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Surface water flood resilience should not begin with a preferred intervention. It should
begin with understanding the flood mechanism, the route water takes through the
catchment and the residual risk that remains at the property.

This paper is intended to help flood risk, drainage, landscape, building resilience and asset-
management professionals understand where Sustainable Drainage Systems (SuDS) and
Property Flood Resilience (PFR) should be considered together. It does not argue that both
approaches are always required. Instead, it sets out how the source-pathway-receptor model
can be used to identify what each intervention can credibly influence, where residual risk
remains, and when an integrated approach may provide a more proportionate and resilient
outcome.

The May 2026 update to the Environment Agency’s makes surface water
risk more visible by presenting climate change information and greater detail on potential flood
depths. The mapping reinforces a practical point: many properties are exposed to shallow
exceedance flows or local ponding when rainfall overwhelms drainage systems.

The National Flood Risk Assessment (NaFRA) updated in 2024 and published January 2025
indicates that most surface water flooding is likely to occur at depths below 30 cm, making
shallow flooding the most widespread and frequent form of flood risk. These lower-depth
flooding events are more commonly associated with rainfall overwhelming drainage systems
and may therefore best addressed through surface water management approaches such as
SuDS and PFR.

SuDS and PFR should not be treated as competing solutions. They perform different functions
and can form a layered strategy that reduces runoff and manages flow pathways before
addressing the residual hazard at the building.
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SuDS and PFR often sit within different professional silos. SuDS is commonly led through
drainage, landscape, highways or public realm design, while PFR is often considered through
property-level surveys, product specification and flood recovery planning. The opportunity is at
the interface between the site and the building: SuDS can reduce or modify the hazard reaching
the receptor, while PFR manages the residual risk at the receptor.

SuDS should manage the risk it can credibly influence.
PFR should manage the residual risk that remains.

The design question is therefore not simply “Which measure works?” 1t is: "What is the cause of
flooding, what can each measure contribute, under what conditions, and what happens when it is

exceeded?”
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The starting point is to identify the source of water and the mechanism of flooding. There are
fundamental distinctions between river flooding and surface water flooding, and between
properties affected by moving exceedance flows and those located at low points where water
ponds.

PFR has a clear role where properties are exposed to river flooding, particularly where expected
levels, duration and warning times support a property-level response. SuDS is unlikely to
provide meaningful protection to individual properties where the hazard is governed by the
capacity and behaviour of the wider river system.

In this paper, 'hazard' refers to the flood characteristics reaching the property, including depth,
velocity, duration and frequency. 'Risk' refers to the likelihood and consequence of that hazard
affecting people, buildings, access, operation and recovery.

SuDS can make a meaningful contribution to the management of surface water flooding.
However, the extent of that influence, and the appropriate design response, will depend on
individual site circumstances and nature of surface water flooding.

Exceedance flow routes. Where water moves across a site (generally coming into the site from
elsewhere in the catchment), flow path direction and velocity will be considered along with the
relationship between water levels and thresholds, and routes of ingress. Retrofit SuDS may
intercept, slow, store or redirect water through less vulnerable areas. PFR can then address
potential areas of flood water ingress such as doors, airbricks, vents, service penetrations and
drainage connections.

Low-point ponding. Where water accumulates in a depression, the problem is the volume of
water arriving from the wider catchment and the absence of an effective escape route. Small rain
gardens, basins or swales may provide incremental benefits but should not be presented as the
primary solution unless they provide meaningful upslope storage or divert water away from the
affected location.

Use the source-pathway-receptor model

For surface water flooding, the source may be intense rainfall on impermeable roofs, roads and
paved areas. The pathway is the route runoff takes across the catchment. The receptor is the
property, access route or other asset exposed to flooding.
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Figure 1. Source—pathway-receptor framework: SuDS modifies runoff and flow pathways; PFR manages
residual risk at the property.

SuDS will often be most effective and cost-efficient when managing frequent, lower-magnitude
rainfall and repeated shallow flooding. These events may not cause severe damage on every
occasion, but they can disrupt access, expose thresholds and create recurring anxiety whenever
heavy rainfall is forecast.

This does not mean SuDS should be limited to nuisance events. Where space, levels, catchment
opportunities and funding permit, larger-scale attenuation, storage, conveyance and safe
exceedance routing may also contribute to managing higher-magnitude cloudburst events. The
potential should be assessed rather than ruled out at the outset.

