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1. Demand for BlueGreenStreets 

In order to improve the sustainable development of cities strategies and concepts for a multifunctional 

design of streets is required. When designing urban roads all utilisation needs are to be considered 

equally. Besides transport function, also demands of urban drainage systems such as the drainage of 

the settlement, minimising the disturbances of the natural water cycle, flood protection control, water 

pollution control as well as social, ecological, and cultural requirements must be taken into account. 

With future change drivers such as climate change, many municipalities face the challenge to adapt 

their drainage systems to the predicted increasing frequency of heavy rainfall events. As the challenges 

for urban drainage are rising also the drainage of roads has to be adapted. There is a demand for the 

integrated planning of traffic, green infrastructure and drainage infrastructure as BlueGreenStreets.   

 

2. Established options for BlueGreenStreets – decentralised rainwater management 

The design of BlueGreenStreets can build on the established concept of decentralised stormwater 

management, which is characterised by surface infiltration, evaporation and a delayed discharge of 

rainwater. In the UK, the term 'sustainable urban drainage systems' with the abbreviation SUDS is 

used. In the USA, drainage systems utilize terms like best management practice (BMP), integrated 

management practices (IMP), or 'low impact development (LID). In Australia the term ‘water 

sensitive urban design’ is used. The drainage concepts associated with these terms are always 

comparable. This includes the decentralized combination of elements of stormwater infiltration, 

retention and throttled discharge to minimize the anthropogenic changes of the natural water cycle. 

This is different to conventional urban drainage systems (separated and combined sewer systems), 

which are focused on the quick and complete discharge of the runoff in receiving water bodies.  



 

Fig. 1: Options for decentralised stormwater management in streets 

The available options for decentralised stormwater management in streets can be presented in a 

diagram (Fig. 1) considering the available space for the management options and the intensity the 

street is used.  

• Infiltration space: When sufficient space in the streets is available surface infiltration elements 

which infiltrate runoff without any retention are viable. These elements are concentrated in 

marginally used areas with vegetated soil and a high permeability of water. Areas without 

traffic or with only light traffic can be paved with pervious surface materials instead of 

conventional impervious pavements. Different types of pervious surfaces are available, such 

as pervious pavement, pavement with open joints, grass paver blocks, and others. Pervious 

surfaces significantly reduce runoff by reducing the mean runoff coefficient from 0.9 for 

asphalt to between 0.5 and 0.15, depending on the type of surface chosen.  

• Swale infiltration: Swales, trenches ponds etc. are infiltration facilities with an additional 

surface storage volume, in which the runoff is stored temporarily until infiltration takes place. 

These facilities are suitable when the available space for infiltration is limited. By means of the 

temporary retention volume, the capacity of the infiltration facilities could be improved, and 

the required space demand compared to simple surface infiltration on pervious pavement 

could be reduced. Infiltration swales require a space demand of 10-15% of the paved area. In 

addition infiltration swales, like all infiltration facilities where runoff is infiltrated through 

vegetated soil layers, contribute to the treatment of runoff. Hence these elements are suitable 

for streets with a higher traffic load.  

• Infiltration trench systems: Infiltration trench systems consist of a vegetated swale with a 

subsurface retention volume, which is filled with gravel material with high storage volume. 

The runoff runs in the vegetated swale and infiltrates rapidly through the artificial substrate 

and into the subsurface retention volume, which provides additional retention capacity. From 

the underground storage volume, the stormwater slowly infiltrates into the natural sub-soil.  

Because of the additional retention volume infiltration trench systems are suitable for streets 

where only small areas are available for the drainage system. An advantage of swale infiltration 



trench elements is that the runoff is infiltrated through a vegetated soil layer, which reduces 

pollution loads. Because of the higher hydraulic load compared to infiltration swales the 

treatment capacity of infiltration trench systems is lower. As a consequence these systems are 

only suitable for streets with a lower traffic load.  

• Right of way bioswales: Right of way bioswales consist of infiltration trench systems fitted into 

the limited space of a tree pits in streets. Compared to conventional tree pits the design is 

optimised to increase the retention volume and treatment capacity. Plants have to be 

selected, which can cope with the fluctuating water levels and the high pollution load. Right of 

way bioswales are in particular suited for streets with limited available space and high traffic 

load.  

