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1 ABSTRACT

Strategies for the adaptation of cities to the equences of climate change such as dry periodswaees
and urban flooding are needed. As urban streetpuatcfor about 25% of the area in inner-city
neighbourhoods, they also have to be includedchérptoject BlueGreenStreets concepts are beindajesc

to increase the resilience of cities by means afedgreen infrastructure in urban streets. The basic
philosophy is to develop streets as 'multi-taleta&ing into account not only the traffic functibat also the
requirements of urban drainage and green infrastreicConcepts for the multidimensional redesigd an
retrifiting of existing streets in urban neighboowols are being developed, and tested in pilot pi®jdwo
innovative solutions “the street as a drain” andrimwater tree pits” are presented in detalil.
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2 CLIMATE ADAPTATION OF URBAN STREETS

Urban citizens and greenspaces are suffering tinsecmences of climate change. There is a growing
number of heavy rainfall events exceeding the desapacity of the urban drainage systems, resuiting
urban flooding. The consequences of climate chaige include the increased occurrence of urban heat
islands and prolonged dry periods. Thus, the Wtalf urban greenspaces and especially street tsees
affected by the drought periods. These alreadytiegishallenges are expected to intensify in ther figture

as climate change progresses. Solutions for thetaititan of cities to the consequences of climatnge are
required. There is the need to adapt urban sttedtsese challenges, which account for about 25% @f
area in inner-city neighbourhoods. Conflicts of ase particularly prevalent in street spaces, asetlare
spatial demands from many users and there is linace. In dense cities, the street space is fotie o
large reserves of space for the provision of oggmace and the qualification of the quality of staythe
residential and living environment of the residemscordingly, there will be a demand in the futuce
develop the street space as a 'multi-talents' ¢atera win-win situation that promotes environmignta
friendly transport, traffic calming climate adajatand quality of life. Within the framework ofdfR&D
project BlueGreenStreets (BGS) pilot projects aaagible solutions to multifunctional climate-adapte
streetscape design are tested and the results sisadhas guidelines for practitieners (BlueGrees S
2022). In addition in-depth research on technicasigh and effectiveness of blue-green elements in
streetscapes is conducted.

3 MULTIDIMENSIONAL STREETS

Initial approaches for water-sensitive, multifunctal streetscape design have been discussed iousari
publications (Benden 2014; Klimakvarter 2013; D@&rSchéning 2014; ReStra 2014 and Deutscher
Stadtetag 2015) as well as in R&D projects suchMaRIEL, KURAS, SAMUWA and RISA. These
publications from the field of urban water managetrsress the increasing importance of land useirand
particular street space for the adaptation to ¢entdange In a white paper on urban green (BMUB7201
the strategies of multi purpose, water-sensitive la@at-adapted urban space is presented, but remgin
general. Bridging the disciplines between urbanewatanagement, landscape design and traffic plgnnin
has been attempted sporadically with Benden 20@l4Emhkart & Blaszczyk 2017 but is still predomingntl
at the conceptual level and has not yet reachetétat of detail required for the practical deswrstreets.
Solutions for water-sensitive streetscape desigapting to heavy rainfall events and droughts,wdised in
the field of urban water management have not yehliaken up in the design of streets. Also heaien
street design with potentials for evaporation, itgphnd shading have not yet played a role in acto
far, there is a lack of tangible approaches on hadlimate adaptive street design could functions Hap
was addressed by the R&D project BlueGreenStrekishmdeveloped concepts to increase the resiliehce
cities by means of blue-green infrastructure inaarstreets. The basic philosophy is to develoetstras
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'multi-talents’, taking into account not only thaftic function but also the requirements of urlshainage
and green infrastructure.

In Germany, the concept of decentralised rainwagmagement has been established since the 199@8, wh
aims at surface retention, storage, evaporatidiftyation and delayed discharge of rainwater. Decaised
rainwater management uses an established repedbismlutions such as water-permeable pavements,
infiltration swales, trough infiltration, troughgole systems etc. The strategy of BlueGreenStimeélds on
these concepts of decentralized rainwater managemgradds new perspectives:

e Overall planning of flow path: Decentralized raineramanagement was based on a small-scale
"parcel principle" draining single properties, whico longer meets the challenges of flood
protection during heavy precipitation. The decdiged rainwater management is expanded to
include an overall planning of the flow paths feaky precipitation and urban flooding, taking into
account streets, playgrounds and sports fieldsefisa open spaces (Kruse 2015).

e Multipurpose land use: For climate adaptation dfanr streets, it is not longer sufficient to add up
the different space demands of pedestriants, tgcligzarking flowing car traffic, street trees,
rainwater management etc. as in many existingtstres sufficient space is available. Rather séreet
design are required, which combined the differamicfions of streets at the same space. For
example, areas that primarily serve another masmaugh as the roadway or parking spaces can
temporarely be used specifically as retention sgaciow paths for a short time during heavy
precipitation.

