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1. Introduction 

The transformation of municipalities and cities towards climate resilience requires the effective 

integration of blue-green infrastructure (BGI) with spatial planning, investment preparation and 

public administration procedures. BGI should not be treated as an additional decorative element. 

It is a functional layer of urban infrastructure that supports rainwater retention, groundwater 

recharge, local cooling, biodiversity and the reduction of runoff peaks. As emphasized by Kabisch 

et al. (2017), blue-green solutions simultaneously ensure an improvement in the quality of the 

microclimate, increased rainwater retention and significant support for adaptation processes to 

the risk of floods, extreme weather phenomena or pressure resulting from climate change. 

Contemporary urban planning indicates the need to treat biologically active areas, ecological 

corridors and various types of retention as infrastructure with an equal status to technical and 

communication infrastructure (Wilker et al., 2016). This means, e.g., incorporating natural forms 

of retention into rainwater collection and drainage systems, implementing greenery in urban 

space, as well as using natural solutions to reduce the effect of urban heat islands. 

The need for widespread implementation of BGI is determined by both changing European 

regulations and increasing investment pressure leading to the fragmentation and disappearance 

of biologically active spaces (European Environment Agency, 2021). Among the areas requiring 

special attention are post-industrial areas, including post-mining areas, characterized by a high 

degree of ecological degradation and limited geotechnical stability. As the literature indicates, 

such locations, although difficult to develop, also create great potential for the implementation 

of innovative natural solutions that can simultaneously perform ecological, hydrological and social 

functions (Kabisch et al., 2016). 

Due to the growing risk of adverse phenomena, it is necessary to implement systematic, 

interdisciplinary spatial planning models that consider BGI as a key component of space to ensure 

a high quality of life for residents. As noted by Frantzeskaki et al. (2019), the development of 

blue-green infrastructure should not be understood as an additional element of planning, but as 

an integral part of the sustainable urban development strategy. 

The MAURICE approach presented in this guideline is practical and decision oriented. It supports 

the first stage of investment planning, when the investor, designer and public administration need 

to understand which BGI technologies are potentially suitable for a plot, which solutions require 

additional verification, and which should be excluded because of local constraints. 

Purpose of the guideline 

This guideline supports the safe and effective selection of BGI measures before detailed design. 

It links local rainfall data, soil and groundwater conditions, geohazard screening, the BGI Tool 

and the BGI Catalogue into one coherent pre-design workflow. 

The document is intended for investors, designers, local authorities, permitting bodies, water 

utilities, residents and experts. It is written as a pre-design and decision-support guideline: it 

helps define what can be considered, what should be excluded, and what requires detailed 

engineering verification before implementation. 
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Table 1-1. Target groups. 

Target group How the guideline supports decisions 

Investors and property 

owners 

Help identify feasible BGI options, understand limitations, 

prepare realistic assumptions for concept design and avoid 

unsuitable solutions at an early stage. 

Designers and consultants Provides a structured pathway for collecting site data, 

selecting rainfall scenarios, pre-screening technologies and 

preparing inputs for detailed engineering design. 

Municipal officers and 

permitting authorities 

Creates a common basis for dialogue with investors and 

designers and supports consistent review of BGI proposals. 

Urban planners Connects BGI measures with spatial planning, runoff control, 

climate adaptation and groundwater recharge objectives. 

Residents and local 

stakeholders 

Explains why BGI solutions are introduced, what benefits they 

provide and why some technologies cannot be applied 

everywhere. 

 

2. Sponge-city principles for BGI planning 

A sponge city is an urban model in which rainwater is not treated as waste to be removed as 

quickly as possible. Instead, precipitation is retained, stored, infiltrated, evaporated, treated or 

reused as close as possible to the place where it falls. In technical terms, the objective is to 

restore selected elements of the natural urban water balance under built-up conditions. 

The implementation of blue-green infrastructure in practice still faces significant barriers. 

Investors, early concept designers, property owners and administration representatives often do 

not have sufficient technical knowledge to assess for themselves which BGI solutions can be used 

in each location. The problem is not only the choice of technology, but also the awareness of 

limitations: some solutions should not be used when groundwater levels are high, with low soil 

permeability, unfavorable topography, or geohazards.  

To address these barriers, the MAURICE project developed two complementary outputs designed 

to support the preliminary selection and assessment of blue-green infrastructure solutions. The 

first is the BGI Catalogue, which contains information about available technologies with a 

description of functions, design parameters, design requirements, limitations of use, resistance to 

geohazards, retention capacity and groundwater recharge potential. The second component is the 

BGI Tool, which is a digital tool for the first selection of BGI technology. The tool indicates which 

solutions are applicable under given site conditions, which require caution or additional analysis, 

and which should be excluded. In addition, it calculates the volume of precipitation to be 

managed, estimates the required area for the installation and assesses the potential of 

groundwater recharge. 
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The BGI Tool has been developed as a practical tool to support the early stage of investment 

planning. BGI Tool supports the preparation of the investment concept, the dialogue between 

the investor, the designer and the public administration. However, it does not replace a detailed 

engineering design, formal and legal procedures or specialist geotechnical and hydrogeological 

verification. Such analyses remain necessary at the implementation stage, especially in areas 

with shallow groundwater levels, historical mining activities, landslide risk, unfavorable 

infiltration conditions or the possibility of underground voids. 

