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Abstract

In this paper the issue related to designing rain gardens in urban space has been presented. There were found and
described solutions that increase water retention and infiltration by increasing the emphasis on designing and
developing green infrastructure. This approach to design allows for sustainable management of rainwater and brings
other benefits. In Poland, this idea becomes more popular, but these solutions are still not widely used that is showed on
example of Bialystok city (Poland).
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AHHOTaNNA

B cTatee paccMoTpeHsl mpoOiieMbl MPOEKTUPOBAHMSA JOXKAEBBIX CalOB B TOPOJACKON cpene. beum HalineHsl u
OTIMCaHBl pPeIeHns, KOTOpBIE CIOCOOCTBYIOT YAEPKAaHWIO W MPOHMKHOBEHWIO BOJBI, Oiarojaps NMPOEKTHPOBAHUIO W
paspaboTke 3eneHoW HWHOPACTPYKTYpHl. Takoi MOIXOm K TMPOEKTHPOBAHWIO TO3BOJISIET YCTOWYWBO YTIPABIATH
JOKIEBO BOOI, a Takke JaeT npyrue moib3bl. B [lonbre nanHas naes HabupaeT momysipHOCTb, OJHAKO TTOX00HbIE
pelIeHust 10 CHUX MOp He TONy4YHIM IIUPOKOro MPUMEHEHHs, O YeM CBMAETENbCTBYET MpuMep ropopa bemoctoka
(TMonp1ra).

Krouegvie cnosa: 2opoockas ungppacmpykmypa, 3enenas uHpacmpykmypa, 0odcoesvle caowl.
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of rainwater can be irretrievably Fig. 1. Relationship between impervious surface cover and surface runoff
lost  through high-efficiency (Federal Interagency Stream Restoration Working Group, 1998)
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sewage systems, while on the natural areas, even 90 % of rainwater can remain in the landscape
covered by the rainfall (Wagner et al., 2013) (Fig. 1). In the spatial planning and designing of Polish
cities, much more attention is still paid to the effective drainage of water than to manage it on the
site, where it could be collected (Januchta-Szostak, 2014). In urban areas, rainwater is treated as an
intruder. The complex stormwater sewer systems with high capacity are being built in order to drain
it. The same thing concerns both surface and underground water, which can be also removed
through numerous drainage systems. Excessive water usually goes to nearby rivers and reservoirs in
this way (Kosmala, 2003). In consequence, such behavior is detrimental to the environment
(Kosmala, 2003; Koztowska, 2008; Szuba, 2008; Bogacz i Wozniczka, 2013; Katsifarakis,
Vafeiadis et al., 2015; Mehring and Levin, 2015; Ishimatsu et al., 2017). The lack of reuse of
rainwater and its drainage to receivers where it cannot be treated is certainly a major problem.
A good solution is to support traditional methods of water drainage by developing green
infrastructure that increases processes of infiltration and retention (Burszta-Adamiak, 2012; Wagner
i Krauze, 2014).

Green infrastructure is a technical term that in the 1990s concerned projects and structures in
which particular significance was attributed to the use of natural elements. Currently, green
infrastructure is one of the concepts of sustainable space design in order to protect the community
from disasters caused by rainfall such as floods and various weather anomalies. The more intense
and more frequent storms that are results of global climate change are particularly the problem.
There is also known the approach that green infrastructure is not designed at all, but simply consists
of natural elements preserved in the landscape, such as plants, soils and water reservoirs (Potlucha,
2013).

At the national or regional level, it is a complex system of interconnected spaces with natural
or designed greenery that act as green islands and ecological corridors. They enable water
management and they are a habitat for various animal species. It can be said that green
infrastructure helps maintain a balance between built up areas and the natural environment. At the
urban level, it includes parks and forest areas that are a source of clean air and have significant
meaning in reducing energy costs. In the smallest scale it is represented by green roofs and walls
and other technical solutions in architectural objects that contribute to energy saving and reducing
rainwater runoff (ASLA, 2012; Wagner et al., 2015). In practical terms, the idea of green
infrastructure usually relays in building new, functionally designed landscape spaces that serve to
absorb runoff and rainwater treatment, also to reduce flood waves. This issue includes also the rain
gardens.