« Balancing water and micro climate: The elementBlaeGreenStreets aim to restore all dimensions
of the natural water balance and micro climate.sT i addition to reducing runoff and favouring
infiltration, also retention, evaporation as weldlthe harvesting and use of rainwater are congldere
BlueGreenStreets are thus simultaneously the solud both heat and flooding problems by
integrating planting into stormwater managementadidition, the use of rainwater becomes more
important for dealing with drought events and evapon becomes more important to reduce local
heat islands.

« Integrated planning: In BlueGreenStreets, differenérests such as traffic safety, underground
infrastructures, rainwater management, parking igpament, biodiversity, micro climate and human
well-being come together. Through innovative apphes to the design and integration of these
demands in urban streets, the vitality of the stggeen can be improved, water management and
urban climate concerns be addressed and valualgystem services can be preserved and
improved. In order to realise the possibilitiesnafltidimensional design of urban streets therdiés t
need to overcome the inherent logics of subjectifipglanning. The cooperation between different
disciplines such as urban water management, urlt@mnipg, landscape planning and traffic
planning is required.

Within the framework of the project BlueGreenStseetoncepts for the multipurpose redesign and
retrofiting of existing streets in urban neighbauwtls are being developed, and tested in pilot pimjd he
results are compiled in a toolbox as a practicerteid guideline (BlueGreenStreets 2022). The taied
tested solutions of decentralised rainwater managémrontinue to be suitable for the collectionengibn,
infiltration and evaporation of rainwater of urbaimeets. This includes elements such as water-gdaime
pavements, infiltration swale, trough infiltrationrough-rigole systems, street trees greened dentra
reservations, green walls and green facades (cemigure 1). However, BlueGreenStreet design also
requires solutions that have so far been usedfiegaently in practice, such as the use of strémtshe
temporary drainage of heavy rainfall events orrsteater tree pits . These two innovative solutiors a
described in more detail below.
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Fig. 1: Extract of the BlueGreenStreets toolbox witéen infrastructur for the redesign of urbanetg¢BGS, bgmr
Landschaftsarchitekten GmbH)

4 THE STREET AS A DRAIN

As a result of climate change, in the future heagfall events will increasingly exceed the desigpacity

of urban drainage systems. The runoff will flow thie surface following the topography often usingaur
streets as the “natural” flow paths in urban sg#ims result there is the danger, that urban flapdvents
will impact urban land uses worthy of protectiamcrieasing the capacity of the urban drainage itrfretuire

is not a realistic solution for many municipalitiescause of ecological and economical considematidp to
now, mainly technical retention basins of varioyses have been used to manage the impact of heavy
rainfall events. A new strategy to reduce flood dgmin urban streets is the multidimensional usstrekts
for controlled temporary emergency drainage andnt&éin of heavy rainfall (Benden 2014, Valée and
Benden 2010, Ginthert and Faltermaier 2016). lerotfords, the street is temporary used as a dfaa.
strategy of planned joint use of traffic areasdontrolled temporary emergency drainage and reterdf
heavy rainfall events is being analysed in the R&bject BlueGreenStreets.

For the strategy of the street as a drain, thegatiiin to ensure road safety must be observedcdsis due
to possible detours or accidents should be lowan the benefits of avoided damage costs from flapdi
Based on an analysis of accidents during heavyalaigevents in the cities of Bretten, Karlsruheiggen
and Hamburg as well as video-based traffic conflitdlyses a framework for the safe design of tleesas
a drain are identified.

« If the vehicle fording depth of passenger carssfally 30 cm (Kramer et al. 2015) is exceeded, the
cars are damaged due to the penetration of watertlie engine. The traffic conflict analysis of
flooded roadways shows that from water depths afentiban 20 cm (plus the wave impact of the
vehicles), there is a significant increase in ssiclgle-vehicle accidents (Mettmann et al. 2016). In
addition the danger of slipping of pedestriantseases at water levels above 20 cm (Shu et al.
2011). Safe driving and walking on flooded roadwsytherefore possible at water levels of up to 15
to 20 cm. If the water level exceeds this, the wag must be closed.