Sponge city is a model of urban space management in which rainwater is harvested, infiltrated, 

or reused as close as possible to the precipitation site.  

The implementation of such an approach requires linking planning decisions with the technical 

assessment of the plot. The following factors are of key importance: soil permeability, 

groundwater table level, available area for installation, as well as geotechnical and 

hydrogeological risks. Special caution is required in post-industrial and post-mining areas, where 

the ground conditions can be strongly transformed and heterogeneous. In such areas, intensive 

infiltration may increase the risk of suffusion, subsidence, activation of underground voids, 

changes in the groundwater regime or secondary activation of pollutants. Therefore, the MAURICE 

approach treats BGI as a technical and natural solution: it prefers local water retention and 

support for groundwater recharge, but only where the groundwater conditions and the assessment 

of site safety allow. 

 

2.1. Design principles 

The following principles provide a concise framework for selecting and designing BGI in a way that 

is technically feasible, site-responsive and effective over time. 

Table 2.1-1. Design principle. 

Design principle Practical implication 

Keep water local Retain or reuse water close to the source. 

Separate rainwater from 

wastewater 

Avoid unnecessary mixing with sanitary wastewater where 

separate management is possible. 

Prefer multifunctional 

solutions 

Select technologies that combine hydrological, ecological, cooling 

and social functions. 

Respect ground and 

groundwater conditions 

Do not force infiltration where groundwater, geology or 

geohazards create unacceptable risk. 

Plan overflow safely 
Every BGI system must have a safe exceedance pathway for 

rainfall above design capacity. 

Design for maintenance 
Access, inspection and maintenance management must be 

planned. 
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BGI planning should start before the plot concept is fixed. Early screening prevents two common 

problems: selecting an attractive but technically unsuitable solution or leaving too little space for 

rainwater management after the building, roads and parking areas have already been located. 

 

  

Figure 2.1 -1. Recommended early-stage workflow for using this guideline and 
the BGI Tool. 

2.2. Minimum input data for early screening 

Early screening should be based on a small but reliable set of input data that allows unsuitable 

BGI options to be excluded before detailed design begins. 

Table 2.2-1. Input data for early screening. 

Input category Data needed 

Plot and land-use 

data 

plot area, building footprint, paved surfaces, biologically active area, 

and planned functions 

Run-off source 
roof water, pedestrian areas, roads, parking lots, industrial surfaces, 

mixed catchments 

Soil and infiltration 

data 

soil type, permeability class or infiltration test result, presence of 

artificial fill or compacted layers 

Groundwater data 
groundwater table depth, seasonal variability, risk of buoyancy or 

hydraulic interaction 

Safety constraints 
geohazards, historical mining activity, underground voids, landslide 

zones, contamination risk 

Rainfall objective 
reuse during dry periods, retention of design rainfall, reduction of peak 

discharge, or support for groundwater recharge 
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3. Risks and specific considerations in the 

implementation of BGI 

BGI are highly effective when they are correctly matched to local conditions. However, 

technologies based on infiltration, soil-water interaction and underground storage must be 

planned with particular care. The main objective of risk screening is not to limit the use of BGI, 

but to ensure that the selected technology is safe, durable and appropriate for the plot. 

Risk assessment should start already at the concept stage. At this point the investor should not 

yet be required to prepare a full technical design but should be able to identify whether the plot 

is suitable for infiltration-dominant measures or whether retention, treatment, reuse and 

controlled discharge should be preferred. 

The implementation of BGI on an urban and peri-urban scale is a challenge, especially in European 

cities, which, due to their long history of urbanization and geological and hydrogeological 

diversity, are often located in areas with complex land characteristics. The most important threats 

include suffusion, the formation of subsurface voids, landslides, unstable steep slopes, rock 

outcrops, as well as heterogeneous subsidence.  

These risks should be considered by BGI designers, as technologies such as absorption wells or 

heavy infiltration tanks may not be compatible with areas prone to subsidence or sinkholes. 

What is more, changes in the water regime, resulting from both natural processes (e.g. rising 

groundwater levels after the decommissioning of excavations) and anthropogenic activities 

(infiltrations into the ground from sewage systems, intensive infiltration of rainwater), can 

significantly increase the risk of suffusion voids, landslides or local soil deformations. Such threats 

are not limited to post-mining or post-industrial areas – they can also occur in karst, sandy, clayey 

or rocky areas, where natural soil instability is a high-risk factor. 

From a BGI design perspective, omitting these geotechnical conditions can lead to serious 

consequences, including: cracks in buildings and pavements, failures of technical networks, local 

sinkholes, and even construction disasters.  

For this reason, it is extremely important to consider geotechnical and hydrological aspects for 

the investment area at the design stage of the BGI, to ensure the safety, functionality and 

durability of the infrastructure. 

This guide reviews the main geotechnical and hydrogeological risks associated with the 

implementation of BGI in Europe, with a particular focus on a variety of terrain types, from post-

mining areas to steep slopes to areas prone to suffusion and subsurface voids.  

