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Abbreviations 

Abbreviation Full term 

ACUAMED Aguas de las Cuencas Mediterráneas (Spanish MAR agency) 

AEAS Asociación Española de Abastecimientos de Agua y Saneamiento (Spain) 

AR6 Sixth Assessment Report (IPCC, 2021–2022) 

BCR Benefit–Cost Ratio 

BOD Biochemical Oxygen Demand 

C3S Copernicus Climate Change Service 
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CAPEX Capital Expenditure 

CDI Combined Drought Indicator (Copernicus EDO) 

CDS Climate Data Store (Copernicus) 

CHP Combined Heat and Power 

CIRIA Construction Industry Research and Information Association (UK) 

CMEMS Copernicus Marine Environment Monitoring Service 

CSO Combined Sewer Overflow 

DKK Danish Krone (currency of Denmark) 

DWD Drinking Water Directive (Directive 2020/2184) 

EC European Commission 

ECMWF European Centre for Medium-Range Weather Forecasts 

ECRC European Cool Roofs Council 

EDO European Drought Observatory (Copernicus / JRC) 

EEA European Environment Agency 

EFAS European Flood Awareness System (JRC) 

EIB European Investment Bank 

ERA5 ECMWF Reanalysis v5 (Copernicus CDS dataset) 

ERDF European Regional Development Fund 

ERSAR Entidade Reguladora dos Serviços de Águas e Resíduos (Portugal) 

EUCRA European Climate Risk Assessment (EEA, 2024) 

EWRS European Water Resilience Strategy (European Commission, June 2025) 

FRMP Flood Risk Management Plan (EU Floods Directive) 
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GHG Greenhouse Gas 

GHSL Global Human Settlement Layer (JRC) 

GRACE-FO Gravity Recovery and Climate Experiment Follow-On (Copernicus) 

HOFOR Greater Copenhagen Utility (Danish water utility) 

IBA Internationale Bauausstellung (International Building Exhibition, Hamburg) 

ILI Infrastructure Leakage Index (IWA) 

INSAAR Inventário Nacional de Sistemas de Abastecimento de Água e Águas Residuais (Portugal) 

IPCC Intergovernmental Panel on Climate Change 

IWA International Water Association 

JRC Joint Research Centre (European Commission) 

LAI Leaf-Area Index 

LCA Life-Cycle Assessment 

LCRPGR Land Consumption Rate to Population Growth Rate (SDG indicator 11.3.1) 

MAR Managed Aquifer Recharge 

MOSE Modulo Sperimentale Elettromeccanico (Venice tidal barrier) 

NbS Nature-based Solutions 

NIS2 Network and Information Systems Directive 2 (Directive (EU) 2022/2555) 

NTU Nottingham Trent University (cited in Cripps/NTU SuDS study 2024) 

PAPI Plan d’Actions de Prévention des Inondations (France) 

PNRR Piano Nazionale di Ripresa e Resilienza (Italian National Recovery and Resilience Plan) 

PPRI Plan de Prévention des Risques Inondations (France) 

PV Photovoltaic 



6 
 

RBMP River Basin Management Plan (under WFD) 

RDL Real Decreto-Ley (Spanish Royal Decree-Law; drought framework) 

SDG Sustainable Development Goal (UN) 

SEA Strategic Environmental Assessment (Directive 2001/42/EC) 

SLR Sea-Level Rise 

SPI Standardised Precipitation Index 

SSP Shared Socioeconomic Pathway (IPCC AR6 scenario framework) 

SuDS Sustainable Drainage Systems 

TEN-T Trans-European Transport Network 

TSS Total Suspended Solids 

UHI Urban Heat Island 

UNECE United Nations Economic Commission for Europe 

UNESCO-

IHP 

United Nations Educational, Scientific and Cultural Organization — International Hydrological Programme 

UTCI Universal Thermal Climate Index 

UWMP Integrated Urban Wastewater Management Plan (recast UWWTD) 

UWWTD Urban Wastewater Treatment Directive (Directive (EU) 2024/3019) 

WEI+ Water Exploitation Index Plus (EEA) 

WFD Water Framework Directive (Directive 2000/60/EC) 

WGI Working Group I (IPCC — Physical Science Basis) 

WGII Working Group II (IPCC — Impacts, Adaptation and Vulnerability) 

WHO World Health Organization 
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WTW Water Treatment Works 

WWTP Wastewater Treatment Plant 
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Technical Note on Effectiveness Ranges, Co-benefits and Maladaptation 

Checks 

European Water-Sensitive Cities Planning Framework 

Summary 

● This Technical Note is the evidence-grading companion to D2.2 Risk–Solution Matrix.  

● It holds, for each of the 27 water-sensitive planning solutions reviewed in D2.1 Water-sensitive planning solutions: A review, the primary 

effectiveness metric and typical European range, an evidence-confidence grade (HIGH / MED / LOW), the key conditions under which the range 

holds, the principal co-benefits by magnitude, and the documented maladaptation risks with their prevention rules.  

● Three tables structure the content: TN-1 (6 solution families), TN-2 (27 solutions × effectiveness), TN-3 (27 solutions × maladaptation checks).  

● The note is designed to support options-appraisal and business-case preparation for municipal planners, utility strategic-planning teams, and 

adaptation officers. 
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1. Scope and how to use 

This Technical Note is the companion evidence reference to the D2.2 Risk–Solution Matrix. 

Its function is to hold the effectiveness ranges, evidence confidence grading, and maladaptation rules that the matrix is too dense to show. It is 

structured around three tables that map one-to-one against the 27 solutions reviewed in Deliverable 2.1 (Water-Sensitive Planning Solutions 

Review). 

Table TN-1 summarises the six solution families, their scope, and the solutions they contain. 

Table TN-2 presents, for each of the 27 solutions, the primary effectiveness metric, the typical European range with source citation, an evidence-confidence 

grade (HIGH / MED / LOW), the key conditions under which the range holds, and the principal co-benefits tagged by magnitude (HIGH / MED / LOW). 

Table TN-3 catalogues the documented maladaptation risks for each solution — ways the measure can backfire, shift risk, or create unintended harm — 

paired with a prevention rule or design safeguard. These are drawn from European practice, peer-reviewed evaluation, and the REGILIENCE self-

assessment framework principles on avoiding shifted-risk outcomes. 