« Depending on the water level and tyre profile, gdmmring of cars can occur at speeds above 60
km/h (Reed et al. 1984). In order to avoid thesegdes, the temporary retention of rainwater in
roads with a maximum permitted speed of over 50hkstiould be avoided. The analysis of the
speed driven on flooded road sections shows that nead users drive at a maximum of 30km/h
(Mettmann et al. 2016). Road users thus comperisatthe adverse road conditions by reducing
their speed appropriately for the situation (Kyteak 2000). Also the accident analysis does not
show more accidents on urban streets during heanfatl events. Hence the strategy of the street as
a drain is suitable for urban streets with a maxinpermitted speed of 50 km/h or even better 30
km/h.
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* In order for drivers to be able to react to theofled roadway, sufficient visibility for stoppingdn
space for possible manoeuvres is required (Mettnedrad 2016). The road section should also not
have any obstacles that are covered by water oro#tvay and are not visible to road users.

Taking into account the information on road safegncepts for the design of “streets as a draim’ loa
developed. In most cases, simple structural adprsisnto the road profile are sufficient. High cyrbs
generously dimensioned gutter systems or sillsaitable for directing rainwater and keeping it gvirmm
land uses worthy of protection. The flow crossieeciand retention volume of a “street as a dras” i
defined by the height of the lowest trailing edf¢he pavement. The retention volume of the roatsan
be increased by using centre channels (V-profilthefroadway) and increasing the cross slope. Swale
depressions in the road gradient should be avoldealddition, an emergency overflow is to be preddo
areas, where the flooding does not cause any damage

The possibility of the street as a drain was ingastd in BlueGreenStreets as part of a pilot gtoje
Solingen. The goal for pilot project was to desigmmultifunctionally street, combining the tempoyar
retention of rainwater on the street with the psai of additional green infrastructure in the stréhe
reduction of the maximum permitted speed from 5@hkta 30 km/h allows for a reduction of the roadway
width and the large intersections can be reducedether with a reorganisation of the parking capsice
can be provided for the design of infiltration tiégs combined with trees. In addition, the profifetiee
roadway is redesigned in a V-shape, so that caethmed during heavy rainfall events.

5 STORMWATER TREE PITS

The vitality of the street green can be improvedulh innovative approaches for the design andjiatan

of multifunctional green spaces in the streetsc&teeet trees play an important role in multifuoctl
streetscape design. They provide a whole rangeadystem services to the urban environment, such as
reducing the urban heat island effect, filtering pollutants, increasing urban biodiversity and ihgv
positive effects on the quality of stay. In additidrees have important influences on urban stomewa
management. They reduce stormwater runoff ancesadion through direct retention on or wettingasdves
and branches with water (interception), drainagewafer through trunk (stem runoff), and infiltratio
through the soil (Elliott et al. 2018). Additiongllsubstrates filter pollutants from stormwater doef it
infiltrates into groundwater (CRWSA 2009). Howevarpan and especially street trees often face more
difficult site conditions due to various environn@nfactors. According to Embrén et al. (2009), thest
common problems for the development of urban tgaufations include lack of space (root zone), latk
oxygen, and lack of water. Drought stress, in paldr, is already causing loss of vitality todayin@ate
change may lead to increased mortality of stregistdue to an increase in extreme events (Sakvi2Q15).
One possible solution is to identify tree spechest tan cope well with urban stresses, includirgt laad
water shortage. Another approach is to modify loeations and conditions to increase the vitalityidan
street trees. Adapting planting sites to meet #exla of urban trees can be done primarily throhgldésign

of the planting pit and/or the composition and tayg of planting substrates. Combining street treéh
stormwater management measures can, in some citauees, both increase tree vitality and reduce
flooding risk by directing stormwater into tree{Grey et al. 2018). In terms of technical fedityhithere

are several options for combining decentralizednsizater management and tree pits. Two systems have
become established, so-called box or cell systemdssauctural soils. In Europe, the "Stockholm mgde
structural soil with a coarse soil content of > I@ith grain size, is established in several countfies
Sweden, Austria, Switzerland, Denmark).

The suitability of different systems in urban looas depends on different environmental factors and
objectives. The origin of the rainwater (e.g. stree roof water) plays a decisive role for the ploles
unproblematic use from the point of view of tre¢ally and groundwater protection. The substrates o
planting systems used must provide sufficient ad water storage capacity (pore distribution andmwe).

In addition, compaction must not occur, which isumed by either structural soil substrates or llu
systems.