PFR should be targeted at the hazard that remains after catchment and site measures have
operated. If SuDS reduces the frequency, depth or velocity of water reaching a building, PFR
may be less intrusive, less dependent on manual deployment and less likely to require
activation.

This residual risk framing is the critical connection between the two approaches. The success of
SuDS should be judged on whether it reduces flood frequency, depth, velocity or duration
enough for PFR to be more proportionate, less intrusive and more reliable.
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Figure 2. lllustrative division of function between SuDS and PFR. The rainfall depths shown are illustrative
only and are not general design thresholds. Source: McCloy Consulting.

Reduce reliance on manual action

Where PFR depends on manual deployment, residents or building users must receive and act on
warnings, install barriers, check valves and move vulnerable possessions. Passive or automated
measures, including non-return valves, self-closing vents and automatic barriers, can reduce that
operational burden. PFR approaches should be aligned with the Code of Practice for PFR and
need to be property-specific and consider structural loading, safe access, maintenance, potential
future occupants or users, and the consequences of failure.

A measure that is suitable for one able-bodied household, facilities team or school management
regime may not be suitable for future residents, vulnerable users or people with limited mobility.
Passive, automated or low-intervention measures should be prioritised where reliance on
manual deployment would create avoidable risk.
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Retrofit options should not be limited to the land immediately outside the property at risk. A
catchment appraisal can identify opportunities in nearby streets, verges, shared spaces and
existing green areas to intercept runoff or change the route of exceedance flows.

It may not be practical or cost-effective to attenuate enough water in the upstream catchment
to remove the risk entirely. However, targeted changes to kerb lines, local levels, paths, paved
areas and green space can alter how exceedance flows move through the catchment. Reprofiled
green spaces and corridors can provide both storage and conveyance, forming part of a
controlled exceedance route that directs water away from vulnerable properties and towards
locations where it can be stored, slowed or safely discharged.
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Figure 3. Catchment-scale intervention can modify existing flow paths and use green space to convey peak
flows away from vulnerable properties. Source: McCloy Consulting.
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Define the role of PFR

Catchment and landscape measures do not remove the need for PFR; they define its scale and
purpose. SuDS manage water movement through the catchment and across the site, while PFR
protects vulnerable openings and supports recovery where significant residual risk remains.
SuDS can assist in reducing the need / scale for property level measures.

Value rather than lowest capital cost - proportionality

The preferred option is not necessarily the one with the lowest capital cost or the most
technically ambitious design. It is the combination that gives the greatest reduction in flood risk,
disruption and long-term recovery cost for the available budget. SuDS and nature-based
systems can also deliver biodiversity, amenity, urban cooling, water quality, placemaking,
education and health benefits. These wider outcomes can open up additional funding routes
and should be included in option appraisal. However, they should support, not replace, the
flood risk reduction case for the scheme.

Maintenance and responsibility

Whole-life assessment should include requirements for inspection, maintenance, testing and
replacement of PFR measures, along with vegetation management, silt removal and inlet and
outlet maintenance for SuDS. Flood doors, barriers, pumps, valves and airbrick covers require
clear ownership and reliable maintenance; SuDS features require the same clarity. A measure
that is not maintained or deployed cannot be assumed to perform when required.

Design for exceedance and failure

The strategy should identify what happens if either the SuDS or PFR measures are overwhelmed
or fail. PFR must not divert water towards neighbouring properties, obstruct safe access or
create unacceptable structural loading. Warning time, occupancy, accessibility and responsibility
for deployment should be part of the design, not left to the operational stage.

The strategy should also avoid locking the flood resilience strategy into a single adaptation
pathway. As rainfall intensity, surface water mapping and future vulnerability (users of the site /
building) change, the design should allow for adaptation.
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The design process should follow the source—pathway-receptor framework and quantify the

residual hazard before PFR measures are selected.

m Design task Required outcome

1

Define runoff sources and
contributing catchments.

Map drainage exceedance
and surface water flow
routes.

Characterise the flood
mechanism and hazard.

Identify receptors and
routes of ingress.

Identify catchment-scale
SuDS opportunities.

Quantify performance and
residual risk.