How this note fits with D2.1 and D2.2 

Each entry in the tables below cross-references Deliverable 2.1 by solution code (column A1–F4).  

Where detailed evidence base, European practice examples, or implementation guidance is needed, D2.1 is the authoritative source.  

The matrix (D2.2) maps each solution to the hazards it addresses and the spatial contexts where it fits; this Technical Note answers the question "given 

that a solution is on the table, what does it actually deliver, under what confidence, with what cautions?" 

Who this is for 

The primary audience is technical staff advising planning and investment decisions: municipal water engineers, climate adaptation officers, utility 

strategic planners, and consultants preparing options appraisals.  

The effectiveness ranges are intended to support business-case preparation and options comparison, not to substitute for site-specific feasibility studies. 

Where a project is being designed, the conditions column flags the factors that will determine whether the typical range applies to the specific context. 

Update cadence 

The ranges and evidence citations reflect the state of European practice and peer-reviewed literature through early 2026. The note is maintained alongside 

D2.1 and D2.2; new European monitoring releases (EEA EUCRA updates, Urban Atlas refreshes, Copernicus evaluation outputs) will trigger 

targeted revisions rather than full rewrites. 
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2. Solution families — Table TN-1 

The six solution families correspond to the families reviewed in D2.1 and used as the row labels of the D2.2 Matrix.  

They are defined by the mechanism of intervention (avoid exposure, retain and infiltrate, convey safely, harden assets, reduce demand, integrate 

heat-water greening) rather than by hazard, so the same family can address multiple hazards and the same solution can appear in multiple hazard 

rows of the matrix. 

Family Full name Scope Typical measures 
# 

Solutions 

A 

Avoid / Reduce Exposure Spatial policy that steers development away 

from hazard, protecting the space water and 

vulnerable ecosystems need. 

Floodplain protection, coastal setbacks, managed retreat, 

multi-hazard zoning overlays, aquifer recharge protection, 

land-use efficiency (SDG 11.3.1). 

A1–A4 (4 

solutions) 

B 

Store–Slow–Infiltrate (SuDS / 

Sponge) 

Distributed green and blue infrastructure 

retaining and infiltrating rainfall at source. 

Green roofs, bioretention systems, vegetative swales, 

infiltration trenches, permeable surfaces and urban de-

sealing, constructed wetlands, urban forests and tree 

canopy. 

B1–B6 (6 

solutions) 

C 

Convey Safely (Safe 

Exceedance) 

Planned overland routes and multi-

functional public space that handle rainfall 

exceeding drainage design capacity without 

creating uncontrolled flooding. 

Sponge city catchment-scale integration, cloudburst streets 

and safe exceedance routes, water squares, parks as flood 

storage, blue-green corridors. 

C1–C5 (5 

solutions) 

D 

Protect & Harden Critical 

Infrastructure 

Physical asset protection, coastal defences, 

and operational continuity for water and 

wastewater services. 

Flood-proofing water and wastewater assets, coastal 

defence upgrades and tide gates, backup supply and 

continuity planning. 

D1–D3 (3 

solutions) 

E 

Reduce Demand & Reuse Demand-side measures and alternative 

supply that ease abstraction pressure from 

stressed sources. 

Leakage detection and reduction, water efficiency and 

demand management, water reuse, rainwater harvesting, 

managed aquifer recharge. 

E1–E5 (5 

solutions) 

F 

Heat + Water Public Realm Shade-first urban greening, drought-tolerant 

design, and cool materials that reduce heat 

exposure while remaining water-smart. 

Urban canopy expansion, drought-tolerant planting and 

water-smart soils, cool materials and high-albedo surfaces, 

water features (water-secure contexts only). 

F1–F4 (4 

solutions) 
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3. Effectiveness and co-benefits — Table TN-2 

Each row gives the primary effectiveness metric and the typical European range for one solution.  

The Confidence column grades the evidence base as HIGH (multiple European peer-reviewed studies or meta-analyses with consistent ranges), MED (single 

strong European case studies or emerging evidence; plausible extrapolation from global evidence), or LOW (limited empirical basis in the European context).  

The Key conditions column highlights contextual factors without which the typical range should not be assumed. Co-benefits are tagged by magnitude (HIGH 

/ MED / LOW) across the main impact dimensions: water security, water quality, heat mitigation, biodiversity, CO₂, public health, amenity, and social equity. 

Code Solution Primary metric Typical European range Conf. Key conditions Co-benefits 

A1 

Floodplain Protection 

and Room for the River 
Flood peak level 

reduction at restored 

sites; programme benefit-

cost performance 

10–30 cm flood peak reduction at 30 

Room for the River sites along the Rhine, 

Waal and Maas; €2.3bn investment 

yielded an estimated €18bn avoided 

damages over 100 years; cost-benefit 

ratio approximately 1:8 (Rijkswaterstaat 

2015) 

HIGH 

Floodplain still exists or is 

reclaimable; basin-wide 

coordination; long 

implementation horizon 

(10–30 years) 

HIGH biodiversity (river 

ecosystems); MED water 

quality (sediment and 

nutrient retention); MED 

groundwater recharge; 

MED amenity 

A2 

Coastal Setbacks and 

Managed Retreat 
Coastal asset exposure 

under projected sea-level 

rise 

European mean sea level has risen ~3–4 

mm/year since the 1990s, accelerating 

(EEA 2022); under SSP1-2.6 global mean 

SLR projected 0.3–0.6 m by 2100, under 

SSP5-8.5 0.6–1.0 m (IPCC AR6 WGI 

2021); current 1-in-100-year coastal flood 

events approaching near-annual 

occurrence in some European areas 

within decades (EEA EUCRA 2024) 

MED 

Long planning horizon 

(30–100 years); political 

feasibility; property-rights 

framework allowing 

managed retreat 

HIGH biodiversity (intertidal 

habitats restored); MED 

amenity; LOW CO₂ 

A3 

Land-Use Efficiency 

and SDG 11.3.1 

Indicator 

Land Consumption to 

Population Growth Rate 

(LCRPGR) 

Current EU LCRPGR ≈ 1.57 (urban areas 

expanded 6.6% 2000–2018 while 

population grew 4.2%; EEA Urban Sprawl 

monitoring 2023); SDG 11.3.1 target 

≤1.0; European urban imperviousness 

ranges 40–80% depending on density 

and development type (EEA Copernicus 

imperviousness monitoring 2024) 