Methods

On the basis of Polish and foreign literature of the subject, issues related to green
infrastructure, in particular to rain gardens and their impact on rainwater were characterized. The
issues of problems caused by excessive drainage of rainwater through sewer systems in the
environmental context were also discussed. Furthermore, the benefits of rain garden design are
described in relation to the principles of sustainable development and to the economic aspects.
There is also diagnosed the local problem of the increasing number of impervious surfaces in
Bialystok (Poland) and the consequences associated with it. Good practices from the country and
abroad, which should be duplicated, were also indicated to solve such problem.

Results

Rain gardens. Rain garden is a term that is commonly used to describe the planting of plants
in the ground or container, which remove impurities from running off rainwater collected from the
surface of roads, squares and roofs (Smietaniska, 2012). In practice, this is a slightly lowered
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(naturally or by man) green area in relation to the environment that is planted with native plant
species that helps retain and infiltrate rainwater from roofs, roads, parking lots, promenades, etc. It
acts by storing rainwater (that is supplied or flowing to rain garden) that afterwards is submitted to
natural filtration process by the plants and soil of the garden (Dlugozima, 2009; Autixier, Mailhot et
al., 2014; Katsifarakis, Vafeiadis et al., 2015). Not only plants but also the common faunal
inhabitants of rain gardens have positive effects on its functional (Mehring and Levin, 2015).

Nevertheless, rain gardens cannot be created anywhere. There are some restricting rules that
assume that distances between those gardens and adjacent buildings should be large enough
(minimum 3 m are usually recommended) to avoid water infiltration to underground structures.
Rain gardens should also not interfere with utility networks and construction over septic tanks
should be avoided too. It is important that underlying aquifer should be low enough to allow
draining of rain water. The more densely built areas are the harder to meet these guidelines. Also
surfaces with large slope are not completely suitable for rain garden construction (Katsifarakis,
Vafeiadis et al., 2015). If the fulfillment of some guidelines, such as the distance to the building
cannot be met, additional precautions must be taken into account during designing to ensure
adequate isolation.

Plant selection. The most important assumption is the use of plants whose requirements are
compatible with the specific habitat. Domestic species are the best for this purpose, but the selection
of plants with foreign origin, which met to the light, thermal and soil requirements allows to prepare
plantings of a naturalistic character. In this way the composition can be more varied with increasing
its aesthetic qualities. Plants should be chosen to be able to grow freely, with practically no
interference, though under the care of a gardener. All species should be combined so as to limit
competition between them, especially when it comes to light access. Secondly, the role of the
chosen plant in the garden is important (Stawicka, 2010; Katsifarakis, Vafeiadis et al., 2015).

When planning the selection of plant species, the depth of the groundwater table and the grain
size of the substrate should be determined. Instead of grass surfaces, cover plants should be used if
possible. When planning planting, two zones with vegetation should be distinguished - lower and
upper. On the lower side should be planned the plants with better resistant to high humidity and
those which can withstand periodic flooding. While, in higher zone, the plants that require slightly
lower soil moisture. It is also important to plant different types of plants, because monoculture
plantings are more susceptible to the effects of pests (Dtugozima, 2009). It is recommended to use
perennial plants so as to eliminate the need for planting every year, which can causes movement of
drainage layers. It is also recommended that at least 50% of plants that are planted in a rain garden
should be hydrophytes that have the feature of absorbing pollutants (Domanowska 1 Kostecki,
2015). Designing rain gardens in highly urbanized areas is additionally related to the planning of
plants resistant to air pollution. If the rain garden have to be located along communication routes
(e.g. in lanes between roadways), it should be taken into account that in order to capture rainwater
from streets and pavements, they must be located below communication routes. Then water is able
to flow by lower parts of the curb. This is the simplest form of street drainage (Wagner and Krauze,
2014). This makes also further guidelines for the selection of plants. It should be considered that the
plants are exposed to more polluted air and soil nearby the roads, therefore they should be more
resistant to pollution and salinity. It is also necessary to choose such plant species so that they do
not limit the visibility of the drivers. Therefore it is important what height they can reach depending
on their location (Szulc, 2013). Whereas, the plants which tolerate large shading should be selected
when it is necessary to design a rain garden near the facade of the building. In addition, it is good
that the plants in the rain garden are planted quite dense (about 6 plants per square meter)
(Domanowska i Kostecki, 2015).