Areas with specific geological conditions, such as suffusion, heterogeneous subsidence, shallow 

groundwater or rock outcrops (e.g. Triassic), are one of the major challenges for effective and 

safe blue-green infrastructure (BGI) planning. The aim of the guide is to provide comprehensive 

knowledge that will allow planners, engineers and decision-makers to make informed design 

decisions when implementing blue-green infrastructure. The use of BGI solutions requires taking 

these conditions into account to optimize retention and ecological functions, while maintaining 

the stability and safety of buildings and protecting the health of residents. 
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3.1. Geotechnical hazards in blue-green infrastructure planning 

The most common geotechnical hazards in Europe include: suffusion, landslides, subsurface voids, 

heterogeneous subsidence and changes in the water regime. Each of these phenomena can lead 

to serious consequences for urban infrastructure, including damage to buildings, failures of 

technical networks or local sinkholes. 

SUFFUSION 

Suffusion is the process of washing out fine particles of soil through an underground flow of water, 

which results in voids and suffusion funnels. This process can lead to: 

• sudden subsidence of the land surface, 

• formation of sinkholes, 

• damage to buildings, road and network infrastructure, 

• increase in the risk of construction disasters. 

As Wiłun (2010) emphasizes, suffusion is one of the most difficult geotechnical phenomena to 

predict, due to the hidden nature of the processes. The consequences include, e.g.: 

• sudden subsidence of the surface, 

• damage to buildings, road and network infrastructure, 

• increase in the risk of construction disasters. 

In the context of BGI, this means the need for detailed hydrogeological studies and the use of 

solutions to limit water infiltration in areas prone to suffusion (Filipowicz & Florkiewicz, 2011; 

Liang et al. 2024). 

HETEROGENEOUS SUBSIDENCE 

In post-mining areas, as well as in areas of raw material exploitation, heterogeneous subsidence 

is a typical problem, leading to local surface deformations.  

This process causes cracks in buildings, failures of linear installations, and even secondary 

landslides (Leśniak & Porzycka, 2007). The introduction of BGI in such locations requires combining 

engineering methods (ground reinforcement, deformation control) with ecological solutions, such 

as flexible retention systems or slope stabilization plantings. 

TRIASSIC OUTCROPS AND STEEP SLOPES 

Areas with rock outcrops (e.g. Triassic) and steep slopes are characterized by instability and 

complexity of the terrain shape, and thus the risk of landslides, especially in the situation of 

changes in water conditions (Rączkowski, 2007). Landslides also occur in mountainous and foothill 

areas, such as the Alps, the Carpathians or the Pyrenees. They are the result of slope instability, 

often exacerbated by excessive rainwater infiltration. In the context of BGI, it is necessary to 

avoid the location of retention elements on slopes with a low safety factor. 

The implementation of BGI in such areas requires: 

• specialist geotechnical surveys, 

• monitoring the stability of slopes, 
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• integration of natural solutions (stabilizing vegetation, green belts) with engineering 

landslide protection (Januchta-Szostak, 2020). 

SUBSURFACE VOIDS  

A particular problem in the planning of blue-green infrastructure is invisible subsurface voids, 

formed because of karst processes, mining exploitation, as well as in areas prone to suffusion.  

Subsurface voids are typical for karst areas (e.g. Slovenia, Croatia) and can lead to sudden 

sinkholes.  

Brinkmann & Parise (2012) note the presence of voids is often difficult to detect in standard 

geotechnical surveys, and their development tends to be long-term and latent. Only the inflow of 

rainwater or a change in water conditions can cause a rapid collapse of the void ceiling and the 

formation of a sinkhole. 

In urban conditions, this means that intensive infiltration of rainwater from BGI systems (e.g. 

absorption wells) in areas at risk of voids can lead to undesirable effects such as sudden 

subsidence, damage to foundations and technical networks, increased risk of construction 

disasters and loss of site function. 

Parise and Gunn (2007) emphasize that in the case of potentially karst areas or with a history of 

mining activity, it is necessary to combine natural systems with engineering solutions that limit 

infiltration and the use of geotechnical and geophysical monitoring.  

Table 3.1-1. Geotechnical hazards in blue-green infrastructure planning. 

Hazard Why it matters for BGI Recommended pre-design 

response 

Suffusion / 

internal erosion 

Fast or concentrated infiltration 

may wash out fine soil particles, 

causing loss of bearing capacity and 

sinkholes. 

Avoid infiltration-only concepts 

until soil conditions are 

checked. Prefer distributed, 

shallow or controlled systems. 

Subsurface 

voids 

Karst cavities, old mine workings or 

voids in made ground may collapse 

after water regime changes. 

Check geological records and, 

where needed, use geophysical 

survey before locating 

infiltration wells or deep 

soakaways. 

Heterogeneous 

subsidence 

Post-mining or filled areas may 

settle unevenly, damaging 

pavements, tanks and pipework. 

Prefer flexible layouts, 

accessible systems and 

monitoring. Avoid heavy 

underground systems without 

foundation assessment. 

Landslides and 

steep slopes 

Additional water may reduce slope 

stability and increase landslide 

probability. 

Avoid concentration of runoff 

on slopes. Use vegetation, 

surface retention and 

controlled drainage. 
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Hazard Why it matters for BGI Recommended pre-design 

response 

Rock outcrops 

and shallow soil 

Limited storage and infiltration 

depth may reduce BGI performance 

and increase uncontrolled flow. 

Use shallow storage, above-

ground retention or hybrid 

systems adapted to local 

geology. 

