needs to be an 

increased focus on localized overland flow paths as their impacts are generally more frequent and 

cumulatively more damaging than the larger flooding events however the risk to life is generally less 

due to smaller flow depths and velocities. Councils will typically deal with many more localised 

overland flow path flooding issues per annum compared to larger scale floodplain/network capacity 
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events, which may only occur every 5-10 years depending on the level of service provided in the 

network. 

Moreland City Council have acknowledged the importance of overland flow paths within their 

catchments and in their 2006 Drainage Asset Management Strategy identified to “Review all overland 

flow paths and develop a targeted program to keep these paths clear of obstructions” as one of their 

strategic flood mitigation actions. While this may be a review of the overland flow paths from 

catchments larger than 60 hectares, the review process should start to raise awareness across the 

Council and may prompt consideration of impacts of overland flow from small catchments. 

Manningham City Council identified in their Drainage Strategy 2004-2014 that consideration for 1 in 

100 year storms had not been applied during the development of the Manningham area, and as such 

overland flow paths were not historically considered. Council acknowledged that while they can’t 

economically retrofit all developments to allow for the current requirements, there needs to be a focus 

on reducing the impacts of 1 in 100 year storm events (Manningham, 2004). Stormwater networks are 

typically designed for a 1 in 5 year or 1 in 10 year storm event, however once blockages, inletting and 

maintenance are considered, it is still expected that overland flow will occur in the events much 

smaller than the 1 in 100 year event. Overland flow paths need to be considered for all storm 

frequencies due to their potentially regular impacts. Even a one month storm can result in damaging 

overland flow if the primary network is blocked and the topography intensifies the flow. 

It appears that typically, a lack of funding and resources required to implement projects to identify the 

extent and impacts of overland flow paths is the major restriction. This is a common issue faced by 

local government agencies across Australia, where strategy and focus can vary greatly and change 

over time. There also appears to be a tendency to consider only 1 in 100 year storm events, however 

there can be considerable value in understanding and developing practical remedial measures for the 

impacts of more frequent storm events. 

3.2 State-wide policies and procedures 

A desktop review was undertaken to identify the general approach related to overland flow for five 

states across Australia. The review involved locating key management documents and policies. The 

review is not comprehensive but is intended to provide a general overview. 

Typically, local government is responsible for the management of stormwater within its catchments, 

including overland flow. State government provides guidance and recommendations for management 

policies and procedures to be implemented at a local government level. Some councils are placing a 

high priority on overland flow assessments in catchment management planning, but these are in the 

minority. 

1. New South Wales 

The NSW Floodplain Development Manual 2005 indicates that local government is responsible for the 

management of flood risks, including overland flow paths. The manual addresses major drainage, 

which includes: 

 Drainage where water depths are generally in excess of 0.3 m; 

 Major overland flow paths through developed areas outside of defined reserves; and/or 

 Where there is potential to flood a number of buildings along the major flow path. 

The manual reinforces that the local drainage issues are outside the scope of the manual, but 

emphasises the necessity for councils to give due recognition to them and to adopt general building 

controls including freeboard between finished floor levels and ground levels as well as adequate site 

drainage (NSW Government, 2005). 
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Pittwater Council has taken a proactive approach to overland flow assessments. In 2013 they 

commissioned a consultant to develop a hydraulic model to define the overland flow behaviour within 

their catchment and the impacts on properties (Pittwater, 2013). 

2. Queensland 

Following the 2010/2011 Queensland floods, the Queensland Floods Commission of Inquiry prepared 

a report making recommendations relating to flood preparedness. A recommendation in the report is 

that “All councils should, resources allowing, map the overland flow paths of their urban areas.” This is 

a positive step forward, but funding will be an issue which may restrict a number of Councils from 

achieving this recommendation adequately (QFCI, 2013). 

Brisbane City Council are taking steps towards improving the understanding of risk of overland flow 

inundation and have developed a publicly available 2014 Flood-overland flow overlay. Areas identified 

as being subject to overland flow are managed by planning provisions. 

3. South Australia 

In South Australia, stormwater management is managed jointly by State and Local Government. For 

catchments in excess of 40 hectares, the State Government has shared responsibility for stormwater 

infrastructure. The Stormwater Management Authority (SMA) was established in July 2007 as the 

planning, prioritizing and funding body, based on an agreement between State and Local 

Government. 

The SMA appears to have a focus on individual projects, with the requirement on local councils to 

manage their own stormwater needs, including Stormwater Management Plans. Guidelines for 

stormwater management plans are included in the Stormwater Management Authority’s 2007 report, 

“Stormwater Management Planning Guidelines”. There is mention of flooding considerations within 

the report, but no specific mention of overland flow. (SMA, 2007) 

4. Western Australia 

The Department of Water is responsible for providing leadership on stormwater management, 

including developing strategies and management plans to protect infrastructure from flooding. There 

is a strong push to maintain overland flow paths by using vegetated strips for treatment rather than 

conveying stormwater through pipe systems. However, there does not appear to be a large focus on 

the mapping or management of overland flow paths at a local government scale. 