• Road as a drain: When street space is quite limited there is a growing need to consider the 

multifunctional usage of street space. In particular during heavy rainfall events often the 

capacity of sewers or inlets are exceeded and the runoff is flowing on the street surface – the 

natural flow paths in cities. Such a flooding of streets is often considered as a failure of the 

drainage system. Nevertheless this unintentional event can help to reduce the damage caused 

by heavy rainfall events. It is better when runoff is flowing down streets only causing minor 

damage rather than the runoff is flooding basements, underground carpark etc. causing huge 

damage. The concept of “road as a drain” combines the controlled above-ground temporary 

retention and emergency runoff of heavy rainfall on streets.  

 

3. New options for BlueGreenStreets – the road as a drain 

The idea of a controlled above-ground temporary retention and emergency runoff of heavy rainfall 

on streets is proposed from different stakeholders from the field of urban water management. 

Nevertheless the stakeholders from the traffic sector are skeptical as water on the street is 

traditionally considered as a hazard. There is the fear of increasing number and severity of accidents: 

aquaplaning, damage on cars caused by storm water, pedestrian’s risk of falling or insufficient 

accessibility for emergency services. In order to understand the impact of a temporary retention and 

emergency runoff of heavy rainfall on traffic safety, the results gained from a national video-based 

traffic conflict analysis are presented (Mettmann et al. 2016; Eckart J. and Blasczcyk R. 2017).  
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Fig. 2 Relation between severity of conflict and speed level at flood events 

Fifty videos of a duration of 230 minutes and a total of 113 single sequences showing flooding events 

on urban streets have been analysed (Fig. 2). In most of the evaluated situations only slight 

interactions between road users were observed. Also slight and heavy conflicts rarely happen in the 

observed situations. The interactions and conflicts take place at walking pace or 30 km/h offering 

sufficient reaction time for anticipatory driving manoeuvres. Driving at speeds with over 50 km/h 

only occurs during flood events when the traffic situation is clear and manageable and when there is 

no need for interactions. Accidents only happened in terms of single accidents by broken down cars. 

Accidents involving two or more vehicles were not recorded in the videos. Single accidents caused by 

water hammer mainly occurred at water levels of 30 - 40 cm. This matches with statements of the 

literature concerning fording depth of vehicles of 30 cm at minimum. On urban streets no conflicts 

caused by aquaplaning were observed, since these will only take place at speeds of more than 

60 km/h. 

In order to ensure a sufficient traffic safety the temporary retention and emergency runoff of heavy 

rainfall on streets should consider the following parameters:  

• Water level: The water level on the street should be limited to 15 to 20 cm at maximum. With 

this precaution, single accidents caused by broken down cars could be prevented. In addition, 

the risk potential for pedestrians is lower with water levels below 20 cm.  

• Speed limit: The temporary retention and runoff is only viable on streets with a speed limit of 

50 km/h preferable 30 km/h. The road users will compensate the flooding by further reducing 

their speed. As a result of the low speed level only interactions and slight conflicts occur, 

ensuring a sufficient traffic safety.  

 

4. Conclusions for BlueGreenStreets 

As illustrated there is an increasing demand for the integrated planning of traffic, green infrastructure 

and drainage infrastructure. The concept of BlueGreenStreets is focusing on the following aspects:  

• Total-area related planning: The present urban drainage concepts are focused on small-scaled 

concept for the drainage of single lots. These concepts can no longer cope with the challenges 

of flood protection during heavy rainfall events. The concepts therefore have to be extended 

by the planning of runoff paths for extreme events for the whole catchment including streets.  

• Multifunctional land-use: A multifunctional land-use is necessary for a catchments wide 

planning of runoff paths. Areas which serve a main function such as streets are temporarily 

used for the retention and runoff during heavy rainfall events without undergoing damages.  

• Integrated planning: For the realisation of the multifunctional drainage concepts, it is 

necessary to overcome the logic of single discipline-specific planning such as drainage-system-

engineering, urban planning and traffic planning.  

The new perspective of BlueGreenStreets does not replace the previous targets of road design (road 

safety, quality, accessibility, reduction of the environmental impacts, etc.) or of drainage-system-

engineering (preservation of water balance, water quality, flood protection, etc.) but complements 

those.  
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