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In this Master’s thesis land-use changes within the catchment of the Kylméoja urban stream were investi-
gated. The catchment of the Kylm&oja stream has a total size of 20.84 kmz?, of which circa 75% or 15.72 km?
is located in the city of Vantaa and 25% or 5.12 km2 is located in the municipality of Tuusula. Development
within the catchment is dominated by suburban residential land-use with scattered small industrial areas.
Furthermore, also a part of the Helsinki-Vantaa airport is located within the borders of the basin.

Spatial analysis was carried out with the focus on the development of impervious surfaces in the catchment.
The investigation of impervious surfaces contributing to changes in run-off quantity and quality considered
roofs, roads and condition of yard areas. Roofs were accounted for as surface area whereas roads and yards
were assessed as well in terms of surface area as also quality of the surfaces. The development of the extent
of imperviousness within the catchment was investigated for a time span over five decades assessed through
individual years, which were selected either due to the availability of data or significant development
changes. The years of spatial land-use assessment were 1977, 1982, 1992, 2007 and 2030, the latter
representing a projection of current urban planning. To allow a realistic estimation for imperviousness in
2030, a relation between the floor area — which is defined in the plot-ratio in urban planning today — and the
run-off relevant components, the roof area and the yard area, was established during this work. Novel roof-
to-floor area and yard-to-floor area coefficients were established based on the spatial analysis of the present
situation and were implemented for determination of imperviousness in 2030. It was found that no existing
database, neither in the city of Vantaa nor in the municipality of Tuusula contains any information on the
impervious yard area size, or quality of the yard surface materials. Both qualities were therefore investigated
from orthophotos and in-situ and a new dataset including that very important information for run-off estima-
tion, and hence the influence of the land-use on the stream was created as a part of this research.

The effects of land-use change on the Kylméoja stream were evaluated by carrying out an analysis of the
determined ultimate imperviousness within the entire Kylméoja catchment and for the defined eleven sub-
catchments. A constant increase of imperviousness was found from the beginning year of investigation,
1977, until 2030 - leading to an ultimate imperviousness of 26% in the Kylmdoja catchment in 2030. The
development of imperviousness was investigated in further detail for the three transboundary subcatchments
defined in this work to investigate the effects of urban planning differences within the involved authorities,
the city of Vantaa and the municipality of Tuusula. In 2030, the subcatchment of the western branch will
have a higher level of imperviousness in Tuusula (25%) than in the southern and downstream Vantaa part of
the subcatchment (23%), in which also parts of the Helsinki-Vantaa airport with its vast asphalt surfaces
reside. The Tuusula areas of the central branch catchment will reach 43% of imperviousness in 2030, whe-
reas in the Vantaa part of this subcatchment, the imperviousness level will not exceed 22% by 2030. Fur-
thermore the rough run-off estimation conducted during this work, based on the rational method, followed
the trends of the spatial imperviousness analysis results in the Kylméoja catchment. This estimation also
proved the importance of the design, dimensioning, and surface material choices for yard areas in urban
planning and site planning for optimal run-off management and stream health. In 2030, 34% of the generat-
ed run-off in the Kylmdoja catchment will derive from impervious yard areas, more than from any other
origin including the airport runways, which in 2030 will account for 19% of the generated run-off.
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Tassd diplomitydssa tarkastellaan maankdyton muutoksia kaupungistuvalla Kylmdojan valuma-alueella.
Kylméojan valuma-alueen koko on 20.84 km?, josta noin 75% eli 15.72m? sijaitsee Vantaan kaupungin alueella ja
noin 25% eli 5.12 km? Tuusulan kunnan alueella. Merkittavin tekija alueen kehittdmisessa on asuinalueiden
rakentaminen yhdessa hajanaisten, pienten teollisuusalueitten kanssa. Lisaksi osa Helsinki-Vantaan lentokenttasté
sijaitsee valuma-alueella.

Tyossé tehtiin paikkatietoanalyysi, joka keskittyi vettd ldpdisemdttdmien pintojen esiintymisen Kkehittymiseen
valuma-alueella. Veden maérad ja laatua muuttavien lapdiseméattdmien pintojen tarkastelussa huomioitiin katot,
tiet sekéd piha-alueiden tila. Katot siséllytettiin suoraan tutkimusalueen pinta-alaan, kun taas teiden ja pihojen
osalta analyysiin sisdltyi sekd niiden pinta-ala etta paallysteen materiaali. Valuma-alueen vettd lapdisemattdmien
pintojen kehittymistd tutkittiin yksittaisten vuosien osalta viiden vuosikymmenen aikana. Tutkimusvuodet valittiin
joko saatavilla olevan tiedon tai merkittavien maankaytén muutosten perusteella. Analyysiin kdytetyt vuodet olivat
1977, 1982, 1992, 2007 ja 2030, joista viimeisin on td&mdn hetkisen yhdyskuntasuunnittelun perusteella tehty
ennuste. Jotta valuma-alueen vettd l4pdisemattdméan alueen pinta-ala vuonna 2030 voitiin arvioida
mahdollisimman luotettavasti, tydssa luotiin suhdeluvut kerrospinta-alan — joka madritelladn nykyisen
yhdyskuntasuunnittelun tonttisuhteessa — sekd valunnan kannalta merkittdvien muuttujien eli katon ja pihojen
pinta-alojen vélille. Tydssa luotiin taten paikkatietoanalyysin avulla uudet kertoimet kattojen pinta-alan ja
kerrosalojen sekd pihojen pinta-alan ja kerrosalojen valille, ja néitd kertoimia kaytettiin maéritteleméan
tutkimusalueen lapdisemattdmyys vuonna 2030. Tutkimusta tehdessd huomattiin, ettd yhdessakdan Vantaan tai
Tuusulan tietokannassa ei ole tietoa vetta lapdisemattdmien pihojen pinta-alasta tai pihojen pintamateriaalista.
Ta&man vuoksi ndma ominaisuudet médriteltiin ilmakuvien avulla sekd paikan paalla. Tutkimuksessa siis luotiin
kokonaan uusi tietokanta ja kertoimet télle valunnan arvioinnissa tarvittavalle tarkeélle tiedolle, joka mahdollistaa
maankayton vaikutusten arvioinnin.

Maankdyton muutosten vaikutukset Kylméojaan arvioitiin analysoimalla veden I4péisemattdmyys koko
Kylméojan valuma-alueelle sek& 11 osavaluma-alueelle. Lé&péisemdattomyyden tasainen kasvu oli nékyvissa
tutkimuksen aloitusvuodesta (1977) aina vuoteen 2030 saakka, jonka seurauksena Kylmdojan valuma-alueen
lopullinen veden l&péisemattdmyys vuonna 2030 arvioitiin olevan 26%. Lé&paiseméattdémyyden kasvua arvioitiin
yksityiskohtaisemmin kolmella osavaluma-alueella, jotka ulottuvat kaikki sekd Tuusulan ettd Vantaan alueelle.
Tama mahdollisti myds Vantaan kaupungin ja Tuusulan kunnan yhdyskuntasuunnittelun erojen valisen
tarkastelun. Vuonna 2030, lantisen osavaluma-alueen lapédisemattdmyys on suurempi Tuusulan (25%) kuin
Vantaan (23%) puolella, vaikka sielld sijaitsee myds osia Helsinki-Vantaan lentokentéstd ja sen Kiitoradoista.
Keskimmadisen osavaluma-alueen lapdisemattdmyys Tuusulan alueella tulee olemaan vuonna 2030 arviolta 43%,
kun taas alavirtaan Vantaan alueella lapaisemattémyys jaa noin 22 prosenttiin. Tydssa valuntakertoimien avulla
laskettu valuntamé&arien kehitys oli samansuuntaisia kuin Kylméojan valuma-alueelle arvioitu lapéiseméttémien
alueiden osuuden muutos. Arvio osoittaa, ettd optimaalisen valunnan hallinnan sekd vesiston tilan kannalta
yhdyskunta- ja kaupunkisuunnittelussa on tarked huomioida piha-alueiden suunnittelu, mitoitus ja
pintamateriaalien valinta. Tulosten mukaan 34% Kylméojan valuma-alueen valunnasta tulee vuonna 2030 vettd
lapdisemattdmilta piha-alueilta; tdima osuus on suurempi kuin miltddn muulta alueelta, mukaan lukien lentokentan
kiitoradat joilta vuonna 2030 tulee arviolta 19% kaikesta valunnasta.
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In dieser Diplomarbeit wurde die Entwicklung der Landnutzung im Einzugsgebiet des Stadtbaches Kylmaoja
untersucht. Das Einzugsgebiet Kylméoja hat eine Gesamtausdehnung von 20.84 km?, wovon circa 75% oder 15.72
km? im Stadtgebiet von Vantaa und 25% oder 5.12 km? im Gemeindegebiet von Tuusula liegen. Die Landnutzung
im Einzugsgebiet ist vorwiegend durch Wohngebiete, unterbrochen wvon Kkleinen Industriegebieten,
gekennzeichnet.

Der Schwerpunkt der rdumlichen Auswertung lag auf der Entwicklung versiegelter Oberflachen. Die Evaluierung
undurchl&ssiger Oberflchen, die den Abfluss sowohl hinsichtlich Qualitat als auch Quantitdt beeinflussen,
beschaftigte sich mit Dachflachen, StraRenflachen und im speziellen mit dem Zustand der Grundstiicksflachen und
ihrer Versiegelung. Wéhrend bei Déchern nur das Ausmal der Flache ermittelt wurde, wurden bei Stralen- und
Grundstiicksflachen sowohl das AusmaR als auch die Beschaffenheit der Flache bewertet. Die Entwicklung der
Impermeabilitdt im Einzugsgebiet wurde Uber einen Zeitraum von fiinf Jahrzehnten untersucht, definiert durch
einzelne Jahre, die entweder wegen der Verfligharkeit von Daten oder wichtigen Entwicklungsschritten bedeutend
sind — es sind dies die Jahre 1977, 1982, 1992, 2007 und 2030, letzteres als Vorhersage basierend auf
gegenwartiger Stadtplanung. Um eine realistische VVorhersage zum Ausmaf der Versiegelung im Jahr 2030 treffen
zu kénnen, muBte eine Beziehung zwischen der Grundflache eines Geb&udes — in der Stadtplanung bestimmt
durch die Bebauungsdichte — und den fiir den Abfluss relevanten Komponenten, der Dachflache und der
versiegelten Grundstlicksflache, hergestellt werden. Neue Koeffizienten, sowohl fiir die Beziehung zwischen
Dach- und Grundflache, als auch firr die Beziehung zwischen versiegelter Grundstiicksflache und Grundflache
wurden im Zuge dieser Arbeit, basierend auf der gegenwartigen Situation, entwickelt, und in der Vorhersage fiir
2030 implementiert. Da gegenwartig weder die Datenbanken der Stadt Vantaa noch die der Gemeinde Tuusula
Informationen zum Zustand versiegelter Fl&chen enthalten, wurden sowhohl Beschaffenheit als auch AusmaR
dieser, fur die AbfluBberechnung wichtigen Oberflachen durch Auswertung von Orthophotos und in-situ
Besichtigungen evaluiert und deren EinfluB auf das Gewésser untersucht.

Die Auswirkungen der Raumnutzung und ihrer Verdnderungen auf das Gewdsser Kylméoja wurden durch
Bestimmung der Gesamtversiegelung fiir das Gesamteinzugsgebiet und elf Teileinzungsgebiete evaluiert. Die
Untersuchung zeigte einen konstanten Anstieg der Versiegelung seit dem ersten Jahr der Untersuchung, 1977, und
wird im Einzugsgebiet Kylméoja im Jahr 2030 26% betragen. Um die Auswirkungen unterschiedlicher
Planungsansatze und Ziele, die durch Einfluss verschiedener Planungsstellen bedingt werden, zu untersuchen,
wurde die Versiegelung in den drei grenziiberschreitenden Teileinzugsgebieten, die sich sowohl auf Vantaa als
auch auf Tuusula erstrecken, im Detail ermittelt. Im Jahr 2030 wird die Gesamtversiegelung im Einzugsgebiet des
westlichen Bachlaufes in Tuusula (25%) einen hdheren Wert erreicht haben als in Vantaa (23%), obwohl dieser
Teil von den groBen Asphaltflachen des Flughafens dominiert wird. Im mittleren Zulauf wird die Versiegelung in
Tuusula 2030 einen Wert von 43% erreichen, wéahrend der Wert in Vantaa (22%) unter dem, flr den FluBlauf
kritischen Wert von 25% bleibt. Die Abschétzung des Oberflachenabflusses, die auf Basis von Abflussheiwerten
durchgefiihrt wurde, folgt in der Logik der Versiegelungsentwicklung im Einzugsgebiet. Die Ergebnisse der
Abschétzung unterstreichen die Bedeuteung von Planung und Bemessung von Einfahrten und Parkplétzen, im
Besonderen in Bezug auf die Wahl des Deckmaterials, fir AbfluBmanagement und Qualitdt der stadtischen
Gewasser. Im Jahr 2030 werden 34% des Oberflachenabflusses im Einzugsgebiet wird von versiegelten
Grundstuicksflachen generiert, mehr als von jeder anderen Oberflache, auch der Start- und Landbahnen des
Flughafens, die einen Anteil von 19% am OberflachenabfluB in Kylmé&oja haben werden.

Stichworter: Stadtplanung, Landnutzung, Raumplanung, Raumanalyse, Versiegelung,
Oberflachenabluss, GIS-software, Flughafenabfluss, Beiwerte

Sprache: Englisch
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1 Introduction

The level of urbanization in developed countries is still rising and is expected to reach 80.6% in
2030 (United Nations 2007). In Finland the percentage of population living in urban conditions
was 62.4% in 2005 and is expected to reach 71.8% in 2030 (United Nations 2007).

The city of Vantaa is at the moment (2009) one of the fastest growing municipalities in Finland,
with a present growth rate of 1% per year (Vantaan kaupunki — Ref. 1). This growth, involving
both residential and commercial development and the associated land-use change, causes interfer-
ences with the city’s urban streams and wetlands. Higher levels of impervious surfaces result in
higher volume of run-off with higher peak discharge, associated with shorter travel time and more
severe pollutant loads (Lee 2003). The determination of imperviousness in urban watersheds is
therefore an important indicator to manage urban watersheds and the related water environment. A
study conducted in the city of Helsinki in 2003 focused on the effects of de-icing in urban streams
and concluded, that 35 — 50% of the salt used on roads in Helsinki passes into natural streams
(Ruth 2003).

The aim of this thesis was to investigate the development of land-use in the Kylméoja watershed
and associated effects of land-use changes on the Kylmdaoja urban stream, located in the eastern
part of the city’s area with its headwaters within the borders of the northern neighbouring munici-
pality of Tuusula. The focus was to investigate and quantify the development of land-use and as-
sociated imperviousness. The timeline covered in this study was the time until the present day as
well as an estimation of the land-use for a possible situation in the future. The specific investigated
years 1977/1975, 1982, 1992/1993, 2007 and 2030 were chosen based on rationale explained later.

Land-area needed for retention of stormwater, like forests, marshlands and grasslands, are more
and more displaced by the impervious surfaces of streets, driveways and roofs, intensifying the
surface run-off and reducing groundwater recharge. Determining the extent of this imperviousness
and the effects on the stream are key objectives of this work. Common methods of land-use analy-
sis associate a percentage of imperviousness with each represented land-use type. However, there
are no standardized methods for deriving these estimates and there may be a high variation in the
amount of imperviousness within the same land-use class (Canters 2006). During the spatial
analysis conducted during this work, three types of imperviousness were chosen for investigation
and quantified based on available and created data. Whereas the impervious area consisting of
rooftops and roads are the base of any run-off estimation, in this case also a third component,

which proved during this work of major importance, was investigated: the yard areas. Driveways
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and parking lots are, along with the road network, the major parts of the traffic component of land-
use. However, unlike streets and roads, these parts are mainly reserved for individual transporta-
tion. According to Freund (1993) in the last century the automobile has become the dominant
means of transport for people in mature industrialized countries. The development of automobile
domination in transportation, and its impact on society, economy and ecology, also in terms of

land-use, has been the focus also in many other publications (Holtz 1998 or Nye 1999).

It was found that no existing database neither in the city of Vantaa nor in the municipality of
Tuusula contains any information about the impervious yard area size, or quality of the yard sur-
face materials. Both criteria were therefore investigated from orthophotos and in-situ and a new
dataset including this very important information for run-off estimation and hence, the influence of

the land-use on the stream was created as a part of this research.

During this work the catchment of the Kylmdoja stream was divided into eleven subcatchments.
Five subcatchments covered the drainage areas of the six branches joining the main stream during
its course and five subcatchments covered the drainage area of the main stream sections between
the junctions. The subcatchments of the three headwaters of the stream are transboundary, as their
northern areas are located in the municipality of Tuusula and the southern areas are located in the
city of Vantaa. Specialities of transboundary catchments, such as the availability of material and
data or varying focus in urban planning within the involved authorities and thus strongly varying

development in different areas, were dealt with during this work.

In the hydrological interpretation the development of imperviousness in the Kylméoja catchment
and the eleven subcatchments is presented, used as an indicator for the effects of land-use on a
stream (Schueler 1994). Furthermore also run-off estimates were calculated for the years in obser-
vation. Finally, approaches are presented to mitigate the impact of urban development in the

Kylméoja catchment.

This work consists of six chapters, starting with an introduction to the catchment area and the
Kylmdoja stream. Chapter 2 deals with the investigation of available and suitable data for the
analysis, in chapter 3 the delineation of the catchment and the stream is carried out, and chapter 4
concentrates on the spatial analysis carried out. The effects of the land-use on the Kylméoja stream
are concluded in chapter 5, the hydrological interpretation of the spatial analysis carried out. Re-
sults are presented in the chapters 3, 4 and 5. Chapter 6 contains the discussion, including ap-

proaches for improvement and mitigation of the expected development and concluding remarks.
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1.1 The city of Vantaa

1.1.1 Some figures about Vantaa

Figure 1.1 The coat of arms shows the salmon
inhabiting Vantaanjoki (Vantaan kaupunki).

The city of Vantaa is situated in the southern Finnish county Uusimaa, not far from the coast of
the Gulf of Finland (figure 1.2). The neighbouring cities and municipalities are Kerava and
Tuusula in the north, Sipoo in the east, Helsinki in the south, Espoo in the west and Nurmijérvi in
the northwest. The agglomeration of the cities of Vantaa, Espoo, Kauniainen and Helsinki is

commonly referred to as the “capital region” of Finland.

192567 inhabitants in 2007 make Vantaa the fourth biggest city by population in Finland after
Helsinki, Espoo and Tampere (Vaestorekisterikekus 2007). The upward trend of the population
development in Vantaa is strong. Whereas the country community Helsinki (see History) counted
a population of 6253 in 1870, the population doubled to the threshold of the twentieth century and
reached 30000 in 1940. After structural changes and the union of large areas with the city of Hel-
sinki, the number of inhabitants was reduced just to a half in 1950. Nevertheless the city experi-
enced its most rapid population growth between the 50’s and the 80’s of the twentieth century
reaching 130000 in 1980. After this period the growth rate flattened a little, but the population still
grows with an average 1% per year (Vantaan kaupunki — Ref. 1). According to current forecasts
the population will reach 200000 inhabitants in 2012 and reach 234000 in the year 2030, which is
also the target year of the Master Plan introduced by the city in 2007 (Vantaan kaupunki — Ref. 2).

The city of Vantaa covers a surface area of 242.62 km2. The total surface of 1.99km? of inland
waters is relatively poor for Finnish conditions (Maanmittauslaitos — National Land Survey of
Finland 2008). Nevertheless the city is pervaded by a number of rivers and streams. The river
Vantaanjoki, from which the city has derived its name, is located in the western part of the city
and the river Keravanjoki crosses the eastern part including the administrative centre of Vantaa,
Tikkurila.
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The city is currently divided into seven urban districts f-f‘“'ﬂ‘x\!
(Myyrméki, Kivists, Aviapolis, Tikkurila, Koivukyl4, N \Lﬂ p ,.IE'
Korso and Hakunila) and further subdivided into a N iﬁﬂ
total of 61 subdistricts. L} \‘;

¢ /

\ /
The high-density areas of the city are mainly restricted < ] Rm"ie"h‘\
to the southwest and the east of the municipality, in- Ih“'“. ,ﬁ
cluding Myyrméki and Tikkurila. Even though Vantaa K ,@. (:rjg-omu a
has developed to a major city in Finland over the last - Sy
decades, large areas are still characterised as rural. @#:E:_f - ;
Approximately 10000 hectares of the city’s area is ; \?
covered with forest, almost 40% of the city’s total E% ;/f
territory (Vantaan kaupunki — Ref. 3). Furthermore ; - Tampere /Hf"!
4000 hectares or around 16% of the total area are in f A
agricultural use (Vantaan kaupunki — Ref. 4). “\"3}' :%%ﬁ%rt iﬁgﬁﬂh‘ -

- o Helsinki

Figure 1.2 The municipal area of the city
of Vantaa is located in southern Finland.

