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Managing water - From a problem to an opportunity
Case Studies

S1. Dordrecht

The island of Dordrecht has been in the vanguard of developing practical approaches to resilient flood management. A combination of spatial urban planning, adaptation of existing buildings, preparedness for evacuation and rescue is being used. As there are multiple flood risks from the sea, rivers and urban runoff, smart combinations of interlinked and integrated measures are planned (1). Ecological resilience is also enhanced by this resilient flood risk strategy, bringing added value.

As part of these initiatives, the City of Dordrecht is continuously working to improve the quality of its urban spaces and living by bringing nature and water ‘close to the front doors’ of houses, schools and businesses. This ambition is introducing and making better use of green infrastructure (from green streets to city parks) and blue infrastructure (from retention ponds to urban creeks) in the city. With this Blue-green infrastructure (BGI) strategy the city is addressing a wide range of ambitions and objectives, not only for flood risk management. Pluvial flood risk has moved higher up the political agenda after the heavy rainfall event of 30-31 August 2015. This event produced nearly 100 mm of rainfall in 5 hours and inundated many streets and over 100 houses. As a result, the City Council adopted an Action Plan targeting the 21 most flood prone areas and 6 urban parks. Here the actions that target the flooding at the urban parks are considered. 

The flooding in the urban parks typically occurs from prolonged rainfall events in winter, exceeding the infiltration capacity of the top layer of soil (river clay). During these events, the rainwater pools on the lawns and the planting areas of trees and shrubs. The Action Plan for the urban parks proposes a set of measures that reduce flooding for the short term and simultaneously improve the appearance and use of the parks. These measures include making the top layer of the lawns more permeable and draining the rainwater from the planting areas. The capital costs of the measures were estimated around €100,000 and the maintenance costs around €10,000 per annum. For the longer term, BGI measures are being considered and implemented by the municipality to make the parks more flood resilient. These measures are mainly directed towards managing the flood impacts by making space for water in the parks, where the water is accepted or even desirable for its’ ecological and amenity benefits. 

In 2015, Sterrenburg Park was designated by the municipality as a pilot area for urban revitalisation maximising the multiple benefits of using BGI. The Dutch TEEB.stad tool (2) is an ecosystem services valuation tool that also includes other benefits, including for human health and social cohesion. Benefit categories such as health, housing value, recreation and leisure, social cohesion and water management were included. Estimates indicate a benefit value of €39 million over 30 years from the use of BGI (Table S1), i.e. every euro invested in the park, yields €14 in wider benefits.  The benefit values have been adjusted to reflect location specific characteristics and capital and maintenance costs. This has provided insight into the significant potential value of the opportunities from using BGI in the park, to help inform decision makers. 
	Benefit category
	Total PV Benefits

	Health
	€1,537,987

	Energy
	€228,412

	Price of properties
	€31,937,531

	Recreation
	€2,014,340

	Social cohesion
	€1,534,878

	Pluvial flooding
	€1,593,854

	Total
	€38,846,993


Supplementary Table 1: Summary of TEEB.stad results for the Sterrenburg Park BGI retrofit
The results of the initial pilot study have led to a new design for Sterrenburg Park. This design was created in collaboration with stakeholders (including entrepreneurs, professionals in health care, welfare, etc.) and local residents. The collaborative approach to designing the park ensured that the interests of all groups involved were taken into account. For example, the Sterrenburg Park Working Group and local residents wanted to reduce flooding in the park, but also to increase the (recreational) value of the park for the neighbourhood. By working together, it was decided to create a water playground as a place to play, exercise and meet people. Other parts of the park, like the basketball court and the plant areas, were also revitalised with the new design. This design, taking advantage of the wider benefits of BGI, has recently been implemented by the municipality (Supplementary Figure 1). An important motivation behind this investment decision was the support for the design among many organizations and local residents.
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Supplementary Figure 1: Sterrenburg Park, before (left) and after (right) the implementation of GBI measures
S2. Clothworkers Wood 
Clothworkers Wood is in the Shooters Hill area of the Royal Borough of Greenwich, London. The area is currently susceptible to flooding, which impacts on a school and on residents. In 2014, during prolonged storms the woodland was flooded due to children building dams/bridges in the stream. From this it was apparent that the woodland was an ideal location to use natural flood management (NFM) techniques to hold back water in the upper catchment of the Wickham Valley Watercourse to ease flood risk pressures on the heavily urbanised lower catchment, as most of the river is confined to a culvert until it re-appears in Thamesmead.

