Bio-thermal conditions of some housing estatesin War saw
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Abstract. The majority of Polish population ligen urbanized
areas. Polish cities are under great pressure afnpig new
residential districts. Developers, architects armhdscape
architects propose not only new technical solutibos alsoa
new philosophy of organization of space. The modaties
should be friendlier and less stressed for citizéResidential
areas should also create optimal conditions folydautdoor
recreation for elderly people and children. The afrthe present
paper is to discuss how some architectural solstiosed in
selected housing estates in Warsaw modify bio-taerm
conditions in micro scale.

I ntroduction

Warsaw is a city with an area of about 500°kand with
significant differentiation of land use. About 2k8Y is a

built-up area (28% no-dense and 22% dense setttsjnen

Forests cover about 13% of city and 85°kis used as
meadows and fields. Relatively great area (abokng0i.e.
12%) is covered by transport system (roads and/iaga).

When analysing thermal LANDSAT image we have found !

coefficients reducing air temperatuiieRj for various types
of land use in Warsaw. They changed from 0.85 fatew
bodies up to 1.2 in dense settlements and indListréas
(Blazejczyk and Blazejczyk 1999). Spatial distribaotof

relative values of air temperature, derived fromNIASAT

image, is presented on figure 1.

Polish cities are under great pressure of planmag

residential districts. Developers, architects aaaddscape
architects propose not only new technical solutiouisalso
anew philosophy of organization of space. The gdndea

is to make cities friendlier and less stressed.ideesial

areas should also create optimal

elderly people and children. Very important is oatl use
of existing components of environment (e.g. relieftural
vegetation, hydrology, city surroundings). In misaale the
attention should be paid for building size and miadion,
the structure of trees and green carpets as wesiras|
forms of architecture (Biajczyk and Kunert 2006).

microclimatic and
bio-thermal conditions for daily outdoor recreation for

Wiodarzewska are chosen (Fig. 1).
Methods and materials

The materials used in the studies consist of twa dats:
micro  meteorological and environmental.  Micro
meteorological measurements have two time persgscti
The first one was long-term meteorological obséovet In

this purpose in each studied estates the HOBO Btra d
loggers were installed in site representated dpatia
organization of estate (so called base data).elnperature
and humidity were collected every 10-minutes 1.8bave
grass surface.
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Fig. 1. Distribution of relative values of air temmature in
Warsaw; studied housing estates indicated by redesr
Source: Kozlowska-Szsna et al., 1996

To recognize spatial distribution of bio-thermahddions
special route measurements inside the quarters mvade
on chosen days in summer 2009. Measurements were
carried with HOBO loggers in 6-12 posts over difar
surfaces and in different urban structures in estate. The

The previous research of Bijczyk (2011) shows general observers measured also wind speed and they nogéd t
spatial overview of Universal Thermal Climate Indexthermal sensation and cloud cover.

(UTCI) in Warsaw. At air temperature of about 20°CAs environmental

indicators we have used detailed

moderate heat stresdTClI of 26-32°C) can be found only inventory data regarded vegetation (type, heidhtiidings

inside industrial and very dense settled areas. édew

heights and orientation as well as surface covesa®@d

during sunny, hot, humid and calm weather seveadl h data base has been used for statistical calcuation

spells with extreme heat stress are found, espedamathe
city centre. In housing estates located at pergdhmarts of
the city bio-thermal conditions are relatively mild

spatial analyses relevant for ratio of biologicalital areas
(RBVA) and green plot ratio (GPR) for each houséstate.
RBVA is the index comprises the area of lawns, #dveds,

The aim of the present paper is to discuss how songedgerows, tops of the trees as well as groundhcesf

architectural solutions used in selected housingtes in
Warsaw modify bio-thermal conditions in micro scdter
the present paper two housing estates: Kakiego and

However, GPR is based on leaf area index (LAI),clwtis
defined as the single-side leaf area per unit gtarea.



Results and discussion getting warm quickly during the day and getting dcol
Kaminskiego estatés located on NE suburbs of Warsaw rapidly in the evening. This produce stressful thiermal
next to the open, green area. The C-shaped, mbsityrs  conditions because of great heat load in the dalycaid
blocks which form some kind of courtyards of difat  stress in the evenings (Fig. 5).

seizes (Fig. 2). The RBVA is 44.5% and GPR is \@gh

(2.25). In general, thermal and bio-thermal coodi are T
relatively mild in comparison to the city cent&fTCl is
considerably higher than on forested and open anete
close surroundings (Fig. 3). The housing estatetcstre,
the mosaic of different kind of surfaces evenlytritisited
cause that location of the warmest or the coldéstes
depend mainly on insolation. The north part oféstate is
under the influence of both: the outside open gesehhigh
leafy trees which are grouped here. It chills daasily in
the evening and stays cool in the morning and waprfast
in the afternoon (Fig. 3, measure posts 8-11)hingouth R S
part of the estatéittle warmer than others is the lawn of gy 4 schematic map of Wiodarzewska housing eistatiarsaw
south exposure (post 6). Despite of low RBVA th@atesis
characterized by high participation of leafy spsciand 32 {1000 028 Sl moming
quite favorable sensible climate. 3
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Fig. 5. Values of Universal Thermal Climate IndexX (L)) at
measuring posts at Wiodarzewska estate in Warsayv2009

Conclusions

When comparing two studied estates we can conthate
- the array of buildings enabled the advection ioffram
PN A N outside and in effect improve sensible climatenportant
Fig. 2. Schematic map of Kafskiego housing estate in Warsaw is the proper maintenance of green areas: abanddried
lawns or only recumbent coniferous plants do naitpely
27 30 noon meliorate climate and bioclimate; small flowerbeds
e m24 ulewening : T P
S adjacent to the buildings do not play any positioke for
S r bio-thermal conditions; - when fencing the estgiesple
o should prefer rather openwork, metallic fencingnttiigh
brick walls which unable infiltration of air fromutside
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