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Slow The Flow

Slow The Flow (STF) wants to encourage and empower 

people and organisations to take action and install 

Sustainable Drainage Systems (SuDS) and/or Natural Flood 

Management (NFM) interventions on their own property and 

land, to 'slow the flow' in storm and flooding events.

2B Landscape Consultancy and Terrain Geotechnical 

Consultants identified locations within the pilot study area of 

northern Mytholmroyd in the Calder Valley, where SuDS and 

NFM could potentially be implemented.

This study is a rare attempt to quantify the potential benefits 

of SuDS and NFM on a catchment scale. It is necessarily 

imprecise, because natural solutions are not as readily 

quantifiable as hard engineering.  The estimates deliberately 

err on the side of underestimating the impacts of these 

interventions.  Nonetheless, they demonstrate potential 

outcomes that could make a big difference if implemented 

widely. 

The Study Area

The volume of water that could be stored, or attenuated, from 

all of the suggested SuDS and NFM interventions in the pilot 

study area of northern Mytholmroyd, was calculated.

The Calder Valley

When the data from the pilot study was extrapolated across 

the Calder Valley catchment, it provided an indication as to 

how SuDS and NFM could help to mitigate flood events.

If the suggested SuDS and NFM interventions were 

implemented, a potential of almost 2 million cubic metres of 

water could be attenuated. 

In the Calder Valley, there is an opportunity to attenuate over 

thirteen times more water through NFM interventions in rural 

areas, compared to SuDS in urban areas. This emphasises 

the important role that large land owners have in helping to 

mitigate flooding.

SuDS and NFM can be implemented by planting more trees, 

hedgerows and greening roofs; introducing swales, leaky 

dams and attenuation ponds into the natural landscape; 

adding water butts to downpipes and changing impermeable 

surfaces to permeable.

If implemented widely enough throughout the Calder Valley, 

they could have a significant impact on flood mitigation in the 

future. 

STF will look for resources to carry out SuDS/NFM 

opportunities mapping across a wider area, to build on this 

pilot project. Meanwhile, climate change threatens 

increasingly severe flooding.  Identified opportunities should, 

therefore, be being converted into 'slow the flow' features as 

a matter of urgency.

“When extrapolated 
across Calderdale, almost 
2 million m³ of water could 

be attenuated using 
NFM and SuDS.” 

“If implemented widely 
enough throughout the 

Calder Valley, they could 
have a significant impact 

on flood mitigation”

“Opportunities should, 
therefore, be converted 

into ‘slow the flow’ 
features as a matter of 

urgency”

https://www.2bconsultancy.co.uk
http://www.terraingeotech.com
http://slowtheflow.net/
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1 Introduction

1.1 Slow The Flow (STF) is a well-respected charity, set up following the Boxing Day 2015 flood event in

the Calder Valley. Initial work has focused on projects to develop natural flood management (NFM)

interventions in the area, through the work of the Calderdale NFM Operations Group partners, to

address actions in the Flood Action Plan.

1.2 Many small-scale interventions by the local community and organisations, taken together, could

result in a significant amount of water being temporarily stored (attenuated) during storm events.

These actions, which cannot replace, but can work together with wider catchment management and

traditional ‘hard engineering’ flood defences, could help to reduce peak flows and contribute to

reducing the scale, and damaging effects, of flood events. STF aims to encourage and empower the

community and organisations to take action on their own property and land to reduce flood risk on a

local level.

1.3 Amanda McDermott (2B Landscape Consultancy Ltd) (2B) and Stuart Bradshaw (Terrain

Geotechnical Consultants Ltd) (TGC) are founder members of Slow The Flow.  2B and TGC

proposed, and were appointed to undertake, an ‘opportunities mapping’ exercise, to inform and

encourage Sustainable Drainage Systems (SuDS) and Natural Flood Management (NFM)

deliverables in the Upper Calder Valley. Northern Mytholmroyd was chosen for the pilot location,

with the aspiration for a similar approach to be extended and applied to other areas.

1.4 This pilot project was funded by Hebden Royd Town Council and the Community Foundation for

Calderdale.

1.5 Key terms used throughout the report:

Attenuation = Process of storing and slowly releasing water resulting in a reduction of peak flow. 