Without doubt the city of Vantaa has a good infrastructure. Due to its location north of the city of
Helsinki, six of the eight main arterial roads leading north from the capital cross the city’s area,
namely the road to Vihti (Vihdintie), the highways to Hdmeenlinna (Hameenlinnanvéyld), Tuusula
(Tuusulanvayld), Lahti (Lahdenvayld) and Porvoo (Porvoonvayld) and the eastern arterial highway
(Itdvayld). These traffic ways are connected by the Ring Road 11l (Keha III), which describes a

semi-circle around the city of Helsinki.

The international airport Helsinki-Vantaa is situated in VVantaa. The airport was opened in 1952 for
the Olympic Summer Games taking place in Helsinki. 13.1 million Passengers and 180.000 take-
offs and landings in 2007 (Helsinki-Vantaa Airport — Ref. 1) make it the biggest airport in Finland
(Finavia). Currently the airport operates with three runways and two terminals (Helsinki-Vantaa
Airport — Ref. 2). The Helsinki-Vantaa airport is located in the centre of the city’s area, north of
the Ring Road 11l (Kehd 111), reaching to the borders of Tuusula in the north. The airport is of spe-
cial interest in this research, since fractions of the operational runways and other infrastructure are

situated within the borders of the Kylmé&oja catchment.
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Two rail tracks leading north from Helsinki cross Vantaa. The main line (Paérata) through Tikku-
rila in the eastern part of the city carrying long-distance trains and commuter traffic has been
opened as early as 1862 (Vantaan kaupunki — Ref. 5). In the western part of the city, the rail line to

Vantaankoski is used for commuter traffic between Helsinki and Vantaa.

In the year 2009 construction will start for the new ring rail line (figure 1.3), connecting the Van-
taankoski line with the main line via the airport. The design involves an 18 km long new track, of
which 7 km will be underground in two separate tunnels below the Aviapolis and the airport area.
The new line will have a total of five stations (three of them at ground level and two underground)
and an additional option for five more stations (four on ground level and one underground). Traf-

fic on the line is scheduled for 2014 at the latest (Kehérata).
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Figure 1.3 The ring rail line will be open for traffic in the year 2014 and connect the eastern and west-
ern centres of the city, Tikkurila and Myyrméki, via the Helsinki-Vantaa airport. The border of the
Kylmaéoja catchment is also shown (modified map, original Kehéarata).
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1.1.2 History

This chapter is based on information published on the homepage of the city of Vantaa which is
available online (Vantaan kaupunki — Ref. 5) and shall give a short overview of the development
of the city of Vantaa and shall help the reader to see the background of variation in land-use within
the city’s border as well as within the Kylmé&oja watershed — from urban and suburban to typically
rural. The history of the city of Vantaa reaches back to medieval times, even though the city’s
name Vantaa was not introduced until 1972. The river Vantaanjoki was first mentioned under the
name Helsingaa in 1351, when the Swedish king Magnus |1 entitled the manhood of the Estonian
convent Padise to fish for salmon in the river (the salmon inhabiting Vantaanjoki is shown in the
coat of arms of the city of Vantaa, see figure 1.1). The parish Helsinki (Helsingin pitdjankirkko),
founded at the end of the 14™ century and deriving its name from the river, was first mentioned in

records in 1428. Construction of the stone built Saint Laurentius church was finalised in 1460.

In the year 1550 King Gustav | Wasa founded the city of Helsinki (Swedish Helsingfors) at the
mouth of the river Vantaanjoki to compete with the harbour of Tallinn (back then named Reval),
located on the Estonian shore of the Gulf of Finland. Later the city was relocated to the peninsula
of Vironniemi, also the present city centre location, and even though Helsinki did not gain signifi-
cant importance during the first centuries of its existence, it outshined the parish Helsinki leading
to affiliation of the parish to the church of Helsinki in 1652.

During the 30’s of the 18" century water powered saw mills were established along the rivers
Vantaanjoki and Keravanjoki, making the parish Helsinki one of the most important centres of
early industrialisation in Finland. The foundation of the iron work Wanda Bruk, construction of a
paint manufactory at the riffle Tikurilankoski, and further ironwork at the riffle Vantaankoski are

examples of the industrial development of the time.

After defeat in the Swedish-Russian war Sweden had to assign the land of present Finland to Rus-
sia in 1809. Three years later Tsar Alexander | decided to move the capital of the newly formed
princedom Finland from Turku to Helsinki. This transfer caused a rapid growth in the city of Hel-
sinki and dwarfed the parish. Whereas in 1805 the parish with its 4840 inhabitants still outsized
the city of Helsinki with 4337 inhabitants, in the year 1865 the city of Helsinki counted 23.000
inhabitants compared to 7.000 in the parish Helsinki. The same year, 1865, the municipal admini-
stration of Finland was reorganized and political municipalities replaced the former parishes. The
parish Helsinki changed to the country community Helsinki with its administrative centre located

in Malmi.
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In 1862 the first rail line in Finland connecting Hel-
sinki with Hdmeenlinna was taken into use causing
a growth spurt for the settlements along the new
line, included was Tikkurila. The old station build-
ing in Tikkurila is shown in figure 1.4.

Figure 1.4 The old station building from 1862, today home to the city
museum, stands for early development in the city (Vantaan kaupunki).

In the course of the 20" century areas of the country community Helsinki were consistently inte-
grated into the city of Helsinki. As examples may be mentioned Meilahti, Kapyla and Kumpula in
1906, Pasila in 1912, and Ruskeasuo in 1926. A large annexation took place in 1946, also causing
structural changes in the country community. The city of Helsinki incorporated one third of the
area of the country community, including its administrative centre Malmi and two third of the
community’s inhabitants. After these changes Tikkurila was established as the administrative cen-

tre of the community.

In the years 1954 and 1959 the area of the community grew again by incorporation of Rekola,
Korso and Koivulyla from the neighbouring communities Tuusula and Kerava. The latest change
has been the annexation of VVuosaari to Helsinki in 1966. With the recently discussed incorpora-
tion of areas of Sipoo to Helsinki, the city of Vantaa would also assign its south-eastern area and
the small access to the sea (Helsingin sanomat — Ref. 1).

In 1972 the status of the country community Helsinki was changed to a market town and was, in
1974, given the status of a city with the name Vantaa. (Vantaan kaupunki — Ref. 5)
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1.1.3 Future and the Master Plan 2007

In the year 2001 a decision was made to revise the Master Plan of Vantaa. Previous Master Plans
existed from the years 1968, 1983 and 1992. Each of them symbolised a different period for the

city of Vantaa as well as for planning principles.

The Master Plan in 1968, designed during the most rapid population growth of the city (then still
country community Helsinki), intended to create the key characteristics of the urban structure. The

year of 1983 and the according Master Plan favoured low-rise housing.

The Master Plan of 1992 divided the city into two main areas of growth: Marja-Vantaa west of the
airport and Tammisto-Pakkala in south of it. The decision to revise this Master Plan made in 2001
had different reasons. The metropolitan area was growing faster than predicted, the entire region
was developing in new directions and Vantaa itself was changing from a suburban town to a city

with its central characteristics and an international business city at the same time.

Main principal of the plan 2007 was to achieve spatial cohesion by steering growth to infill and
renewal of existing areas. The Master Plan is designed until 2030 and dimensioned for a popula-
tion of 240.000 inhabitants by then. Since the city of Vantaa has developed, unlike the usual pat-
tern would be from one centre, from multiple centres at the same time, increased spatial cohesion
of the urban structure was attempted in the new Master Plan. The new Aviapolis area, emerging
around the airport, will be connected with Tikkurila, the administrative downtown of Vantaa, by a
boulevard, to provide not only a traffic way, but a feel of urban ambience. Also the improvement
of public transportation connections as well as pedestrian and bicycle traffic utilities, both being
classical features of a well developed urban environment, are key factors in this current Master
Plan. As a counterpart to the urban structure, great emphasis is put on the protection of nature and

natural resources, and recreational areas (Vantaan kaupunki — Master Plan).

The land-use map of the city of Vantaa’s 2007 Master Plan is shown in figure 1.5 and the corre-

sponding legend is shown in figure 1.6.
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Figure 1.5 Land-use map of the Master Plan 2007. The borders of the Kylméoja catchment are also
shown (modified land-use map, original Vantaan kaupunki).
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LEGEND OF THE MASTER PLAN MAP
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Area for services and administration
Area for public services and administration
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Area for special commercial services
Employment area for functions without
adverse environmental impact
Employment area

Employment area for special functions
Area for public utilities
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Public utility plant

Water supply tunnel

Waste water tunnel

Natural gas main

Power line

Waste disposal site
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Area for motor-race track
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Area for local outdoor recreation

Area for outdoor recreation and leisure
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Nature reserve
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Valuable natural environment
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Water area
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Rail traffic arca
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Public transport terminal
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different Master Plan regulations

— Advisory boundary between sub-areas subject to
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{~17T Boundary of the Master Plan area ratified by the
R Minstry of Environment, on January 26, 1995

Translation: Jukka Kullberg / Olga Wiljakkala / Aila Hanley

Additional information:

The City of Vantaa, Master Planning
Department

Kielotie 28, 01300 Vantaa, tel 358 9 839 2712

The Master Plan map and report are on sale
in the customer service

Kielotie 28, 01300 Vantaa, tel 358 9 839 2242

Figure 1.6 Legend of the 2007 Master Plan map (Vantaan kaupunki).
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1.2 The stream and its catchment

The target site of this study was the Kylméoja urban stream and its catchment located in the east-
ern part of the city of Vantaa. The catchment reaches from areas residing in the neighbouring mu-
nicipality of Tuusula in the north to the border between the cities of Vantaa and Helsinki in the
south. There the stream discharges into Keravanjoki, leading further to the sea. The total size of
the Kylmadoja catchment is 20.84 km?, of which 15.72 km? or approximately 75% are located in
the territory of the city of Vantaa and 5.12 km? or 25% are located in the municipality of Tuusula
(see figure 1.8).

The stream can be subsided into three main branches, the eastern, the central and the western
branch, uniting to the main stream south of llola, approximately in the centre of the catchment
area. For the analysis of the land-use, the total catchment of the stream was divided into eleven
subcatchments. The following short description deals with the catchments of the three main

branches and the catchment of the main stream

The northern area of the total catchment, draining into all three main branches of the Kylméaoja
stream, is addressed separately due to the following reasons: First this area of the catchment be-
longs to the neighbouring municipality of Tuusula, facing the analysis with distinct kind of mate-
rial available, and second, the development over the last decade, as well as the land-use of the area
are unique in respect to the rest.

Generally may be said, that the land-cover in the Kylmaoja catchment area offers a great variety of

different land-uses (figure 1.7).

Figure 1.7 The land-use in the northern part of the Kylmaoja catchment shows great differences (pic-
ture taken June 2008).
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Figure 1.8 An orthophoto of the catchment to show the distribution of land-use within the Kylméoja
catchment. In the northwest the airport, the protected green area in the northeast and the urban ar-
eas in the centre and the south of the catchment (llola, Ruskeasanta and Tikkurila). The residential
development Leineld and the business development FOCUS are also marked (modified Orthophoto,

original Vantaan kaupunki 2007).
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1.2.1 The northern areas — forest versus industry in Tuusula

The northern part of the catchment area is located in Tuusula, the northern neighbouring munici-
pality to the city of Vantaa. This area discharges into the three main branches and is therefore not
handled as a subcatchment on its own, but shared among the subcatchments of the main branches
of Kylméoja. The land-cover remains still mainly undisturbed but is undergoing a rapid change,
partly originating from the relocation of the container terminal of the city of Helsinki from its cur-
rent location in Ruoholahti — south-western Helsinki — to Vuosaari in the East. Simultaneously a
new train connection is planned from Vuosaari northwards connecting to the main train track in
Korso, northeast of the Kylmdoja catchment area (Vuosaari harbour 2009). Due to this relocation
the southern areas of Tuusula with their good traffic connections offer a favourable location for
logistical centres especially, and industry in general. The land-use in this Tuusula area is undergo-
ing changes accordingly with the expected increase in stormwater run-off discharges and higher

stormwater peaks affecting the Kylmaéoja stream.

Figure 1.9 Logistical centres in Tuusula are surrounded by forest (picture taken June 2008).
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1.2.2 The western branch —the influence of the airport

The western section of the catchment is dominated by the Helsinki-Vantaa Airport and discharges
into the western branch of the stream. Whereas this subcatchment is otherwise rather thin popu-
lated, most of the surface areas of the 2" runway and smaller areas of the 1% runway are part of the
Kylmaoja catchment and run-off drains into the Kylmé&oja stream. The effects on the stream are
significant, as well in terms of quality but also in terms of discharge (see figure 1.8).

Figure 1.10 Southern part of the Helsinki-Vantaa airport, part of which discharges into the Kylméoja
stream (picture taken September 2008).

1.2.3 The central branch — suburban residential housing

The areas of llola (see figure 1.8) and Kylmaoja are dominated by row- and detached houses. The
2007 Master Plan defines most of the area to be zoning type A2 — A4, which is between dense
low-rise housing areas and low-rise housing areas (Vantaa Master Plan 2007). An interesting as-
pect of this area is the development of the plot-ratio. Due to the significantly rising apartment and
estate prices in the capital area (Helsingin sanomat — Ref. 2), the goal of estate owners is naturally
to reach the allowed plot-ratio with construction, in order not to waste valuable living area or to
optimize profit. This development is common in the whole capital area, but of crucial importance
in areas, which are dominated by one family houses. Dividing estates with earlier one building
into two plots, or erecting detached houses is a common practice and naturally influences the dis-
charges of stormwater due to the increased share of impermeable land-cover.

26



Figure 1.12 The central branch of Kylméoja south of llola (picture taken September 2008).
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1.2.4 The eastern branch —industry and nature

The subcatchment of the eastern branch of Kylmaoja houses the probably widest variation of land-
use within the entire catchment. Whereas the 2007 Master Plan of the city of Vantaa declares the
area within Vantaa to be partly sustained in its natural condition just south of the border to
Tuusula, used for recreation of inhabitants as well as for retention of stormwater, the south eastern
part of the subcatchment in Vantaa is the location of the residential development Leineld (see fig-
ure 1.8).

The subcatchment area within the borders of the municipality of Tuusula is the destination of in-
dustrial development, mainly influenced by a business park named FOCUS (see figure 1.8),
planned to be erected until 2030. The area of Kulomaki is dominated by logistical centres already
today and will stay a major focus of industrial development for the municipality of Tuusula also in
the future. Even though agreements between the municipalities are on the table, the different inten-

tions on the development of the land-use are obvious.

1.2.5 The main stream - the highest urbanization within the
catchment

The land-use in the catchment of the main stream reaches from dense-low rise housing areas in
Ruskeasanta, mainly detached houses and row houses, to dense housing, industrial and workplace
areas in Tikkurila, the eastern centre of the city. The above-described change of the plot-ratio is

also valid for the area of Ruskeasanta, showing a quite similar land-use as llola or Kylméoja.

28



Figure 1.13 Kylméoja at the junction of the eastern branch and the main stream (picture taken

September 2008).
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Figure 1.14 Kylmdoja stream short before the outlet of the basin to Keravanjoki (picture taken
September 2008).
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2 Methodology

2.1 Availability of information

After getting familiar with the catchment of the stream in detail, an important step was, to check
and sort the available material. This action had to be taken, as well for the material on the stream
itself, meaning taken flow measurements or construction concerning the stream, like regulations or
bridges, as well as for the map material the city of Vantaa has produced on the catchment over the

time.

During survey of the map data of the city, it turned out fast, that the availability of map material
will not be a limiting factor. The city was able to provide a wide range of datasets, allowing focus

on preferences concerning the choice of data.

Regarding the data of the stream the situation proved to be different though. For later validation of
a hydrological model, flow measurements are of major importance, carried out in the years of
land-use analysis. Due to the limited existence — discharge measurements in the Kylméoja stream

were carried out in 1977 and 1982 — these years mark important time steps for the spatial analysis.

2.2 What to use?

Maps had to be identified, to show the development of construction in the catchment, useful for
the past as well as for future scenarios. Analysis was conducted for 1977 and 1982 and further for
the years 1992 and 2007, which mark crucial time steps for the development of the city, since in
each year, a new Master Plan was implemented overruling previous plans. The investigated years

and the reason behind the selection are shown in table 2.1.

Table 2.1 The years in focus during this investigation and the rationale why these years were chosen.

Years in focus | Reason
1977 In 1977 the discharge in the Kylmaoja stream was measured
1982 In 1982 the discharge in the Kylmaoja stream was measured
1992 Introduction of a new Master Plan in the city of Vantaa
2007 Introduction of a new Master Plan in the city of Vantaa
2030 Target year of the City of Vantaa Master Plan 2007
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2.2.1 Vantaa

Base for the analysis of these past years was a building data set, kept up to date by the city of Van-
taa, containing information, among others, about the date of construction, the gross and net area of
the building and the building type, and was available as vector data. The information of the build-
ing type was relevant to determine the additional impervious area on the plot, like driveways and
parking lots, which correspond with the size of the building as well as with its the type. The share
of parking area for an apartment block is naturally higher than for detached houses, but also two

family houses require more parking lots, than a detached one family house of similar size.

Furthermore a digital database about the road networks was investigated. The data set contained
information about the exact dimension of impervious area for each section of road within the
catchment. The availability of the date of construction was incomplete, and required estimation for

certain areas.

For the prediction of the future scenario in 2030, the land-use map implemented with the Master
Plan 2007 was the base of analysis. The data existed in vector format, containing information such
as the land-use category, the corresponding maximum plot-ratio and the dimensions of the relevant
areas. Furthermore a dataset was analysed, which contained a comparison between the maximum
plot-ratio allowed for an estate and the already used area. This dataset was created for housing and

work place areas by the city of Vantaa and used as an estimation of the impervious area for 2030.

The map data and databases used during different process steps of the spatial analysis conducted

are presented in table 2.2 (for Vantaa) and table 2.3 (for Tuusula).
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Table 2.2 The map data and databases used for the analysis within the city of Vantaa’s part of Kylméoja

catchment.

ANALYSIS

MAP / DATABASE

PROCESSING

DELINEATION OF THE

Digital elevation model (DEM)

Delineation of the Kylméoja

watershed

Stormwater sewage system map

Manipulation of the catchment

WATERSHED and subcatchment boundaries
Orthophotos 2007 Identification of the exact
(city of Vantaa) location of Kylméoja stream
Building database (Rakennukset )
ROOFAGE ] Analysis of rooftops
and Rakennukset alueina)
Road network database ]
o Analysis of road network
(digikadut)
ROADS
Analysis of construction years
General map (opaskartta) )
for road sections
Determination of the dimension
Orthophotos 2007
YARD AREAS ) and the surface type of yard ar-
(city of Vantaa)
eas
City of Vantaa Master Plan 2007 ]
Land-use analysis for 2030
land-use map
FORECAST 2030 Database of building potential
for residential and workplace | Land-use analysis for 2030
areas
2.2.2 Tuusula

The situation for the areas in Tuusula differed from Vantaa in two ways: Tuusula has, with 36000
inhabitants (Vaestorekisterikekus 2007) and 225.49 km? (Maanmittauslaitos — National Land Sur-

vey of Finland 2008) a population density of 160 inhabitants/km?, which is only 20% of the figure

in Vantaa (793 inhabitants/km?2). Documentation of the municipality’s land-use and future devel-

opment was therefore not as widely available in a digital format. The status of the areas of the

catchment in Tuusula was furthermore in different scales at the time of investigation, which

caused variation in the base for the forecast.
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The data for 1975, 1993 and 2007 was created based on orthophotos and historical city maps, indi-
cating already developed areas in these years. The dataset for the road network was created in an
equal way. Since the data was based on orthophotos from 2007, the output was an estimation of

the situation in earlier years and undocumented changes could not be considered.