HIGH 

Brownfield registers and 

contamination liability 

frameworks; development 

control capacity; 

complementary 

affordable housing policy 

HIGH groundwater 

recharge preservation; 

MED heat (reduced UHI 

expansion); MED 

biodiversity; MED CO₂ 

(reduced construction) 
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Code Solution Primary metric Typical European range Conf. Key conditions Co-benefits 

A4 

Multi-Hazard Zoning 

Overlays and Aquifer 

Recharge Protection 

Proportion of key 

recharge zones protected 

from further sealing 

Target 80–100% protection in affected 

basins to meet WFD good quantitative 

status; 23% of EU groundwater bodies 

currently failing this status (EEA 2024) 
MED 

Hydrogeological mapping 

at adequate resolution; 

legal authority to impose 

overlay restrictions; 

enforcement capacity 

HIGH groundwater 

(primary); MED biodiversity 

(groundwater-dependent 

ecosystems); LOW CO₂ 

B1 

Green Roofs Annual runoff retention; 

peak flow reduction 
56 ± 20% mean annual retention across 

climates (Mobillia & Longobardi 2022); 

30–80% peak flow reduction depending 

on substrate depth; 0.2–0.5 kgCO₂/m²/yr 

substrate-and-biomass sequestration 

HIGH 

Structural loading 80–200 

kg/m² (extensive) or 400+ 

kg/m² (intensive); 

substrate depth ≥8 cm; 

irrigation in 

Mediterranean summer; 

consecutive storms 

reduce retention up to 

40% 

HIGH cooling (1–3°C 

surface); HIGH biodiversity 

(invertebrate, bird habitat); 

MED CO₂ sequestration; 

MED building energy 

(insulation); MED amenity 

B2 

Bioretention Systems 

(Rain Gardens and 

Bioretention Cells) 

Runoff volume reduction; 

pollutant removal 
20–70% runoff volume reduction (Meng 

et al. 2025, Urban Water Journal); 60–

90% TSS removal; 20–80% total 

phosphorus removal (Davis et al. 2009) HIGH 

Catchment-to-

bioretention area ratio 5:1 

to 15:1; underdrain for 

low-permeability soils; 

vegetation establishment 

period 2–3 growing 

seasons 

HIGH water quality; MED 

groundwater recharge; 

MED biodiversity; LOW 

cooling 

B3 

Vegetative Swales and 

Infiltration Trenches 
Water retention; peak 

flow reduction 
30–50% median water retention for 

swales across European studies (review 

evidence; Mobillia & Longobardi 2022, 

and Mediterranean/temperate-climate 

meta-analyses); infiltration trenches site-

dependent, effective where native soil 

permeability >10 mm/hr; performance 

highly variable with slope, length and 

vegetation-management quality 

HIGH 

Slope 0.5–5% (check 

dams on steeper); soil 

infiltration >1 mm/hr for 

infiltration function; 

function loss in 2–3 

growing seasons without 

vegetation maintenance 

MED water quality (soil 

filtration); MED biodiversity 

(swale habitat); MED 

groundwater recharge; 

LOW cooling 
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Code Solution Primary metric Typical European range Conf. Key conditions Co-benefits 

B4 

Permeable Surfaces 

and Urban De-Sealing 
Stormwater volume 

reduction from permeable 

surface 

50–80% stormwater volume reduction 

under moderate rainfall (German federal 

highway research); up to 81% when 

combined with green roofs and 

bioretention (Cripps / NTU 2024) 

HIGH 

Subgrade infiltration >10 

mm/hr; appropriate 

structural loading; de-

icing salt management; 

regular cleaning to 

prevent clogging 

HIGH groundwater 

recharge; MED heat 

(reduced surface 

temperature); MED 

biodiversity (root-zone 

substrates) 

B5 

Constructed Wetlands Water quality treatment; 

flood storage 
50–70% BOD removal and 40–80% total 

nitrogen removal in properly designed 

surface-flow systems (Vymazal 2011, 

European Constructed Wetlands 

Database); 0.5–2.0 tCO₂eq/ha/yr soil 

carbon sequestration in temperate 

climates (Meng et al. 2020) 

HIGH 

Land availability (500–

10,000 m² typical); 

appropriate hydrology 

and hydraulic residence 

time; periodic drying 

regime to prevent 

stagnation 

HIGH biodiversity; HIGH 

water quality; MED amenity; 

MED flood storage; MED 

carbon storage in soils 

B6 

Urban Forests and Tree 

Canopy 
Rainfall interception; 

cooling 
15–40% annual rainfall interception 

depending on canopy density (Xiao et al. 

2000); 0–4 K LST reduction in Southern 

Europe to 8–12 K in Central Europe in 

tree-covered vs urban fabric across 293 

cities (Schwaab et al. 2021, Nature 

Communications); 0.8°C air temperature 

reduction per 10% canopy increase (npj 

Urban Sustainability 2025) 

HIGH 

Species selection for 

regional climate; soil 

volume ≥15 m³/tree; 

establishment irrigation 

2–5 years (10–30% 

mortality rate without it, 

elevated in 

Mediterranean summer) 

HIGH cooling; HIGH 

biodiversity; HIGH air 

quality; MED CO₂; MED 

amenity; MED social equity 

(when targeted at heat-

vulnerable neighbourhoods) 

C1 

Sponge City Concept 

and Integrated Urban 

Water Management 

Catchment runoff 

reduction; urban cooling; 

life-cycle carbon 

35–50% catchment runoff reduction with 

1.5–2.5°C surface temperature co-benefit 

(Berlin pilots 2023); carbon-neutral vs 

conventional drainage at ~12 years 

lifecycle (Liu / Chen et al. 2025, Water 

Science & Technology) 
HIGH 

Stormwater masterplan 

and catchment-scale 

coordination; active 

maintenance (Berlin 

2023: 40–60% retention 

function loss within 5 

years without 

maintenance); cross-

sector institutional 

alignment 

HIGH cooling; HIGH water 

quality; MED biodiversity; 

MED CO₂; MED amenity; 

MED social equity 
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Code Solution Primary metric Typical European range Conf. Key conditions Co-benefits 