Benefits. Implementation of green infrastructure at the city or district level, which supports
sustainable rainwater management, is a local urban and design strategy that can also contribute to
meet the sustainable development and resilience goals (Church, 2015). Rain gardens bring many
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benefits and the most important ones include the increase of bioretention and infiltration of water to
the ground, as well as effective and efficient purification of rainwater from pollutants (Mehring and
Levin, 2015; Ishimatsu, Ito et al.,, 2017; Choi, Maniquiz-Redillas et al., 2018). However,
appropriate vegetation must be designed to make rain gardens work as water treatment. As the
research conducted by M. Dietz and J. Clausen (2005) indicates, that not every species selection
that ensures high bioretention and control of water runoff will ensure adequate water purification.

Rain gardens also contribute to the increase of biodiversity (habitat-forming function) and
increase the aesthetic values of the landscape. Furthermore, they reduce the risk of floods, improve
water and air quality, increase groundwater recharge, ease water resource shortage and support
urban sustainability (Xu, Chen et al., 2015). It is also worth to mention that the costs of maintaining
properly designed garden are relatively low and relieve the municipal sewage networks which
construction is very expensive (Kosmala, 2003; Choi, Maniquiz-Redillas et al., 2018). There are
also researches that are being carried out to estimate the quantity of potential benefits of green
stormwater infrastructure depending on its localizations. For such studies, the hydrologic model
simulation is being used (Dietrich, 2016).

Good practices. In the United States and Germany, when designing the new green areas on
the scale of a district, park or road, a lot of attention is paid to rainwater management with use of
thoughtful systems. As a result, all rainwater is precisely collected and then reused. Part of it is
intended for irrigation of plants or creating artificial reservoirs, while the rest supply groundwater
(Kosmala, 2003). For this purpose, numerous rain gardens are created. They can be found for
example in the German housing estates such as Arkadien in Asperg, Kiippersbusch in
Gelsenkirchen or Kronsberg in Hanover. They are also created in German public spaces, such as the
Scharnhauser Park in Ostfildern, Potsdamer Platz and the Mauerpark in Berlin, Wasserspuren in
Hann. They are also present in American public spaces such as Tanner Springs Park in Portland or
Central Park in New York (Dlugozima, 2009).

As a result of such projects, it is possible to solve many problems. A good example of this is
the Sidewalk Garden project in San Francisco, which has been implemented since 2013. It is
realized in frames of the larger program — Urban Watershed Assessment in the Sewer System
Improvement Program. The initiators were public agencies, engineering and design companies,
non-governmental organizations, experts and the citizens. The idea of the project is to create rain
gardens in the place of concrete pavements (Fig. 2). Main aim is to relieve the city's stormwater
sewer by capturing rainwater. This is a response to the problem of an increasing number of
impervious surfaces within the city and, as a consequence, overloading of traditional gray
infrastructure with limited capacity. An additional benefit is the improvement of aesthetic values of
public spaces and environmental protection, because of fewer amounts of chemicals that get along
with surface runoff to the bay (Galblaub, 2014).
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Fig. 2. Space near the Synergy School in San Francisco before (on the left) and after (on the right)
the Sidewalk Garden project (www.{lickr.com ©Friend of the Urban Forest)

Another noteworthy initiative is the 70,000 rain gardens program, which is the part of the
Melbourne Water Strategy for Managing Rural and Urban Runoff. In response to the problem of
pollution of the Port Phillip Bay and the Yarra River waters, more than 10 000 rain gardens were
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built working with the community. The aim was to improve the quality of rainwater, which when
running off through the surfaces such as parking lots, roads or roofs, gain a lots of pollution.
Moreover this project served as an educational function. The society was being informed about the
water cycle and how it can contribute to solve the problem. Thanks to this, gardens were created not
only in public areas, but also on private properties (Smietanska, 2012).