The analysed data for the forecast — the target year is 2030 — consisted of various maps of city
planning in different scales, reaching from detailed plots with related plot-ratios to general plans,

with a land-use related efficiency.

Table 2.3 The map data and databases used for the analysis within the municipality of Tuusula’s part of
Kylméoja catchment.

ANALYSIS MAP / DATABASE PROCESSING

o ) Delineation of the Kylmdoja
Digital elevation model (DEM)

DELINEATION OF THE watershed
WATERSHED Orthophotos 2007 Identification of the exact
(city of Vantaa) location of Kylméoja stream
Orthophotos 2007 )
ROOFAGE ] Analysis of rooftops
(city of Vantaa)
Orthophotos 2007 )
) Analysis of road network
(city of Vantaa)
ROADS
Analysis of construction years
General map (opaskartta) )
for road sections
Determination of the dimension
Orthophotos 2007
YARD AREAS ) and the surface type of yard ar-
(city of Vantaa)
eas
Urban planning maps in different )
FORECAST 2030 Land-use analysis for 2030

scales
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2.3 The approach — development of new coefficients

The spatial analysis was conducted to investigate the distribution of impervious surfaces within
the catchment in detail. This chosen approach exceeds the common way of considering land-use

types, efficiencies and plot-ratios for run-off estimation, used in urban planning today.

Besides imperviousness created by rooftops and road surfaces, also the yard areas (driveways,
parking lots, and so on) have to be taken into account to allow for realistic run-off estimation even
though the importance of the latter is still widely neglected. Nearly all zoning codes in urban plan-
ning set a maximum density of an area, based either on dwelling units or roofage. The commonly
used plot-ratio (table 2.4), sets the maximum floor area allowed to be constructed on a plot, with-
out any correspondence to the roof area created (the possible limitation of storeys to be con-
structed sets some limit on the roof area) and totally neglecting the increase of imperviousness of

the yard area associated with the constructed building.

Hence in this work it became obvious that, besides the existing plot-ratios, other relevant relation-
ships based on the analysis carried out on impervious areas had to be created and implemented in

the forecast of development in the year 2030.

The ratios developed during this work are the

e relationship between floor area and roof area (Vantaa)

M = ROOFAGE COEFFICIENT (VANTAA)
FLOOR AREA

o relationship between floor area and impervious yard area (Vantaa)
M = YARD COEFFICIENT (VANTAA)
FLOOR AREA

e relationship between roof area and impervious yard area (Tuusula)
M = YARD COEFFICIENT (TUUSULA)
ROOF AREA

and are based on the spatial analysis carried out for the time line before 2007.

Due to the fact, that the available data provided by the municipality of Tuusula contained no in-
formation of the floor area of buildings, and therefore the roof area was derived directly from or-
thophotos as a part of this project, the base for the coefficient in Tuusula is the roof area unlike in

Vantaa, where the floor area was used.
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Table 2.4 The important ratios in urban planning and run-off estimation are shown in the table. The
terms of efficiency and plot-ratio are widely used in urban planning and zoning, but not directly relevant
for run-off estimation. The coefficients for the relation between the floor area (hence the plot-ratio) and
roof and yard area and the relation between roof area and yard area developed during this work, have

better relevance for run-off estimation.

This term efficiency estimates the constructed area for a zon-

ing type, including minor roads. In Vantaa the value varies

Efficiency Used S
from 0.15 — 0.5 for residential land-use, from 0.6 — 0.8 for
workplace areas and is 0.4 concerning industrial areas.
) This value defines the relation between floor area and gross
Plot-ratio Used )
area on a defined plot and depends on the land-use type.
o This value defines the relation between floor area, hence the
Roofage coefficient ) o
(Vantaa) Developed | plot-ratio on a plot and the roof area, which is relevant for
antaa
run-off estimation.
o This value defines the relation between floor area, hence the
Yard coefficient ) o
Developed | plot-ratio on a plot and the yard area, which is relevant for
(Vantaa) N
run-off estimation.
Yard coefficient This value defines the relation between roof area on a plot
Developed

(Tuusula)

and the yard area, which is relevant for run-off estimation.

The determination of impervious surfaces follows the rationale explained below (table 2.5). For

the timeline before 2007, the extension and quality of surfaces were determined using databases

and orthophotos.

Since a forecast of imperviousness in 2030 was only feasible based on plot-ratios and efficiencies

given for potential areas, the increase of roof area and yard area, both relevant for run-off estima-

tion, was calculated utilizing the coefficients defined during this work.
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Table 2.5 The table shows the process of determining the proportion of each imperviousness component
in the Kylmaoja catchment for the time before 2007 and the calculation approach used for the forecast.

COMPONENT

UNTIL 2007

FORECAST 2030

VANTAA

Roofage

Roofage in the
catchment accord-
ing to the manipu-

lated database

Increase of roofage based on maximum
floor area built
ADDITONAL FLOOR AREA (2030)
* ROOFAGE COEFFICIENT (VANTAA)
= ADDITIONAL ROOFAGE(2030)

Yard area

Yard area in the
catchment based on
the analysis of or-

thophotos

Increase of yard area based on maximum
floor area built
ADDITIONAL FLOOR AREA (2030)
* YARD COEFFICIENT (VANTAA)
= ADDITIONAL YARD AREA(2030)

Roads

Road surface in the
catchment accord-
ing to the manipu-

lated database

Road surface based on forecast data of the

city of Vantaa

Roofage

Roofage in the
catchment based on
the analysis of or-

thophotos

Increase of roofage based on maximum
floor area built
ADDITONAL FLOOR AREA (2030)
* ROOFAGE COEFFICIENT (VANTAA)
= ADDITIONAL ROOFAGE(2030)

TUUSULA

Yard area

Yard area in the
catchment based on
the analysis of or-

thophotos

Increase of yard area based on maximum
floor area built

ADDITIONAL FLOOR AREA (2030)

* YARD COEFFICIENT (TUUSULA)

= ADDITIONAL YARD AREA(2030)

Roads

catchment based on

Road surface in the

the analysis of or-

thophotos

Road surface based on forecast data of the

municipality of Tuusula

37



3 Delineation of the catchment

3.1 Introduction

For the spatial analysis of the basin, the commercial software Maplnfo, used by the city of Vantaa
and the software stack Geoinformatica, developed by Professor Ari Jolma at the Helsinki Univer-
sity of Technology were used in combination. The relevant file data for the analysis existed in

Maplnfo file format, which is compatible in use also with Geoinformatica.

Delineation of the stream network and the catchment area was conducted based on a digital eleva-
tion model (DEM), with a grid cell size of twenty-five meters. The raster contained elevation in-

formation for each grid cell.

3.2 Background

One of the simplest and most commonly used ways to delineate a stream network and a basin
based on a DEM assumes the direction of the flow to be identical with the direction of the steepest
slope. The method used in Geoinformatica is commonly known as the D8 method, which defines
eight possible flow directions of a cell, the four orthogonal directions and the four diagonal direc-

tions of a square (figure 3.1).

x t A
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6 5 4
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Figure 3.1 Possible flow directions in the D8
method (Teemu Kokkonen, TKK).

The steepest slope between a cell and its surrounding is chosen to be the flow direction and a new

raster grid is created, with numbers from one to eight as characteristic values.
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Figure 3.2 Derivation of flow directions with the D8 method, elevations of grid cells (a), flow direction
codes given according to the convention shown in figure 3.1 (b), flow accumulation values, stream cells
(grey) with a threshold > 7 shown (c) and an example of the catchment for the cell marked with C (d)
(Teemu Kokkonen, TKK).

The catchment area is defined, by identification of all cells whose waters drain into a given cell,

based on the flow directions (figure 3.2).

To define a stream network, flow accumulation values indicating how large upslope area a cell
has, can be used. All cells accumulating the flow of an amount of cells larger than a given thresh-
old value are defined to be stream cells. The threshold value is chosen in a way to define a reason-

able stream network, as close as possible to the actual stream network, which is modelled.

An important factor while delineating a catchment from a digital elevation model is the fact, that
DEMs contain usually flat areas and depressions. In these areas the determination of the flow di-
rection is complicated. In the case of flat areas, they may be either indicating an error in the DEM
or represent the reality, the flow is redirected to the closest cell having a resolved flow direction.

That may cause unrealistic flow scenarios. Depressions, or pits, are cells, which are completely
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surrounded by cells with a greater elevation, which makes it impossible to define the flow direc-
tion of the cell, since the depression is accumulating the flow of all surrounding cells, but not
draining anywhere itself. Before the delineation of the watershed, depressions in the DEM have to
be identified and filled; commonly meaning the elevation of the cell is raised to the height of the

lowest cell surrounding it.

3.3 Manipulation of the digital elevation model (DEM)

The basin and the stream network delineated with the methods explained shortly above were then
compared with the actual position of the stream, derived from maps and orthophotos. Due to the
issue with flat areas and depressions in the DEM and regulation and construction on the stream
and its catchment in reality, the output and the delineation have to be checked for variations. These
differences have to be evaluated upon their relevance on the result of the analysis. A junction be-
ing in a different location has a naturally greater effect on the analysis, than the misplacement of

the stream, even over a longer distance, within a reasonable range.

Figure 3.3 shows the differences between the first output and the actual position of the stream,
derived from orthophotos. The misplacement of the junctions between the northern three branches,
as well as the wrong location of two branches entering the stream from the west, can be seen.
These variations have a large influence on the model output of the subcatchment and, therefore

had to be corrected.

The elevation data of the DEM in crucial points was manipulated, to force the software to assume

the stream in its actual position.
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Figure 3.3 The difference between the stream delineated from the original DEM (light grey) in con-
trast to the actual location of the stream (blue), catchment before manipulation (black) is also shown.
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3.4 Modification of the catchment and its subcatchments

The delineation of a catchment based on a DEM results in catchments based on topography, hence
engineering works such as storm water sewers are not considered in the output. Since the catch-
ment of Kylmdoja covers mostly urban and suburban areas, investigation of the storm water sewer
network was necessary to delineate the real catchment. Comparison of the catchment with the
storm water sewer maps, provided by the city of Vantaa, showed that the influence of the storm

water sewer network on the shape of the catchment is significant and has to be considered.

The changes affected especially the airport and the most urban areas in the southern part of the
catchment. Whereas based on the DEM both terminals of the airport, most other facilities, the
entire 2" runway and parts of the 1% and 3™ runway of the airport contributed to the discharge of
Kylmadoja, that is not the case when taking the sewer systems in the city of Vantaa into account.
The storm water from the terminals, most other buildings and parts of the 2™ runway is directed to
Kirkonkyldnoja, a stream south of the airport. The stormwater of parts of the 3" runway, due to
topography also draining into Kylméoja, is directed to Krakanoja, also located south of the airport,
leaving the majority of the 2™ runway and parts of the 1% runway as contributors for the run-off to

Kylméoja.
In the southern and most urban areas of the basin, the changes mainly affected the borders be-

tween the subcatchments, which were modified accordingly. The results of the modifications con-

ducted during the process are visualized in figure 3.4.
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Figure 3.4 The figure shows the perimeter of the final modified catchment (white), olive green indi-
cates areas where the final catchment and the DEM output are identical, yellow indicates areas be-
longing to the catchment based on the DEM and grey areas indicate areas not belonging to the catch-
ment based on the DEM. Shown are also the airport and existing buildings in the catchment. The
stream is shown based on the investigation of orthophotos.
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3.5 The subcatchments

The total catchment of Kylmdoja was subsided into eleven subcatchments in this work, five sub-
catchments indicating the five branches joining the stream over its length and six subcatchments to

cover the sections of the main stream between these junctions.

The subcatchments were numbered from one to eleven. Further in this text and the belonging
charts and maps, the subcatchments will be addressed as C1, C2, ....., C11. For the three sub-
catchments, which are partly located in Tuusula and partly in Vantaa, namely the subcatchments 1,
2 and 6, the address subcatchment 1-Vantaa or subcatchment 1-Tuusula, respectively C1-Vantaa

or C1-Tuusula will be used if not told differently.

The subcatchment sizes vary from 7.574 km? for subcatchment 2 (western branch), 4.738 km? for
subcatchment 6 (eastern branch) and 2.109 km? for subcatchment 1 (central branch) to 0.361 km?

for subcatchment 4 and 0.258 km? for subcatchment 8.

Table 3.1 The size of the eleven subcatchments defined in this study. Furthermore the distribution of the
area between Vantaa and Tuusula and the fraction of the total Kylm&oja catchment are shown for each
subcatchment.

Size [km?] Vantaa [km?] Tuusula [km?] Fraction of the total
catchment [%]
C1 2.109 1.619 0.490 10.1
C2 7.574 4924 2.650 36.4
C3 1.332 1.332 6.4
C4 0.361 0.361 1.7
C5 0.532 0.532 2.6
C6 4.738 2.757 1.981 22.7
C7 0.765 0.765 3.7
C8 0.258 0.258 1.2
C9 0.432 0.432 2.1
C10 1.702 1.702 8.2
Cl11 1.031 1.031 49
CTOT 20.835 15.714 5.121 100
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Figure 3.5 The eleven subcatchments C1 — C11 marked with their reference number which will be
used further in the text.
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4 Spatial analysis

4.1 Introduction

The target of the spatial analysis was the identification of surfaces contributing to the stormwater
run-off draining into the Kylmdaoja stream, as well in terms of quantity as in terms of quality of
these surfaces. Three main structure components were in the focus of the analysis carried out: First
the development of building rooftops in the catchment, second the road network and third, the

contribution of impervious areas on estates, like driveways and parking lots.

Whereas the development of the roofage and the road network are critical mainly in terms of quan-
tity, the situation on private and public yards is a little more complicated. Not only the scale of
constructed surfaces, but, with not minor importance, also the condition of these areas has to be
investigated carefully. Whereas the variation of run-off coefficients for roofs and roads are rather
uniform, reaching from 0.80 to 1.00 in common literature (Kibler 1982, RIL 2004 or ATV-
DVWK-REGELWERK 2000), with all roads having either asphalt or concrete covering, as it is
the case in the catchment, the range of possible surface materials in use for yard construction
reaches from loose gravel, with a factor of 0.30, to brick, with a factor between 0.75 and 0.85 to

asphalt, with a possible coefficient up to 1.00.

Since there was no detailed register existing, which would have contained information about the

size and condition of these surfaces, the fundament of the survey was aerial photography.
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4.2 Analysis of building roofs

. f

Figure 4.1 A typical detached house in the Kylméoja catchment (picture taken September 2008).

Figure 4.2 A typical row house in the Kylmdoja catchment (picture taken September 2008).
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Figure 4.3 An apartment block in the most urban areas of the Kylméoja catchment (picture taken
September 2008).

4.2.1 Vantaa

4.2.1.1 Before the year 2007

Base of the analysis of building structures in the catchment, was existing vector data, kept updated
by the city of Vantaa. The dataset consists of two files, Rakennukset (buildings) and Rakennukset

alueina (buildings as shape).

The file Rakennukset contains data about every building in Vantaa, reaching from the floor area,
the type of building and year of construction or the number of floors to the connection with the
municipal canalization or the fresh water supply. The relevant data used from this file were the
floor area, the year of construction and the building type.

The most relevant data for the estimation of the run-off, the roof area of the building, was derived

from the database Rakennukset alueina. The file contains similar information as the Rakennukset
data, though not as detailed and updated, but the shape of the building is defined as polygon, al-
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lowing the analysis of the roof area. Since the polygons shape is based on the perimeter of the
outer walls and not on the actual roof of the building, the study showed that corrections were nec-

essary to estimate the actual roof areas.

The total number of buildings within the catchment and the borders of the city of Vantaa are
4.198. This large number made a correction of the roof area for every building impossible within

the limits of this work, and therefore a general approach was necessary.

In general, the missing roof area in the database found compensation in the definition of yard ar-
eas. Roofs which were reaching over driveways or covering terraces were listed as yard area,
which made the total impervious area of a building, the combination of the roof and the yard cor-
rect. In cases of larger inaccuracies, correction of the polygons was carried out, to achieve an exact

result for the roofage.

4.2.1.2 The target year 2030

The forecast of land-use in the city of Vantaa in the year 2030 was subsided into two parts. The
first part of the analysis concerned areas which were already considered in the detailed city plan

and were therefore classified with exact maximum plot-ratios and building types.

The second part dealt with regions which were yet only considered in the 2007 Master Plan. These
areas were classified with efficiencies and land-use types and whereas the forecast in the city plan

is specific, data for these areas was generalized and implied greater uncertainties.

The analysis of city planned areas used the defined maximum plot-ratio of an estate, to get the
maximum constructed floor space possible in comparison with the already constructed floor space,
to identify the increase of floor area possible. The consequence of the combination of limited
space and constant growth of population in the capital metropolitan region (Helsinki, Espoo and
Vantaa) are high costs for living and construction also in the city of Vantaa (Helsingin sanomat —
Ref. 2). It is therefore logical that it is desirable to achieve the optimal use of the maximum plot-
ratio, and built the floor area possible on an estate. This is valid as well for private housing as also
for work places. A noticeable process is the replacement of older houses with one or more houses
on the same estate, causing not necessarily always significant increases in the roofage, but remark-

able changes in the yard condition, caused e.g. by the higher demand of car parking places.
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The data in the land-use map for areas unbuilt today, deals with efficiency and density, as men-
tioned above. The city of Vantaa defines five different types of residential land-use. They reach
from A4 and A3, with an estimated density of up to 0.15, A2 with a density of 0.15 — 0.30 and A1,
estimated from 0.30 — 0.50 to C, for areas marked as centres, where the estimation for the factor

between floor area and estate reach from 0.80 to even 1.10.

The categories for industrial and work place areas are manifold, but in the catchment only the
definition of TP, marking work place areas and TY, industrial areas where the environment puts
special requirements on the functions are represented and therefore of importance. Density factors
for TP reach from 0.60 to 0.80 and the estimation for TY is 0.40.

Other categories in the land-use map, which include structures, were neglected, because there is no
change predicted. That concerned namely areas reserved for services, e.g. schools, daycares, nurs-

ing homes, health stations or hospitals.

The analysis of the development limited itself, for the reasons explained above, to the increase of
roofage for housing and work place areas. The categories, which are important for the use of dif-
ferent factors and therefore used, were AO for areas with mainly detached- and row houses, AK for
areas meant for apartment blocks, A3, marking low-rise housing areas, A2, dense low-rise housing

areas, A1, reserved for dense housing and T, describing all areas reserved for work places.

The data for the forecast also contained estimations about the realisation date of different areas.
Whereas residential buildings are assumed to be mostly constructed or extended by the year 2030,
the progress in industrial and work place areas depends on the economical situation. As a result,
the business park planned at the intersection of Tuusulanvéyl& and the new ring rail line (Ke-
harata), marked in the 2007 Master Plan as TP is not assumed to be constructed before 2030 any-
more, due to the current economical developments (see figure 1.8 and 4.4). The designated area
offers, with a plot-ratio of 0.50, building permission for a floor area of approx. 307.000 m2. Using
a factor of 0.80 between the floor area and the roof area, the accumulation of additional impervi-
ous area contributing to the run-off into Kylméoja would be 245.000 m2. This area is not directly
considered in the analysis, but is marked as optional, first parts of the area might still be con-
structed within 2030 and second, if not, might be constructed not long beyond the target year of

this analysis.
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The largest residential development area in the catchment is Leinel& (see figure 1.8 and 4.4). The
total planning area is 33 ha, of which approx. 19 ha or 57 % are within the Kylmé&oja catchment.
The total floor area of the project will be 110.480 m2. Construction of apartment buildings started
in 2008 and the project will be finished in 2015 according to the plan (Vantaan kaupunki — Ref. 6).
In the Master Plan the area is defined as Al, a dense housing area, containing mainly apartment
blocks. The factor between floor area and roof area for these kinds of buildings in catchment 6,

where the area is located, is 0.52 in 2007. That results in roof area of 57.500 m2.
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Figure 4.4 The 2007 Vantaa Master Plan land-use map. It is notable, that the catchment will also be
dominated by residential areas (different shades of brown, from low density — light, to high density,
dark) in 2030. The work place area in Ruskeasanta east of the airport and the residential area in

Leinel& are tagged. The key for the zoning types used can be found from figure 1.6 (modified land-use
map, original Vantaan kaupunki).
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Since both the maximum plot-ratio and the density deal with the floor area, a relation with the roof
area needed to be established. That was done with the help of the results from the analysis of the
development before 2007. The investigation of both the floor area and the roof area for each build-
ing in the catchment allowed the creation of factors for each building type in each subcatchment
for the considered time period. The factors reach from 0.80 — 1.00 for detached houses and 0.50 —
0.90 for row houses to values as low as 0.30 for apartment blocks. The relation between floor area
and roof area for industrial and office buildings, combined as work places reaches from 0.70 to

even 1.90 for some industrial storage and production buildings.