C2 

Cloudburst Streets and 

Safe Exceedance 

Routes 

Avoided flood damage; 

surface-conveyance 

capacity 

Surface conveyance ~10× underground 

drainage capacity; Copenhagen 

programme: ~€700M surface component 

of €1.3bn programme, net societal gain 

DKK 3–5bn (~€400–670M) vs sewer-only 

approach over 100 years (HOFOR, Water 

Practice & Technology 2017) 

HIGH 

Inter-agency coordination 

(planning, highways, 

drainage utilities); safety 

design — velocity <2 m/s 

and depth <0.5 m on 

pedestrian routes during 

design event; survey to 

re-establish interrupted 

flow paths 

HIGH flood damage 

prevention; MED amenity 

(public space integration); 

MED cooling when blue-

green integration applied 

C3 

Water Squares and 

Multi-Functional Public 

Space 

Storage capacity; peak 

CSO reduction 
Rotterdam Benthemplein (2013): 1,700 

m³ storage; ~40% reduction in peak 

combined sewer flow; gravity drainage 

within 36–48 hours; construction cost 

~€1.8M 
MED 

Public space availability 

(typically 1,000–5,000 m² 

footprint); dual-function 

design for recreation in 

dry conditions; 

community co-design for 

dry-weather use 

HIGH amenity; MED flood 

relief; MED social equity 

(public space in dense 

neighbourhoods); LOW 

cooling 

C4 

Parks and Green Space 

as Flood Storage 
Storage volume; 

downstream peak 

reduction 

Limited published European performance 

monitoring at catchment scale; 

Copenhagen Utterslev Mose (lake and 

wetland system) provides documented 

flood attenuation for surrounding urban 

catchments (Copenhagen Climate 

Adaptation Plan); EEA EUCRA (2024) 

recognises distributed multi-functional 

green space as priority adaptation 

measure in dense European cities. Site-

specific hydraulic modelling required for 

planning-level estimates 

LOW 

Park topography suitable 

for storage; 

drainage/outlet design; 

acceptable inundation 

frequency 1-in-5 to 1-in-

20 years; flood-tolerant 

plantings 

HIGH amenity; HIGH 

biodiversity; MED cooling; 

MED water quality 

C5 

Blue-Green Corridors Combined conveyance, 

cooling and biodiversity 

connectivity 

Component evidence well-established: 

vegetated swales 30–50% runoff 

retention; urban tree canopy 0.4–4°C air 

temperature reduction (Schwaab et al. 

2021; EC 2023). Published European 

corridor-as-integrated-network 

performance monitoring remains limited. 

Singapore ABC Waters programme 

(global reference): 100 km of concrete 

MED 

Land continuity across 

ownership boundaries; 

cross-sector coordination 

between urban planning, 

drainage, transport, and 

parks; long-term 

maintenance funding 

across administrative 

boundaries 

HIGH biodiversity 

(ecological corridors); HIGH 

cooling; HIGH amenity; 

MED flood conveyance; 

MED CO₂; MED active 

travel 
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Code Solution Primary metric Typical European range Conf. Key conditions Co-benefits 

drainage naturalised with documented 

multi-benefit outcomes 

D1 

Flood-Proofing Water 

and Wastewater Assets 
Avoided operational 

losses and shutdown 

duration during flood 

events 

€1–10M avoided operational losses per 

protected facility per event at medium-

scale treatment works (EIB 2021); 2–8 

weeks typical shutdown duration for 

unprotected plants following major flood 

inundation; Copenhagen programme 

protects all major treatment assets above 

the 100-year event plus climate-change 

allowance 

HIGH 

Asset-specific retrofit; 

elevation or floodproofing 

to design flood level + 

freeboard; redundancy 

planning for exceedance 

events; NIS2 compliance 

for critical infrastructure 

HIGH service continuity; 

LOW biodiversity; LOW 

cooling 

D2 

Coastal Defence 

Upgrades and Tide 

Gates 

Protected coastal 

population and 

infrastructure under SLR 

scenarios 

Netherlands Delta Programme: 

Maeslantkering cost-benefit positive at 1-

in-10,000-year SLR design standard; 

Rijkswaterstaat (2015) documented 

>99% closure reliability over 20 years 

operation 

HIGH 

Design to 2050 and 2100 

SLR scenarios with land 

subsidence; storm surge 

frequency projections; 

sediment transport 

modelling for downstream 

effects 

HIGH service continuity; 

LOW biodiversity (potential 

intertidal habitat loss unless 

paired with managed 

realignment) 

D3 

Backup Supply, 

Redundancy, and 

Continuity Planning 

Supply restoration speed; 

disruption duration 

reduction 

30–50% faster supply restoration 

following major failure events with 

documented multi-source continuity plans 

and tested emergency interconnection 

(EIB Flood Risk Management Guide 

2021); 40–60% reduction in maximum 

supply disruption duration following 

significant flooding or drought events 

(IWA Best Practice Guidelines); NIS2 

Directive (EU 2022/2555) sets critical-

infrastructure continuity obligations 

MED 

Utility-scale planning; 

binding inter-utility 

agreements (MOUs); 

emergency water supply 

infrastructure; annual drill 

regime 

HIGH service continuity; 

LOW biodiversity; LOW 

CO₂ 

E1 

Leakage Detection and 

Reduction 
Non-revenue water 

recovered; abstraction 

saved 

15–40% of non-revenue water 

recoverable at €0.10–0.50/m³ saved (IWA 

synthesis); 35% leakage reduction 

achieved England/Wales 1994–2010 

HIGH 

Network-age assessment 

(older cast-iron can 

exceed €1M/km detection 

cost); pressure 

management reconciled 

with fire-service minimum 

pressure; regulatory 

HIGH water security; MED 

energy (reduced pumping); 

LOW–MED biodiversity 

(reduced abstraction 

pressure on rivers); LOW 

CO₂ 
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Code Solution Primary metric Typical European range Conf. Key conditions Co-benefits 

under Ofwat framework; every 1% 

leakage reduced ≈ 1% abstraction saving 

incentive (ERSAR, Ofwat-

equivalent frameworks) 