Natural Flood Management (NFM) = Actions to help alleviate flooding by re-aligning systems with

natural processes.

Sustainable Drainage Systems (SuDS) = A drainage system that mimics the natural cycle of water

management, by retaining water where it lands and slowing the flow before it enters watercourses.

1.6 This report outlines the process undertaken to calculate the predicted attenuation volumes from the

proposed SuDS/NFM interventions and an approximation of the flood storage volumes that such

interventions could provide for the wider Calder Valley. 

2 Scope and Use of the Information

2.1 Scope

2.1.1 The intention was to identify locations on a field/street level where residents, land owners,

businesses / organisations and developers could realistically contribute to flood alleviation through

sustainable, natural interventions.

2.1.2 The reasoning and description of the pilot study area, northern Mytholmroyd, is explored in

Section 3: Study Area.

2.1.3 The suggested SuDS/NFM opportunities have been mapped and made publicly available in the

form of an interactive map, hosted on the Slow The Flow website: 

http://slowtheflow.net/nfm-suds-opportunities

2.1.4 Suggesting different types of interventions at specific locations helps to empower people and

organisations to take action, by providing them with clear, publicly accessible guidance and

inspiration. 

2.1.5 By giving the SuDS/NFM opportunities a value, in terms of attenuation volume, the local

community can obtain a sense of what could be achieved at each individual location and how it

could contribute to the wider catchment. It also allows for further analysis of the proposed

interventions.

2.1.6 The process of calculating the attenuation volumes for the interventions is explained further in

Section 4: Attenuation Volumes & Opportunities Mapping. 

2.1.7 The pilot study results can be extrapolated to include the whole of the Calder Valley. The

assumptions, method, results and conclusion are in Section 5: Extrapolation of Pilot Study.

2.1.8 An overall conclusion of the work is in Section 6: Overall Summary & Future Actions. 
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2.2 Uses of the Information

2.2.1 The information can also be used as follows:

• A reference tool for developers or residents when considering any new or retrofit build

projects;

• Ensuring appropriate allocation of funding (for example in future rounds of CMBC’s NFM

grant fund, the upcoming Environmental Land Management scheme, or other funds allocated

to flood alleviation);

• To assist in implementing the emerging local plan, and when developing and assessing

planning applications;

• Potential to combine with other mapping such as CMBC’s online mapping portal, overlaying

this information with layers such as designations, local plan information etc.;

• Assisting CMBC’s NFM officer in allocating resources to best effect.

3 Study Area

3.1.1 To test the principle of this exercise and keep costs to a practical level, the pilot area was the

Northern Mytholmroyd area - bounded by the Hebden Royd Parish boundary (to the north and

east), the railway line (to the south), and the extent of Mytholmroyd’s urban area and Hill House

Clough / Mount Skip Golf Course (to the west).  See Figure 01.

3.1.2 The study area comprises a steep-sided valley and a generally hard surfaced valley bottom. This

encourages rainwater to run quickly down from the hilltops into Mytholmroyd and the River Calder,

which flows west to east, in the valley bottom.

3.1.3 This area was chosen, partly because it was expected that interesting opportunities would be

available, and partly due to the significant urban realm regeneration work being undertaken. This

includes a developing neighbourhood plan, which incorporates a desire for inclusion of NFM and

SuDS.
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4 Attenuation Volumes & Opportunities Mapping

4.1 Scope

4.1.1 By quantifying the SuDS/NFM opportunities, in terms of attenuation volume, it is possible to gain a

better understanding of what could be achieved at each individual location and how this could

contribute to the wider catchment area.

4.2 Assumptions

4.2.1 The water storage volumes have been estimated in order to give an indication of the difference that

these measures could make to flood alleviation. They are approximate values based on simple

calculations and broad assumptions for each intervention. 

4.2.2 For example, it is unlikely that all land- and property-owners would want to invest in and implement

SuDS and/or NFM, and some sites may encounter ecological, planning, or other constraints.  The

purpose of calculating the data is to demonstrate that - if implemented - collectively, these

interventions could make a positive contribution to the reduction in severity of any future flooding.

4.2.3 All suggestions are made without the benefit of survey information, including underground services,

levels and ground conditions.