4.2.2 Tuusula

4.2.2.1 Before the year 2007

As already mentioned above, the digital database provided by the municipality of Tuusula, was
less detailed then the one available from the city of Vantaa. Exact data about buildings and roads
did not exist in digital format and therefore, the approach of the analysis had to be revised. The

result was, to create a new database, suitable for the needs of the analysis.

As the base of the analysis, it was chosen to use general maps, showing the development of the
municipality, in combination with aerial photography. Maps were available for the years 1975,
1993 and 2007. These general maps do not show building structures in detail, but indicate areas

developed at the time of publication.

The database was created with the software Maplnfo, which allowed the creation of polygons and
the assignment of attributes, in this case the area, the year of construction, the building type, and
the location of the building. The polygons were, in difference to the database from the city of Van-

taa, based on the actual roof area of the building in question, visible from the related orthophoto.
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Figure 4.5 The municipality of Tuusula’s general map showing the area north of the city of Vantaa,
belonging mainly to subcatchment 1 (http://kartta.kuuma.fi/kuuma/map.php). The northern border
of the Kylméoja catchment is also shown (modified map, original Vantaan kaupunki).
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Since the created dataset was based on orthophotos taken in 2007 by the city of Vantaa, it was not
possible to interpret changes done on buildings over the years. It had to be assumed that a building
shown on photos from 2007 already existed in the current shape in 1975 and 1993. This assump-
tion was possible due to the land-use structure of the area in question and the fact that industrial
buildings are clearly indicated in general maps even with their shape. The assumption was there-

fore only necessary for private housing, marked only as areas on the maps.

The location north of the airport, in the approach path of the 1% runway, makes the area mostly
unsuitable for private housing, favouring industry and office buildings. Since the airport was taken
into use in 1952, it can be assumed, that houses meant for living were constructed before 1975.
That is also indicated by land-use plans of the municipality, which declare the area to be meant for

industrial use and show only little possibility for construction of residential buildings.

4.2.2.2 The target year 2030

The subcatchments in Tuusula will be dominated by the business park named FOCUS, covering
an area of over ten square kilometres. The development of the area is planned between the years
2005 and 2010. The area is located directly north of the airport and its eastern part will cover al-

most the entire catchment of Kylmdoja within Tuusula.

The material used for the forecast of the number of buildings in Tuusula may be separated into

two different areas with land-use plans in different scales.
The current status of plans for areas belonging to the catchments 1 and 6, located in the north east-

ern part of the Kylméoja basin, was on the level of city planning. Maximum plot-ratios and land-

use types were assigned to small areas.
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The planning status of the western areas of the catchment in Tuusula, north of the airport differed

from the eastern areas. Parts are planned detailed already whereas others are referred to only in
general plan. Detailed land-use plans exist namely for the area north of Kuloméentie, at the mo-
ment ending at Tuusulanvéyla coming from the East, and west of Tuusulanvéyla. In the general
plan, the area between Tuusulanvayld and Tuusulantie is defined as a future work place area.

Same goes for a smaller area west of Tuusulanvayla.
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Figure 4.7 Location and extension of the Tuusula business park named FOCUS, developed north of
the Helsinki-Vantaa airport. The borders of the Kylmé&oja catchment are also shown (modified map,
original Tuusulan kunta).

4.2.3 Results

The results of the spatial analysis of building roofs in the Kylméoja catchment are handled sepa-
rately for the city of Vantaa and the municipality of Tuusula in this chapter. Since the analysis was
done for each subcatchment, this restriction only concerns the subcatchments 1, 2 and 6, whose
extension reaches over the border between the two municipalities. In the following text and charts,
these three subcatchments will be addressed separately as C1, C2 and C6 Vantaa or C1, C2 and C6

Tuusula.
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Figure 4.8 The map shows the development of buildings and respectively roof area in the Kylméoja
catchment over the time span investigated. Buildings in red colour were constructed before the year
1977, black indicates structures completed before 1992 and olive shows buildings completed most

recently, before the year 2007.
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A combined summary covering the whole catchment and combining the results as well for the
subcatchments as also for Tuusula and Vantaa are given later in this document (chapter 4.5) and
charts showing the development of roofage in the entire Kylméoja catchment are presented in
appendix E.

The findings of the investigation of the building database consist of two main parts; first the de-
velopment of the roof area in the catchment, directly derived from the database for the years be-
fore 2007, and the relation factors between the roof area and the living area, used for the estima-
tion of the roofage in the year 2030. The factors were determined for each building type in the
catchment for every year in observation and each subcatchment. Nevertheless, only the factors for
the time span between 1992 and 2007 were used for the estimation of the roof area in 2030, as-
suming that the empty plots will be filled up with similar structures, as at the moment state of the

art, until the target year.

The development of roof area showed — similar to the other categories of impervious areas inves-
tigated — the fast growth in the southern part of Tuusula over the last 30 years. In 1975, only less
than 9 % of the roof area in the Kylmdoja catchment was located in Tuusula. Due to fast growth in
Vantaa in the 1980's, the fragment of built roof area in Tuusula even reduced to 7 % in 1993. With
the beginning of emphasis on the industrial character of southern Tuusula in the 1990's, the share
grew to almost 16 % in 2007 and will reach almost 25 % in the year 2030.

The development of roofs in Vantaa and Tuusula
1400000

1215290
1200000

1000000

M Tuusula

800000

[ ]
600000 565775 Vantaa

Roof area [m2]

400000
257313

200000

1975 1993

Year 2007 2030

Figure 4.9 Development of the roof area within the Kylméoja catchment in Tuusula and Vantaa
between 1975 and 2030.
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4.2.3.1 Vantaa

The relation between roof area and floor area, for low-rise residential areas in Vantaa, containing
mainly detached and row houses for buildings constructed between 1992 and 2007, reaches 0.69 in
subcatchment 8 and 0.72 in subcatchment 11 to 0.91 in subcatchment 6 and 0.92 in subcatchment

2. The average relation found was 0.80, for buildings constructed between 1993 and 2007.

Values for apartment blocks and high-rise residential areas, presented here only for subcatchments
with a potential of growth for this land-use type, reach from 0.37 in the subcatchments 10 and 11,
the most urbanized areas of the catchment to 0.52 in the subcatchments 1 and 6. The weighted

average numbers at 0.39.

The factor defining the relation in areas for services, including facilities like schools, kindergar-
tens, old people’s homes or churches as well as sport facilities, like swimming or icing halls, is
given only for subcatchment 10 with a value of 0.37. None of the other subcatchments have a po-
tential for service facilities in the 2007 Master Plan. Also the potential in subcatchment 10 is of
minor importance, since the possible increase of roof area makes only 365 m*

The existing relation for industrial and work place areas is stable around 0.80 for all subcatch-
ments beside subcatchment 2, where the value numbers to 0.62. The slightly lower value is most
likely caused by the proximity of the industrial areas to the airport, and therefore denser and con-

sequently higher construction.
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Table 4.1 The coefficients between roof area and floor area for the eleven subcatchments in Vantaa de-
termined for the time span 1992 - 2007 and used initially for the year 2030. Factors for not represented
land-use categories were not determined. See the map for subcatchments (figure 3.5)

A0 Ak P T
Detached house / | Apartment blocks | Area for services Industrial
row house / low- | / high-rise resi- buildings / office
rise residential dential area buildings / work

area place area
Catchment 1-

0.82 0.52 0.80
Vantaa
Catchment 2-

0.92 0.62
Vantaa
Catchment 3 0.78 0.81
Catchment 4 0.78 0.80
Catchment 5 0.72 0.39 0.80
Catchment 6-

0.91 0.52 0.80
Vantaa
Catchment 7 0.84 0.80
Catchment 8 0.69 0.80
Catchment 9 0.79
Catchment 10 0.77 0.37 0.37 0.80
Catchment 11 0.72 0.37 0.80

The development of roof area was investigated for each different building type defined by the city
of Vantaa and represented in the Kylm&oja catchment — thirty in the most urban subcatchment 10,
which also contains the largest variety of service facilities. Due to the fact that this kind of detailed
description of the potential land-use in 2030 is not possible, the categories for the overall analysis
were reduced to the four main categories, already explained earlier and also shown in table 4.1

displaying the floor-to-roof area relation.
Nevertheless two tables, namely for the subcatchments 1 and 2 are also shown to display the result

and to illustrate the potential of the detailed database. Charts for all subcatchments can be found

from appendix A.
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Figure 4.10 Roof area in subcatchment 1 — Vantaa assorted by building type 1977 — 2007.
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Figure 4.11 Roof area in subcatchment 2 — Vantaa assorted by building type 1977 — 2007.
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The largest increase in roof area until the year 2030 in Vantaa, as well in relation to 2007 as also
in absolute figures will happen in the subcatchment 6, the basin of the eastern branch of the
Kylmaoja catchment. The roof area in this subcatchment in 2007 was 31033 m? and will reach in
2030 a number of 161690 m?, an increase of 420%.

The catchment is dominated by green areas at the moment, partly under protection, and is, because
of the vast unbuilt areas, target of several development sites, both in Vantaa and Tuusula — like the
residential area of Leineld in Vantaa, named earlier. The increase of roofage for apartment blocks

in the catchment, almost 49000 m? mainly derives from the project in Leinela.

Roof area in subcatchment 6 - Vantaa

180000
160000 —
140000
5 120000 Services
% 100000 B Work places
‘g 80000 B Apartment blocks
@ 60000 B Detached house / Row
40000 house / Town house
20000 l
: H

1977 1982 1992 2007 2030

Year

Figure 4.12 Roof area in subcatchment 6 — Vantaa 1977 — 2030.

Beside the subcatchment 6, the subcatchments 1, contributing to the discharge of the central
branch of the stream, and 11, representing one of the most urban areas of the catchment, will ex-
perience the largest increment in roof area in 2030. The roof area in subcatchment 11 will number
in 199300 m?, an increase of 73200 m2 compared to the year 2007. Whereas the growth in sub-
catchment 1 ranks with 70194 m? only little behind subcatchment 11, the relative increment of
97 % is significantly higher than in the already densely built subcatchment 11, where this value

reaches 58 %.
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Figure 4.13 Roof area in subcatchment 1 — Vantaa 1977 — 2030.
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Figure 4.14 Roof area in subcatchment 11 1977 — 2030.

64



An interesting case is the subcatchment 2, creating the run-off for the western branch of the
Kylmdoja stream and containing parts of the airport. As explained above, the matter when the
business park planned east of the Helsinki-Vantaa airport will be effectively realized has a signifi-

cant influence on the stormwater discharge in the Kylmdoja stream.

The business park planned to be erected around the potential station of the new ring rail line in
Ruskeasanta, is, due to the current economic situation not likely to be realized before the year
2030 anymore, and has therefore no direct influence on the result of this analysis. Nevertheless it
should be mentioned, that the construction of the work place area, reserved in the Master Plan
2007, will add roof area of approx. 160000 m? to subcatchment 2, whereas the forecasted growth

of roofage is only 18500 m? in the subcatchment, without it.
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Figure 4.15 Roof area in subcatchment 2 — Vantaa 1977 — 2030.
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Figure 4.16 Roof area in subcatchment 2 — Vantaa 1977 — 2030 with the business park development
around Ruskeasanta.
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If we look at the section of the Kylmdoja catchment located within the borders of the city of Van-
taa, the following development is notable. The extension of roofage is expected to grow from
746860 m? in the year 2007 to 1215290 m? in the target year 2030, an absolute growth of 468430

m?, describing a relative increase of almost 63 %.

When looking at a similar time span of 23 years — as from 2007 to 2030 — in earlier time periods,
e.g. the period from 1984 till 2007, the increment numbered in 401721 m? a plus of 116 % to the
value of 345139 m? in 1984. In the same time period one step earlier, between 1961 and 1984, the
roof area increased by 281881 m?, plus 440 % from 64258 m? in 1961. Even earlier, between the
late 1930's and 1961, the roof area increased by 53296 m? or plus 486%.

Roofareain Vantaain 1977 [m?]

cl Vantaa
19990 c2 Vantaa
6% 42873 3

13%

c8 11318 1407
8309 4% 0%

Figure 4.17 Roof area within Vantaa’s part of the catchment assorted by subcatchments 1977.
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Roof areain Vantaain 1982 [m?]
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Figure 4.18 Roof area within Vantaa’s part of the catchment assorted by subcatchments 1982.
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Figure 4.19 Roof area within Vantaa’s part of the catchment assorted by subcatchments 1992.
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Roof areain Vantaain 2007 [m?]
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Figure 4.20 Roof area within Vantaa’s part of the catchment assorted by subcatchments 2007.
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Figure 4.21 Roof area within Vantaa’s part of the catchment assorted by subcatchments 2030.
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Development of the roof area in the Kylmaoja catchment since
Year

1900 in Vantaa
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Figure 4.22 The development of roof area in the Vantaa part of the Kylméoja basin 1900 — 2030,
based on the available building database from the city of Vantaa.

70



4.2.3.2 Tuusula

Since the database used for the spatial analysis of the areas of the Kylmdoja catchment located in
Tuusula, namely parts of the subcatchments 1, 2 and 6, was created during this project, according
to the specific needs of this research, instead of detailed differentiation of building types, land-use
categories were used. The existing structures were sorted by the use of building and the database
contains the categories detached housing, office buildings, industrial buildings and outbuildings —
the last one separated because an utilisation of the related yard either does not exist or is included

in the later chapter with the corresponding main building.

The produced database contains no information about the floor area of buildings for the years be-
fore 2007, due to the lack of digitized information. The relation between floor area and roofage
needed for the forecast in 2030, because of the fact that land-use plans deal either with efficiency
or a plot-ratio, both related to the floor area, was established with the factors evaluated for similar
areas in Vantaa. The factors for housing derive from Vantaa’s part of subcatchment 1, factors for
industrial buildings were used from subcatchment 7, containing a similar, though smaller, indus-

trial structure as represented in Tuusula. The coefficients are shown in table 4.2.

Table 4.2 The table shows the factors between roof area and floor area for the three subcatchments in
Tuusula. The numbers derive from the results of the investigation in Vantaa for similar areas.

Residential areas Industrial areas
Catchment 1 — Tuusula 0.82 0.80
Catchment 2 — Tuusula 0.82 0.80
Catchment 6 — Tuusula 0.82 0.80

To be able to implement the forecast year 2030 to the same output, these four categories were
combined, resulting in the separation into buildings with residential use and structures with either

industrial purpose or used for work places as office buildings.

This reduction had two main reasons. In first place, the housing areas in the catchment in Tuusula
consist only of detached houses, most of them built before 1975, making a distinction, as made for
the city of Vantaa for detached, two-family and row houses or apartment blocks, not necessary.
And second, the result of the analysis in Vantaa showed, that the relation between roofage and
impervious yard area for buildings of almost any commercial purpose, present in the catchment,

remains approximately the same.
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Unlike the analysis in Vantaa, the analysis in Tuusula focused on different years for observation.
Since the base of the created data were general maps, produced earlier in longer time intervals, the
output has to concentrate on the years, from which maps are available. Those were the year 1975 -
the closest to 1977, the year 1993 — for 1992 used in Vantaa, 2007 and 2030. The year 1982 had to

be neglected because of missing data.

The largest unbuilt areas left for construction and considered in the various plans of the municipal-
ity belong to the subcatchment 2, the basin of the western branch of the Kylméoja stream, located
north of the Helsinki-Vantaa airport. Together with the existing roof area of 34491 m? the pre-
dicted increment of 164187 m? will add up to a total roofage of 198678 m?, a relative growth by
475 %. Of the total increase of roofage in the Tuusula catchment from 2007 till 2030, 246417 m?,
almost 67 % will happen in the subcatchment 2. The main contributors to this increase are two
large work place areas located west of the highway Tuusulanvayld, creating a roofage of approx.

103000 m?, when using an efficiency of 0.70, similar to the one used in Vantaa for similar areas.

The catchment in Tuusula is mostly defined as an industrial and work place area. Besides existing
private housing, no areas are defined as residential areas in the general plans of the municipality.
This development can be seen from the charts of the three subcatchments partly located in Tuusula

shown below.
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Figure 4.23 Roof area in subcatchment 2 — Tuusula 1975 — 2030.
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Figure 4.24 Roof area in subcatchment 1 — Tuusula 1975 — 2030.
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Figure 4.25 Roof area in subcatchment 6 — Tuusula 1975 — 2030.
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The development of the roofage in the entire watershed located in Tuusula can be seen from figure
4.26. According to the analysed data, the roof area in Tuusula will reach a total of 375444 m?,
which means that in 2030 almost 25 % of the entire roof area within the Kylmdoja catchment will
be located in Tuusula. In other words, in 2030, the constructed roof area in Tuusula and Vantaa
will be equal in proportion to each municipality's share of the total catchment.
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Figure 4.26 The development of roofs in Tuusula’s part of the catchment 1975 — 2030.
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4.3 Analysis of roads

Figure 4.27 The map shows the network of streets and roads (black) in the Kylmé&oja catchment. The
blue line represents the stream and the dark grey area defines the Kylméoja catchment.
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Figure 4.28 Different types of roads found within the Kylmé&oja catchment. The highway
Tuusulanvayla east of the Helsinki-Vantaa airport (picture taken September 2008).
Bt gk 0,

Figure 4.29 A typical small street in a low-rise residential area
(picture taken September 2008).

4.3.1 Vantaa

The investigation of road surface in the city of Vantaa contributing to the stormwater run-off in the
Kylma&oja catchment was based on a dataset about the road network within the city’s borders, sus-
tained by the city of Vantaa.

The data contains such information as the dimension of the section (width and length), type of
road surface — according to the road administration of the city, all major and most minor roads are
constructed with either asphalt or bituminous surface — and the time of construction. The data of
the time of construction is inchoate, especially for roads built before the 1980’s. Since the time of
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construction is crucial to get the actual contributing surfaces for the years in observation, the road
data was compared with the development of building structures. The assumption, that roads in
settlements, and to interconnect them, are build short before or along with development of first
houses, affirmed also by conversations with local residents and members of the building authority
of the city of Vantaa, allowed to narrow the point of construction down to a time period of a few
years. For the time steps considered in the analysis, 1977, 1982, 1992 and 2007, this definition is

accurate enough.

The result of the comparison was an exact, for the roads sections with a given date of construction,
or approximate date of construction for every section of road in the Kylméoja catchment in Van-

taa.

The estimation of the road situation in 2030 in the city of Vantaa is difficult to make. City planned
areas already have a sufficient road network, making bigger construction of new roads unlikely.
The renovation and eventual extension of existing roads could not be considered, since there is not

enough data existing for the long time span looked at.

Areas defined in the Master Plan, which are not city planned yet, include minor internal roads.
Due to the fact that their extension is small compared to the rest of impervious surfaces in the
catchment, these minor road networks were also not considered. Smaller connection roads and
pathways between e.g. buildings and parking places are considered in the impervious yard area of

the building complex in question, with the derived factor between floor area and yard area.