In Poland, designing rain gardens become more popular, but these solutions are still not
widely used. A project implemented by the Sendzimir Foundation as part of the program of
sustainable use of surface and rain water in the city can be discussed as a good practice. In frame of
this initiative, many educational events on the subject of water circulation in the city were
implemented. Local communities were also involved in the building of rain gardens as part of the
workshops. It is worth to notice that the professionals also worked with the youngest residents —
children from primary schools. As part of the project, a map of places favoring water retention in
Warsaw was also created to increase the awareness of people about such places.

Discussion

Unfortunately, the Polish practice of space management still lacks a comprehensive approach
and effective tools for implementing water management objectives. Some single examples of good
practices are only a drop in the ocean of needs (Januchta-Szostak, 2014).

Bialystok lacks rain gardens. The intensive development and 1ncreasmg amount of
impervious surfaces in Bialystok city lead to — -
insufficient capacity of the stormwater sewer
system during heavy rains. As the result, the
streets where water flows are turning into
rivers' (Fig. 3). Unfortunately, the city
authorities do not draw conclusions and new
investments, such as modernization or
development of road infrastructure, contribute
to an even greater reduction of permeable areas.
A good example here can be the modernization
of Legionowa Street, where during the works
even a green belt separating roadways was
paved (Fig. 4). Such behavior will certainly not
help to solve the problem. However, just leaving the grassy surface would not change much. In case
of greater rainfall, also the large water runoff starts to be a problem and of course the lack of places
where water can infiltrate into the ground. Even biologically active surface such as lawns cannot
stop excessive water especially that the soil in urban areas is heavily compacted. Supporting of the
traditional water management by
construction of the rain gardens network to
make better drainage of water to the
stormwater sewer system would be an
effective  solution (Dlugozima, 2009;
Basdeki, Katsifarakis et al., 2016). This
would increase the bioretention and improve
infiltration of water to the ground.

Usually, however, the ecological
aspects alone are not enough to convince the
public opinion to invest in the development
Fig. 4. Legionowa street after the modernization of green infrastructure. Only facts supported

(www.skyscrapercity.pl ©jacentykasi) by the estimation of high efficiency with

Fig. 3. Flooded Legionowa Street (Www.poranny.pl)
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relatively low construction costs may prove decisive (Vandermeulena, Verspecht et al., 2015). What
is more, rain gardens can purify water and also can provide attractive arrangement of the public
space. One of the assumptions of the concept of ecosystem services is that these services also result
in financial benefits (indirect and direct). They can be associated, for example, with reducing water
consumption for watering urban green areas (Domanowska, Kostecki et al., 2015).

There are many places where green infrastructure can be implemented. It can even enter
school areas due to the need to use any surface to reduce the problem of excess rainwater. In the
United States traditional spaces full of asphalt surfaces at schools and playgrounds are transformed
into green enclaves. According to idea of green infrastructure, a new look of school areas has been
created, which thanks to greenery and playing fields can collect rainwater not only from this place,
but also from the surrounding housing estates (Potucha, 2013).

Conclusions

Rainwater is needed for the city. Its natural evaporation improves the microclimate and
affects on residents in positive way. There is a possibility to use rainwater for economic purposes
by city users. It is therefore necessary to change the current procedure. Instead of draining rainwater
outside the city, the city should manage it. As a result it will not only improve water relations, but
also will bring measurable economic savings (Szuba, 2008). Sustainable stormwater management
facilities have also potential in educating society about water cycle in urban areas particularly if
they are combined with informational signs. In the long term it will bring measurable environmental
benefits (Church, 2015). Although the topic related to the utilizing bioretention for stormwater
management is widely described in the literature of the subject, there are gaps in current studies that
require further researches, particular in case of areas with cold climate (Kratky, Li et al. 2017).

Note: The article was prepared in frames of the statutory work S/WBiIS/2/2016 realized by KKBiA, WBIIS, PB.
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HanpasieHHbIi ¢TOK BOAbI — 3eJIeHas MOA/AePKKa
ropoJcKoi JIMBHEeBO HHPPACTPYKTYype

(ITomyueno B stuBape 2018 r.; oraaHo B nevars B anpene 2018 r.; noctyn B unTepuere ¢ 8§ mas 2018 r.)

