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1 ABSTRACT

The PeriSponge project is a three-year researghgbneith an implemented prototype in Feldbachmals
town in the south of Austria. PeriSponge aims tpriowe potential hydrological retention areas awoddi
capacities along transport areas through well-deesigmultifunctional and multicoded open spaces|ewh
providing water management and quality of life sols to improve climatic, ecological and social
functions for quality sustainable peri-urban ardldse analytically applied research is being evaldand
will be made transferable to other cities. At thisnt, the project is at the end of the first poojgear.

Keywords: toolbox, blue-green measures, mobilitgroppace, peri-urban, spatial planning

2 STATE OF KNOWLEDGE

Resilient urban areas need integrated planningaanftugal use of resources and land, while at #mes
time being liveable and of high urban quality (Deg& Bendiks, 2021). The idea of using resources an
land as efficiently as possible is reflected in thatext of urban sustainability, especially in #pproach of
multifunctionality (Jabareen, 2006). This applieere more to open spaces, which have to fulfil atituale

of requirements, from leisure and biodiversity toohifity and infrastructure, and which have to
accommodate an ever-greater diversity of user grdBecker, 2020) as well as climate change adaption
measures. In order for such efficient use to sutceddan planning and the design of open spacestakes

on an important moderating role between the diffesectoral plans in order to turn monofunctionad/ar
sealed infrastructure buildings, traffic areasjcasl spaces, etc. into green-blue infrastructdogsmore
quality of life and to be able to meet the overdémand for more green and open spaces (cf.
Umweltbundesamt, 2021).

The impacts of already increased water-relatedteva&ich as floods, droughts, water pollution, staaf
biodiversity and pressure on high-quality open span urban settlements, among others (Zandonelf e
2013)are intensified by the steady growth of ciiEsenberth, 2011; O'Donnel and Thorne, 2020). Beyo
the general focus on central places of the Urban2005 UN Habitat report shows not only that 6 %he
world's 5 billion population will live in urban ame by 2025, but more importantly that about 85%haf
development process will take place in the urbawehiand, widely referred to as “peri-urban”, “suan”,
“outskirt” or “urban sprawl” (Prakash et al., 2011)

These peri-urban areas, which are largely car-ddgenand lack urban infrastructure, are areashhe¢
been created by economic, social and legal frameniorrecent decades. With the growth of sealedsare
especially on the periphery - a decoupling of gpatiydrological, ecological and social needs and a
increasing socio-ecological fragmentation of opesice can be observed (Hecke, 2020).

This shows that these areas deserve more attet@onthey currently receive in general discourses o
resilience, sustainability in urban planning andige.

3 TOOLBOXES FOR THE REDESIGN OF PUBLIC SPACE

In order to facilitate a systematic redesign ofligugpace, a number of toolboxes, i.e. applicabaented
planning aids focusing on the redesign of existifngan streets, have been developed (cf. BlueGressiSt
2022). The spatial focus of these planning aidsn#&nly concentrated on central urban areas such as
inBerlin, Vienna, Hamburg, Zurich, Kassel, etc. a@entwicklung Wien, 2011; Stadt Zurich, 2019;
Umweltbundesamt, 2019).

These toolboxes were developed for the conditidn@ide urban street spaces. The parameters of wide
street spaces, such as historical, spatial localacheristics, allow a systematisation of redesigncepts.
Above all, military, hygienic and representatioqalrposes as well as the number of inhabitants were
important factors why streetscapes were signiflganidened. From the mid-19th century onwards, renti
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districts and neighbourhoods were altered to crneate streets and boulevards in the urban structuinech

are now subject of redesign measures to blue-gsrepts (cf. Degros et al., 2021). A second roohd
widening urban streets started with car-orientdganrplanning schemes in the mid-20th century. & th
search for space to implement blue-green elements climate adaption, the research project
Bluegreenstreets found that many streets in tharudiudy areas in different German cities had wider
profiles than the nationally recommended minimurdtivi This additional space offers room for action i
the transformation process to integrate blue-ghefeastructure and recreational spaces, once #fifictshift

is implemented.