The biggest infrastructure project in the basin of Kylmé&oja is the planned ring rail line. The Gov-
ernment and the City of Vantaa have agreed to implement the Ring Rail Line project. Construction
starts in 2009 and traffic on the Ring Rail Line is scheduled to start in 2014 at the latest. The 18
km long rail track will connect the centre of eastern Vantaa, Tikkurila, with Myyrméki, the centre
of western Vantaa, via the Helsinki-Vantaa airport. The track will cross the Kylméoja catchment

from east to west. The reserved area for rail traffic in the catchment is 40.876 m2,
The influence of the new railway on the discharge in Kylmaoja derives not only from the rail track

itself, but also from facilities constructed along with it, besides stations and bridges, mainly park-

ing places.
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The catchment contains two stations for the ring rail line, the station in Leineld, a residential de-
velopment area of Vantaa and the optional station in Ruskeasanta. Whereas construction of apart-
ment buildings in Leineld started already in 2008 and shall be finished by the year 2015 (Vantaan
kaupunki — Ref. 6), realisation of the office park planned around the intersection of Tuusulanvayla
and the ring rail line was postponed and is not considered to happen before 2030 anymore. The
earlier planned station in Ruskeasanta was therefore reduced to a station reservation for an option
later (Kehdrata). The location of the planned railway and the stations in Leineld and Ruskeasanta
are shown in figure 4.30.

78



TUUSULA Y

Vantaan hm!lnnﬂpf

t-Vanda flygplas
mes A 4

Ez 1 KM a4

Figure 4.30 A general map of the catchment showing the Ring Rail Line (black), with the station
Leineld and the station reservation in Ruskeasanta (red). Tagged are the potential work place area
around the station in Ruskeasanta and the residential development in Leineld. The rail track leads to
the main rail track to the east and continues to the Helsinki-Vantaa airport and further to Myyrmaki
to the west (modified map, original Vantaan kaupunki).
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4.3.2 Tuusula

The procedure of analysis of the road network in Tuusula was similar to the investigation of build-
ing structures in the same area. Base were again general maps of the years 1975, 1993 and 2007 in

combination with aerial photography.

Since the dates of construction for roads were unknown, the estimation of those was concluded via
the status of development of different areas, assuming, that the construction of buildings and roads
in the area went more or less parallel. Since the span between the years in observation was more
than a decade an inaccuracy of a couple of years was also here, as for the analysis in Vantaa, neg-

ligible.

In difference to the city of Vantaa, the road network in Tuusula does still contain some sections
with gravel cover, making the differentiation of the surface important. Nevertheless the share of
gravel-covered roads is not too large in influence. In 2007, more than 85% of the roads in the
catchment belonging to Tuusula had either asphalt or a bituminous cover, in total an area of
138000 mz2. The share of gravel roads was below 15%, in total 18000 m2.

In the land-use plan shown in figure 4.31, the L and LT represent areas for road traffic and LL
stands for areas reserved for aviation. Whereas the road marked with LT represents Tuusulanvayla
which already exists at the moment, the objects referred to as L represent the planned extension of
Kulomaentie leading from the highway to the west, planned to be the 4" arterial road in the metro-
politan region, the Ring Road 1V (Keha IV). This road is, beside the new ring rail line, the biggest
infrastructure project in the catchment and will be brought to realisation within the next two dec-

ades (Tuusulan kunta).
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Figure 4.31 General land-use plan for parts of subcatchment 2 located in Tuusula. The map shows the
south western part of the planned business park FOCUS. The northern border of the Kylméaoja
catchment is also shown (modified map, original Tuusulan kunta).
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4.3.3 Results

Since the analysed data is of the same kind both for Vantaa and Tuusula, even though latter one
was created during this project, no separation is done between the two municipalities for the report

of the results.

The only noticeable increase in impervious area caused by roads until 2030 is happening in the
subcatchments 2 and 6, both times in Tuusula’s part of the catchment. The addition of approx.
13200 m2 of asphalt area in the subcatchment 2 derives from the construction of the extension of
Kuloméentie — or Ring 1V from the highway Tuusulanvaylad westwards (the road traffic area re-
served for this project can be seen from the map in figure 4.31). The construction of a traffic area,
without clearly defined purpose, but represented in the land-use plan of the municipality of
Tuusula, will add a little less than 3000 m2 of impervious area to the subcatchment 6.

The road and street network in the city of Vantaa is well established already today, and will, ac-

cording to the data available, not be significantly extended within the upcoming decades.
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Figure 4.32 Road surface in the catchment 1977.
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Impervious surface from roads in 1982 [m?]
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Figure 4.33 Road surface in the catchment 1982.

Impervious surface from roads in 1992 [m?]

cll cl
60983 42442

36469 2%
6%

Figure 4.34 Road surface in the catchment 1992.
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Impervious surface from roads in 2007 [m?]
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Figure 4.35 Road surface in the catchment 2007.
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Figure 4.36 Road surface in the catchment 2030.
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Since the only significant changes between the years 2007 and 2030 will happen in the subcatch-
ments 2 and 6, the total road surface in the Kylmaoja catchment will not change much until the
target year (figure 4.37). The construction in Tuusula will increase the impervious road surface in
the catchment by approx. 16000 m? from 864350 m? in 2007 to 880331 m2 in the year 2030.

As mentioned earlier, since the 1970’s all roads in Vantaa are covered either with an asphalt or
bituminous surface. The investigation of the area in Tuusula showed, based on orthophotos pro-
duced in 2007, that approx. 18000 m2 or 10 % of the total road network in the catchment still have

a gravel surface.
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Figure 4.37 Road surface in the catchment Tuusula — Vantaa 1977 — 2030.
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4.4 Analysis of the yard areas

4.4.1 Introduction and methodology

How does the layout of the yard of a detached house look like? How large is the area used for
parking, pathways and other facilities? And which kind of surface was chosen to use? Gravel,

sand, bricks or asphalt?

These questions and especially the answers to them are of significant interest for the estimation
and calculation of run-off in urban and rural areas. Even though building permissions are required
also for the design and layout of yards, as well as for the building itself, little data exists about
their actual condition. The practice, to finish construction on the building itself, to move in and
reduce the pressure of expenses as early as possible, and to postpone the design and construction
on the yard to the next summer is common, especially for privately built detached houses. As a
result, the inspection of the yard cannot be done at the same time with the house, making later
checks time consuming and expensive and therefore often neglected. Changes on the yard may
also be done after longer time without big efforts. These factors might be reasons for the lack of

existing data on the yards.

Consequently, as already mentioned above in this document, the investigation of the condition of
yards concerning impervious areas, differed significantly from the rest of the spatial analysis car-

ried out.

A dataset had to be created, based on the existing building data and aerial photography. Since the
area contains more than four thousand buildings, analysis of every yard was not possible within
the limits of this work. The approach chosen was to investigate a reasonable number (between 5
and 50 yards for each building type, each subcatchment and each time step observed) of typical
estates in detail for each existing building type, depending on the total number of the building type
in the subcatchment, during the chosen time steps in each of the eleven subcatchments. With this
procedure average values of impervious areas for yards were calculated and then used for all

buildings of the type in question for the subcatchment and the time.
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Table 4.3 Example for the calculation of the contributing yard area. Numbers derive from catchment 1

for the year 1977.
Number
o Number of Area measured Yard area Yard area
Building type - measured
buildings total [ [m?] average [m?] total [m?]
] Average
According to Measured
o Area measured / area >
the municipal from ortho-
Number measured Total
database photos
number
Detached house 117 20 2979 149 17427
Two family
15 8 1367 171 2563
house

Since orthophotos did not allow an exact identification of the kind of surface, the investigation of
the surfaces was carried out partly in-situ. The inspection of yards of different building types in
the catchment resulted in the conclusion, that the larger the building complex the higher the prob-
ability of the use of asphalt as the surfacing material. The approach was to even the effect of the
material used for covered areas with the run-off coefficient. The total covered area in a yard is
measured, independent from the surface type and the result of eventually too large areas then miti-

gated with the definition of the coefficient.

For detached and two-family houses, the assumption used was, that the distribution between as-
phalt and gravel used is even. Whereas for fifty percent of the covered yard area asphalt is in use,
for the other fifty percent the material is gravel. This assumption goes as well for the yard areas in

total as also for some yards in detail.

For row houses the relation of 80% of asphalt to 20% of gravel was determined as a useful esti-
mate. The increase in comparison to detached houses mainly derives from the bigger amount of
parking areas, which are mainly covered imperviously, contributing 80% to the area. The share of
20% derives from connecting pathways, which are mainly gravel covered. For apartment blocks
and commercial as well as industrial buildings, the relation of parking area compared to gravel
area reaches a proportion, allowing to neglect the gravel surfaces leading to a contributing asphalt
area of 100%.
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Special cases in terms of yard areas were also considered in the analysis, even though their contri-
bution to the run-off may be negligible. Schools and kindergartens have, besides parking areas
also playgrounds and sport fields. These yard areas were considered as a combination of play-
grounds and asphalt covered parking lots. Another minor house type available in the catchment is

the summer cottage, which was found to have normally only gravel used for parking spaces.
A special yard type in the catchment is the cemetery located in Ruskeasanta, east of the Helsinki —

Vantaa airport. For this building the run-off coefficient will be determined as a combination be-

tween parking lots and common literature values for cemeteries.
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Figure 4.39 A driveway covered with gravel (picture taken June 2008).
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4.4.2 Vantaa

The analysis for the city of Vantaa and the municipality of Tuusula were conducted in an equal
way, due to the lack of data for both areas, following the description given in chapter 4.4.1 and
table 4.3. The software used for the analysis was Mapinfo, a GIS-software used in the city of Van-
taa. The software allows the definition of polygons on top of aerial photography and gives the
possibility to distinguish buildings according to given attributes.

B dhapinds Profevsmral - [pard _ares ol ... sk%1 %4700 7 Rartta)

4 Tttt Suolhas Tvllahl Eohedl Kyl Tatcharts Wil Tetth Bhoea R

Dl=iFEmsl. = 8lsl_lnl || Dioiciis vl

Maths ETLA = - Pl = i * Walrts st ki T |

Figure 4.40 The figure shows a screenshot of the procedure for defining yard areas. This
example shows a residential area located within the subcatchment 7 in the city of Vantaa.
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4.4.3 Tuusula

In difference to the analysis of buildings and roads, the analysis of the yard area condition was
conducted the same way for Tuusula as for Vantaa. An interesting aspect of the investigation is the
high level of industrialisation in the catchment in Tuusula in terms of the relation of area con-
sumption to number of buildings (details are explained under results).
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Figure 4.41 The figure shows a screenshot of the procedure used for defing yard areas. The example
shows the industrial area located in the subcatchment 1 in the municipality of Tuusula (part of the
development FOCUS). It is possible to see the dimension of industrial buildings (several logistic cen-
tres in the centre of the picture) in comparison to private housing (the small white spots in the left top
of the picture). Possible to see is also the contrast between residential areas in Vantaa, just south of
the border (red line) and the industry just north of it.
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4.4.4 Results

As done for the output of the investigation of the roofage in the Kylméoja catchment, the results of

the spatial analysis of the yard condition are separated for the areas located in Vantaa and Tuusula.

Charts showing the development of impervious yard surface in the entire Kylméoja catchment are

presented in appendix I.

4.4.4.1 Vantaa

The relation between floor area and yard area in the eleven subcatchments in Vantaa was deter-

mined for the same categories of land-use as already conducted for the roofage.

For low-rise housing areas, detached, two-family and row houses the coefficient for the proportion
between yard area and floor area reached from 0.32 in subcatchment 6 and 0.33 in subcatchment
8, to 0.95 in the subcatchment 9. The average value for the relation yard area — floor area in Van-
taa for 2007, taking into account the distribution of the total number of 715 among the subcatch-
ments, was found to be 0.74 for houses constructed between 1993 and 2007. In other words, in
average for a building with a living area of 100 m2, 74 m? have to be taken into account for the
impervious area constructed in the yard. Since not 100% of these areas are asphalt — the distribu-
tion found reached from fifty-fifty between asphalt and gravel for detached houses, to 80% asphalt
and 20% gravel for row and terraced houses, these areas are considered with evaluated run-off

coefficients in the later hydrological interpretation.

For apartment blocks and high-rise residential areas, proportion values reached from the maximum
of 0.88 in subcatchment 1 to 0.52 in the southern subcatchment 11. The average relation found for

this land-use is 0.61. Service areas represented in the catchment have an average factor of 0.61.

Whereas the factors for the above described categories show a relatively small range, the relation
between yard and floor area varies significantly for industrial buildings. For single objects factors
of even 7.74 for a petrol station and 4.38 for a green house with shop, in this case only with gravel
surface, were found. The smallest contributing yard area was only 60% of the floor area in the
case of a storage facility belonging to a shop in subcatchment 7. To avoid unrealistic and espe-
cially too large yard area factors for the forecast, these singular objects were not considered when

defining the average relation.
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Table 4.4 The table shows the factors between floor area and run-off relevant yard area for the eleven
subcatchments in Vantaa determined for the time span 1992 - 2007 and used initially for the year 2030.
Factors for not represented land-use categories were not determined.

A0
Detached house /

row house / low -

Ak
Apartment blocks

/ high - rise resi-

P

Area for services

T
Industrial

buildings / office

rise residential dential area buildings / work
area place area

Catchment 1 - 0.78 0.88 0.87
Vantaa
Catchment 2 - 0.92 0.62
Vantaa
Catchment 3 0.71 2.52
Catchment 4 0.71 0.87
Catchment 5 0.68 0.67 0.87
Catchment 6 - 0.32 0.88 0.87
Vantaa
Catchment 7 0.79 0.87
Catchment 8 0.33 0.88
Catchment 9 0.95
Catchment 10 0.72 0.69 0.69 0.87
Catchment 11 0.68 0.52 0.52 0.87

Since the development of impervious yard area and roofage in the catchment are related, the same

conclusions as made earlier are also valid here. The largest increase in surface is expected to take

place in the subcatchment 6. The number of 26383 m?2 in the year 2007 will be increased by
113400 m? and reach a total of almost 140000 m? in the year 2030.

As found for the roofage already, subcatchment 6 will be followed in terms of impervious yard

areas by the subcatchments 1 and 11. The impervious yard surface in subcatchment 1 will almost
double to 137000 m2. The increase in the urban subcatchment 11 is expected to be 74500 m?2 or 45

%, summing up to a value of 241700 m? in 2030.
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Impervious yard surface in Vantaa in 1977 [m?]
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Figure 4.42 Impervious yard surface within Vantaa’s part of the catchment assorted by subcatch-
ments 1977.

Impervious yard surface in Vantaa in 1982 [m?]
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Figure 4.43 Impervious yard surface within Vantaa’s part of the catchment assorted by subcatch-
ments 1982.
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Impervious yard surface in Vantaa in 1992 [m?]
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Figure 4.44 Impervious yard surface within Vantaa’s part of the catchment assorted by subcatch-
ments 1992,

Impervious yard surface in Vantaa in 2007 [m?]
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Figure 4.45 Impervious yard surface within Vantaa’s part of the catchment assorted by subcatch-
ments 2007.
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Impervious yard surface in Vantaa in 2030 [m?]
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Figure 4.46 Impervious yard surface within Vantaa’s part of the catchment assorted by subcatch-

ments 2030.

4.4.4.2 Tuusula

Data on the floor area of buildings in Tuusula for the time before 2007 was not available and

therefore, the establishment of a relation between impervious yard area and floor area, as con-

ducted for the part of the catchment located in Vantaa, was not accomplishable. Instead, the re

la-

tion was established between the yard area and the evaluated roof area, defined in the created da-

tabase, to be able to use a factor for the year 2030.

The factors were defined for two different categories, private housing and industrial buildings,

since a significant difference between office buildings and productive industry could not be found.

Table 4.5 The table shows the factors between yard area and roof area for the three subcatchments

in

Tuusula. The figures derive from the investigation of buildings constructed between the years 1993 and

2007.
Residential areas Industrial areas
Catchment 1 — Tuusula 0.78 2.15
Catchment 2 — Tuusula 0.78 1.72
Catchment 6 — Tuusula 2.14
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The investigation showed that the factors in residential areas in Tuusula — in total a number of 68
detached houses were identified on the existing orthophoto material from the year 2007 — are
slightly higher than the values found for Vantaa — a direct comparison was possible using the

product of roof and yard factors in Vantaa.

The values found for industrial areas on the other hand, are significantly higher than the output for
Vantaa. This development is caused by the type of industry represented in Tuusula. Logistical
centres, as one example, consist, beside the already large dimension of the buildings themselves,
of large asphalt areas used for parking and manoeuvring of trucks and other means of goods trans-

portation.

The yard area in the catchment for residential and industrial construction develops similar to the
roofage in Tuusula. Whereas the constructed yard area of residential buildings will even reduce
according to the available data, the impervious yard area coming along with industrial construc-
tion, will grow by 130% to reach a total of 721836 m?2 in 2030.

Considering the run-off generated from roofs, dependency is only given on the dimension of the
area. Hence 100 m? of roof of a detached house cause the same run-off, as the same area covering

a structure used for industrial storage.

When looking at the yard area, as shortly explained earlier, the run-off depends, besides the di-
mension of the area of course, highly on the material used for the surface. For detached houses the
materials found in use as surface cover were gravel, for half of the houses and yards and asphalt
for the other 50%. For industrial and work place construction the material in use is asphalt in
100% of the cases.

Consequently, the influence of the constant industrialisation of the catchment on the run-off pro-
duced is disproportionate to the actual increase of impervious area, due to the higher run-off coef-
ficient for asphalt — commonly between 0.80 and 1.00, compared to the value 0.63 used for the

yards of detached houses.
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Figure 4.47 Impervious yard area in Tuusula’s part of the catchment 1975 — 2030.

The subcatchment with the largest increase expected in yard area is the subcatchment 2, as also for
the increase of roofage. The Tuusula part represents the northern part of this subcatchment gener-
ating discharge for the western branch of the Kylmdoja stream. The impervious area is expected to
grow from almost 85000 m? in 2007 by more than 255000 m? to a total of more than 340000 m2 in
2030.

The smallest development can be seen from the subcatchment 1. This area is expected to grow by
21000 m?2 to reach 63600 m2 in 2030. The relatively small growth can be explained by the large
share of already finished construction by 2007 in this subcatchment. The absolutely smaller num-
ber compared to the subcatchment 2 and 6 is caused mainly by the smaller extension of this sub-

catchment.
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Figure 4.48 Impervious yard area in subcatchment 1 — Tuusula 1975 — 2030.
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Figure 4.49 Impervious yard area in subcatchment 2 — Tuusula 1975 — 2030.
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Figure 4.50 Impervious yard area in subcatchment 6 — Tuusula 1975 — 2030.
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4.4.4.3 Helsinki-Vantaa airport

The international airport Helsinki-Vantaa is situated in Vantaa. The airport has been opened in

1952 for the Olympic Summer Games taking place in Helsinki. 13.1 million Passengers and
180.000 take-offs and landings in 2007 (Helsinki-Vantaa Airport — Ref. 1) make it the biggest

airport in Finland (Finavia).

Figure 4.51 The picture shows the Helsinki-Vantaa airport seen from the East. The runway in the
front belongs to the Kylméoja catchment. The terminal facilities in the background do not generate
run-off for Kylmaoja (picture taken September 2008).

Part of the runways as well as other infrastructure drain into the Kylméoja catchment, the majority
into the western branch via the subcatchment 2 and a smaller area, located in the subcatchment 3.
Even though the contributing asphalt surface of the airport is huge in relation to the other factors
discussed earlier, the airport infrastructure cannot increase anymore, considering the fraction im-
portant for the Kylmaoja stream, and also did not anymore after the first observation year 1977,

except smaller extensions in the subcatchment 3 between 1993 and 2007.

The Helsinki-Vantaa airport accounts for an asphalt surface of one million square meters in 2007,
mainly constructed already before the opening in the year 1952 (Helsinki-Vantaa Airport — Ref.
1). The extension done between 1993 and 2007 concerned logistical facilities in the southeast of
the airport’s territory. The construction added a little less than 100000 m? to the existing surface,
10% of the total surface in 2007.
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4.5 Summary and discussion of the spatial analysis

As a summary of the spatial analysis, several points are of significant importance and are de-

scribed below.

The impervious area within Vantaa’s part of the catchment is expected to grow from 3.25 million
square meters in 2007 to 4.1 million square meters in 2030 showing a 26% increase in impervious
surfaces. The impervious area in the Tuusula areas of the catchment will more than double until
the year 2030, from a little less than 600000 m2 to 1.24 million square meters in the forecast year.
The total impervious area caused by roofs, roads and yards (including the Helsinki-Vantaa airport)

will be 5.34 million square meters in 2030, a relative increase of 38%.