4.2.4 It should also be remembered that while NFM and SuDS do store water, they increase surface

roughness and slow the flow. This is an additional and complex role (that has not been calculated

here) in not only lowering the water level, but delaying the lowered flood peak for the individual sub-

catchment.

4.3 Method

4.3.1 The pilot study area was split into the two broad areas: urban and rural. The expertise of the two

consultants was allocated accordingly. 2B reviewed the urban SuDS interventions and TGC

reviewed the rural NFM interventions. 

4.3.2 Figure 01 indicates the urban and rural study areas. 

4.3.3 The initial assessment was desk-based, informed by OS and Google mapping, combined with local

knowledge, to identify locations where NFM/SuDS retrofit might be possible.

4.3.4 The two broad areas of urban and rural were sub-divided into smaller categories at a field / street

scale. This allowed for more specific, and appropriate, interventions to be suggested. There are 80

urban SuDS and 25 rural NFM sites, totalling 105 locations. 

4.3.5 Figure 02 illustrates these 105 SuDS and NFM locations within the pilot study area. 

4.3.6 Following initial assessments, site visits were carried out, to review and create a photographic

record of the potential NFM and SuDS sites.

4.3.7 The different types of SuDS interventions are: urban swales, urban basins, trees, permeable

surfaces, ground-level rain gardens, green/blue roofs, water butts and rain garden planters. (See

www.slowtheflow.net/you-can-slow-the-flow/ for details).

4.3.8 The different types of NFM interventions are: rural detention basins, ponds, leaky dams,

hedgerows and trees. (See www.slowtheflow.net/case-studies/ and

www.slowtheflow.net/hardcastle-crags-our-most-successful-project-to-date/ for details).

4.3.9 The following tables clarify the methodology used to calculate the specific interventions' attenuation

capacity. Publicly available, independently verified, data on the topic is lacking. In addition, capacity

is variable dependent on the impact of extended rainfall events or drought/very dry soils;

attenuation is likely to be taken up in the early stages of a storm, depending on the size of the

rainfall event. Therefore, an attempt has been made at a conservative average estimate, with

reasoning given in tables 1 and 2.

4.3.10

Urban SuDS

Intervention

Attenuation

Capacity (m3)

Reasoning

Urban Swales area x 0.75 x

0.2

Assumed that deepest water level is 300mm and the

basin has shallow slopes. An average water level of

200mm is used in this calculation with the assumption

that 75% of the area available for the swale/basin

becomes actual storage capacity.

Urban Basin

Trees in soft surfaces 0.5m3 per tree Determined by a conservative estimation of the number

of trees, and an assumption that water is intercepted /

absorbed / infiltrated.

Trees in hard surfaces 1m3 per tree Tree and a tree pit (assumed that bespoke tree pit

infrastructure is designed to facilitate additional capacity,

e.g. crate structures/designed soil)

Permeable Surface 50mm depth

capacity x area

i.e. Approx. 300mm structural make up with 15% void

space
Ground level rain

gardens

Green / Blue Roofs

Water Butts 0.2m3 per diverted downpipe. 2 pipes per detached house, 1 per

semi-detached house, 1/2 per terraced house, 1 per garage
Rain Garden Planters

Table 01. Methods for calculating the SuDS interventions’ attenuation capacity. 
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Rural NFM

Intervention

Attenuation Capacity Reasoning

Rural Basin available area x 0.75 x 0.2 Assumed that deepest water level is 300mm and

the basin has shallow slopes. An average water

level of 200mm is used in this calculation with the

assumption that 75% of the area available for the

basin becomes storage capacity.

Attenuation

Ponds

200m3 per 4 ha (50m³ per ha) Ponds approx. 200m² with 1m water depth, i.e. 1

pond per 4 ha of farmland

Leaky Dam 3m3 per dam at 7m intervals Along suitable lengths of watercourse

Hedgerows 0.5m3 per 1m length Assume planted to follow contours. Studies have

shown much higher interception rates - this is a

conservative estimate

Trees 0.5m3 per tree Again, a conservative estimate relating to water

intercepted / absorbed / infiltrated

Table 02. Methods for calculating the NFM interventions’ attenuation capacity.

