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Summary

An assessment method of microclimatic conditionauiban regions is presented. The
proposed method defines quantitative and qualgafeatures of the study area. Two
elements of the urban environment, wind conditiang urban development, are evaluated.
Meteorological data analysis and simulation methwdse used to determine individual

parameters.
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1 Introduction

The external environment, determined by naturalditams, such as the climate or
topography, and anthropogenic factors, that is nurtbavelopment, the density of urban
structures or the size of green areas, has a nmapact on living conditions. Dense urban
structures in city areas affect unique microclimatonditions that greatly influence
residents’ comfort. Local problems connected witbessive air flow in the vicinity of
buildings or the formation of strong turbulencesymaase in some situations. At the same
time, groupings of tall, concentrated buildings stimes cause a significant decrease in
urban ventilation. This may lead to the deteriamtf hygienic conditions and encourage
local accumulations of snow or pollution. The viatibn degree of urban areas also
depends on climatic conditions of individual resiti@ districts as they may enhance or
counteract the influence of urban development. Kmewledge of environmental
conditions and the appropriate application of teeeasment results greatly contribute to
increasing residents' living comfort. An assessmerddel used to examine wind
conditions in selected urban organisation strustiggroposed and discussed.
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2 Assessment model of microclimatic conditions

The suitability of its elements for defined aspeofshuman occupation is the basic
assessment criterion of the microenvironment. Factuch as the climate or urban
development play an important role in this resgé¢t The quantitative and qualitative
structure of the external environment may be cared in the assessment of
environmental conditions using two models: an exmbial function model and a model
based on Ohm's law. In the exponential function ehothe function base characterises
quantitative features of the environment y“=while the index exponent — its qualitative
features. The value of the function y ranges betvieand 1. No favourable features of the
environment occur for y = 0, and the ideal stateecorded for y = 1. Values x fall within
the range of variable between 0 and 1 whereas zraraye between O ando+ For the
most favourable qualitative features z = 0 the fiomcy equals 1.

In the model based on Ohm's law:

i ==t 1)

yi  value of a given parameter

U; potential, treated as favourable features oktheronment

Ri  resistance, treated as the conditions that makg-term human occupation
difficult or impossible

In accordance with Blazejczyk's [1] conception, wiroposed combining both models,
accepting the conditionz=y;* for qualitative features, the assessment model of
microenvironmental features has the following form.

y =(UXJ[§§J )

Uy, R« potential and resistance of quantitative features
Uz, R, potential and resistance of qualitative features

2.1 Assessment of wind conditions

In the assessment of wind conditions, occurrenaguincies of favourable and
unfavourable wind speeds in a given year constititantitative wind features. The
frequency of weather types favourable for subjechiuman heat perception is accepted to
be potential (i) and the frequency of unfavourable conditionsdadsistance (FR

« = NA, +0,75NA, (3)
1+ NA + N(BC)

NA;, NA,, NAz occurrence frequency of wind conditions classiisdy, A, and A
N(BC) occurrence frequency of wind conditions B a@dunfavourable for
people in the study period

For the purposes of this assessment, a weathesifdason based on the subjective

perception of various weather types was used. Woilp the weather typology devised by
the Institute of Geography and Spatial Organizatidalish Academy of Sciences [2],
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human heat perception caused by the reaction of thieemoregulatory system to
atmospheric stimuli (air temperature, wind speeat) the wind's mechanical effect on

people and environment were used as the basiaésabfiweather types.

Tab. 1 Types of wind weather

Q A unfavourable wind conditions due to decreasediaera E 0+1,0
2| A2 | wind conditions tolerable for active relaxatiomamork, clothes flapping| -5* | 1.0-3.0
E As conditions in which dust and paper are lifted 8 13.0:5.0
< | B wind force perceptible on the body, possible ingp % | 5.0:8.0
g B, impeded walking, unpleasant sounds _E 8.0-10
C difficulty in controlling walking, difficulty inkeeping balance = >10

Qualitative features of wind conditions may be diéscl by the parameters of the intensity
of wind direction changes and the mean participatibthe n wind direction. They may be

determined using the equation:

oL+l 14N,
1+1, 1+N,

(4)