3.2. Hydrogeological risks relevant to BGI 

CHANGES TO THE WATER REGIME 

Changes in the post-exploitation water regime are among the most important factors conducive 

to the creation of new zones endangered by suffusion processes. As Popiołek (2009) points out, 

the decommissioning of excavations and mine drainage leads to disturbances in the 

hydrogeological balance, including the interruption of natural flows in aquifers. Such changes may 

cause the concentration of underground streams and the formation of local hydraulic anomalies, 

which initiate the process of leaching of fine soil particles and the development of suffusion voids 

(Wiłun, 2010). 

Another source of risk is uncontrolled drainage of rainwater or its infiltration without engineering 

protection. Research by Cao et al. (2021) indicates that in the absence of adequate filtration and 

flow dispersion systems, infiltrating water can reach locally high hydraulic pressure values. This 

leads to the initiation of internal erosion and the formation of suffusion funnels, and consequently 

to a rapid loss of bearing capacity of the soil. Numerous cases of technical infrastructure failures 

resulting from the concentration of water flows in sandy and dusty soils have been described in 

the literature (Parise & Gunn, 2007). 

Hydrogeological screening should determine whether infiltration can be used safely. Shallow 

groundwater, low permeability, contaminated ground, post-exploitation water regime changes or 

existing drainage disturbances may significantly change the expected performance of BGI 

installations. 

Table 3.2-1. Hydrogeological risks relevant to BGI. 

Condition Implication for technology 

selection 

Practical decision 

High groundwater 

table 

The unsaturated zone may be 

too thin for safe infiltration and 

treatment. Buoyancy may 

affect underground tanks. 

Prefer shallow retention, 

above-ground storage, sealed 

systems or controlled 

discharge. 

Low soil 

permeability 

Water may remain in the 

system too long, causing 

overflow, mosquito nuisance or 

failure of vegetation. 

Use retention, reuse or 

regulated outflow; infiltration 

should be limited or supported 

by underdrainage. 

Contaminated 

ground 

Infiltration can mobilise 

pollutants and affect 

groundwater quality. 

Avoid direct infiltration without 

environmental assessment and 

treatment barriers. 
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Condition Implication for technology 

selection 

Practical decision 

Changed water 

regime 

Former mining drainage or 

groundwater rebound may 

create unstable hydraulic 

conditions. 

Use groundwater monitoring 

data and avoid technologies 

that strongly modify 

underground flow. 

Preferential flow 

paths 

Water may bypass treatment 

layers and concentrate in weak 

zones. 

Disperse inflow, use filtration 

layers and avoid point 

infiltration in sensitive areas. 

Minimum information before choosing a BGI technology 

At early stage, collect: plot location, catchment area, impervious surfaces, approximate 

soil permeability, groundwater table depth, geohazard information, available area, 

planned function of the installation and the rainfall objective to be managed. 

Despite the growing awareness of geotechnical and hydrogeological hazards, in planning practice, 

BGI is still designed without due consideration of these conditions. This results in serious 

consequences such as sinkholes, landslides or deformations of the surface – often observed in 

parking lots, public squares or road infrastructure, for example. Implementation case analyses and 

literature research indicate several systemic barriers that hinder the effective integration of 

geotechnical knowledge with spatial planning. The most frequently mentioned include: 

• rigidity of local legal regulations and lack of connection between planning documents and 

geotechnical analyses, 

• dispersion of responsibilities between different administrative units and investors, 

• insufficient interdisciplinary cooperation between planners, engineers, geotechnicians and 

environmental specialists, 

• lack of systematic education and training for project staff on terrain hazards and their 

impact on the sustainability of BGI. 

As a result, many BGI projects are implemented in a suboptimal manner, which not only reduces 

their retention and ecological efficiency, but also generates technical and financial risk. It is 

therefore necessary to implement an integrated approach that combines spatial planning with the 

analysis of soil and water conditions already at the design concept stage. 

4. Use of rainfall models in urban stormwater 

management 

Accurate estimation of rainfall intensity is a fundamental prerequisite for the proper design of 

stormwater management systems and Blue-Green Infrastructure (BGI). Traditional approaches 

based on simplified empirical formulas are increasingly insufficient in the context of climate 

change and urbanization. 

Modern practice requires the use of locally calibrated rainfall models, which reflect spatial 

variability, probability of occurrence, and temporal distribution of precipitation events. 
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4.1. Development of the Local Rainfall Model – Jaworzno 

The city of Jaworzno (Poland) represents an advanced example of such an approach, where a local 

rainfall model based on the PANDa (Polish Atlas of Rainfall Intensities) has been developed and 

implemented as part of a comprehensive stormwater management strategy. 

The PANDa system provides: 

• high-resolution rainfall data (1-minute time series), 

• intensity–duration–frequency (IDF/DDF) relationships, 

• probabilistic rainfall models compliant with EN 752 standards, 

• data based on long-term observations (1986–2015) from over 100 meteorological stations. 

This data set forms the basis for both current rainfall modelling and design rainfall estimation. To 

ensure long-term reliability of infrastructure, rainfall models in Jaworzno were extended using: 

• IPCC climate scenarios (RCP 4.5), 

• regional climate modelling (CMIP5, CORDEX), 

• scaling of daily rainfall to sub-daily intensities. 