4.4 The Results

4.4.1 The results from the pilot study have been represented on an interactive online map, which can be

accessed via this link: http://slowtheflow.net/nfm-suds-opportunities. The mapping is targeted at the

general public; easy to use, with clear presentation and a good level of detail for each land parcel.

Viewing is recommended on a larger screen and using the ‘full screen’ button in the top right corner

of the map.

Image 01. Screenshot of the interactive online SuDS/NFM opportunities map in the pilot study area. 

4.4.2 This mapping identifies potential locations, at a field / street scale, where residents, businesses /

organisations and landowners in Mytholmroyd can contribute to flood alleviation through natural /

sustainable interventions. It contains a personalised recommendation for each land parcel, ground-

truthed by experts - a unique approach that computer generated ‘models’ do not achieve. 

4.4.3 Land ownership is generally unknown but the purpose is to advise and encourage landowners to

consider SuDS and NFM on their land, for the benefit of the whole community. 

4.4.4 More than one intervention may be appropriate at any given site. By clicking on the blue ‘info’ icon,

a pop up image with the suggested interventions (in order of recommendation) and an estimated

volume of total attenuation for that particular location are shown. 

Image 02. Screenshot of a pop up in the interactive online map of the SuDS and NFM opportunities

in the pilot study area.
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Urban SuDS

4.4.5 The urban SuDS interventions are the ‘S’ codes on the interactive map.

4.4.6 The following table provides the quantities of interventions and total attenuation capacity for each

type of SuDS intervention in the study area. Urban swales/basins (5070m3) and permeable surfaces

(4758m3) show the greatest potential for attenuating the water in the urban setting of this study area.

SuDS Intervention Quantity Total Attenuation

Capacity in Study Area

Urban Swales
28850 m² 5,070 m3

Urban Basin

Permeable Surface 95169 m² 4,758 m3

Green / Blue Roofs 20064 m² 1,003 m3

Trees in soft surfaces 1688 trees 844 m3

Trees in hard surfaces 658 trees 658 m3

Ground level rain gardens 392 m3

Water Butts 1412 

diverted downpipes
282 m3

Rain Garden Planters

Total 13,008 m³

Table 03. Total attenuation capacity in the study area for each SuDS intervention.

4.4.7 The total potential volume of water attenuated from Urban SuDS interventions in the pilot study area

is estimated (to the nearest 1000) as 13,000 m3.

Rural NFM

4.4.8 The rural NFM interventions are the ‘N’ codes on the interactive map.

4.4.9 The following table provides the quantities of interventions and total attenuation capacity for each

type of NFM intervention in the study area. Tree planting can be seen to have great potential for

attenuating the water in the rural setting of this study area, but would also have the longest

establishment period of any of the intervention types.

NFM Intervention Quantity Total Attenuation

Capacity in Study Area

Trees 32950 trees 16,475 m3

Hedgerows 18565 linear m 9,283 m3

Ponds 31 small ponds + 1 large

quarry site

8,200 m3

Leaky Dam 434 dams 1,303 m3

Rural Basin 11500 m² 1,725 m3

Total 36,985m³

Table 04. Total attenuation capacity in the study area for each NFM intervention.

4.4.10 The total potential volume of water attenuated from Rural NFM interventions in the pilot study area

is estimated (to the nearest 1000) as 37,000 m3.
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4.5 Conclusion

4.5.1 The total volume of water potentially attenuated by Urban SuDs and Rural NFM interventions in the

pilot study area is, therefore, estimated as 13,000 m3 plus 37,000 m3  = 50,000 m3.

Fluvial and Pluvial Flooding

4.5.2 It is accepted that in a flood event, flood water can be either fluvial (river flooding) or pluvial (surface

water). As rain or storm water runs downhill and is collected into channels, pluvial flows effectively

become fluvial.  The 2015 flooding in Mytholmroyd was mainly fluvial - water overtopping the

waterway banks, particularly in the valley bottom along the River Calder.

4.5.3 Leaky dams and attenuation ponds on feeder streams would directly reduce fluvial flooding. Other

interventions help to reduce pluvial flooding indirectly, which reduces  the amount and speed of

water reaching the main rivers, thus helping to reduce the scale of fluvial flooding.  Thus, the

application of SuDS and NFM across the wider catchment has the potential to reduce the volume of

water entering the river, not only within the study area, but also upstream and downstream.