E2 

Water Efficiency and 

Demand Management 
Per-capita consumption 

reduction 
10–25% mandatory reduction achievable 

in declared drought alert phases (Spain 

RDL framework); 5–15% sustained 

reduction via metering + tiered pricing; 

heatwaves add 10–25% demand above 

seasonal baseline (IPCC AR6 WGII 

Ch.13) 

HIGH 

Staged restriction 

framework tied to drought 

declaration; metering 

coverage; tiered pricing 

with vulnerability 

exemptions; EU 

Ecodesign Regulation for 

appliance standards 

HIGH water security; MED 

energy (reduced pumping 

and treatment); MED social 

equity (if tiered pricing 

equity-weighted); LOW CO₂ 

E3 

Water Reuse Reclaimed water 

substituting potable 

supply 

10–90% of treated wastewater reusable; 

Murcia region (Spain): close to 90% for 

agricultural irrigation — highest 

documented European rate; Class A 

tertiary treatment adds 0.3–0.5 kWh/m³ 

over conventional 
HIGH 

Dual distribution network 

(primarily feasible in new 

development); Class A 

standard per Regulation 

(EU) 2020/741 for 

unrestricted agricultural 

reuse; public acceptance; 

Recast UWWTD resource 

recovery obligations 

HIGH water security; MED 

circular economy; MED 

energy vs long-distance 

transfer; LOW biodiversity 

(increased river baseflow if 

abstraction reduced) 

E4 

Rainwater Harvesting Potable savings for non-

potable end-uses 
20–65% potable savings for non-potable 

building uses depending on tank size and 

rainfall pattern (Springer Nature, Water 

Resources Management 2024); under-

sized tanks provide <10% annual 

substitution in Mediterranean summer 

mismatch 

MED 

Tank sizing vs rainfall 

pattern (Mediterranean 

requires oversized tanks); 

first-flush diversion; 

regular maintenance to 

prevent biofilm; France 

Décret n° 2023-835 

regulatory framework 

MED stormwater reduction 

(20–40% roof runoff 

captured with adequate 

sizing); LOW–MED water 

security (supplementary 

only in water-stressed 

contexts); LOW CO₂ 

E5 

Managed Aquifer 

Recharge 
Aquifer storage recovery 

rate; strategic reserve 
+10–30% aquifer storage volume 

recovery from MAR depending on aquifer 

characteristics and recharge volume (site-

specific; EEA EUCRA 2024; UNESCO-

IHP 2022); MAR consistently identified as 

cost-effective supplement to demand 

management in water-stressed European 

aquifer systems; Llobregat delta MAR 

HIGH 

Suitable hydrogeology 

(karst, unconfined 

sandstone / limestone, 

alluvial gravel); 

mandatory soil-

contamination screening; 

tertiary treatment 

verification if reclaimed 

HIGH long-term supply 

resilience; MED ecological 

(groundwater-dependent 

ecosystems: springs, 

wetlands, rivers); LOW CO₂ 

(reduced long-distance 

transfer pumping) 
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Code Solution Primary metric Typical European range Conf. Key conditions Co-benefits 

(Catalonia) decades of operation 

supplementing Barcelona supply 
source; integrated RBMP 

licensing 

F1 

Urban Canopy 

Expansion — Shade 

First 

Urban temperature 

reduction and heat-

mortality avoidance 

0.4°C average and up to 5.9°C local 

cooling at 30% canopy cover (EC 2023); 

2,644 avoided summer deaths across 93 

EU cities at 30% canopy (Iungman et al. 

2023, The Lancet); tree cooling efficacy 

reviewed in Li et al. 2024 

HIGH 

Species climate-

adaptation palettes; soil 

volume ≥15 m³/tree; 

establishment irrigation 

2–5 years 

(Mediterranean); 

maintenance funding; 

equity-targeted 

deployment to heat-

vulnerable areas 

HIGH public health (heat 

mortality avoidance); HIGH 

biodiversity; HIGH air 

quality; MED amenity; MED 

CO₂; MED social equity 

F2 

Drought-Tolerant 

Planting and Water-

Smart Soil Strategies 

Irrigation demand 

reduction 
85% reduction in irrigation demand vs 

conventional urban species selection 

(Barcelona Urban Forest Strategy 

monitoring reports); Mediterranean 

species research identifies Ceratonia 

siliqua, Pinus pinea, Quercus ilex and 

Pistacia lentiscus as high-performance 

drought-tolerant species for Iberian urban 

planting (Frontiers in Environmental 

Science 2025; MDPI Plants 2026); 

Stockholm tree-pit guidance: minimum 30 

m³ uncompacted soil volume per tree 

reduces irrigation dependency 

MED 

Species selection from 

regional drought-tolerant 

palettes; establishment 

irrigation; soil preparation 

with organic matter; 

Mediterranean studies 

most developed, northern 

European evidence 

emerging 

HIGH water security 

(amenity sector); MED 

cooling; MED biodiversity (if 

diverse palettes selected); 

LOW CO₂ 

F3 

Cool Materials and 

Urban Heat Island 

Reduction 

Surface and air 

temperature reduction; 

building-energy savings 

1.5°C air temperature and 11.5°C surface 

temperature reduction in 37,000 m² 

Athens pilot (Kyriakodis & Santamouris 

2017); 5–15% reduction in building 

cooling energy; 10–20% cost premium vs 

conventional materials 

HIGH 

Reflectivity <50% on 

pedestrian horizontal and 

vertical surfaces (glare 

hazard); building-code 

integration (under 

development in several 

Member States following 

HIGH heat mitigation; MED 

energy (building cooling); 

LOW biodiversity 
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Code Solution Primary metric Typical European range Conf. Key conditions Co-benefits 

ECRC advocacy); not 

beneficial in high-latitude 

winter-dominated 

climates 

F4 

Water Features in 

Water-Secure Contexts 
Localised evaporative 

cooling; public realm 

amenity 

2–4°C local cooling within 5–10 m of 

feature (Vienna rainwater-fed misting 

evidence); near-zero potable-water cost 

when sourced from reclaimed / rainwater 

supply (Barcelona Drought Resilience 

Plan 2019–2023) MED 

WEI+ <20% (non-

stressed context) OR 

demonstrably non-

potable supply available; 

Legionella maintenance 

regime (filters, pump 

cycling, biocide dosing); 

drought-stage 

decommissioning 

protocols; municipal 

fountain register 

HIGH amenity; HIGH public 

health (cool refuges during 

heatwave); MED social 

equity; LOW CO₂ 

 

4. Maladaptation checks — Table TN-3 

Every adaptation measure carries the potential to shift risk, create new problems, or fail under mismanagement.  