The model enables estimation of rainfall intensities for: 

• durations from 5 minutes to 4320 minutes, 

• probabilities from 1% to 100% (return periods from 100 years to 1 year). 

This allows direct application in urban hydrology and drainage system design. 

Jaworzno is an example of a city where rainfall data were translated into a practical model for 

stormwater and BGI planning. The model uses the Polish Atlas of Rainfall Intensities (PANDa), local 

spatial interpolation and climate-oriented assumptions to provide design rainfall values for 

different parts of the city. 

A key feature of the Jaworzno model is the introduction of a spatial interpolation grid (5km × 5km 

cells), covering the entire city. 

 
  

Figure 4.1 -1. Spatial interpolation grid of Jaworzno 
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Each cell-specific model was derived from spatial interpolation of maximum rainfall data, using 

not only the nearest rain gauge (Katowice), but also incorporates data from multiple surrounding 

meteorological stations within a radius of up to 100 km, ensuring: 

• spatial representativeness, 

• robustness of statistical analysis, 

• reduced uncertainty of local estimates. 

Based on these models, rainfall depths and corresponding intensities can be calculated for: 

• probabilities ranging from 1% to 100% (return periods from 100 to 1 year), 

• rainfall durations from 5 to 4320 minutes. 

Importantly, the values derived from the current model particularly for short durations (5–120 

minutes) are significantly higher than those obtained using the traditional Błaszczyk formula. This 

indicates that previously applied design values were underestimated. 

As a result, stormwater drainage and retention systems designed using the updated local rainfall 

model are better adapted to current conditions and future challenges, including climate change. 

 

Figure 4.1-2. Jaworzno rainfall model: from rainfall data to design values for 

stormwater and BGI planning. 

 

4.2. Transferability to Other European Countries 

Although the Jaworzno model is based on Polish data (PANDa), the methodology is fully 

transferable to other European contexts. 
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Table 4.2-1. Methodology to estimate the rainfall intensity in European 

countries. 

Country Methodology to estimate the rainfall intensity 

Czech 
Republic 

• Use national datasets from the Czech Hydrometeorological 
Institute (CHMÚ). 

• Apply IDF curves and rainfall tables available at national level. 
• Where possible, develop local interpolation models for cities 

(similar to Jaworzno). 

Germany • Use KOSTRA-DWD rainfall datasets (German Weather Service). 
• High-resolution IDF data are widely available and should be 

applied as a standard. 
• Advanced practice includes integration with urban hydrodynamic 

models. 

Slovenia • Use rainfall data from the Slovenian Environment Agency (ARSO). 
• Apply regional rainfall statistics and IDF curves. 
• In karst or geologically sensitive areas, combine rainfall modelling 

with infiltration risk assessment. 

Italy • Use data from Regional Environmental Protection Agencies (ARPA) 
or ISPRA. 

• Apply IDF curves at regional level (often highly differentiated due 
to topography). 

• In Mediterranean climates, special attention should be given to 
short-duration extreme events. 

Croatia • Use rainfall intensity–duration–frequency (IDF) data from the 
Croatian Meteorological and Hydrological Service (DHMZ). 

• Where data resolution is limited, apply regional models and 
consider local calibration. 

• Importance should be given to karst conditions and rapid runoff 
response. 

 

4.3. Design value of local rainfall models 

The Jaworzno model supports the selection of design rainfall for different objectives: daily 

water retention, standard urban drainage performance and resilience to heavy or extreme 

rainfall. This distinction is important because not every BGI should be sized for the same event. 

A rain garden designed for frequent rainfall serves a different function than an emergency 

storage system designed to reduce flash-flood risk. 

Table 4.3-1. Rainfall objectives and their planning implications. 

Rainfall objective Typical purpose Planning implication 

Light / frequent 

rainfall 

Soil moisture, vegetation 

support, everyday retention 

and local reuse. 

Suitable for small-scale systems 

such as rain gardens, planters 

and local storage. 
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Rainfall objective Typical purpose Planning implication 

Moderate design 

rainfall 

Standard stormwater 

management for urban plots 

and public spaces. 

Used for comparing BGI options 

and defining required storage 

or infiltration area. 

Heavy / extreme 

rainfall 

Flood-risk reduction and 

emergency overflow 

management. 

Requires safe overflow routes, 

controlled discharge and 

integration with drainage 

infrastructure. 

 

4.4. Recommended procedure for municipalities 

• Use national rainfall atlases or meteorological datasets as the basis for designing 

rainfall. 

• Where possible, develop local rainfall models that reflect spatial variability within the 

city. 

• Check short-duration rainfall events, as they often control urban runoff peaks. 

• Integrate climate-change scenarios where long-term infrastructure performance is 

required. 

• Use rainfall objectives consistently in planning requirements, BGI Tool inputs and 

project documentation. 

• For cities without a local model, the BGI Tool can still be used in expert mode, if rainfall 

intensity values are supplied from national or regional hydrological datasets. The long-

term objective should be to move from generic formulas to locally calibrated data that 

better reflect real stormwater risk. 

5. The BGI Catalogue: a structured knowledge base 

The BGI Catalogue is designed for planners, designers, municipal officers and investors. Each 

technology is presented using the same logic: description of the installation, resilience to 

geohazards, retention capacity, potential for groundwater recharge, construction parameters, 

design requirements, minimum distances from sensitive objects and examples of good practice. 