Given the woodland was working well naturally, with a little help from the local children it was considered to use the naturally available materials to introduce barriers/dams and berms to hold back and store water in the woodland, so design parameters were very clearly set from the outset as to how it was possible to use what was available within the woodland with minimal imported materials and minimal construction impact on the woodland and stream, and with the interventions naturally integrated into the wood and stream.
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Supplementary Figure 2 Leaky dam - the type used in Clothworkers Wood (4)
The scheme was originally funded primarily from UK Government flood defence grant-in-aid (GiA) with contributions from Local Levy and the Royal Borough of Greenwich. The GiA was based on protecting properties adjacent to the stream and downstream. The remaining project funding was from the Governments’ £15m NFM Pilot Projects. Construction commenced in 2019. 

The study considered four options.

Option 1 – Do nothing

Option 2 – Installation of Natural Flood Management (NFM) measures to create a wet(ter) woodland

Option 3 – Targeted and specific maintenance of the watercourse.

Combining Options 2 and 3 to assess an additional option, Option 4

These were each assessed using B£ST (3), a freely available tool for valuing the benefits of BGI. B£ST is one of the only tools available that automatically generates results in terms of monetised impacts on natural (and other types of) capital and ecosystem services. The assessment presented here is for Option 4, which includes additional NFM measures and a watercourse diversion to include leaky dams, 186m length of 0.4m high berms, 664 cubic metres of attenuation storage over a 0.33ha flooded area, and the creation of re-routed 130m of watercourse.

The main results from B£ST are shown in Supplementary Table 2. Option 4 provides a total present value (PV) benefit of £0.15million (after confidence adjustment). The benefit cost ratio is 5.0 for a PV cost of £38,900 (sensitivity testing gave a range of 2.2 to 8.8).

	Benefit category
	Total PV Benefits

	Amenity
	£173,084

	Biodiversity and ecology
	-£2,312 (negative)

	Education
	£3,456

	Flooding
	£18,495

	Total
	£192,723


Supplementary Table 2: Estimated benefit values from B£ST for Clothworkers Wood
B£ST automatically generates a ‘capitals’ based’ account, using the estimated benefits in Table 2, assessing the impacts on each type of capital asset (natural, social, financial, manufactured and human/intellectual) and costs (liabilities). This is shown in Supplementary Table 3 For Clothworkers Wood (Option 4). In this case, the majority of benefits from the scheme are related to social capital (enhanced amenity and reduced property flooding).
	Asset group
	Capital (Present) Value (pre-confidence) (£)
	Capital (Present) Value (post-confidence) (£)
	Pre confidence share (%)
	Post confidence share (%)

	Natural
	 £5,137 
	 £2,312 
	1%
	1%

	Social
	 £318,997 
	 £179,436 
	93%
	93%

	Financial
	 £  - 
	 £  - 
	0%
	0%

	Manufactured
	 £8,220
	 £4,623
	2%
	2%

	Human / Intellectual
	 £11,292 
	 £6,352 
	3%
	3%

	Gross asset value
	 £343,646 
	 £192,723 
	
	

	Liabilities (costs)
	 £38,900 
	 £38,900 
	
	

	Net asset value
	 £304,746 
	 £153,823 
	
	


Supplementary Table 3: Estimated benefit values from B£ST for Clothworkers Wood in terms of the various capitals

More details for this scheme are provided in the CIRIA B£ST case studies (3).