Our study in small to medium sized towns in Austaad there, on the outskirts of the cities, diga the
contrary that many road widths mapped are evenowarr than nationally suggested guidelines
(OsterreichischeForschungsgeselschaftStraRe-SeMienkehr 2020) for sufficient dimensioning of road
lanes and sidewalks. The historic road network vearections for agricultural and trading purpozed
served as a national network for military operatiancase of war. For these transport only uset) spads
were implemented with minimum widths. From the isitial age onwards, different functions and trades
have settled along the historic road network. | $kecond half of the 20th century, these smalletiaadl
agriculturally driven cities saw more housing depshents and commercial areas growing along théimxis
road networks while the narrow road widths remainggricultural or green areas were converted into
sealed surfaces or parcelled out for single-fammilysing developments. With all the infrastructueated in
parallel for this purpose, such as car parks, sgaatlen settlements, agricultural land, cemeteeigs, a mix

of sealed, private and public and partly fallowdamas created. Urban sprawl as well as such pbarur
sprawl puts high pressure on environmental resgutbe developments "eat up" valuable natural aesib

the surrounding landscape (OECD 1990). Howeves, gthenomenon affects not only ecological networks,
but also publicly usable space. As the pressurefen space may not be comparable to dense cethiges,
heterogeneous character includes industries andaneotial uses with workers and employees as well as
units with apartment buildings and single familyuees which all have a certain need for public spaes

it be for recreation or socializing. On the othandi, urban and peri-urban sprawl also leads tosiitiel and
leftover spaces that are often private and sociatigerused (Mariani& Barron, 2014), This is partacly

the case along the circulation areas of peri-urfigaces (Bendiks & Degros, 2019). Urban sprawl also
reinforces the current dominant use of motorisadgport of roads (cf. Umweltbundesamt).

Therefore, peri-urban spaces are particularly edtbby a lack of quality publicly usable open sgaaerd a
lack of valorisation of the few publicly usable spa. They are also affected by heat stress cayskuide
sealed surfaces such as shopping centres andrkar(P&ROK, 2019).

These structural differences and challenges betwdgsm and peri-urban space can only be addreesad t
limited extent with the existing planning recommatidns focused on inner urban streets and makeethe
for a toolbox for the peri-urban space all the mabgious. Literature is largely lacking, althougtripurban
spaces are growing four times faster than inngrsmaces (cf. Piorr et al., 2011) and thus can raost
make a significant contribution to climate chandemation and mitigation.

4 THE PERISPONGE PROJECT — WATER, CITY, PEOPLE

The research project PeriSponge explores whichnpatestreetscapes may have to contribute to a-blue
green transformation of peri-urban areas. As publaces are rather sparse outside central areas,
infrastructures of mobility represent an importapgtial resource for the implementation of bluesgre
elements. A blue-green transformation comes aloitg multifunctional benefits when aiming to make
settlement areas more resilient for future chalbsndlue-green transformation means in the firatelto
introduce design principles for a decentralisedallagater management oriented towards sustainabkd o
water cycles. Well-designed, multifunctional andtcaded (Becker, 2020) elements for water managgme
in streets can contribute to provide rainwaterngéd@ for flood prevention, to keep rainwater faigation
and vital urban greenery, to refill groundwaterdisvand last but not least to secure climate cdrfdothose
using urban space by shading and cooling effectseet and other vegetation (evapotranspiraticsg &l
times of intensifying heat waves. The applicabibityd practicability of blue-green multifunctionadgsiigns
for peri-urban streets will be tested and evaludigdneans of a "prototype" implemented in Feldbach,
Austria.
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The choice of the implementation site of the pngietis derived from an analysis in three thematiels:
Water, City and People. The hydrological analysifinds danger spots where flood events and floags h
occurred in the past and may occur in the futuraoAg other aspects, flow paths and slope waterskea
into account and possible areas for retention vekiare identified in order to store or retain raitexs. At
the urban planning level, mobility, urban acti\gtiegreen and open spaces, amenity qualities aneldsea
surfaces are analyzed. Gaps and missing spatiakemldgical connections in the urban structure tkoca
future areas for action. The hydrological and urpmning analysis are overlaid in the next steg \acal
knowledge and show results for combined action ®eed possible locations to integrate
multicodedstreetscapes.

spatial strategy

Fig. 1: Spatial Strategy Feldbach - overlaps fadsefor action: potential project locations

The third level consists of the people, residentsiaterested parties, who are involved in theremgrocess.
This serves to create awareness, a transpareghdasicess in which wishes and suggestions are iake
account, and a resulting increase in acceptancen@ntoe population. Multicodedstreetscapes create
additional spaces for people to stay. The scartdigpapace in the peri-urban area can thus be riated
along the streetscape. Naturally cooled and shadeas can thus contribute not only to staying ad &
pleasant movement with active mobility. This typke implementation supports the needs of adjacent
residents and people moving in the peri-urban space

In the design and implementation process, severahte are offered in the project phases for further
participation in order to communicate differentigasapproaches and legal contents. After implentemia
the prototype and its effectiveness will be analysed evaluated.