Table 4.6 The table shows the impervious area contributing from the listed categories separated for Van-
taa and Tuusula. Other area represents the difference between the impervious area in the Kylméoja
catchment and the gross area of the Kylmaoja catchment.

1975 1993 2007 2030

[m?] [m?] [m?] [m?]
Roofage Vantaa 257313 565775 746860 1215290
Roofage Tuusula 23687 43000 138931 380335
Impervious yards Vantaa 329747 611323 812306 1174909
Impervious yards Tuusula 37783 112251 320562 725656
Helsinki-Vantaa airport 900918 900918 997561 997561
Roads Vantaa 270745 509797 708271 708271
Roads Tuusula 44240 133395 156080 172060
Other area 18970975 17958949 16954836 15461325
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Figure 4.52 Categories of built impervious areas within the Kylméoja catchment between 1975 and

2030. The “other area” category comprises both the built areas excluding roads, impervious yard

surfaces, and roofs, as well as natural areas.
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The extension of the impervious yard areas, especially the relation to the roofage, was found of
severe significance. The proportion of the impervious yard area to the total impervious area in the
Kylmdoja catchment developed from 20% in 1977 up to 29% in 2007 and is expected to reach
36% in 2030, as shown in figures 4.53 — 4.56.

Whereas in 1975 the municipality of Tuusula accounted for only 5% of the impervious surface in
the Kylméaoja catchment, the value reached 10% in 1993 and 16% in 2007. In the year 2030, ac-
cording to the analysed information, 24% of the impervious surface in the catchment will be lo-
cated in Tuusula, by then mirroring the distribution of land-area within the Kylmé&oja catchment
between the city of Vantaa and Tuusula, which is 75% (Vantaa) to 25% (Tuusula). Further signifi-
cance of the Tuusula imperviousness areas to the stream result from the location of the Tuusula
areas at the Kylméoja headwaters region. Imperviousness brought about changes in hydrology and

water quality including temperature thus effect the entire length of the downstream sections.

Beside the large dimension of the impervious yard areas caused by the industrial definition of the
catchment in Tuusula also another effect of the development is noticeable. Since the number of
buildings compared to the roof area is much smaller in Tuusula than in Vantaa, the road network is
less tight. As an effect, in comparison with the roofage and the yards, the influence of the road

surface in Tuusula on the total catchment is even decreasing until 2030.

The influence of the Helsinki-Vantaa airport on the catchment gradually decreases, simply be-

cause the airport will not extend anymore and all the other investigated surfaces grow until 2030.
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Distribution of imperviousness in the Kylmaoja catchment
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Figure 4.53 Distribution of impervious area in the catchment 1977.

Distribution of imperviousness in the Kylmaoja catchment
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Figure 4.54 Distribution of impervious area in the catchment 1993.
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Distribution of imperviousness in the Kylmé&oja catchment
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Figure 4.55 Distribution of impervious area in the catchment 2007.

Distribution of imperviousness in the Kylméoja catchment
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Figure 4.56 Distribution of impervious area in the catchment 2030.
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5 The hydrological interpretation of catchment land-use

5.1 Introduction

The illustration of the results of the spatial analysis conducted and the effects on the Kylmaoja
stream consists of two parts. The first way chosen for visualisation is the imperviousness of the

catchment and the subcatchments and the development over the years in observation.

For the second part, the run-off generated from the surfaces defined, was estimated using the ra-

tional method.

5.2 Imperviousness of the catchment and its subcatchments

The level of imperviousness in a basin is an indicator for the effects of land-use on the stream
itself. The value is given as the percentage of total impervious area within the catchment in rela-
tion to the total area of the catchment and is one of the few variables in a watershed that can be
quantified, simply as the percentage of the area that is not “green” (Schueler 1994). In his work
Schueler (1994) proved the term of imperviousness to be a valid indicator for the effects of land-

use in a watershed on the changes in the affected stream network.

In his urban stream classification, he considered, among others, such variables as channel stability,
water quality and stream biodiversity, to depend on the ultimate imperviousness of the basin (table
5.1).

The three categories of streams are defined as

— Sensitive streams (one to 10% imperviousness)
— Impacted streams (11 to 25% imperviousness) and

— Non-supporting streams (26 — 100% imperviousness).

In Schueler’s classification, sensitive streams represent the most protective category, in which
strict zoning, site impervious restrictions, stream buffers and best stormwater practices are applied.
Impacted streams can be expected to experience some degradation and the key resource objective
is to mitigate the impacts to the greatest possible extent, using effective stormwater management
practices. The last category of non-supporting streams recognizes that channel stability and stream

biodiversity cannot be fully maintained at this level of existing catchment imperviousness, even
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when stormwater practices are fully applied. The main objective for streams in this category is to

protect downstream water quality by removing urban pollutants. (Schueler 1994)

No such classification exists for catchments in Finland whereas the Schuler’s classification is
based on a large number (18) of catchment-stream relationship studies carried out across the USA
(mainly for catchments located in the northern states) for various catchment types and scales. The
biological parameters used in the investigation reviewed by Schueler reach from wetland plants
and aquatic insects to fish in general and salmon and trout, which were in focus in two studies
conducted (presented by Schueler 1994 and listed with the key findings of the studies). Since trout

and salmon inhabit Kylméoja and Keravanjoki the classification was applied also in this work.

Table 5.1 A possible scheme for classifying and managing for headwater urban streams based on ulti-
mate imperviousness (Schueler 1994)

Sensitive
(0-10%Imperv.)

Urban Stream
Classification

Impacted
(11-25% Imperv.)

Non-supporting
(26-100% Imperv.)

Channel stability Stable Unstahle Highly Unstahble
Water quality Good Fair Fair-Poor
Stream biodiversity Good-Excellent Fair-Good Poor

Resource objective

Protect biodiversity
and channel stability

Maintain critical ele-
ments of stream quality

Minimize downstream
pollutant loads

Water quality
objectives

Sediment and
temperature

Mutrient and
metal loads

Control bacteria

Stormwater Practice
Selection Factors

Secondary environmental
impacts

Removal efficiency

Removal efficiency

Land Use Controls

Watershed-wide imp.
cover limits (ICLs),

Site imp. cover limits
(ICLs)

Additional infill and
redevelopment

site ICLs encouraged
Monitoring and G1S monitoring of imp. Same as “Stressed” Pollutant load
enforcement cover, hiomonitoring modeling
Developmentrights Transferred out Mone Transferred in
Riparian buffers Widest huffer network Average bufferwidth Greenways

The percentage of imperviousness for each of the eleven subcatchments as well as for the whole
Kylmdoja catchment was calculated during this work and is presented in table 5.1 and visualized

on maps (figures 5.1 — 5.5).

The results show the development of imperviousness for the years in observation and classify the
stream sections according to Schueler’s findings. Whereas in 1977 still six out of eleven sub-
catchments could be classified as sensitive streams, five subcatchments were defined as impacted

(all five at the lower end of the threshold) and no fraction of the catchment could be classified as
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non-supporting. The situation changed drastically until the year 2007 and will continue to degrade
until 2030. In 2007 only the subcatchment 6 was below the threshold of 10% anymore, five sub-
catchments range between 11 and 26% of imperviousness and another five catchments are above
the threshold of 26%. In 2030 four subcatchments are categorized as impacted streams and the
other seven subcatchments are classified as non-supporting streams, none remain in the sensitive

category.

The development of the gross Kylméoja catchment follows the trend of the subcatchments. Until
the year 1982, Kylmé&oja stream was classifiable as a sensitive stream, with imperviousness of 9%
(1977) and 10% (1982). In 1992 the proportion of imperviousness reached 14% and in 2007 the
value reached 19%, defining Kylmaoja as an impacted stream according to the classification by
Schueler (1994). In 2030, the imperviousness of the Kylméoja catchment is expected to reach

26%, above the threshold of a non-supporting stream (table 5.2).

Table 5.2 The level of imperviousness for the eleven subcatchments and the total catchment for the years
1977, 1982, 1992, 2007 and 2030. Sections of the stream classified as sensitive (0-10% imperviousness)
are marked green, impacted sections (11-25% imperviousness) are marked orange and non-supporting
sections (26-100% imperviousness) are labeled red.

1977 [%] 1982 [%] 1992 [%] 2007 [%] 2030 [%]

C1 4 4 5 27

C2

C3 6 7 26 36

C4 8 8

C5 34 38

C6 1 1 3 7

c7 4 5 29 39

Cc8

C9 8 32

C10 28 32 36

C11 29 38 53
cToT 9 10 26

Besides the level of catchment imperviousness, another important indicator for the effects of land-
use on the quality of streams is the distance of imperviousness from the aquatic system. This crite-
rion has not been investigated during this work, but would be an important measure of stream

health for further studies on this watershed.
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Figure 5.1 The level of imperviousness in the Kylmé&oja catchment in 1977. Green subcatchments
represent sensitive sections (6) of the stream whereas orange subcatchments (5) represent impacted
sections of the stream. In 1977, no section of Kylmaoja is classified as non-supporting (red). The im-
perviousness of the total catchment in 1977 is 9%, defining Kylméoja as a sensitive stream.




Figure 5.2 The level of imperviousness in the Kylmaoja catchment in 1982. Green subcatchments (5)
represent sensitive sections of the stream whereas orange subcatchments (6) represent impacted sec-
tions of the stream. Still in 1982, no section of Kylméaoja is classified as non-supporting (red). The
increase of imperviousness in subcatchment 9 caused the label for this section to change from sensitive
to impacted. The imperviousness of the total catchment in 1982 is 10%, defining Kylmaoja still as
sensitive stream.




Figure 5.3 The level of imperviousness in the Kylmaoja catchment in 1992. Only 2 subcatchments
(namely C1 and C6) range below the threshold value for an impacted stream. 7 subcatchments are
categorized as impacted and the subcatchments 10 and 11 reach levels of imperviousness to be classi-
fied as non-supporting. The imperviousness of the total Kylmaoja catchment reaches 14%; hence
Kylméoja now becomes labeled as an impacted stream.




TUUSULA

Figure 5.4 The level of imperviousness in the Kylméoja catchment in 2007. Only subcatchment 6
ranges below the threshold value for an impacted stream. 5 subcatchments are categorized as im-
pacted and 5 subcatchments (namely (C3, C5, C7 C10 and C11) reach levels of imperviousness to be
categorized as non-supporting. The imperviousness of the total Kylméoja catchment reaches 19%.
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Figure 5.5 The level of imperviousness of the catchment expected in 2030. Whereas no section of
Kylmaéoja will be sensitive anymore, only 4 subcatchments can be categorized as impacted and the
majority of the catchment (7 subcatchments) will have reached the label of a non-supporting stream.
The imperviousness of the total catchment, which is expected to reach 26% in 2030, will make
Kylméoja as a whole a non-supporting stream.

114



5.2.1 Development of imperviousness within the transboundary sub-
catchments

The imperviousness within the three largest subcatchments, namely the subcatchments 1, 2 and 6
(see figure 3.5) was analyzed separately due to their size and their transboundary conditions. All
three subcatchments are located partly in Vantaa and partly in Tuusula and the development of
imperviousness within the subcatchment’s borders as well as within the borders of the responsible

authority are of importance for urban planning.

5.2.1.1 Subcatchment 1

The subcatchment of the central branch or headwater has a total size of 2.11 km?, of which 1.62
km? or 77% are located within the city of Vantaa and 0.49 km? or 23% are located within the mu-

nicipality of Tuusula.

The imperviousness in this subcatchment has been growing strongly within the past 15 years and
is expected to increase still significantly until 2030. Whereas until 1992, both parts of the sub-
catchment were sensitive, by 2007 the imperviousness in Vantaa reached 14%, above the thresh-
old value of an impacted stream and Tuusula’s part reached even 30% — above the threshold of a
non-supporting stream already. The trend is expected to continue until 2030, when the whole sub-
catchment will have an imperviousness of 27%, the areas within the borders of Tuusula will reach
43% whereas the area in Vantaa will have 22%, still below the threshold of a non-supporting

stream. The development of imperviousness in this subcatchment is shown in figures 5.6 — 5.10.
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Figure 5.6 The level of imperviousness in subcatchment 1, separated for Vantaa and Tuusula in 1977.

Figure 5.7 The level of imperviousness in subcatchment 1, separated for Vantaa and Tuusula in 1982.
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Figure 5.8 The level of imperviousness in subcatchment 1, separated for Vantaa and Tuusula in 1992.

Figure 5.9 The level of imperviousness in subcatchment 1, separated for Vantaa and Tuusula in 2007.
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Figure 5.10 The level of imperviousness in subcatchment 1, separated for Vantaa and Tuusula in
2030.

5.2.1.2 Subcatchment 2

The subcatchment of the western branch has a total size of 7.57 km? of which 4.92 km? or 65%
are located within the city of Vantaa and 2.65 km? or 35% are located within the municipality of

Tuusula.

The subcatchment is dominated by the Helsinki-Vantaa airport, which opened in 1952 and hence
is present since the starting year of the analysis conducted — 1977. The development of impervi-
ousness within this subcatchment is therefore strongly influenced by the vast asphalt covered areas
of the airport. The imperviousness in Vantaa’s part of the subcatchment was 20% already in 1977
and grew only slightly to reach 22% in 2007. In 2030, the imperviousness in Vantaa’s part is ex-
pected to reach 23%. Tuusula’s part of the subcatchment, on the other hand, has been widely un-
developed, partly due to the close proximity to the airport and the associated flight paths, indicated
by an imperviousness of 3% in 1977 and 8% in 2007. The industrial development in Tuusula
within the last decade and the business park FOCUS planned to be erected will raise the impervi-
ousness to 25% in 2030, a level higher, than in the neighbouring areas in Vantaa. The develop-

ment of imperviousness in subcatchment 2 is shown in figures 5.11 — 5.15.
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Figure 5.11 The level of imperviousness in subcatchment 2, separated for Vantaa and Tuusula in 1977.

Figure 5.12 The level of imperviousness in subcatchment 2, separated for Vantaa and Tuusula in 1982.
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Figure 5.13 The level of imperviousness in subcatchment 2, separated for Vantaa and Tuusula in 1992,

Figure 5.14 The level of imperviousness in subcatchment 2, separated for Vantaa and Tuusula in 2007.
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Figure 5.15 The level of imperviousness in subcatchment 2, separated for Vantaa and Tuusula in 2030.

5.2.1.3 Subcatchment 6

The subcatchment of the western branch has a total size of 4.74 km?, of which 2.76 km? or 58%
are located within the city of Vantaa and 1.98 km? or 42% are located within the municipality of

Tuusula.

The subcatchment includes a protected green area (named korpi) on Vantaa’s side as well as resi-
dential (in the city of Vantaa) and industrial development (in the municipality of Tuusula). The
whole subcatchment was widely undeveloped until 1992 (imperviousness of 3% in Vantaa and 4%
in Tuusula) when industrial development started in Tuusula raising the imperviousness to 12% in
the Tuusula side. The continuing development in Tuusula and the residential development in
Leineld (Vantaa) increase the imperviousness to 21% in Tuusula and 12% in Vantaa until 2030.
The development of the imperviousness in this subcatchment is shown in figures 5.16 — 5.18.
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Figure 5.16 The level of imperviousness in subcatchment 6, separated for Vantaa and Tuusula in 1977
(left side) and 1982 (right side).

Figure 5.17 The level of imperviousness in subcatchment 6, separated for Vantaa and Tuusula in 1992
(left side) and 2007 (right side).




Figure 5.18 The level of imperviousness in subcatchment 6, separated for Vantaa and Tuusula in
2030.
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5.3 Run - off calculations

Rough run-off estimates were calculated based on the rational method to investigate the develop-
ment of run-off generated from constructed imperviousness (roofs, yards, roads and the Helsinki-

Vantaa airport).

The rational method calculates the peak discharge (Q [I/s]) from the drainage area (A [ha]), the

rainfall intensity (g [I/s*ha]) and the run-off coefficients c.

Q[é]zA[ha]* q[ ]*c[—]

s * ha

Even though according to Kibler (1982) the applicability of the rational method is traditionally
limited to basins less than one square mile in area, Gupta (1989) defined the method as commonly

used for catchments less than 20 mi2 (around 52 km?) in area.

Since the hydrological interpretation in this study shall only give a picture of the development of
impervious surfaces in the catchment, without trying to achieve the results of a detailed hydrologi-

cal model, the method will be used recognizing the inaccuracies implied.

The peak run-off is calculated for each subcatchment separately and since retention in the catch-

ment is neglected, a calculation for the total catchment area is not carried out.

The stormwater management design rainfall intensity used in the city of Vantaa at the moment is
120 [I / s * ha] for a rain duration of 10 minutes. However, the work of Kilpeldinen (2006)
showed, as a result of the investigation of summer rainfalls in Helsinki-Kaisaniemi, that the rain-
fall intensity for a storm event with a return period of fifty years is 297 [I / s * ha] for a duration of

10 minutes.

For a flow velocity of 1 to 2 [m / s] in the stream and the stream sections in the subcatchments
measuring between 1 and 2 km in length, a storm event of 15 minutes in duration is applicable.
According to Kilpeldinen (2006), the intensity for such a rainfall event is 255 [I / s * ha] or 1.53
[mm / min]. For the run-off estimation conducted during this work, the intensity used was chosen
to be 2551 /s * ha].
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The run-off calculation was carried out utilizing two different sets of run-off coefficients. The run-
off coefficients used for the first calculation are based on literature values (as RIL 2004) used in
the city of Vantaa. Table 5.3 below shows the values given in a publication of the Finnish associa-
tion of civil engineers (RIL 2004).

Table 5.3 Run-off coefficients for different surface condition according to RIL 2004.

Type of surface Run-off coefficient
Roofs 0.90
Concrete and asphalt surfaces, rock 0.80
Stone pavement 0.70
Well preserved gravel road 0.50
Loose gravel surface 0.30
Cultivated parks 0.20
Natural parks and rocky forests 0.15
Natural forest 0.05

For the second run-off calculation, coefficients published in the German code were used (ATV-
DVWK-REGELWERK 2000). Suggested run-off coefficients from this manual are shown in table
5.4. Since the run-off coefficients given as well in the Finnish as also in the German code are in-
dependent from the soil type and the slope of the surface, hence only concern the type of the im-
pervious surface addressed. The differences in climate between Germany and Finland are obvious,
but even when taking them into consideration while checking the applicability of continental
European run-off coefficients in northern Europe it becomes obvious that the warmer climate in
Germany should not result in lower run-off coefficients, as a result of higher temperatures and
hence higher evaporation on hotter impervious surfaces. Concluding, the applicability of the run-
off coefficients suggested in the German code is given and the run-off coefficients are therefore
applied during this estimation, to compare the results with the output of the estimation applying

the run-off coefficients suggested in the Finnish code.
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Table 5.4 Run-off coefficients for different surface condition according to ATV-DVWK-REGELWERK
2000.

Type of surface Run-off coefficient
Roofs 0.80-1.00
Concrete and asphalt surfaces 0.90
Pavement with narrow joints 0.75
Compact gravel cover 0.60
Pavement with open joints 0.50
Loose gravel surface 0.30
Grass pavement 0.15
Cultivated park areas 0.00-0.30

The run-off coefficients suggested by the German code (ATV-DVWK-REGELWERK 2000) are
in average higher than the values recommended by the Finnish code (RIL 2004). The run-off coef-

ficients used for the run-off estimation conducted during this work are shown in table 5.5.

Neither coefficient set applied here recognizes the effects of soils and slope, which are further

neglected in this average and rough comparative estimate conducted here.

For all roofs existing in the Kylmaoja catchment, the run-off coefficient 0.90 was used according
to RIL (2004) and 0.95 according to ATV-DVWK-REGELWERK (2000).

Roads were considered in the run-off calculation with a factor of 0.80 in case of asphalt cover and
0.50 in the case of gravel roads according to RIL (2004) and 0.95 and 0.60 according to ATV-
DVWK-REGELWERK (2000). Compact gravel covers are only represented in the subcatchment
areas located partly in Tuusula. No alternative pavers such as pervious asphalt were found in use

within the Kylméoja catchment.