The Better Urban Water Management document identifies the need to incorporate surface and 

groundwater mapping into regional water management strategies. More focus is provided in its 

recommendations for urban water management plans, particularly the modelling of “minor” and 

“major” stormwater systems to identify and size flow paths (via pipes or overland flow). Urban water 

management plans are recommended for large subdivisions and small subdivisions where there are 

significant risks to water resources (WAPC, 2008) 

5. Tasmania 

Stormwater management is primarily the responsibility of local government in Tasmania, with state 

government responsible for the governance of water resources. The State Stormwater Strategy was 

developed by the Department of Primary Industries, Parks, Water and Environment and sets out key 

principles and standards for stormwater management in Tasmania, and identifies accepted guidance 

documents. 

The strategy has only minor references to overland flow control, including: “Overland flow paths (and 

containment) should be identified for flows exceeding the minor storm drainage design standards 

established by the local authority” (DPIWE, 2010) 
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6. Discussion 

While there is often acknowledgment of the importance of managing overland flow paths at a state 

and local government level, there is generally a lack of strategic focus to undertake identification, 

mapping and assessment at a local scale. Scale is also a key point with OLF generally considered or 

assessed associated with catchments 40 Ha or more. This means that all OLF derived from catchments 

of less area are not managed or provided for. 

Queensland’s Flood Commission of Inquiry has provided some clarity and direction for overland flow 

path management, with Brisbane City council setting the benchmark. Other Queensland local councils 

would benefit from increased focus on overland flow management. This could be achieved through 

the development of innovative and cost effective solutions in order to meet the recommendations of 

the Commission. 

Pittwater Council in New South Wales is another leader in overland flow management on a city wide 

basis; the remainder of the state would gain considerable benefit from taking a similar approach. A 

comprehensive city-wide, detailed model of flooding issues and overland flow path impacts would be 

an ideal solution. However, it is clear that this is not financially feasible for the majority of councils and 

government agencies across Australia. 

Low cost, innovative solutions need to be developed to provide councils with a good understanding 

of the overland flow path characteristics affecting their catchments. This does not have to involve 

detailed modelling; instead existing GIS tools utilising existing LiDAR data can be used to give 

indicative overland flow paths which 

can be used to effectively identify key areas requiring further detailing and assessment, at a fraction of 

the cost of a full scale hydrodynamic model. 
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4.0 Case study: Auckland Council, New Zealand 

Auckland Council is responsible for more than 1.5 million residents living in more than 470,000 

inhabited dwellings, contained in an area greater than 5,000 km². 

In 2004 councils in the Auckland Region recognized the importance of identifying overland flow paths 

as a fundamental component of the stormwater drainage system. At that time, North Shore City 

Council developed a GIS process for generating spatially defined overland flow paths using Light 

Detection and Ranging (LIDAR; refer Fig. 2) as well as a methodology for their assessment and 

remediation. Following the regional amalgamation and subsequent establishment of Auckland Council 

in 2010, the process and methodology has been adopted and applied on a regional basis. The key 

drivers for the project were to identify the existing properties at risk of flooding from overland flow, as 

well as ensuring future developments adequately allow for overland flow paths in their design 

(Auckland Council, 2013). 

 

Figure 2: Localised overland flow paths developed by Auckland Council 

1. Project Methodology 

The GIS process involves taking a digital terrain model (DTM) generated from the LIDAR data, and 

using ModelBuilder tools in ARCMAP 10 to generate the probable overland flow paths at a property 

level. No below ground infrastructure or above ground structures are taken into account, but the flow 
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paths that are generated provide Council, developers and residents with a good indication of the likely 

locations of flow paths with contributing catchments larger than 2,000 m
2
. 

Once the overland flow paths are generated, GIS tools can be used to analyse the potential impacts 

quickly and efficiently including where flow paths intersect with building footprints indicating 

potential flooding risk (refer Fig. 4) as well as potential spill points off roads (refer Fig. 3). Priority 

catchments can then be identified based on likely impacts, magnitude of flows and known history of 

flood issues. 

   

 Figure 3: Potential road spill points Figure 4: GIS building footprints impacted 

 identified in GIS by overland flow paths 

Site visits are required to verify the precise locations of flow paths and to determine the flood risk and 

potential remedial solutions in selected catchments. The on-site assessment methodology currently 

involves using motion tablets with ArcPad developed data capture applets. This provides the field 

assessor with simple tools to undertake a comprehensive assessment of the site and surrounding area 

to identify potential risks and impacts associated with the overland flow path. 