From a hydrological perspective, the retention nwu the effectiveness of retardation/storage amd th
before/after effect of the microclimate will be &ated, among other things. In addition, the deg¢peghich
rainfall events can be mitigated will be determinEcbm an urban planning perspective, the appropnia
and acceptance of the new public spaces and thsigrdwill be evaluated. (Fig.2)

The project results will be used to develop trarsdfle and scalable instruments, such as a praatieated
toolbox and action guidelines for other peri-urla@as.
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Fig. 2: Participation process on project site itdBach (June 21, 2023) (c) Philipp Flachhuber jtinst of Urbanism
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5 IMPLEMENTATION SITE FELDBACH, AUSTRIA

Feldbach is the fifth largest city in Styria witB,371 inhabitants and is growing, especially ondbiskirts
(LandesstatisitkSteiermark, 2019). Pressure cambberved especially on the outskirts of the citiicl is
mainly due to the expansion of infrastructure aditb demographic change and increased immigration

Situated in a valley, Feldbach is located on as aetween south-eastern Styria and Graz and ensbadie
medium-sized and regional centre. Topographic&gldbach is bordered by elevations from the nonith a
south. The main river runs north of the old towheTeographical valley location of Feldbachfavdlosds
during heavy rainfall events, especially slope watem the elevations in the south enters the urdaa
along flow paths from the. south. The heavy rairdaknts in the summers of 2017 and 2021 in pdaticu
caused major damage to settlement areas alongy¢aens.

The long-established and the newly built streetd=@dbachhave different characteristics, but can be
described as peri-urban. Long-established perirudteeets have heterogeneous use and decliningtydens
while new peri-urban streets have strong monofonelicommercial or residential use. Both typessaen

as peripheral streetscapes that are subject &r faahsformation than urban streetscapes.

In direct comparison, the streets around the althtof Feldbach can be described with urban parasete
This is mainly reflected in the denser developmehdsed building lines and heterogeneous adjacent
functions. Likewise, some integrated cycle patliicate a more urban structure. If Feldbach is cmred

as a whole, the peripheral streets cancategorisque@-urban. However, if Feldbach is put in relatio
large cities and urban centres, the majority afetty in Feldbachcan be seen as peri-urban.

Fig. 4: Implementation site Oedter Straf3e, longidisthed street on the outskirts of the city

In the rapid development of the predominant develemt type single-family house over the urban fringe
areas in Feldbach, the creation of inner-city, fwlittional green spaces was neglected. The derveop

of blue-green infrastructures and green spacesweatly limited to aesthetic elements (as the desfghe
main square shows) or not pursued at all, as inmgtiesign of the roadside greenery on the maietstrds a
result, progressive soil sealing, the decline afroppaces and extreme precipitation events repgdtad to
hydrological problems such as flooding, but als@tdrastic increase in temperatures and changtdsin
city's microclimate (Gangl, 2020). The streets gldbach fulfil the already mentioned characterssidé
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peri-urban streets, such as the too small or mingtraet width, the high degree of sealing and litie
green and public spaces.

6 INITIAL FINDINGS FOR A PERI-URBAN TOOLBOX

For the development of a peri-urban toolbox angisdesnatic redesign of existing streets, the fitsp svas
to categorize and analyse existing street netwmghbw characteristics, usage patterns and sjpatiahtial

for transformation The findings are looked at fransystemic thinking to generate transferable kndgéde
and solutions.

The documented streets are analysed for the implatien of multicoded measures. Accordingly, ndiyon
potentials against flooding but also for naturabloty and quality of public space measures are exagn
The latter are most likely to be integrated whesinpeople flows take place. Schillerstra3e fumstias a
transition between the old town and the peri-urbpace of Feldbach. The total of 78 documentedtstige
located north and south of it. Peri-urban spacesgehas different functions, monofunctional resiidén
streets are thus excluded from the documentation.