Diagram 01. Conceptual diagram of the difference SuDS/NFM interventions make to the volume of

water in a river.

4.5.4 If the suggested SuDS and NFM interventions were to be applied extensively upstream and

downstream of the study area, it can be assumed that the water levels in the river could be reduced,

hence reducing the overall fluvial as well as pluvial flood risk in the valley.
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5 Extrapolation of Pilot Study 

5.1 Scope

5.1.1 The figures gained from this pilot study can be extrapolated to provide an idea of how SuDS and

NFM interventions could influence the Calder catchment, to the extent of the valley which has a

similar cross-sectional character to the study area, from Todmorden in the west, to Luddenden in

the east. This is a very rudimentary extrapolation, based on limited resources, which reviews what

might be achievable across the whole catchment.

5.1.2 The urban and rural areas of Calderdale, to which the extrapolation of the pilot study has been

applied, are shown in Figure 03.

5.1.3 An Extrapolation Rate, the volume of water per square metre, is applied to the Calder Valley based

on the pilot study results. 

5.2 Assumptions and Omissions

5.2.1 It is only appropriate to extrapolate the figures from the pilot study area where the landscape

character of the valley is theoretically similar to the pilot study area. The pilot study area is a steep-

sided valley with farmland containing some farmsteads and woodland belts in the rural areas. The

urban area is located on the valley bottom with densely-built form, intersected by transport

infrastructure and waterways. There are some green areas within the built form.

5.2.2 The moorland plateau above the farmland was not included in the pilot, and has been excluded from

this exercise. However, including the moorland would approximately double the ‘Todmorden to

Luddenden’ study area.  Therefore, it is possible that moorland 'slow the flow' interventions, such as

grip blocking and sphagnum moss restoration, could double, or at least substantially increase, the

estimated figures for water attenuation.

5.2.3 The results assume that the scale and number of SuDS and NFM interventions would be broadly

similar to the study area, throughout the valley.  In reality, many variables (slope, vegetation cover,

urban extent) would result in variations which are beyond the scope of this simple extrapolation. 

5.2.4 This study, being rudimentary, considers attenuation volume only. A key feature of NFM and SuDS

is, as mentioned at 4.2.4, the ‘slowing the flow’ effect. NFM and SuDS features provide significant

additional flood mitigation benefit by slowing surface water. This reduces and delays the flood peak

for their sub-catchment, as well as helping to reduce the overall flood volume, but is not included in

these calculations.

5.3 Method

Attenuation Rates (m³/m²) determined from the Study Area

5.3.1 The total pilot rural and urban areas (m2) were divided by the total volumes of water theoretically

able to be attenuated by SuDS/NFM (m3).  This provided extrapolated Attenuation Rates (m3/m2)

equating to around 19mm depth.

Area (m2) Volume Attenuated (m3) Attenuation Rate (m3/m2)

Urban 691000 13008 0.0188

Rural 1917000 36985 0.0193

TOTAL 2608000 49993

Table 05. Attenuation Rates for urban SuDS and rural NFM attenuation in the pilot study area.

Attenuation Rates (m³/m²) applied to the Calder Valley

5.3.2 The Attenuation Rates (the volume of attenuation per m²) for the study area can be applied across

the urban and rural areas of the upper Calder Valley. These areas are shown on Figure 03.  This

extrapolation provides a guide to the volume of water that could, theoretically, be attenuated.  

5.3.3 Table 06 sets out the attenuation rates from Table 05, the urban and rural areas of the Calder

Valley in column 2, and the extrapolated urban SuDS and rural NFM attenuation volumes in

column 3.

Attenuation Rate

(m³/m²)

Area (m²) Extrapolated Volume

Attenuated (m³)

Urban 0.0188 7080000 133,280

Rural 0.0193 93640000 1,806,612

TOTAL 100720000 1,939,892

Table 06.  Attenuation rates applied to urban and rural areas of Calder Valley to determine the total

theoretical attenuation volume.
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5.4 Extrapolation Conclusion

5.4.1 The figures in Table 06 should be taken as approximate, and subject to further study, but provide a

promising indication of what might be possible. 