In the BGS project, different stormwater tree gitems were planned, built and evaluated. In aimlenake
statements on the functionality with regard to waiter infiltration and tree vitality, monitoring tiie water
(level, water content and water tension) and doi{@2, CO22) balance is carried out in the pilabjpcts.
Long-term results demonstrating improved tree wjtah such elements or effectiveness as a storemwat
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management measure, especially during heavy ra&ntgvare not currently available. In the long tetime
diversity of the pilot projects in terms of substsaand technical/structural elements should hetpase the
gaps in knowledge regarding water and oxygen supplyree roots. In addition, the interrelationships
between the discharge of additional rainwater fitoaffic and/or roof areas and the vitality of threes
planted in them will be investigated by measuresdnt2020 and 2021, different types of tree piit \@nd
without underground water storage were built in Hang. The structurally similar types in Holertwigte
Hamburg-Harburg and Am Beckerkamp in Hamburg-Beogieare supplied with rainwater from the roof or
the street (Fig. 1). To store more water for dryiqus, underground water reservoirs were built dredr
functionality is tested.

Fig. 2: Stormwater tree pits in Hamburg-HarburdtYland Hamburg-Bergedorf (right) with undergrouncrage elements and
drainage from roofs and streets (© HCU, BGS).

The construction methods of the pilot sites diffeterms of substrates, waterproofing and draireagas. In
the Hamburg-Harburg, 2 tree pits (+ 2 reference pi#s without additional stormwater drainage) were
constructed with underground bentonite waterprapfoconventional tree substrate (after FLL 2010) and
underground supply of stormwater from roof areai).(R). The tree infiltration trenches Hamburg-
Bergedorf (3 + 3 reference sites) have a similaigie but are supplied from street stormwater aaneha
substrate mix based on the Stockholm model.

The tree pit systems showed high water managenfiexctiegeness during the first years of operationthe

site in Hamburg-Harburg, for example, < 10% of shermwater runoff from the roof areas was dischairge
to the sewer system via the emergency overflow.eviagging, which could affect tree roots as a restil
heavy rain, was effectively prevented by laterdiltmation of excess water. The stormwater trees @ihd
reference tree pits showed little difference inatyics of water contents and tensions, O2 and CQ®&uts

at different depths in the first two years (202@®821), as rooting to areas > 40 cm was probablyyabt
achieved. In deeper areas > 70 cm, desiccatiotyhacdurred and, accordingly, relatively low O2 tamts
prevailed in stormwater and reference tree pitse Mitality parameters stomatal conductance, leaf
chlorophyll content, and leaf chlorophyll fluoreace also showed no significant differences between
stormwater tree pits and references in the first stand years. However, in the third growing season
difference in rooting depth became apparent, phssille to the summer drought. At the tree trentbssi
several parameters indicate deeper rooting in 20BRh may indicate more effective water supplynirthe
water storage elements. Further monitoring ovemasy years as possible will probably highlight the
differences between stormwater tree pits and neée® and describe the possible effects of the aseck
water supply for the trees.

6 CONCLUSIONS AND MANUAL

It still seems largely unclear how trees will resicthe long term to the targeted infiltration afnwater in
stormwater tree pits and how much water will beilabée to the trees, especially during dry periods.
Technical options such as additional storage elésrae currently being investigated to hold waterdry
periods and make it available to the trees. Cusretiitere are no technical standards for suchraeevater
systems, which makes it difficult to implement iayeto-day planning outside of pilot projects. Ferth
categorization or standardization of built systamesy be another step toward technical codest. Additi

REAL CORP 2023Proceedings/Tagungsband ISBN 978-3-9504945-2-5. Editors: M. SCHRENK, V. ROPOVICH, P. ZEILE, m—
18-20 September 2023 — https://www.corp.at P. ELISEI, C.BEYER, J. RYSER, H. R. KAUFMANN - Ljijana, Slovenia



BlueGreenStreets — Adapting Urban Streets for ClirGdi@nge

research into the effects of different systemshenurban (soil) water balance and flood and heatgmtion
is just as essential as gaining knowledge aboubtigeterm effect on the vitality of different trepecies.

The strategy “street as a drain” seems to be aipsamg solution to reduce the risk of urban flogdaaused

by heavy percipitation events. The minor impairmentraffic safety through flooded streets coulddbiset

by the reduction of damages caused by urban floGdst estimates indicate, that the cost for desggni
streets as a drain are much lower than the cosi@dfapting the urban drainage infrastructure toeiasing
rainfall events. Further questions on the operatma maintenance of streets as a drain have to be
investigated pilot projects. The above mentioneglirements for the traffic safety on flooded stseedn
help to design and implement such pilot projects.

In the BlueGreenStreets project, a guideline “BliesBStreets toolbox” (BGS 2022) was created froen th
experience gained in pilot projects with the plaigrand implementation of blue-green elements eesdr It
presents the current state of knowledge on suchegls and is intended to contribute to the intégnabf
water-sensitive design in planning. In the ongaegond phase of the project this guideline willtdsted
and evaluated in new pilot projects. Goal is thadfer of the results to practice.
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