The 78 streets were photo-documented and catedosiseording to FRC (Functional Road Class). The
number of lanes and directions of travel, numbeaidiicent pavements, bicycle lanes, vehicle par&iegs
and adjacent ground and upper floor uses were dem@n. Most of the streets are classified in tixénsi
category, that of collector streets. Most of theseets have only one lane, which can be used in bo
directions. Some of these streets have parkingsdozamotor vehicles, and rarely have pavementbaih
sides.

This category has the most roads and thereforéhealargest surface area. Most collector roads kave
small cross-sections and therefore a correspondiogl spatial potential for redesign, if trafficaimge is not
considered.

Gd__wa__.w..'[u HH 1 _ / <= 9

Fig. 5: Road documentation in Feldbach
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distribution of the road category

= central local network
= regional network

= municipality network

inner city network
= collector roads
= internal development

14

Fig. 6: distribution of the road categories in Beldh according to FRC

(1) Central local network: Supraregional connecibetween district capitals or from district calsita the
provincial capital. Connections from district cast to other employment, supply and tourism centt8s
documented streets)

(2) Regional network: Regional connections of mipalities or parts of municipalities to districtpitals.
Regional connections of municipalities or partsmeficipalities to other centres of employment, $ygmd
tourism (11 documented streets)

(3) Municipality connections: Small-scale and loaa@nnections between municipalities or parts of
municipalities.(6 documentedstreets)

(4) Inner city network: Other local connection ftinos (14 documented streets)

(5) Collector roads: Connects service roads indesgial or commercial areas to a main road (32
documented streets)

(6) Internal development: Connection to a buildihgt (2 documented streets)

street profile
green space
: sealed area Alois-Harmtodt-Weg

e, owned by the city
e, owned by the land

Fig. 7: Example of collector street: nr30 — Aloissirhtodt-Weg
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street profile

Fig. 8: Example of municipality connection: nr3©edter Stralle

6.1 Need for changes in mobility policy

The prioritisation of motorised traffic on the masr cross-sections results in a monofunctional desighe
street space. A spatial separation between actmislity, such as walking and cycling, and passivabitity,
motorised traffic such as public and individualnsport, for example, often only find space in cotre
practice where the cross-section allows for impletaon. In order to achieve an implementationtaf t
design of multicoded mobility open spaces, thedi@amation process has to be linked with the miybili
turnaround. This is the only way to defuse therimgation of motorised traffic and activate suidiot areas
for the implementation of blue-green infrastructure

6.2 Planning beyond property borders

In the development process of the demonstratiofe@ran Feldbach it became apparent that the lanite
public street space at the implementation site pér&urban street cannot fulfil sufficient retemitasks in
terms of area. In order to solve the existing heaaig problems and to achieve a large retentioaceff
planning beyond the street boundary is inevitablee limited public street space alone cannot bear t
demands of rainwater management. For the greatesstije positive effect, you need cooperation and
coordination with the adjacent neighbours. As ia temonstration project, this implies cooperatidth w
many private actors, like a large commercial emtsepwith large sealed areas, the cemetery, a g
with little green space quality, a municipal howgsitevelopment, a social facility for young peoptel a
private property owners. In the coordination precesirrent projects or wishes of different agentsnie
included in order to be able to implement a projeeyond property boarders. For the communication
process with and between the agents, the local lettm®, which in small towns is bundled directlytle
administration, must be used. From previous expeeégit can be assumed that it is similar in complgr
sized municipalities, as the administrative streeguare the same. Our role as scientists and pkanse
mainly to guide which actors need to be brouglthéotable in order to implement blue green infrastres.