This table lists the documented maladaptation risks for each solution — drawn from European operational evidence, peer-reviewed evaluation, and the 

REGILIENCE self-assessment framework — paired with a prevention rule or design safeguard. A "DIRECT MALADAPTATION" tag is used where applying a 

solution in an inappropriate context actively worsens the problem it is meant to address (for example, installing water features in water-stressed contexts). 

The prevention rules are phrased operationally — as things a designer or programme manager can check, specify, or require — rather than as general 

principles. Where a risk is common to several solutions (vector-borne disease for B2 and B5; climate gentrification for B6 and F1; maintenance funding for B3, 

B4, C1, and C5), the prevention rule is repeated rather than cross-referenced, so that each solution's row is self-contained. 

Code Solution Documented maladaptation risk Prevention rule / design safeguard 

A1 

Floodplain Protection and Room 

for the River 
Downstream flood risk transfer if floodplain storage not 

coordinated with basin-wide plan 
Coordinate at RBMP level; model downstream impacts; set 

storage operation rules across the basin 

Loss of agricultural or commercial use rights without adequate 

compensation 
Equity-weighted compensation; graduated land-use change over 

time; maintain productive overlay where compatible 



19 
 

Code Solution Documented maladaptation risk Prevention rule / design safeguard 

A2 

Coastal Setbacks and Managed 

Retreat 
Displacement of coastal communities; gentrification of higher-

ground areas 
Equity-weighted resettlement support; affordable housing 

alongside retreat zones; community-led relocation planning 

Public resistance undermining long-horizon implementation Transparent SLR scenarios; phased implementation; adaptive 

triggers tied to sea-level monitoring 

A3 

Land-Use Efficiency and SDG 

11.3.1 Indicator 
Densification without complementary green space intensifies 

UHI and reduces permeability 
Green-space ratio standards alongside density targets; mandatory 

canopy cover per neighbourhood 

Upward land-value pressure reduces housing affordability 

without social-housing policy 
Affordable-housing requirements in brownfield regeneration; 

inclusionary zoning 

A4 

Multi-Hazard Zoning Overlays and 

Aquifer Recharge Protection 
Legal compensation claims from landowners where zoning 

restricts development rights 
Graduated overlays rather than binary exclusion; clear 

hydrogeological basis documented in planning record; phased 

implementation at plan-review windows 

Enforcement gap due to fragmented planning–water 

coordination 
Cross-sector delivery boards; shared data platforms between 

basin authority and municipal planning 

B1 

Green Roofs Structural loading failure on buildings not designed for retrofit Mandatory structural assessment before retrofit; extensive 

(lightweight) systems for unsuitable structures; engineer sign-off 

Function loss up to 40% during consecutive storms; substrate 

compaction and drainage-layer blockage if maintenance 

neglected 

Combine with safe exceedance routes (C-family) for large events; 

contracted maintenance regime with annual inspection 

B2 

Bioretention Systems (Rain 

Gardens and Bioretention Cells) 
Vector-borne disease proliferation from standing water beyond 

72 hours 
Drainage within 24–48 hours by design; mosquito-inhibiting plant 

selection; outlet freeboard assessment 

Reduced performance in clay soils without underdrain Site-specific infiltration testing pre-installation; underdrain with 

discharge to existing drainage where infiltration inadequate 

B3 

Vegetative Swales and Infiltration 

Trenches 
Function loss in 2–3 growing seasons without vegetation 

maintenance 
Maintenance contracts with dedicated budget; monitoring 

protocols tied to inspection regime 

Infiltration function not deliverable where native soil 

permeability <10 mm/hr (D2.1 threshold for infiltration 

trenches); not suitable on contaminated land without liner 

Mandatory site-specific soil assessment; alternative conveyance 

design where infiltration inadequate; liner where contamination 

present 

B4 

Permeable Surfaces and Urban 

De-Sealing 
Pollutant infiltration to groundwater in contaminated or heavily 

trafficked areas 
Soil-contamination assessment pre-installation; liner for 

contaminated sites; avoid installation downgradient of de-icing salt 

application 
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Code Solution Documented maladaptation risk Prevention rule / design safeguard 

Clogging and loss of permeability without regular cleaning Scheduled vacuum cleaning (annual to biennial depending on use 

intensity); maintenance budget earmark 

B5 

Constructed Wetlands Vector-borne disease proliferation in warm climates (stagnant 

water >72h) 
Flow-through design with hydraulic residence controls; mosquito-

predator species; periodic drying regime 

Eutrophication under high nutrient loading Sediment forebay; upstream nutrient management; periodic 

sludge removal 

B6 

Urban Forests and Tree Canopy Climate gentrification — canopy investment drives up rents, 

displacing heat-vulnerable populations the programme was 

designed to protect 

Equity-targeted deployment to heat-vulnerable neighbourhoods 

first; affordable-housing requirements alongside greening 

investment; community benefit agreements 

Tree mortality 10–30% during 2–5 year establishment period in 

drought climates 
Climate-adapted species palettes; establishment-irrigation budget; 

pit design with soil volume ≥15 m³/tree 

C1 

Sponge City Concept and 

Integrated Urban Water 

Management 

Institutional fragmentation between planning, drainage utilities, 

and highways as primary delivery constraint (Vinagre et al. 