Pe3rome

OCHOBBIBasACh Ha TOJIbCKON M 3apyOexHON JuTeparype, ObUIM OXapaKTePU30BaHBI BOTPOCHI, CBA3aHHBIE C
3eJIeHOM MH(PacTPyKTypoOii, a B YaCTHOCTH C HAampaBJIeHHBIM CTOKOM BOABI. B TO e Bpemsi ObUTM 3aTPOHYTHI
9KOJIOTUYECKHE M SKOHOMHUYECKHE TEMBbI, a Takke oOHapykeHa mpoOiieMa HOBBIX WHBECTHIMI HA TpuUMepe Topona
benocToka.

UrHopupoBaHWe MpaBuJl PABHOMEPHOrO pPa3BUTHA MpPU [OCTOSTHHOM pa3BUTUM TOPOJOB NPUBOIUT K
MHOIOYUCJEHHBIM Mpo0sieMaM, B TOM 4YMCJIe K HEBEpHOMY paclpeiesieHHI0 CTOYHbIX BoA. [Ipu TeppuTOpHaibHOM
TUIAHUPOBAHUY TIOJILCKMX TOPOJOB 3HAUMTENBHO OOJblliee BHUMaHKE yaessieTcss Ha 3 QEeKTUBHbI OTBOJ CTOYHBIX BOJ
U3 TOPOIOB MOCPEACTBOM OOLIMPHBIX KaHAJTM3AUMOHHBIX cUcTeM. M3MuIlHue CTOYHbIE BOABI COPAchIBAIOTCS B PEKU WU
BOJOEMBI 0€3 MpeABAPUTEIHHON OUNCTKH, YTO HETATUBHO BJIVSET Ha YKOJOTHIO.

3enenas WHQpACTPyKTypa TOPOAOB SBISETCS OHON W3 KOHIENIHA PaBHOMEPHOTO TEPPUTOPHUATBHOTO
TUTAHUPOBAHMSA, KOTOpasi BKIIIOYACT B ceOsl HANPABJICHHBINM CTOK BOJBI, MPeIHA3HAYCHHBIN I YBETMUCHUS PETCH NN
BOJBI ¥ BIIUTHIBAHUS €€ B TPYHT. C 3TOI LENbI0 MPOSKTUPYIOTCS CHENUANBHO MON00paHHbIE PACTeHUS B HEOONBIINX
yrayOsieHusIX Ha mnpuneraromeit teppuropuu. Oco0oe BHHMaHHWE YIENAETCS WCIOJNB30BAaHUIO MECTHBIX BUIOB
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pacteHuil. Takoi MOAXOX K MPOEKTHPOBAHUIO O0JIAAAEeT MHOXKECTBOM MPEMMYINECTB. B BBICOKOPa3BHUTBIX CTPaHAaX,
taknux kak CLUA, epmanust wiam ABCTpanus, MOKHO 3aMETHUTh MHOXKECTBO MPUMEPOB TMPUMEHEHMS MOJOOHBIX
MPaKTHK, KOTOpbIE JNOJKHBI MpUMeHATbcA 1 B [lonbine, oqHako mpruMep ropoja bemocToka mokassiBaeT, 4TO HOBBIE
WHBECTULIMY MO-TIPEKHEMY HE YUUTHIBAIOT Pa3BUTHE 3eleHON HHPPACTPYKTYpBI.

CoBpeMeHHbIE Topoa Bce Ooubllle HYXIAFOTCA B COOTBETCTBYIOLIEM YMPABIEHWH CTOYHBIMHM BOAaMH. DTO

TIPUHECET OLLYTHMYIO BBIFOAY B 3KOHOMMYECKHUX M IKOJOTMYECKHX aClEKTax, a TaKkKe HOCHOCOﬁCTByeT YBEITUYEHUIO
OCBEJOMJICHHOCTH JKUTEJIEH 0O HUPKYJIAOUU BOABI B IIPUPOAEC.
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