For yard areas of detached houses as well as two family houses, both similar in structure, investi-
gation showed a proportion of approx. 50 — 50 between asphalt and gravel being in use. The com-
bined run-off coefficient yields to 0.55 (RIL 2004) or 0.63 (ATV-DVWK-REGELWERK 2000).
The value derives from 0.80 (RIL 2004) or 0.95 (ATV-DVWK-REGELWERK 2000) for asphalt
and from the coefficient 0.30 (RIL 2004 and ATV-DVWK-REGELWERK 2000) for loose gravel.
This coefficient was also used for similar areas defined in the Master Plan 2007, e.g. low-rise

housing areas.
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For yards of row and terraced houses a relation of 80% asphalt and 20% gravel was found, gener-
ating a combined run-off coefficient of 0.70 (RIL 2004) or 0.82 (ATV-DVWK-REGELWERK

2000). This value was also used for areas defined as dense low-rise housing areas.

Yard areas of apartment blocks, industrial buildings and other service facilities were found to have
asphalt covered yard areas. The run-off coefficient used for all these building types was 0.80 (RIL
2004) or 0.95 (ATV-DVWK-REGELWERK 2000).

For a little number of buildings a yard surface consisting of 100% gravel was identified and taken

into account with a coefficient of 0.30.
For schools and kindergartens a run-off coefficient of 0.30 for attached yards was applied. The
number derives from the existence of parking lots, normally covered by asphalt and larger play-

grounds or sport fields, for which Kibler (1982) suggested a coefficient between 0.20 and 0.35.

The yard areas of the two churches existing in the Kylméoja catchment, one of them with a ceme-

tery attached, were given the coefficient 0.20 (Kibler 1982).
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Table 5.5 Run-off coefficients for various surfaces investigated during this work. Calculation was carried
out separately for RIL 2004 and ATV-DVWK-REGELWERK 2000, in case of absent definitions in those
sources, values defined by Kibler (1982) were used.

Run-off coefficient

Run-off coefficient

Type of surface (ATV-DVWK-
(RIL 2004)
REGELWERK 2000)

Roofs 0.90 0.95
Roads

0.80 0.95
Concrete and asphalt surfaces
Roads

0.50 0.60
Compact gravel cover
Yards

0.80 0.95
100 % asphalt cover
Yards

0.70 0.82
80% asphalt over — 20% loose gravel
Yards

0.55 0.63
50% asphalt over — 50% loose gravel
Yards

0.30 0.30
100 % loose gravel cover
Schools and kindergarten yards 0.30 (Kibler 1982) 0.30 (Kibler 1982)
Cemetery 0.20 (Kibler 1982) 0.20 (Kibler 1982)
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5.3.1 Development until 2007

The peak discharge for each subcatchment was calculated utilizing the run-off coefficients given
above (table 5.5) and the rainfall intensity of 255 [l / s * ha] (Kilpeldinen 2000).

The result of the run-off calculation, utilizing the run-off coefficients suggested in the Finnish

code (RIL 2004) is shown in table 5.6.

Table 5.6 The peak run-off generated from impervious areas in the Kylméoja basin calculated for the
eleven subcatchments applying the run-off coefficients suggested by RIL (2004).

Area 1977 1982 1992 2007

[km?] Ql/s] Ql/s] Ql/s] Ql/s]
Subcatchment 1 2.109 1556 1667 2235 7465
Subcatchment 2 7.574 21487 21597 25133 26570
Subcatchment 3 1.332 1544 1735 3397 6802
Subcatchment 4 0.361 627 627 754 763
Subcatchment 5 0.532 1661 2228 2679 3742
Subcatchment 6 4.738 631 657 3150 7044
Subcatchment 7 0.765 679 790 3528 4537
Subcatchment 8 0.258 584 628 662 778
Subcatchment 9 0.432 727 1083 1555 1999
Subcatchment 10 1.702 5215 6225 9298 10679
Subcatchment 11 1.031 2824 3429 6214 8151

The result of the run-off calculation, applying the run-off coefficients suggested in the German

code (ATV-DVWK-REGELWERK 2000) is shown in table 5.7.

Since the design principle in any civil engineering code and thus also regarding stormwater man-

agement is, to assume the worst possible scenario, the higher values calculated according to the

German code have to be taken into account. For the estimation of run-off in 2030 and the pre-

sented improvement and mitigation approaches, the latter one is the base to estimate the results.
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Table 5.7 The peak run-off generated from impervious areas in the Kylméoja basin calculated for the
eleven subcatchments applying the run-off coefficients suggested by ATV-DVWK-REGELWERK (2000).

Area 1977 1982 1992 2007

[km?] Ql/s] Ql/s] Ql/s] Ql/s]
Subcatchment 1 2.109 1776 1896 2523 8482
Subcatchment 2 7.574 25427 25537 29232 31317
Subcatchment 3 1.332 1769 1974 3837 7781
Subcatchment 4 0.361 722 722 866 877
Subcatchment 5 0.532 1885 2529 3036 4241
Subcatchment 6 4.738 725 755 3628 8065
Subcatchment 7 0.765 768 887 3974 5109
Subcatchment 8 0.258 669 717 753 884
Subcatchment 9 0.432 818 1228 1745 2246
Subcatchment 10 1.702 5869 7005 10477 12031
Subcatchment 11 1.031 3194 3870 7080 9284

The calculated run-off estimates follow coherently the logic and results of the spatial analysis con-
ducted. Since the subcatchments are not equal in size, the larger subcatchments show naturally

higher run-off contribution.

The largest peak discharge is generated in the subcatchment 2, caused by the presence of the Hel-
sinki-Vantaa airport. As mentioned earlier, it is notable that the influence of the airport on the
Kylmdoja catchment gradually lessens with construction in other parts of the basin. The peak dis-
charge calculated for the subcatchment 2 for the year 1977 was only 20% lower than the run-off
evaluated for 2007.

The values also show the strong development in subcatchment 1 within the past 15 years, where

the run-off increase by 236% in opposite to subcatchment 10, containing the most urban areas,

where the increase of run-off within the past 15 years is less significant increasing by 15%.
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5.3.2 Scenarios for 2030

For the target year 2030, three different scenarios were calculated based on different assumptions

— one based on the results of the spatial analysis conducted and two alternative approaches.

First, the peak discharge in 2030 was calculated based on the spatial analysis conducted and fac-

tors and coefficients derived during the process.

Higher structures comprise less roofage in comparison with the constructed floor area. For the first
alternative peak run-off calculation, it was assumed, that industrial and commercial buildings as
well as apartment blocks — a variation for detached houses is not reasonable — would be con-
structed higher, than the coefficients derived from the analysis determine. The change does not
affect existing buildings, but only new structures built until 2030. The results of this assumption

are presented in the discussion chapter under point 6.1.1 as an approach for improvement.

The second alternative approach concentrated on the yard areas. The investigation showed the
importance of this run-off contributor and its influence in the catchment. In comparison with roofs,
the design of yards offers several alternative solutions, concerning both the size of the impervious
area itself and the type of surface used. An alternative would be to address yard areas with regula-
tion on maximum imperviousness surface areas and better design practices. In regard the surface
materials, for a detached house impervious surface a loose gravel cover might be as suitable as
asphalt or bricks. Large tiles with gaps as an alternative would already support infiltration of the
rainwater into the soil below and reduce the run-off. As an estimation of potential change, a calcu-
lation was carried out with run-off coefficients reflecting different surface types. This change was
only applied for the yard areas of new constructed buildings between 2008 and 2030. The results

of this assumption are presented under point 6.1.2.

A third alternative approach is presented without calculation in chapter 6.1.3. The possible posi-
tive influence of green roofs in the Kylmaoja catchment is estimated based on a study conducted

by Mentens (2005) for the metropolitan region of Brussels.

5.3.2.1 Development based on the situation 2007

Based on the relations determined between floor area, roof area and yard area, the peak discharge
generated from impervious areas in the Kylméoja catchment was calculated. The rainfall intensity

used is the same as for the years before 2007 to achieve comparable result — 255 [I / s * ha].
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The table below shows the run-off for 2007 and 2030, to illustrate the increase of run-off in the
catchment (table 5.8).

Table 5.8 The peak run-off generated from impervious areas in the Kylméoja basin calculated for the
eleven subcatchments in 2007 and 2030.

Relative
Area [km?] 2007 2030 increase
Q[l/s] (table 5.7) QIl/s] 2007 — 2030
Subcatchment 1 2.109 8482
Subcatchment 2 7.574 31317
Subcatchment 3 1.332 7781
Subcatchment 4 0.361 877
Subcatchment 5 0.532 4241
Subcatchment 6 4.738 8065
Subcatchment 7 0.765 5109
Subcatchment 8 0.258 884
Subcatchment 9 0.432 2246
Subcatchment 10 1.702 12031
Subcatchment 11 1.031 9284

Figures 5.19 — 5.23 show the influence of yard area surfaces on the run-off in the Kylmdoja
catchment and the importance of their consideration in urban planning. The run-off generated from
yard areas follows the increase of run-off accumulated from roofs over the five decades in obser-
vation and in 2030 the yard areas will account for 34% of the generated run-off exceeding the

contribution by the building roofage which will account for 30% of the generated run-off.
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Generated run - off in the Kylm&oja catchment 1977
Q[l/s]
B Roofage
B Helsinki - Vantaa 68(()’7
Airport 16 %
18379
50 %
B Yards
7472
18%
B Roads
6559
15%

Figure 5.19 The run-off in the catchment assorted by origin in 1977 calculated with a rainfall intensity
of 255 [1 / s * ha] (Kilpelainen 2006) and the imperviousness determined during this work.

Generated run - off in the Kylm&oja catchment 1982

Q[l/s]
B Helsinki - Vantaa B Roofage
Airport 83(?)6
21825 18%

B Yards
8059
18 %

'

B Roads
7913
17%

Figure 5.20 The run-off in the catchment assorted by origin in 1982 calculated with a rainfall intensity
of 255 [I /s * ha] (Kilpelainen 2006) and the imperviousness determined during this work.
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Generated run - off in the Kylm&oja catchment 1992
Q[l/s]
B Helsinki - Vantaa
Airport W Roofage
21825 14748
34% 23%

B Yards
15159
24 %

B Roads
12350
19%

Figure 5.21 The run-off in the catchment assorted by origin in 1992 calculated with a rainfall intensity
of 255 [1 / s * ha] (Kilpelainen 2006) and the imperviousness determined during this work.

Generated run - off in the Kylm&oja catchment 2007

Q[l/s]
B Helsinki - Vantaa B Roofage
Airport 21458
24166 25%

28%

B Roads

23915
27 %

Figure 5.22 The run-off in the catchment assorted by origin in 2007 calculated with a rainfall intensity
of 255 [I /s * ha] (Kilpelainen 2006) and the imperviousness determined during this work.
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Generated run - off in the Kylm&oja catchment 2030
Q[l/s]
B Helsinki - Vantaa
Airport
24166
19%

B Roofage
38654
30%

B Roads
21165
17%

B Yards
43240
34%

Figure 5.23 The run-off in the catchment assorted by origin in 2030 calculated with a rainfall intensity
of 255 [1 / s * ha] (Kilpelainen 2006) and the imperviousness determined during this work.
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6 Discussion and concluding remarks

The overall aim of this Master’s thesis was to investigate the development of land-use within the
urbanizing Kylméoja watershed and associated effects of these land-use changes on the Kylmdoja
urban stream. To investigate changes that both have a significant effect on the stream and are
quantifiable focus was narrowed down analyzing the significance of development regarding three
types of impervious surfaces generally represented in urban surroundings: building roofs, yard

areas and roads.

Since watersheds are naturally independent from municipal borders, this project had to cope not
only with the variety of data existing in the city of Vantaa where the majority of the catchment
resides in but also with the differences in the nature of the datasets available in Vantaa and in
Tuusula. Varying levels of city planning as well as varying quality of datasets had to be equalized

to achieve uniform results for the entire Kylméoja catchment.

The catchment area for the Kylmaoja stream was delineated utilizing a digital elevation model and
then modified, based on the stormwater sewage system data available. The area of the Kylmdoja
catchment was found to be 20.84 km2 of which 15.72 km?2 or 75% is located in the city of Vantaa
and 5.12 km?2 or 25% is located in the municipality of Tuusula. The stream consists of three major
headwater regions uniting to the main stream, further three lower branches join the main stream
along its lower course. The catchment was therefore divided into six subcatchments for each sepa-
rate branch and five subcatchments for the sections of the main stream between the junctions, re-

sulting in a total of eleven subcatchments.

An investigation of the development of the three surface types (roofs, yards and roads) was carried
out, based on existing and newly created databases for the time span between 1977, the year of the
earliest documented discharge measurements in the stream, and 2007, the introduction year of a
new city of Vantaa Master Plan. Base, on the other hand, for the forecasted development in the
basin until 2030 and therefore also base for the analysis for Vantaa was the land-use map of the
Vantaa 2007 Master Plan in combination with estimated data on future construction provided by
the Vantaa city planning department of the city of Vantaa. The 2030 estimation for areas in

Tuusula was based on land-use plans existing on various city planning scales.

Due to different availability of information in the city of Vantaa and the municipality of Tuusula,

the investigation of impervious areas had to use different approaches.
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The research for areas within the borders of the city of Vantaa for rooftops and yard areas was
based on the floor area of buildings, determined from the plot-ratio used in urban planning. The
roof area (using a database provided by the city of Vantaa) and the yard area (determined by the
investigation of orthophotos) were set into relation with the floor area and coefficients were de-
termined. Those coefficients were then used to estimate the impervious area from roofs and yards
in 2030 based on plot-ratios on potential building sites and the difference of utilized and possible
maximum plot-ratio on a lot. Road surfaces were directly analysed using a database provided by

the city of Vantaa and general maps to identify unknown years of construction.

For areas located within the borders of the municipality of Tuusula, orthophotos and general maps
were used for identification of rooftops, yard areas and road surfaces. Since the created database
contained no information about the floor area, the relation between roof area and yard area was
established with coefficients. However, the 2030 forecast utilized plot-ratios and hence floor area,
as it is the common urban planning tool and therefore a relationship between floor area and roof
area was needed after all also for Tuusula, despite the lack of information on the floor area situa-
tion before 2007. To define this relationship also for the areas in Tuusula, areas in Vantaa similar

in land-use were selected, and the established Vantaa coefficients applied to the areas in Tuusula.

Impervious area in the Kylméoja catchment grew between 1977 and 2007 and will continue to
increase by almost 38% from 2007 until the year 2030. The investigation carried out also showed
the growing influence of the municipality of Tuusula land-use on the Kylmadoja stream within the
coming decades. The areas north of the city of Vantaa borders contributing run-off to the stream
have been mainly in their natural shape till the mid 1980°s, not generating significant run-off to
Kylméoja. Focus on industrial development in these areas since the 1990’s has resulted in constant
construction and permanent increase of impermeable surfaces, at a much higher pace than occur-
ring in Vantaa. The results of the analysis showed, that share of impervious areas in Tuusula will
reach 25% of the total impervious area in the catchment by 2030 and thus reach the proportion of

catchment between the municipalities also in terms of constructed impervious surface area.

In 2007 the roof area within the Kylmdoja catchment accounted for 23% of ultimate impervious-
ness, with a total roof area of almost 890000 m2 The roof area in the catchment is expected to
grow by 80% to reach 1595625 m? in 2030, based on the spatial analysis carried out. In 2030, 30%
of the ultimate imperviousness within the Kylméoja catchment will be contributed by rooftops. A
comparison of the development in Vantaa and Tuusula showed the following result. In 2007, 19%

of the ultimate imperviousness in the catchment was contributed by roofs in Vantaa and 4% came
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from roofs in Tuusula, in 2030 this values will raise to 23% for Vantaa and 7% from Tuusula. In
terms of total roof area in the catchment, that means that the proportion between Vantaa and
Tuusula was 84% (Vantaa) to 16% (Tuusula) in 2007 and will be 77% (Vantaa) to 23% (Tuusula)
in 2030.

The analyzed figures allow the conclusion, that the increase of roof area in Vantaa will also until
2030 be at a very high level, even though the relative fragment is smaller compared to earlier
years, which is mainly caused by the higher number of densely built areas existing. Nevertheless
the addition of 468430 m” between 2007 and 2030 is the highest increase over a time span of 23
years in the Kylmaoja catchment ever. More than 10% of the total growth of roofage in the Vantaa
part of the catchment will happen in the subcatchment 6, indicating the importance of stormwater

management for this area.

The increase of road surface is minor from 2007 until 2030, due to the dense road network existing
in Vantaa by 2007. The explanation for the minor increase of road surface, compared to building
roofs and yard areas, in Tuusula’s part of the catchment might be the type of land-use. Industrial
buildings are large in dimension and therefore industrial areas require a wider or less dense road
network than residential areas. Nevertheless, the positive effect interpretable from a scarce road
network is more than questionable, since the saved area is more than only compensated by the vast

yard surfaces of these buildings.

An important aspect of the spatial analysis was the focus on the yard area condition. Aim was to
investigate the dimension, the condition and their fraction of the ultimate imperviousness within
the Kylméoja catchment. The investigation first revealed that neither of the two municipalities
involved has a database about these areas, hence a new database had to be created based on ortho-
photos accompanied by site visits to verify surface materials. Research found that yard areas will
account for 36% of impervious surface in the Kylméoja basin in 2030, more than one third of the
total imperviousness. The extent and ongoing growth of impervious yard surface in Tuusula is
especially significant, caused by the high degree of industrialisation. The impervious yard area in
Tuusula alone will account for 14% of the ultimate imperviousness within the catchment in 2030,
twice as much as roofs (7%) and even almost four times more than roads (3%). Besides the exten-
sion of these areas the industrial focus in Tuusula also implies, that practically 100% of these yard
areas is asphalt covered, thus highly impervious. Detached houses, as an example were found to
have typically 50% of their driveways covered with asphalt and 50% with gravel surface. The yard

area determined within the borders of the city of Vantaa accounted for 21% of the ultimate
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imperviousness in the catchment in 2007 and is expected to reach 22% in 2030. In terms of total
impervious yard area in the Kylmdoja catchment, the proportion between Vantaa and Tuusula was
72% (Vantaa) to 28% (Tuusula) in 2007 and will be 58% (Vantaa) to 32% (Tuusula) in 2030.

The importance of the traffic component, which is not sufficiently considered yet in urban plan-
ning, became apparent in the results of this study. Trafficking area associated with roofage can,
according to Schueler (1994) range from 63% to even 70%, depending on the layout of parking
facilities and streets, for a medium density suburban area. In the case of this study carried out, the
run-off generated from impervious area accounting for traffic, in this case yards and roads, ac-
counts for 51% of the total run-off in 2030. The proportion of little above 50% might be explained
with the influence of the Helsinki-Vantaa airport on the catchment (19% of the run-off in 2030

will be generated there), lowering the influence of conventional traffic area.

The imperviousness of the catchment and the effects on the Kylméoja stream according to the
three integrity urban stream classification by Schueler (1994) was investigated during this work.
No such classification exists for catchments in Finland whereas the Schuler’s classification is
based on a large number (18) of catchment-stream relationship studies carried out across the USA.
Schueler defined three classes, regarding the effects of imperviousness level in the catchment in
his work: Sensitive streams (0-10% of imperviousness), impacted streams (11-25% of impervi-

ousness and non-supporting streams (26-100% of imperviousness).

Here the imperviousness, defined as the proportion between impervious and other area (“green”
area in Schueler’s definition) in catchments of urban streams was quantified and the stream sec-
tions classified accordingly. The imperviousness of the whole catchment was 9% in 1977 and 10%
in 1982, classifying Kylmdoja as a sensitive stream in those years. By the year 1992 Kylmdoja
reached the class of an impacted stream, with 14% of imperviousness in 1992 and 19% in 2007. In
the year 2030 the imperviousness in the catchment is expected to reach 26% classifying Kylmaoja
as a non-supporting stream. The results at the subcatchment scale showed that in 1977 six sub-
catchments were sensitive and five subcatchments impacted. In 2007, only one subcatchment was
classified as sensitive anymore, whereas five subcatchments were impacted and another five sub-
catchments were already above the threshold of 26%, classifying the sections as non-supporting.
This trend is expected to continue and in 2030, no section of Kylméoja will be sensitive anymore.
Four subcatchments, namely C2, C4, C6 and C8 will be impacted according to Schueler (1994)
and seven subcatchments, C1, C3, C5, C7, C9, C10 and C11 will be non-supporting.
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This development is alerting and has to be taken into account in urban planning processes, as well

in the city of Vantaa as also in the municipality of Tuusula.