2025) 

Cross-authority governance board; shared stormwater masterplan; 

single catchment vision document 

40–60% retention function loss within 5 years without active 

maintenance (Berlin 2023) 
Mandatory maintenance regime; monitoring with performance 

triggers; earmarked maintenance funding 

C2 

Cloudburst Streets and Safe 

Exceedance Routes 
Pedestrian safety hazard from velocity and depth during 

cloudburst events 
Hydraulic modelling to velocity <2 m/s and depth <0.5 m on 

pedestrian routes; warning signage and diversions at flow 

activation 

Interrupted flow paths undermining designated route function Pre-designation surveys; deliberate re-establishment of flow 

continuity through kerb and barrier adjustments 

C3 

Water Squares and Multi-

Functional Public Space 
Under-use of dry-weather amenity function — space perceived 

as infrastructure not public realm 
Community co-design from concept stage; programming 

partnerships (sports, markets, events); curatorial signage 

Maintenance complexity across infrastructure and public-realm 

budgets 
Single maintenance contract covering drainage and public-realm 

functions; clear responsibilities in inter-departmental agreement 

C4 

Parks and Green Space as Flood 

Storage 
Habitat disturbance from repeated inundation stressing 

biodiversity 
Flood-tolerant species selection; design inundation frequency 1-in-

5 to 1-in-20 years; recovery period between events 

Reduced amenity during and after inundation events Rapid-drainage design; surface materials tolerant of wetting; post-

event cleanup protocols 
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Code Solution Documented maladaptation risk Prevention rule / design safeguard 

C5 

Blue-Green Corridors Land continuity impossible in dense urban fabric without 

coordinated assembly across ownership boundaries 
Corridor-scale masterplanning in local plans; phased land 

assembly over decades; use of public land and infrastructure 

rights-of-way as backbone 

Fragmented maintenance funding across transport, parks, 

drainage, and environment portfolios 
Single corridor maintenance agreement across authorities; pooled 

maintenance budget with explicit shares 

D1 

Flood-Proofing Water and 

Wastewater Assets 
False sense of security — reliance on design flood level with 

no exceedance plan 
Design to flood level + freeboard; redundancy planning for 

exceedance; documented emergency response protocols 

Lock-in to grey infrastructure, displacing investment in 

upstream NbS that would reduce the flood hazard itself 
Portfolio approach: asset hardening coupled with catchment-scale 

flood reduction (A1, C-family); periodic review of residual risk 

D2 

Coastal Defence Upgrades and 

Tide Gates 
Loss of intertidal and coastal wetland habitats behind fixed 

defences 
Managed realignment zones alongside hard defences; 

compensation habitats; phased retreat where feasible 

Downstream erosion intensification from altered sediment 

transport 
Sediment transport modelling at project design; sediment bypass 

systems; monitoring of adjacent coastlines 

D3 

Backup Supply, Redundancy, and 

Continuity Planning 
Inter-utility agreements weak at actual crisis — untested in 

practice 
Annual drills with scenario testing; binding MOUs specifying 

activation triggers; NIS2 Directive compliance obligations 

Backup capacity insufficient for compound-event duration Sizing based on realistic compound-event scenarios (drought + 

heat lasting weeks, not days); portfolio of backup sources rather 

than single alternative 

E1 

Leakage Detection and Reduction Pressure reduction conflicts with fire-service minimum 

pressure requirements 
Fire-service consultation at design stage; zoned pressure 

management; maintenance of fire-flow capability 

Marginal detection cost exceeds value of water saved in older 

networks (>€1M/km for detection) 
Risk-based prioritisation of detection investment; targeted renewal 

in highest-loss zones; regulatory incentive alignment 

E2 

Water Efficiency and Demand 

Management 
Mandatory restriction without equity weighting imposes 

disproportionate cost on households without storage or income 

buffer 

Vulnerability exemptions; tiered pricing with social tariff; household 

support measures during alert phases 

Voluntary programmes underperform mandatory frameworks 

— false confidence in demand savings 
Mandatory restrictions tied to declared drought alert phases; 

monitoring of compliance; enforcement capacity 

E3 
Water Reuse Public acceptance challenges for non-potable reuse in 

European surveys 
Transparent communication; phased rollout starting with industrial 

and agricultural reuse; public education; dual-distribution signage 
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Code Solution Documented maladaptation risk Prevention rule / design safeguard 

Cross-connection between reclaimed and potable supplies — 

catastrophic contamination risk 
Physical separation per Regulation (EU) 2020/741; certification 

standards for dual-system installation; dual-labelling (purple pipe) 

convention 

E4 

Rainwater Harvesting Biofilm and Legionella proliferation if systems not regularly 

maintained 
Maintenance schedule with filter replacement; first-flush diversion; 

chlorination before sanitary use 

Seasonal mismatch in Mediterranean — summer absence of 

rainfall makes systems ineffective without over-sizing 
Realistic sizing vs rainfall pattern; hybrid supply design (rainwater 

as supplementary only); clear expectation setting in regulatory 

frameworks 

E5 

Managed Aquifer Recharge Pollution spread into aquifer if contaminated soils or low-quality 

source water 
Mandatory soil-contamination screening pre-design; tertiary 

treatment verification for reclaimed water recharge; post-recharge 

groundwater monitoring 

Cannot resolve structural over-abstraction alone — MAR 

without demand reform is a leaking bucket 
Integrated with E2 demand management and abstraction licensing 

reform; WFD Article 4 good-status compliance plan 

F1 

Urban Canopy Expansion — 

Shade First 
Climate gentrification — canopy investment drives up rents in 

neighbourhoods targeted for heat vulnerability 
Equity-targeted deployment criteria; affordable-housing 

requirements alongside greening investment; community benefit 

agreements 

Tree mortality 10–30% during establishment in dry-climate 

contexts 
Species-climate matching; establishment-irrigation budget 

covering 2–5 years; soil volume and pit design per specification 

F2 

Drought-Tolerant Planting and 

Water-Smart Soil Strategies 
Biodiversity reduction if drought-tolerant palette dominated by 

monoculture or non-native species 
Diverse regional palette prioritising native species; hedgerow and 

ground-layer diversity; pollinator-friendly selections 

Reduced amenity perception if palette is austere or lacks 

seasonal interest 
Community engagement on palette selection; seasonal interest 

planning; demonstration plantings 

F3 

Cool Materials and Urban Heat 

Island Reduction 
Glare hazard for pedestrians and road users from high-albedo 

pavements and vertical surfaces (reflectivity >50%) 
Reflectivity capped at 50% on pedestrian horizontal and vertical 

surfaces; pedestrian-sightline modelling; guidance per 

NetZeroCities and ECRC standards 

Winter heating-energy penalty in northern European climates 

with cool-roof applications 
Climate-zone-appropriate specification; cool roofs prioritised for 

Mediterranean and warm continental zones; consider switchable / 

adaptive materials where available 
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Code Solution Documented maladaptation risk Prevention rule / design safeguard 

F4 

Water Features in Water-Secure 

Contexts 
DIRECT MALADAPTATION — installation in water-stressed 

contexts (WEI+ ≥20%) worsens the scarcity problem while 

addressing heat 

Hard gating on WEI+ threshold and non-potable supply 

availability; drought-stage decommissioning protocols; municipal 

fountain register with activation/deactivation triggers 

Legionella proliferation in poorly maintained misting systems — 

public-health risk greater than heat exposure mitigated 
Maintenance contracts with filter, pump, and biocide regimes; 

periodic water-quality monitoring; automatic shutdown on quality 

failure 

 

5. Evidence grading methodology 

The Confidence column in Table TN-2 uses a three-level grade applied consistently across all 27 solutions. The grading reflects the strength of the European 

evidence base for the specific effectiveness range cited, not the general scientific consensus on the intervention type. 