This standardized structure makes different solutions comparable and helps users understand 

not only what can be built, but under what conditions it should be built. 
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Figure 5-1. Example catalogue card: rain garden in the ground with retention 

and groundwater-recharge indicators. 

5.1. Structure of a technology card 

Each catalogue card follows the same logic. This is important because it allows users to 

compare technologies without searching through different types of descriptions or interpreting 

inconsistent terminology. 

• functional description of the technology and typical applications, 

• retention capacity and role in runoff reduction, 

• potential contribution to groundwater recharge, 

• sensitivity to groundwater level and soil permeability, 

• resilience to geohazards and limitations in difficult ground conditions, 

• construction parameters, typical layers and overflow arrangements, 

• minimum distances from buildings, property boundaries, utilities and sensitive water 

bodies, 

• maintenance requirements and examples of good practice. 

5.2. Technologies covered by the catalogue 

The catalogue covers the main BGI technologies commonly used for urban rainwater 

management, highlighting their primary functions, suitable applications and key design 

cautions. 

Table 5.2-1. BGI technologies covered by the catalogue. 

Technology  Main function Best suited for Main caution 

Rain gardens and 

bioretention 

Retention, treatment, 

evapotranspiration, 

partial infiltration 

roofs, squares, 

streetscapes, public 

facilities 

needs vegetation care 

and sediment control 
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Technology  Main function Best suited for Main caution 

Permeable 

pavements 

Runoff reduction, 

temporary storage 

and infiltration 

parking areas, 

pedestrian routes, 

low-traffic surfaces 

requires correct 

substructure and 

clogging prevention 

Retention and 

detention basins 

Peak-flow reduction 

and storage 

larger plots, parks, 

public areas, housing 

estates 

needs safe overflow 

and child-safety 

consideration 

Underground tanks 

and chambers 

Storage, reuse or 

controlled release 

dense urban areas 

with limited surface 

space 

requires access, 

structural design and 

groundwater check 

Green roofs and walls 

Retention, cooling, 

biodiversity and 

building performance 

new and retrofitted 

buildings 

requires structural 

load and maintenance 

assessment 

Infiltration trenches / 

wells 

Groundwater 

recharge and runoff 

reduction 

suitable permeable 

soils with safe 

groundwater 

clearance 

not suitable where 

geohazards or 

contamination risks 

are high 

6. BGI Tool 

The BGI Tool is a digital pre-design instrument supporting the first selection of blue-green 

infrastructure technologies. It is intended for the early stage of investment planning, when the 

main question is not yet how to prepare detailed construction drawings, but which type of 

solution is technically reasonable for the plot and what parameters should be checked before 

design continues. 

The tool is designed for use by investors, municipal officers, planners, architects, engineers 

and property owners. It creates a transparent bridge between general BGI knowledge and site-

specific decision-making. It does not replace detailed engineering design, permitting 

procedures or specialist geotechnical and hydrogeological verification. 
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Figure 6-1. The complete BGI Tool consists of four operational modules: Input 

Box, Technology Selection, Rainfall to Catch, and Area Required & 

Groundwater Recharge Potential. 

6.1. Operational modules of the BGI Tool 

The table below presents the four operational modules of the BGI Tool, showing what 

information is provided or generated at each stage and how it supports preliminary decision-

making. 

Table 6.1-1. Operational modules of the BGI Tool. 

Module What the user enters or receives Decision value 

Input Box Plot area, impermeable and semi-

permeable surfaces, biologically 

active area, soil permeability, 

groundwater level, geohazards, 

location and rainfall objective. 

Converts site information into a 

comparable screening dataset. 

Technology 

Selection 

Automatic classification of 

technologies based on the local 

constraints. 

Shows feasible, conditionally 

feasible and non-recommended 

solutions. 

Rainfall to 

Catch 

Rainfall intensity or local model 

values for selected rainfall 

objective. 

Calculates the rainfall volume 

that should be captured or 

managed on site. 

Area Required 

& GW Recharge 

Potential 

Required footprint and qualitative 

groundwater-recharge potential. 

Help verify whether the option 

fits the plot and supports 

aquifer recharge. 
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6.2. Recommended use in municipal and investment workflows 

The BGI Tool is most effective when it is used early. At concept stage, it can direct the user 

toward measures consistent with local geology, hydrology and available space. For public 

administration, the BGI Tool can also create a common language between planners, 

environmental departments, water utilities, designers and investors. 

1. Define plot 2. Check local 

constraints 

3. Select rainfall 

objective 

4. Compare BGI 

options 

5. Prepare 

project of 

installation 

Typical use cases include: 

• screening BGI options for municipal sites, schools, sports facilities, or housing estates; 

• preparing requirements for local spatial plans, development conditions or design 

competitions; 

• supporting grant applications by providing transparent, comparable assumptions; 

• communicating with residents and investors using clear visual outputs rather than expert-

only calculations. 

How to use the tool in an investment workflow 

• Start before the detailed design stage, when the location, catchment area and general 

investment concept are known. 

• Use the tool to compare several BGI options rather than to confirm only one preferred 

solution. 