The estimation of generated run-off in the Kylméoja catchment was conducted with two different
sets of run-off coefficients. The first one applied was based on the Finnish code (RIL 2004) which
is currently used in the city of Vantaa and the second set was the one suggested in the German
code (ATV-DVWK-REGELWERK 2000). Since the run-off coefficients in the German code were
higher in average than those suggested by RIL (2004) and used in Vantaa, the German recommen-
dation was used for the further calculation for two reasons: First run-off coefficients in Finland as
well as in Germany are independent from climate conditions and should hence be the same for
impervious surfaces in both countries and second, the ultimate limit state scenario, base of any
civil engineering code and hence also applicable in stormwater management practices requires the

application of German coefficients, since their application results in higher run-off.

The estimation of run-off generated from the observed areas showed a significant increase until
2030. The more detailed influence of the changes on the discharge in Kylméoja stream require
more detailed hydrological modelling, which was beyond the focus in this thesis. The accumulated
run-off will increase in each subcatchment until 2030, and for the whole catchment will grow by
41%.

The distribution of generated run-off, different run-off coefficients taken into consideration, for
the four categories analyzed (besides roofs, yards and roads the Helsinki-Vantaa airport) was
found to be as follows. In 1977, 50% of the run-off in the catchment was accumulated at the Hel-
sinki-Vantaa airport, 16% came from rooftops, 18% from yards and 15% were generated from
road surfaces. In 2007, to proportion of the run-off from Helsinki-Vantaa airport decreased to
28%, whereas all the other components increased: 25% from rooftops, 27% generated from yards
and 20% from road surfaces. This trend is expected to continue and in 2030. The Helsinki-Vantaa
airport will account for mere 19% of the generated run-off within the Kylmaoja catchment, road
surfaces will contribute 17%, rooftops 30% and yard areas will account for 34% of the total run-
off within the Kylmaoja catchment. Due to the fact that the asphalt paved area of the airport resid-
ing in the catchment grew only very little within the past decades and will not grow anymore, the
domination of the airport in the Kylmdoja catchment imperviousness share decreases with further
construction in the other areas of the basin. Besides the restriction of construction on the airport
territory itself, the existence of the airport also restricts construction in areas reserved for aviation

traffic in the approach paths. This prohibition of construction leads to large unbuilt areas,
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especially north and northeast of the territory. As a conclusion in can be said that, even though the
impact of the existence of the airport in Vantaa and the Kylméoja catchment brings inconven-
iences for residents and impacts on nature, its existence with the side effects mentioned, can be
also seen as an advantage for the catchment, even from the environmental point of view. While the
airport area is a large concentration of imperviousness, it sets aside vast forested areas. Naturally
this mitigation by new construction is relative, since the importance only lessens in comparison
with the total impervious area in the catchment and does not consider near the site of formation

effects on peak flow and water quality.

The run-off generated from the asphalt surfaces of the Helsinki-Vantaa airport, which is contami-
nated with de-icing materials used in aviation, has specific impact on the water quality of recipi-
ents, distinct from roofs, yards and roads. The effects of the airport run-off on the Kylméoja
stream water quality have been investigated by Maria Tiensuu (2008) in a pro-gradu work, and the

reader is referred to her study for more detailed information.
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6.1 Approaches for improvements

6.1.1 Higher structures reduce the roof area

Since the generated run-off from a building depends on the contributing roof area, a structure de-
signed high — with several floor levels — seems, in first place preferable to a low structure with the
same overall floor area. Due to the fact that detached row houses very rarely consist of more than
two floors, the importance of this conclusion is restricted to industrial buildings, office and apart-

ment blocks.

Assuming furthermore, that the demand of parking lot area for these types of buildings depends on
the number of workplaces or inhabitants of the apartment block, and hence on the floor area after
all, the positive effect of the high-rise buildings on the run-off will be reduced by the constructed

impervious yard area.

High estate prices and limitation of available space, as the case for the entire Helsinki metropolitan
area, consequently lead to the result that construction will always try to meet the maximum plot-
ratio defined for an estate, to optimize both profit and utilisation of the land purchased and avail-

able.

As a conclusion of these three points it is obvious that an available piece of land will always be
used in the most efficient way, in first place in the economical point of view. And since the in-
vestment for parking lots even with the ground is much lower than the financial investment for
parking garages, the latest new parking garage at the Helsinki-Vantaa airport is documented with a
price of 11250€ / car space (Aho, O. - Betoni 03/2008), it is likely that available space on an estate
will be used for construction of parking lots, if not needed for the building structure itself, even so
far, that the positive effect of the high-rise building tends to zero. Nevertheless the influence of
floor area-roof area factors and the effects of possible variation of those are discussed here to in-

vestigate the potential of this mitigation approach.

The lowest coefficient between roof area and floor area for apartment blocks in the Kylméoja
catchment is 0.37 in subcatchment 11. The lowest factor for industrial buildings identified is 0.40
in subcatchment 5. Both values derive from buildings constructed between 1993 and 2007. A coef-
ficient of 0.40 would mean practically, that a building with a floor area of e.g. 500 m? would have

a corresponding roof area of 200 m2. Including outer walls and areas not counted to the living area,
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this value would be valid for a building with three to four floors, not an unusual picture in Vantaa
as well for residential buildings as for office buildings at the moment.

If we would now progressively try to use a coefficient of 0.20, that would describe a building of
approximately six floors, no skyscraper yet, but higher than the average in the catchment. With

this relation the run-off generated would look as follows (table 6.1).

Table 6.1 The peak run-off generated from impervious areas in the Kylmaoja basin calculated for the
eleven subcatchments in 2007 (conventional) and 2030 (conventional and alternative).

2007 2030 :
Area [km?] QIl/s] QIl/s] 2050 Reduct-lon
(table 5.7) (table 5.8) Qll/] potential
Subcatchment 1 2.109 8482 12760
Subcatchment 2 7.574 31317 42557
Subcatchment 3 1.332 7781 10872
Subcatchment 4 0.361 877 1057
Subcatchment 5 0.532 4241 4740
Subcatchment 6 4.738 8065 17941
Subcatchment 7 0.765 5109 6589
Subcatchment 8 0.258 884 1349
Subcatchment 9 0.432 2246 3016
Subcatchment 10 1.702 12031 13714
Subcatchment 11 1.031 9284 12620

Since the height of buildings only affects multi storey buildings and office blocks to be con-
structed, the largest effect can be seen for subcatchments having a large potential for these build-
ing types. A reduction of approximately 3550 [l / s] or 8% is possible for subcatchment 2, and
2900 [l / s] or 16% could be the reduction potential for subcatchment 6. Both subcatchments are
dominated by industrial development in Tuusula and subcatchment 6 additionally by the residen-

tial development in Leineld. The reduction in subcatchment 1 could be 1100 [I/ s] or 9%.

Even though the attempt to support high and therefore slim structures for these building types
offers a potential for reduction of run-off, it is uncertain how large the effect could really be in
reality. The question how the yard areas belonging to structures are designed is crucial. The reduc-
tion of roofage is only then a reasonable approach, if the saved impervious area is not compen-

sated by construction of parking lots, clearing the positive effect.
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6.1.2 Focus on the yard areas

As stated earlier the yard areas contribute significantly to the total storm water run-off. The inves-
tigation showed a share of 50% asphalt and 50% gravel for detached houses, 80% asphalt and 20%
gravel for row houses and 100% asphalt for apartment blocks, office buildings and structures with

industrial purpose.

Alternatively to the previous calculation, the run-off was calculated with different run-off coeffi-
cients. The run-off coefficient for detached houses and low-rise housing areas used was 0.63. If we
now assume that instead of asphalt, the utilisation of gravel, wide tiles, alternative pavers or vege-
tated areas would be supported, the combined run-off coefficient could be 0.43 — still 20% asphalt

cover, but more pervious materials (80% of the area).

For row-houses we could lower the value from 0.82 identified earlier, to 0.63, the value used ini-
tially for detached houses. That would mean a reduction of asphalt by 40% compared to the situa-
tion for buildings constructed between 1993 and 2007. The difference would be replaced by loose

gravel.

The definition of yard areas for offices and apartment blocks is difficult, because of the large di-
mension of this surfaces and the high degree of use. But we could anyway try to assume, that 20%
of the area could receive a pervious vegetated surface instead of the pavement which would result

in a run-off coefficient of 0.82.

All the changes are, as conducted for the higher structure approach, applied for buildings to be
constructed until 2030.

The results of the peak run-off, if all new buildings yards would be constructed like described

above, would look as follows (table 6.2).
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Table 6.2 The peak run-off generated from impervious areas in the Kylméoja basin calculated for the
eleven subcatchments in 2007 (conventional) and 2030 (conventional and alternative).

2007 2030 .
Area [km?] o/l o/ 2030 Reduction
QIl/s] potential
(table 5.7) (table 5.8)
Subcatchment 1 2.109 8482 12760
Subcatchment 2 7.574 31317 42557
Subcatchment 3 1.332 7781 10872
Subcatchment 4 0.361 877 1057
Subcatchment 5 0.532 4241 4740
Subcatchment 6 4.738 8065 17941
Subcatchment 7 0.765 5109 6589
Subcatchment 8 0.258 884 1349
Subcatchment 9 0.432 2246 3016
Subcatchment 10 1.702 12031 13714
Subcatchment 11 1.031 9284 12620

Even though the reduction of run-off achieved with this attempt does not reach the effect of the
reduction of roof area, the approach still does cause positive effects with very little constructive
and financial effort. The reduction possible in the subcatchments 2 would be 1200 [l / s] or 3% and

in subcatchment 6 would be around 1400 [l / s] or 8%.

In contrast to the attempt of supporting higher structures and also the later discussed green roofs
(chapter 6.1.3), the reduction of impervious yard area is applicable also to existing yards, even
though the changes in yard surface types were only applied for the buildings to be constructed.

6.1.3 Green roofs

More green areas in cities would not only have a positive ecological effect, and especially rain-
water run-off quantity and quality improvement, but also enhance life quality in urban areas. Un-
fortunately, due to limited space and high land prices, the recreation and preservation of green
areas in urban circumstances have been viewed very expensive if not even impossible. (Mentens
2005)
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Since in the Kylmdoja catchment in 2030, roofs will account for almost one third of the run-off,

the mitigation of these areas is worth evaluating.

Mentens (2005) conducted an intensive literature review to investigate the actual effect of green
roofs on the yearly run-off in Brussels and found that extensive roof greening — a substrate layer
between 30 and 140 mm in depth — on 10% of the roofs would reduce the annual run-off in the

urban area by 2.7%.

Table 6.3 Run-off coefficients for green roofs (Mentens 2005).

Substrate layer depth (mm) and runcfl (% of tal annual precipitation) characteristics of the literature data s¢t on an annual level
Intensive green Exlensive green Gravel-covered Non-greened rool
ool fn=11}) roof (n=121}) roat {n=¥) {n=5)
Substrale kyer
Depth (mmm)
Ml 150 3 A0 !
Maximum 350 140 50 !
Median 150 100 50 f
Average 210 1060 a0 !
RunofT (%)
Minimum 15 19 i 62
Pl i m 35 73 56 a1
Median 25 55 75 83
Average 25 30 Tt &l

Table 6.3 shows the differences in run-off coefficients between a non-greened roof and extensive
and intensive green roof covers. The average run-off coefficient reduces from 0.81 down to 0.50
for an extensive (substrate layer depth 100mm) green roof and further to only 0.25 for an intensive
(substrate layer depth 210mm) green roof. An extensive green roof is applicable for almost any

roof inclination. (Mentens 2005)

Since the run-off behaviour of green roofs undergoes seasonal changes and requires more detailed
peak run-off calculation, the actual effects for the Kylmaoja catchment are not evaluated here.
Nevertheless, the following estimation can be concluded:

We assume, as done in the study for Brussels, that 10% of the buildings in the Kylmé&oja catch-
ment receive an extensive green roof, reducing the run-off by approximately 38%, till 2030. The
investigation showed that 30% or almost one third of the generated run-off in 2030 will derive
from roofs. The reduction of run-off by 38%, applied for 10% of the rooftops in the catchment,
results in a total reduction of 3.8% for the run-off generated from roofage. Applying this reduction
valid for one third of the run-off on the overall discharge in the catchment, the run-off in the

catchment could be reduced by 1.15%. As mentioned, neither seasonal changes nor climate differ-
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ences between the area in Belgium and Finland were considered, but the estimation shows the
potential of run-off reduction.

Figure 6.2 The city hall after installation of the green roof in summer 2004
(City of Chicago).

147



6.2 Concluding remarks

The results of this investigation showed the importance of including roof area as well as detailed
yard area information to municipal building databases to allow for run-off estimation. A database,
which contains run-off related information, as well for buildings as also for the discussed yards, is

the base of a realistic run-off analysis.

This investigation showed that the land-use changes within the Kylmdoja catchment have been
very rapid. The magnitude of effects on the stream morphology and habitat are largely yet to be
seen in the coming decades. Strong efforts should be made for cross boundary sustainable plan-
ning and management to save the Kylmaoja as an as lively stream as possible to the delight of

people and wildlife living within the catchment impact area.

Based on the estimated run-off, approaches for reduction of stormwater run-off were evaluated.
The attempt to support construction of higher buildings, thus having less roofage, applicable only
for buildings to be constructed, resulted in significant run-off reduction. Nevertheless this tool is
not powerful without care for the green areas saved on plots then. If the green area recreated with

the reduction of roof is replaced by parking places, the positive effect is diminished.

The investigation of yard area dimension and quality brought unexpected results. The contribution
of impervious yard area for low-rise housing areas equals approximately the roof area of build-
ings, in the observed time spans. The results also showed the importance of close investigation of
the yard area for run-off estimation. As shown in the hydrological interpretation (chapter 5) earlier
in this document, more than one third of the accumulated run-off in the Kylméoja catchment in
2030 will derive from impervious yard surfaces, which are not fully considered yet during urban

planning processes.

The attempt to reduce asphalt surfaces on yard areas seems to be the easiest mitigation approach
applicable in the Kylmdoja catchment. In a proposed mitigation scheme yard areas of detached
houses contained no asphalt, row houses at the maximum 50% and apartment blocks, office build-
ings and industrial facilities not more than 80%. These changes were only applied for development
yet to be constructed, and in such an estimate proved to be less effective than the reduction of roof
area for to be constructed buildings. Nevertheless, reduction of impervious yard surfaces is, com-
pared to the reduction of roofs, applicable for any building, also already constructed, and related

with little financial expenses. Recognizing that 34% of the accumulated run-off for Kylmaoja will
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derive from impervious yard areas, the run-off mitigation potential of those is of major importance

to reduce degrading the effects of developed land in the catchment on the Kylmd&oja stream.

The approach of introduction and support of green roofs in the catchment showed an estimated
reduction potential of stormwater run-off of 1.15% for the assumption, that 10% of the roofs in the
catchment would have an extensive green roof installed. Exact calculation requires a detailed
stormwater run-off model not carried out during this project — especially considering climate con-
ditions and seasonal changes in the Kylméoja catchment. Since 30% of the stormwater run-off in
the catchment is generated from building roofs, the reduction potential of these surfaces is obvi-
ous.

The development of ultimate imperviousness within the Kylmaoja catchment showed that the key
resource objective for the Kylméoja is to mitigate the impact of land-use by applying effective
stormwater management practices. In 2007 only one section of the stream, namely the eastern
headwaters, is evaluated to be sensitive. Five sections have to be classified as impacted streams
and for five sections the ultimate imperviousness is already above the threshold value of 25%, and
hence these are classified as non-supporting. Thus, in accordance with research on urban stream
health reviewed by Schuler (1994), it is of high importance to maintain or improve the impact of
land-use for these sections, to avoid a continuous decrease of stream health and water quality. For
the five non-supporting sections of the stream, downstream water quality protection has to be the
main objective, achieved by effective urban pollutant removal. Without the application of suitable
actions the condition of Kylmaoja will further degrade until 2030, and as a result of land-use de-
velopment, in four subcatchments the stream section will be impacted and will in seven subcatch-

ments reach the conditions of non-supporting streams.

The name of the Kylmdoja stream, “‘Cold Stream’, reflects the many springs, cold water, and cold
water associated species that relate to Kylmaoja. It is evident that reintroduction of such species as
trout to Kylmaoja will never succeed unless the catchment land-use planners and managers will

recognize the degrading habitat effect of heat from impervious urban surfaces on the stream.

This thesis and the conducted research should be the base of a detailed hydrological model applied

to the Kylmaoja basin, which exceeded the limits of this work and was therefore not carried out.
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APPENDICES

Appendix A The development of the roof area in Vantaa between 1977 and 2007, assorted by the subcatchments and the building catego-
ries used by the city of Vantaa.
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Appendix B The development of the roof area in Vantaa between 1977 and 2030, assorted by the subcatchments and the building catego-
ries defined during this project. These are detached houses / row houses / town houses and apartment blocks for residential
buildings, services for public buildings and maintenance and work places for industrial buildings and office blocks.
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Appendix C

The development of the roof area in Vantaa between 1977 and 2030, assorted by the 11 subcatchments.
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clVantaa
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7%
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5%
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Roofareain Vantaain 2030 [m?]
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Appendix D The development of the roof area in Tuusula between 1975 and 2030, assorted by the subcatchments and the building catego-
ries defined during this project for Tuusula. These are residential for all buildings with private utilisation and industrial for all buildings
with work — related purposes.
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Appendix E The development of the roof area in the entire Kylmaoja catchment between 1977 and 2030, assorted by the 11 subcatch-

ments.

Roof area in the Kylmioja catchment in 1977 [m?2]
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Roof area in the Kylm&oja catchment in 1992 [m?]

o c8 c7
29759 10848 65505
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6%

Roofarea in the Kylm&oja catchment in 2007 [m?]
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Appendix F The development of the impervious yard area in Vantaa between 1977 and 2030, assorted by the subcatchments and the build-
ing categories defined during this project. These are detached houses / row houses / town houses and apartment blocks for
residential buildings, services for public buildings and maintenance and work places for industrial buildings and office blocks.
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Appendix G

The development of the impervious yard area in Vantaa between 1977 and 2030, assorted by the 11 subcatchments.

Impervious yard surface in Vantaain 1977 [m?]
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Impervious yard surface in Vantaa in 1992 [m?]

clVantaa
34127 c2 Vantaa
5% 54684

9%
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0y
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Impervious yard surface in Vantaa in 2007 [m?]
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Appendix H The development of the impervious yard area in Tuusula between 1975 and 2030, assorted by the subcatchments and the

building categories defined during this project for Tuusula. These are residential for all buildings with private utilisation and
industrial for all buildings with work — related purposes.
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Appendix I The development of the impervious yard area in the entire Kylméoja catchment between 1977 and 2030, assorted by the 11

subcatchments.

Impervious yard surface in the Kylmioja catchmentin 1977 [m?]
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46875 21756

c9 c8 c7 €6 9%
11370 8558 808813710
3% 2% 2% 4%

Impervious yard surface in the Kylmioja catchment in 1982 [m?]

o 24C0131
53222
13% 6% 2

© g C 9%
13255  ggap 9628 14202
3% 2% 2% 4 %




9.7

Impervious yard surface in the Kylméoja catchmentin 1992 [m?]
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3% 1% 7%

Impervious yard surface in the Kylmioja catchmentin 2007 [m?]
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Appendix J The development of impervious road surface in the entire Kylméaoja catchment between 1977 and 2030, assorted by the 11

subcatchments.

Impervious surface from roads in 1977 [m?]
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Impervious surface from roads in 1992 [m?]
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Appendix K The development of the total impervious surface in the entire Kylméoja catchment between 1975 and 2030, assorted by the
investigated categories. These are the roof area, the impervious yard area and road area, all separated for VVantaa and Tuusula,

and the Helsinki — VVantaa airport.

Distribution of imperviousness in the Kylmé&oja catchment
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Distribution of imperviousness in the Kylmé&oja catchment
2007 [m?]
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Appendix L The development of the total impervious surface in the entire Kylmaoja catchment between 1975 and 2030, assorted by the 11

subcatchments (separated for Vantaa and Tuusula).
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Appendix M The development of the total impervious surface in the entire Kylmaoja catchment between 1975 and 2030, assorted by the 11

subcatchments.
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Generated run - off in the Kylm&oja catchment 1992
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