In this specific case, an attempt is being madeatwsform a road, which is administered by the joros of
Styria, but is located in the municipal area ofdbelkch, which adds another administrative level tbqtires
additional effort in terms of financial coordinatiaesponsibility and approval.
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Fig. 9: planning beyond property boarders at tHdlaeh implementation site

6.3 Administrative challenges

The administration in small and medium-sized tovensften limited in terms of staff and faces aduitl
challenges due to the complex, multidisciplinarsktaand the large number of actors. Another issubait
specific data is often not captured or older dataot yet digitised, which can slow down the workqgess if
not planned for. Administrative tasks are oftendiad by only a few people in small towns. When in@ot
decisions hangon a single person, they can quikigut off by more urgent tasks, for example wheawi
rainfall events and consequent flooding occur.ha disaster phase, the importance of new projbcts t
quickly recedes into the background. The qualityhefimplemented projects is thereforenot only depeat
on the way the administration works, but also anltital implementing companies. The novelty oftthEc
of creating multicoded spaces in the peri-urbarts@and the interdisciplinary work in the scientifientext
of a research project result in new ways of worKimgthe municipality and local companies, whick & a
large extent outside their previous practice amdthas cause uncertainties about the results.

Nevertheless, an advantage of municipalities it thea administrations know the local conditions Iywehn
process orders quickly and react more flexibly tiarthe administratively complicated apparatus iof b
cities.

6.4 Thinking in strategies

In case of the pilot onOedterStral3e, the researgjeqh defined five climate adaptation strategiEisese
strategies were derived from the local conditiddsnetheless, due to the representative peri-urbanom
functions and road typologies in the project atba,strategies hint towards transferable solutfongeri-
urban streets in general:

* Road repartition to gain space for blue-green dinzalaptive elements: through traffic calming,
reduction of roadway widths according to goalstfansformation of mibility patterns, to gain green
and retention space determine

e Decoupling of public and or private parking loterad the street from the storm water channnels:
through decentralized infiltration measures on swkelieve the pressure on the canal networks

* Decoupling of buildings or ensembles along theestfeom the storm water channnels: through
decentralized infiltration measures on side taexadithe pressure on the canal networks
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* Adjustment of road slopes for emergency waterwaygeted drainage of slope water: through
modification of road profiles

* Wetlands and/or rainwater retention areas: throwgintification of suitable propably underused
adjacent spaces along the streets such as brodgfiehderused parking lots, undeveloped land,
gaps or other, preferably in public property oclvance for purchase

These strategies highlight the need to plan beywaoderty borders in often narrow peri-urban stre€lss
first strategies developed within the pilot projadll be extend through a set of micro strategi@srhore
central urban streets, that already have got soeenglements like road trees. In many cases, etisting
elements can be transformed into small elementsafolimate-adaptive road network through relatively
small interventions. These interventions coulddeetmove edgings of tree beds and create flat dejores

in order to uptake rainwater. These two approadbesmall scale and easy interventions togetheh wit
bigger transformative measures hint towards a cehgnsive goal for the blue-green adjustment of the
wholeperi-urban road network on the long run, stgmow.

6.5 Multifunctionalityand urban quality

The technical rain water solutions always needetdhought and planned along integrative goals $able
and comfortable public space. Streets and theiilllarycspaces make up a significant part of thelijoub
realm especially in peri-urban areas. The majotl@hge of climate-adapted transformation of stresgies
therefore goes beyond purely functional tasks. Ebenigh retention and infiltration areas are engjimg
facilities for water management objectives, itée@ssary to consider them in the context of thdipapace
in terms of design and to integrate social andhagistaspects. They should contribute to the dpatiality

of the place. This means applying multifunctionlanming principles. A retention basin can be desibjas a
park at the same time, a planted infiltration bad enhance the green and open space, a row oftlrees
streetscape.

7 CONCLUSION

These points are of decisive importance for a foanstion of mobility spaces in the peri-urban spakt
the same time, the turnaround in mobility policyldhe transformation of the public space in whictakes
place must be thought about and developed together transformation must be integrated in the tiolis
system and cannot be part of an individual singlet®n.

With the prototype in Feldbach, we are testing lsoh a transformation can be implemented. The groje
already shows that new constellations of actorsn@eded. The approach of thinking beyond the plots
creates an extremely local solution. Is it at agible to make these approaches transferabldo oities

or transferable at all?

How can the approaches developed be made scalsifihe®® would a project look like that envisages
transforming Feldbach's 10 most important gatewais) in terms of coordination with the province of
Styria, budget, personnel, etc.?

The current issues and requirements for the prajedtthe planned implementation show that it ig sl
to work together on approaches to solutions trabacoming increasingly relevant in the currentlehges
of spatial transformations (cf. Armengaud, Degrioal €2023).
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