The collated data from the field assessments is further interrogated through GIS to determine key 

areas that could benefit from remediation solutions. Further weightings are applied to key attribute 

information such as habitable and non-habitable floors impacted, total number of properties affected 

and flow path magnitude to determine the assessment areas most at risk of inundation and impact 

from overland flow paths. 

Detailed assessments and scoping of solutions are then undertaken in the priority areas as part of the 

catchment planning process. Where appropriate, works are implemented to mitigate overland flow 

flooding issues. 

2. Benefits to Council 

Auckland Council now has overland flow paths mapped and available on the GIS viewer for the whole 

region. The reliability of the mapped flow paths varies depending on the density and age of the LiDAR 

point data. Recently flown LiDAR providing high density data representing current terrain has been 

verified to provide a very good indication of the location of flow paths for catchments down to 

2,000 m
2
. 

The 60,000 km of mapped flow paths are widely used by stormwater engineers in their day to day 

work, planning staff assessing the potential impacts of proposed developments and transport 
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engineers in understanding the issues associated with overland flow entering and leaving road 

reserves. 

Strategically, Council now has a data set, available internally to staff and externally via an internet 

viewer that can be utilised in conjunction with flood plain information to gain a comprehensive 

understanding of flood risk for the region and prioritise prevention and mitigation effort. Users can 

interrogate and get upstream catchment areas for every 2m of each overland flow path. Recent 

assessments indicate that in the order of 15,000 properties in the region are likely to be vulnerable to 

habitable floor flooding in significant events. Of these 15,000, 8,000 are associated with flood plains 

and 7,000 are associated with only overland flow. 

The mitigation of overland flow issues can often involve relatively minor work including reshaping 

road berms and driveways, creating swales and constructing low diversion walls. Solutions to mitigate 

flooding due to overland flow have an average cost in the order of NZ $50,000. Mitigation for 

flooding related to flood plains is often not feasible due to cost and where feasible may be 

considerably more costly than mitigation associated with overland flow. 
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5.0 Conclusions 

Overland flow paths are an important and fundamental component of the stormwater drainage 

system. However, it is clear from the variety of definitions and naming conventions for overland flow 

paths, that there is an overall lack of consistent understanding or management of overland flow paths 

within local and state government bodies across Victoria and Australia. 

Previous studies indicate that the impacts from localised stormwater overland flow paths are greatly 

underestimated. Often, overland flow paths will be engaged and will cause more damage on a regular 

basis than the floodplains that are typically only engaged during significant storm events, and yet 

flood plain mitigation works are prioritised in terms of funding and resource allocation. It is important 

that both overland flow and flood plains are assessed and analysed, to provide comprehensive 

catchment management planning and to make informed decisions. 

Melbourne Water has prepared important documentation to guide the management of overland flow 

paths, but there does not appear to be a focus by local councils to undertake the required work. A 

lack of funding and resources is likely to be the most restrictive factor for the inclusions of overland 

flow paths into catchment management planning processes. 

This is reflected across the five other states assessed, however there are some notable efforts being 

made to start addressing the impacts from overland flow paths. The direction and recommendations 

provided by the Queensland’s Flood Commission of Inquiry following on from the floods of 2010/11 

has provided some impetus for addressing overland flow with Brisbane City Council providing a 

substantial programme in this area. 

There needs to be a much stronger focus on identifying and managing overland flow at a state and 

local government level, to assist in developing innovative and cost effective solutions that can be 

applied consistently. 

Auckland Council has developed a methodology for identifying and assessing overland flow paths, 

which can be done in a timely and cost effective manner. By assuming pipes are running full or 

blocked (often likely in storm situations) and removing above ground constraints, GIS tools have been 

used to produce mapped overland flow paths for the whole region that are a reliable indication of the 

location of overland flows down to a property level. Targeted field assessments are undertaken and 

relevant data is collected to verify the flow paths and assess flood risks. Detailed assessments and 

scoping of solutions are then undertaken in priority areas as part of the catchment planning process. 

Where appropriate, works are implemented to mitigate overland flow flooding issues. 

Overland flow is generally considered to be the major surface flow inputs to flood plains and 

consequently are often defined as having greater than 40Ha catchment areas. However, experience 

and the body of evidence shows that overland flow capable of causing flooding of floors is generated 

from catchments as small as 2000m2. Overland flow paths are therefore numerous and widespread 

and there is a clear need for their active management through policy and planning. 

There is a compelling case for approaches similar to that undertaken in Auckland to be applied by 

Australian councils to assist in identifying and managing overland flow paths as part of the catchment 

management process. 
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