• Treat conditionally applicable technologies as a signal for additional technical 

assessment, not as automatic rejection. 

• Attach the tool output to concept documentation, grant applications or municipal 

consultations as a transparent decision basis. 

Table 6.2-1. BGI Tool outputs. 

Output Meaning Recommended next step 

Recommended 
Technology is consistent with the 

input conditions at screening level. 
Proceed to concept design. 

Conditional 

Technology may be possible, but one 

or more constraints require 

attention. 

Request expert check, adjust 

design or add safeguards. 

Not recommended 
Technology conflicts with key site 

constraints or safety assumptions. 

Select alternative technology or 

redesign the rainwater 

management strategy. 

Rainfall volume 

Volume of water to be retained, 

reused, infiltrated or safely 

discharged. 

Proceed to concept design. 
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Area required 
Indicative footprint needed by the 

selected technology. 

Check whether the selected 

technology fits the plot, then 

proceed to concept design. 

GW recharge 

potential 

Qualitative indication of contribution 

to aquifer recharge. 

Use to compare options where 

recharge is a planning objective 

and safe. 

Limit of the BGI Tool 

The BGI Tool is not a substitute for detailed engineering design, building-permit procedures, 

water-law requirements, geotechnical documentation or hydrogeological verification. It is a 

pre-design screening and decision-support instrument. 

 

6.3. How the catalogue and BGI Tool work together 

The catalogue explains the technologies, their functions and limitations. The BGI Tool applies 

this knowledge to a specific plot. Together, they reduce the gap between general climate-

adaptation objectives and practical investment decisions. 

Table 6.3-1. How to use the BGI Catalogue and the BGI Tool together. 

Planning question Catalogue contribution BGI Tool contribution 

What solutions 

exist? 

Provides technology 

descriptions and examples of 

good practice. 

Filters the list of solutions 

relevant to the selected plot. 

Can infiltration be 

used? 

Explain groundwater, soil and 

geohazard limitations. 

Checks input constraints and 

classify technologies. 

How much water 

should be managed? 

Explains technology function 

and capacity logic. 

Calculates rainfall volume 

based on selected rainfall 

objective. 

Will the solution fit 

the site? 

Shows spatial and design 

requirements. 

Estimates required area or 

installation size. 

What is the benefit 

for groundwater? 

Describes recharge potential 

qualitatively. 

Compares the recharge 

potential of suitable options. 

 

Final guidance for users 

Use the BGI Catalogue to build the knowledge about the technology. Use the BGI Tool to check the 

plot. Use detailed design to confirm dimensions, safety and regulatory compliance. 

7. Jaworzno pilot testing - Practical lessons for 

implementation 

The MAURICE project in Jaworzno evaluated pilot plots with different permeable surfaces to 

verify whether they could be used in sponge cities. 
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The results of the pilot studies showed that when using permeable surfaces, surface runoff 

accounts for less than 5% of the water balance. In addition, the permeable surface reduced 

surface runoff by approximately 65–80% compared with the most impermeable reference 

surfaces. Approximately 20% of precipitation was retained and infiltrated into the ground. 

These results confirm that permeable pavements can be a very effective BGI solution in urban 

areas where local conditions are appropriate and the substructure is properly designed and 

maintained. 

 

Figure 7-1. Jaworzno pilot plot results in permeable pavement BGI: 

infiltration-dominated performance and reduced surface runoff. 

 

What the pilot adds to the guideline 

The pilot activities showed the practical dimension of the application of BGI solutions. They 

are a local place for demonstrations of solutions, education and workshops. 

 

The pilot demonstrated that practical BGI testing is valuable not only for technical verification, 

but also for communication with stakeholders. Pilot plots can serve as demonstration sites for 

investors, municipal departments, residents and designers, making the hydrological benefits 

of BGI visible and easier to discuss. 

• permeable surfaces are effective only when the full pavement structure is designed for 

water storage and infiltration; 

• surface runoff can be strongly reduced, but clogging prevention and maintenance must 

be planned from the start; 

• pilot plots should be used as local evidence for municipal standards and investor 

guidance; 
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• monitoring results should feed back into the BGI Tool and catalogue assumptions. 

 

 

References 

Bajgier-Kowalska, M., & Zydroń, T. (2015). The use of vegetation in landslide protection. 

Ecological Engineering, 43, 112–119. 

Brinkmann, R., & Parise, M. (2012). Karst Environments: Problems, Management, Human 

Impacts, and Sustainability – An Introduction to the Special Issue. Journal of Cave and Karst 

Studies, 74(2), 135–136.  

Cao, J., Yang, H., & Zhao, Y. (2021). Experimental analysis of infiltration process and hydraulic 

properties in soil and rock profile in the Taihang Mountains, North China. Water Supply, 22(2), 

1691–1703. IWA Publishing. https://doi.org/10.2166/ws.2021.321 

European Environment Agency. (2021). Nature-based solutions in Europe: Policy, knowledge 

and practice for climate change adaptation and disaster risk reduction. EEA Report No 1/2021. 

Publications Office of the European Union. https://doi.org/10.2800/919315 

European Environment Agency. (2021). Nature-based solutions in Europe: Policy, knowledge 

and practice for climate change adaptation and disaster risk reduction. EEA Report No 1/2021. 