5.4.2 Across the Calder Valley, there is an opportunity to attenuate around thirteen times more water

through NFM interventions in rural areas compared to SuDS in urban areas (columns 2 and 3 in

Table 06). This is due to the much greater extent of available rural land and emphasises the

important role that large landowners can play in potentially mitigating flooding.  

5.4.3 In addition, the attenuation performance of moorland uplands could be significantly improved from

the current position. Moorland does not form part of this study, so the potential attenuation available

from NFM measures across the catchment may be significantly greater than the figures estimated in

this report.

5.4.4 It is accepted that, even if all interventions could realistically be implemented, NFM could make a

contribution, and could not, of itself, be a complete solution to flood alleviation in the Calder Valley.

Traditional ‘hard engineering’ works will always be required, but there is a potential for hard

engineering and NFM to work more closely and complement one another, to provide a more cost

effective solution, and with the additional Green Infrastructure benefits of NFM and SuDS.
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6 Overall Summary & Future Actions

6.1 Summary

6.1.1 Overall, the results from this theoretical study indicate that implementation of SuDS and NFM

interventions have the potential to help mitigate future flood risk, in partnership with traditional ‘hard

engineering’ works.

SuDS/NFM Theoretical Attenuation Volumes

Pilot Area 50,000 m3

Calder Valley 1,940,000 m3

Table 07. Overall summary of results (estimated to nearest 1000m³).

6.1.2 The results provided throughout the report are estimates based on many assumptions. The intention

is to provide an indication of the scale of the positive impact which the implementation of SuDS and

NFM could have in mitigating flood risk.  

6.1.3 Whilst not measured in this report, it is known that if the risk of flooding is decreased, the risk of

secondary effects from a flooding event can also be reduced, such as structural damage, economic

loss, tax revenue loss, insurance costs, mental health effects and more. SuDS and NFM

interventions can also provide Green Infrastructure benefits such as improved water quality, habitat,

health and well-being, biodiversity, air quality, urban cooling, tourism, and carbon capture.

6.2 Future Actions

6.2.1 As noted in the Introduction: Many small-scale interventions by the local community and

organisations, taken together, could result in a significant amount of water being temporarily stored

(attenuated) during storm events. These actions, together with wider catchment management and

traditional flood defences, could help to reduce peak flows and contribute to reducing the scale, and

damaging effects, of flood events. STF aims to encourage and empower the community and

organisations to take action on their own property and land to reduce flood risk on a local level.

6.2.2 Although based on estimated extrapolated figures, this report shows that residents, land owners,

businesses, organisations and developers could substantially reduce flood impacts by implementing

SuDS and NFM on their land holdings.

6.2.3 It is recommended that further Opportunities Mapping should be carried out across the Calder

Valley, ideally in conjunction with flood modelling that could direct the exercise to the most useful

locations for NFM and SuDS. This would not only identify SuDS/NFM opportunities at a practical,

local level, but would also provide a more accurate indication of the potential flood mitigation which

could be achieved by such measures.

6.2.4 This data could, in turn, provide more guidance for, and encourage changed approaches by,

individuals and organisations.  It could also inform both public planning and development policy

together with private development schemes, to create increased adoption of SuDS and NFM

approaches within the Calder Valley.

6.2.5 The latest Met Office ‘UK State of The Climate’ report (2019) shows that the UK’s climate is

becoming wetter. Whilst there have been 'headline' flood events in specific locations around the

UK, as the effects of climate change advance and severe rainfall events and storms become more

commonplace, any part of our rural or urban areas may be subject to the damaging effects of

pluvial and fluvial flooding events.

6.2.6 SuDS/NFM Opportunities Mapping should be considered as a strategic methodology for land

management, development control and flood mitigation across the UK - and beyond. 

6.2.7 STF considers that the conclusions drawn here are a good indication of the value of implementing

SuDS and NFM more widely. STF will continue to seek resources to carry out SuDS/NFM

opportunities mapping across a wider area, to build on this study, provide a resource to a greater

proportion of the catchment, and refine the conclusions in this report. 
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