S3. Roundhay Park
The Water Utility, Yorkshire Water is responsible for effectually draining the area and also for managing wastewater. They have investigated the potential of different options to reduce combined sewer overflow (CSO) spills in the sewer catchment that includes Roundhay Park in Leeds as part of compliance with the EU Water Framework Directive to protect the habitat of the White Clawed Crayfish in the watercourses receiving the spills from the CSOs. The aim was to compare the costs, immediate and wider benefits of a SuDS and traditional drainage approach. An initial assessment of the benefits of the options using an ecosystem services approach was completed in 2013. This case study sets out an update to this work using the 2019 version of B£ST (3). Values therefore differ slightly from earlier versions of the case study due to inflation and updates to B£ST. 
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Supplementary Figure 3 example of the streets in the Roundhay Park catchment, some with verges where BGI could be readily retrofitted
The study considered four options:
· Option 1: A traditional solution to store water in concrete tanks at CSOs to limit the volume spilling to the watercourse and return it to the combined sewer after the storm. 

· Option 2: A conventional (+) option that limited the volume spilling from the CSOs but also reduced predicted flooding in the catchment (giving similar hydraulic performance in the combined sewer network to options 3 and 4). This option included a combination of storage tanks and pipe upsizing to manage the flow in the combined sewer. 

· Option 3: A SuDS approach in public areas to disconnect surface water from the combined system and pass it through the conveyance and storage SuDS. This used a combination of swales, detention basins, geocellular storage and connecting pipes (see example area in Supplementary Figure 3).
· Option 4: A SuDS approach as in option 3 with measures added in residential private locations. These included water butts and residential rain gardens on properties of sufficient size. 

Here the results for Option 1 (traditional) and Option 4 (extensive SuDS) are shown. SuDS provide a total present value (PV) benefit of £10.1M (after confidence adjustment), for PV costs of £10,825,125. The benefit cost ratio is 0.9 (with a sensitivity range of 0.2 to 4.3). Option 1 has PV benefits of £597,624 with a benefit cost ratio of 0.2 for costs of £370,612. Supplementary Table 4 shows the breakdown of the benefit values across categories.
	Benefit category
	Total PV Benefits

	
	Traditional Option 1*
	SuDS Option 4

	Air quality
	
	£22,397

	Amenity
	
	£5,164,098

	Asset performance
	
	£53,427

	Biodiversity and ecology
	
	£305

	Carbon reduction and sequestration
	-£1,375 (negative)
	£4,567

	Flooding
	
	£3,745,984

	Pumping wastewater
	-£5,127 (negative)
	

	Recreation
	
	£252,261

	Treating wastewater
	-£9,794 (negative)
	

	Water Quality
	£613,920
	£571,025

	User defined 
	
	£247,469

	Total
	£597,624
	£10,062,056


Supplementary Table 4: Estimated benefit values from B£ST for Roundhay Park catchment retrofit options 1 and 4 (*the results for Option 1 are from the first release version of B£ST)
The comparison of the two options shows that although the SuDS Option 4 provides many added benefits beyond water quality management (the primary objective), it is almost three times the cost of the traditional grey Option 1. As responsible service provider, Yorkshire Water has to consider value for money. In fulfilling its’ duties, Yorkshire Water has only to provide the level of service required to meet the regulations, i.e. the traditional option of new underground storage tanks, and therefore could be in breach of the licence it has if it chooses to spend three times more on providing the wider societal benefits the SuDS option would bring. Also, it is clear that Yorkshire Water would be maintaining and operating the tanks, whereas the plethora of land and property owners needed to engage in the SuDS provision and long term operation mean that security of functioning would not be guaranteed longer-term.
More details for this scheme are provided in the CIRIA B£ST case studies (3).
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