Filipowicz, B., & Florkiewicz, A. (2011). The phenomenon and methods of preventing suffusion 

[The suffosion process – definition and prevention methods]. Institute of Civil Engineering 

Archives 9, 151–164. Publishing House of the Poznań University of Technology. 

Frantzeskaki, N., McPhearson, T., Collier, M. J., Kendal, D., Bulkeley, H., Dumitru, A., ... & 

Baró, F. (2019). Nature-based solutions for urban climate change adaptation: Linking science, 

policy, and practice communities for evidence-based decision-making. BioScience, 69(6), 455–

466. https://doi.org/10.1093/biosci/biz042 

GEO-5. (2012). Global Environment Outlook 5: Environment for the future we want. United 

Nations Environment Programme. 

Haase, D., Larondelle, N., Andersson, E., Artmann, M., Borgström, S., Breuste, J., ... & 

Elmqvist, T. (2014). A quantitative review of urban ecosystem service assessments: Concepts, 

models, and implementation. Ambio, 43(4), 413–433. 

Januchta-Szostak, A. (2020). Blue-green infrastructure as a tool for adapting cities to climate 

change and rainwater management. Scientific Journals of the Poznań University of Technology. 

Architecture, Urban Planning, Interior Design, (3), 5–18. Poznań University of Technology. 

Kabisch, N., Frantzeskaki, N., Pauleit, S., Naumann, S., Davis, M., Artmann, M., ... & Bonn, A. 

(2016). Nature-based solutions to climate change mitigation and adaptation in urban areas: 

Perspectives on indicators, knowledge gaps, barriers, and opportunities for action. Ecology and 

Society, 21(2), 39 

Kabisch, N., Korn, H., Stadler, J., & Bonn, A. (eds.). (2017). Nature-based solutions to climate 

change adaptation in urban areas: Linkages between science, policy and practice. Springer. 

https://doi.org/10.1007/978-3-319-56091-5 



 

 

  

 

Page 23 

 

Liang, L., Tian, D.-L., & Li, Z.-C. (2024). Internal erosion process and its influence factors in 

widely graded loose soils due to rainfall infiltration. Frontiers in Earth Science, 12, 1418293. 

https://doi.org/10.3389/feart.2024.1418293 

Rączkowski, W. (2007). Landslide hazard in the Polish Flysch Carpathians. Studia 

Geomorphologica Carpatho-Balcanica, 41, 61–75. IGiPZ PAN. 

Parise, M., & Gunn, J. (eds.). (2007). Natural and anthropogenic hazards in karst areas: 

Recognition, analysis and mitigation. Geological Society of London, Special Publications, 279. 

https://doi.org/10.1144/SP279 

Wilker, J., Rusche, K., & Scharpf, H. (2016). The urban green: Multi-dimensional assessment 

of urban open spaces. Journal of Urban Planning and Development, 142(3), 04016004. 

https://doi.org/10.1061/(ASCE)UP.1943-5444.0000333 

Wiłun, Z. (2010). Outline of geotechnics. Warsaw: Communication and Communications 

Publishing House. 

Leśniak, A., & Porzycka, S. (2007). Detection of vertical ground displacements in mining areas 

using PSInSAR radar satellite interferometry. Archive of Photogrammetry, Cartography and 

Remote Sensing, 17b, 451–460. Warsaw University of Technology Publishing House. ISBN 978-

83-920594-9-2. 

Annexes 

• Annex A: BGI Catalogue 

• Annex B: BGI TOOL

https://doi.org/10.3389/feart.2024.1418293?utm_source=chatgpt.com
https://doi.org/10.1061/(ASCE)UP.1943-5444.0000333


 

 

 

 

 

 

 

Catalogue of Blue Green Infrastructure 

Technologies 
 

 



 

   
 2 



 

   
 3 



 

   
 4 



 

   
 5 



 

   
 6 



 

   
 7 



 

   
 8 



 

   
 9 



 

   
 10 



 

   
 11 



 

   
 12 



 

   
 13 



 

   
 14 



 

   
 15 



 

   
 16 



 

   
 17 



 

   
 18 



 

   
 19 



 

   
 20 



 

   
 21 



 

   
 22 



 

   
 23 



 

   
 24 



 

   
 25 



 

   
 26 



 

   
 27 



 

   
 28 



 

   
 29 



 

   
 30 



 

   
 31 



 

   
 32 



 

   
 33 



 

   
 34 



 

   
 35 



 

   
 36 



 

   
 37 



 

   
 38 



 

   
 39 



 

   
 40 



 

   
 41 



 

   
 42 



 

   
 43 



 

   
 44 



 

   
 45 



 

   
 46 



 

   
 47 



 

   
 48 



 

   
 49 



 

   
 50 



 

   
 51 



 

   
 52 



 

   
 53 



 

   
 54 



 

   
 55 



 

   
 56 



 

   
 57 



 

   
 58 



 

   
 59 



 

   
 60 



 

   
 61 



 

   
 62 



 

   
 63 



 

   
 64 



 

   
 65 



 

   
 66 



 

   
 67 



 

   
 68 



 

   
 69 



 

   
 70 



 

   
 71 



 

   
 72 



 

   
 73 



 

   
 74 



 

   
 75 



 

   
 76 



 

   
 77 



 

   
 78 



 

   
 79 



 

   
 80 

 