Select proportionate PFR
measures.

Confirm deliverability and
failure response.

Establish where water originates and the areas contributing flow
to the affected location.

Identify where drainage capacity is likely to be exceeded and
where water will move or accumulate.

Assess likely depth, velocity, duration and frequency,
distinguishing moving flow, low-point ponding or both.

Review thresholds, doors, airbricks, service penetrations, below-
ground drainage, access and neighbouring receptors.

Assess streets, verges, paths, roads, shared areas and green
space for interception, storage, slowing and safe flood routing.
Consider maintenance, community acceptability and wider
funding opportunities.

Determine what lower and higher magnitude events SuDS can
credibly influence and the residual hazard at each property.

Prioritise passive or automated resistance and recoverability
before relying on manual deployment. Consider warning time,
occupancy, accessibility, current and future users, maintenance,
testing and deployment responsibility.

Address safe exceedance, structural loading, maintenance,
testing, ownership, deployment, whole-life cost, cost benefit,
climate adaptability and community acceptability.

The design is complete only when the residual risk to the property is understood after the
interventions have been implemented.
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New development provides far greater opportunity to influence site selection, finished floor
levels, external levels, flow routes, drainage, blue-green infrastructure, building layout and
thresholds. Day-to-day runoff, exceedance and residual risk should be designed together so that
water is managed safely across the site and away from vulnerable receptors.

In most cases, this should remove the need for PFR. If a new building remains dependent
on property-level flood protection, the design team should ask why the risk has not been
avoided through location, levels or layout.

Where residual risk cannot reasonably be avoided, passive and easily maintained 'low or no-
regrets' resilience measures may be incorporated from the outset. Reliance on manually
deployed PFR should be exceptional, proportionate and explicitly justified, particularly where
future occupants, accessibility requirements or operational responsibilities are uncertain.

Larkspur Close is an existing residential community with level-access thresholds on a flat site.

Flood mechanism

The site is within the floodplain of an ordinary watercourse, is protected by a floodwall, and lies
within a surface water exceedance flow path. During extreme rainfall, surface water can enter the
development along the overland flow route. When high water levels in the watercourse coincide
with the rainfall event, exceedance flow may be unable to discharge to the watercourse and can
become trapped within the development.

Constraints

Level-access requirements limit the use of conventional threshold upstands. The flat
topography, existing buildings, floodwall and established drainage arrangements also constrain
opportunities to alter levels or provide storage within the site.

Design intent

The design intent is to reduce the frequency and volume of water reaching the most vulnerable
properties, manage the route of exceedance flow and retain property-level resilience for the
hazard that remains. The case demonstrates that works at source, upstream or along the flow
route may reduce the hazard before it reaches the receptor.
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Layered intervention

The strategy combines SuDS basins with drop-kerb inlets to intercept road runoff, smart water
butts to contain roof runoff, repairs to non-return valves through the floodwall, a flood gate to
restrict incoming flow and rain gardens to receive rainfall when watercourse levels are elevated.

In source-pathway-receptor terms, smart water butts manage roof runoff at source; basins,
drop-kerb inlets and rain gardens modify the pathway; and the flood gate, non-return valves
and property-level measures manage residual risk at the receptor.

Figure 4. Basin with drop-kerb inlets intended to divert
road runoff away from properties affected by surface
water flooding. Source: McCloy Consulting.

Resilient outcomes are achieved when drainage,
landscape, flood risk, building resilience and asset-
management professionals work together to

understand the source, pathway and receptor, and ; :
to manage the residual risk that remains. SuDS and PFR are not competmg approaches. They
operate at different scales, influence different parts of the flood mechanism and fulfil different
functions within an integrated resilience strategy.

Either SuDS or PFR may be appropriate in isolation where the flood mechanism, site constraints,
cost and risk profile support that decision. In many flood-sensitive projects, however, the
optimal answer will be a combination: SuDS to reduce, slow, store or safely route the water it
can credibly influence, and PFR to manage remaining flood risk and support rapid recovery if
water enters the property.

The best schemes do not ask whether SuDS or PFR is the answer.
They establish what each approach can genuinely contribute and how the two can
operate together.
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Environment Agency. , updated May 2026.

Environment Agency. National assessment of flood risk (NaFRA), updated 2024 and published
January 2025.
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