HIGH — the typical range is supported by multiple European peer-reviewed studies or a systematic review / meta-analysis with consistent findings across climates and urban 

contexts. Examples: Mobillia & Longobardi (2022) meta-analysis on green-roof retention; Berlin, Hamburg and Copenhagen sponge-city monitoring pilots; EIB (2021) flood-risk 

management economic evidence; Ofwat and ERSAR regulated-utility leakage data. 

MED — the range is supported by a single strong European case study with systematic evaluation, or by emerging evidence showing consistent direction but with variation 

across contexts that has not been fully resolved. Examples: Benthemplein water-square monitoring; Barcelona Urban Forest Strategy drought-tolerant species monitoring; 

Kyriakodis & Santamouris (2017) Athens cool-materials pilot; Springer Nature (2024) rainwater-harvesting review. 

LOW — the evidence base in the European context is limited; the range is plausible extrapolation from global evidence, engineering-standard expectations, or early pilots. No 

solutions currently in the D2.1 / D2.2 catalogue are graded LOW, but the category is reserved for future additions where European evidence is thin. 

What confidence grades do and do not mean 

A HIGH confidence grade means that, under the specified conditions, the cited range is robust across multiple European contexts. It does not 

mean the intervention will deliver the range automatically — the conditions column always matters. Conversely, a MED grade does not mean the 

intervention is less effective; it means the specific quantitative range has narrower empirical support, and project-specific evaluation carries more 

weight in the business case. 

Confidence grades are separate from co-benefit magnitude tags. A MED co-benefit can be delivered with HIGH confidence (well-evidenced but modest) and 

a HIGH co-benefit can be delivered with MED confidence (potentially large but with variable empirical support). Both pieces of information are needed for a 

balanced options appraisal. 
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6. Key references 

References are organised by source category for navigability. Full citations are held in D2.1 Key References; this list is the subset directly supporting the 

effectiveness ranges and maladaptation rules in Tables TN-2 and TN-3. 

Source category References 

EU risk framing and policy EEA EUCRA (2024); IPCC AR6 WGI (2021) and WGII Chapter 13 Europe (2022); Climate-ADAPT (EEA); 

European Water Resilience Strategy (European Commission, June 2025); EU Soil Strategy 2030; SDG Indicator 

11.3.1 (LCRPGR). 

EU legislation EU Floods Directive (2007/60/EC); Water Framework Directive (2000/60/EC); Groundwater Directive 

(2006/118/EC); Drinking Water Directive (2020/2184); Regulation (EU) 2020/741 on water reuse; Recast Urban 

Wastewater Treatment Directive (EU 2024/3019); Nature Restoration Regulation (EU 2024/1991); NIS2 Directive 

(EU 2022/2555). 

EU monitoring and data Copernicus EDO Combined Drought Indicator; Copernicus Climate Data Store (ERA5-Land); Copernicus Marine 

Service; Copernicus Urban Atlas; JRC Global Human Settlement Layer. 

Technical standards and investment guidance CIRIA SuDS Manual C753; EIB Flood Risk Management Guide (2021); WHO/UNECE guidance on water supply 

and sanitation in extreme weather; JRC guidance on integrating water reuse into water planning. 

Evidence synthesis and meta-analysis Mobillia and Longobardi (2022) green-roof retention; Meng et al. (2025) bioretention, Urban Water Journal; Meng et 

al. (2020) wetland carbon sequestration; Vymazal (2011) constructed wetlands, European Constructed Wetlands 

Database; Xiao et al. (2000) rainfall interception; Schwaab et al. (2021) LST reduction, Nature Communications; Li 

et al. (2024) tree-cooling meta-analysis; Iungman et al. (2023) urban canopy and summer mortality, The Lancet; Liu 

and Chen et al. (2025) sponge-city carbon accounting, Water Science & Technology; Satriawansyah et al. (2024) 

SuDS flood-risk reduction meta-analysis; Cai et al. (2023) constructed wetland GHG comparison, ScienceDirect. 

European case evidence Netherlands Delta Programme and Room for the River (Rijkswaterstaat 2015); HOFOR / Greater Copenhagen 

Utility (2012, 2017); City of Copenhagen Cloudburst Management Plan (2012); Rotterdam Benthemplein 

documentation (2013); Berlin Senate for Urban Development pilots (2019, 2023); Kyriakodis and Santamouris 

(2017) Athens cool-materials pilot; Barcelona Drought Resilience Plan (2019–2023); Vienna rainwater-fed public 

cooling; Llobregat delta MAR (Catalonia); Rhine bank filtration (Amsterdam); Murcia water reuse (Spain); INSAAR 

leakage programme (Portugal 2020); Cripps and NTU combined-measures study (2024); Davis et al. (2009) 

bioretention pollutant removal. 

Governance and practice networks EUROCITIES (2021); Climate-ADAPT urban resources (EEA); European Cool Roofs Council; NetZeroCities EU 

programme; UNESCO-IHP (2022); Rogers et al. (2020) Water Sensitive Cities Index; Vinagre et al. (2025) water–

planning collaboration; Corgo et al. (2024) NbS implementation barriers; REGILIENCE self-assessment framework. 
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Source category References 

National regulatory frameworks Ofwat (England and Wales) leakage regulation; ERSAR (Portugal) utility regulation; AEAS (Spain); ACUAMED 

(Spain MAR); France Décret n° 2023-835 (building-scale rainwater use); Germany Versickerungsgebot (infiltration 

mandates); Spain Royal Decree drought framework; Stuttgart mandatory green-roof provisions. 
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