In  intensity of wind direction changes for wind sgedower than 1m/s and

greater than 5 m/s
Ik intensity of wind direction changes for wind speé&:-5 m/s

Nn mean wind participation for wind speeds >5 m/s aidm/s and n wind

directions in the study period

Nk mean wind participation for wind speedssim/s and n wind directions in the

study period

The intensity of wind direction changes may be ieileed from the equation:

1 2
1’07\/Z(NNi _<NNi>)
I, = (“"1)<i=1 ] for wind speeds <1 m/s and > 5 m/s
NNi
1 & 2
107 |—— (NKi _<NKi>)
- (h-1)%= for wind speeds-45 m/

. (N)

(6)

(5)

Nyi  occurrence frequency of speeds <1 m/s and >3aniswind directions in the

study period

Nk; occurrence frequency of speeds5In/s for i wind directions in the study

period, i=1,2,...8

YNy, >N,

=5 (N =

(7)

Having substituted x, z in the general model, a etisionless coefficient of wind

conditions is obtained:
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W, { NA, +0,75NA, }L 1+NJ ®)
1+ NA + N(BC)

Climatic conditions may be assessed using the cag=gof the coefficient Was follows:
< 0.20 — unfavourable
0.20+ 0.40 - relatively unfavourable
0.40+ 0.60 — moderate
0.60+ 0.80 — favourable
>0.80 — very favourable

The above classification is the present authorggestion. Other quantitative and
qualitative parameters may be used instead ofriy@oged features of weather conditions.

2.2 Assessment of urban development

The impact of urban development on microclimatiaditons is assessed using the
organisation of a dense urban structure and thgerahtall and low vegetation areas. The
participation of the open areg, zh the total surface was considered to be thenpialeof
quantitative features of the land development cciefit Z and the participation of various
urban structures and green areas in relation tcstilndy area was considered to be their
resistance (4). The occurrence of zones for which wind speedged between 1m/s and
5m/s (%) was accepted as the potential of qualitativeutest and the participation of
zones with threatened human balance in the stusty @nd poorly aerated zoneg;Sor

the i direction, i = 1,2 ... n, was accepted ag tlesistance.

The urban organisation coefficient is as follows:

e
B Z, HSq 1S,
© 1+ 2,1+ R,) ©)
Zy=1-2Zn(1+Ry9)
Coefficients { and & are determined from the equation:
Sy S«
Sy =% S = 10
Ni So JWJV Ki SO jwjv ( )

Sni - zone surface with speeds <1 m/s and >5 m/s, ddusa varied urban structure
for i wind direction

S«i zone surface with speeds5lm/s for i wind direction

Jw  weight factor dependent on the wind direction

[ weight factor dependent on wind speed changes

S, surface of the total urban study area

R;s coefficient of urban structure density

The values of the coefficient; Znay be grouped depending on the suitability degifee
urban development@b. 2).
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Tab. 2 Coefficient of urban development assessment depgraati area suitability

Z, Urban organisation
<0.2 unfavourable
0.2+ 0.3 relatively unfavourable
0.3-0.4 moderate
0.4-0.5 favourable
>0.5 very favourable

The classification accepted after K. Blazejczykld fonception in the bioclimatic
assessment.

2.3. Overall assessment of environmental conditions

The overall assessment of environmental conditmag be described by the coefficient B

expressed by:

— Wk + Zt
2

Coefficient values may be classified on the batkBlazejczyk's [1] conception (tab. 3).

B, (11)

Tab. 3 Coefficient of the overall assessment of environtalezpnditions

By Conditions
<0.175 unfavourable
0.176 — 0.317 relatively unfavourable
0.318 — 0.459 moderate
0.460 — 0.574 favourable
>0.575 very favourable

3 Application of the method: example

The wind microclimate of two virtual residentialstticts was assessed using the above
equationsFig. 1 andFig. 2 present the urban organisation of the districechEsystem
consists of six buildings located in the suburbeeraaTwo building types were examined
in the systems: 5-storey cubes and 12-storey rgatanprisms. Minimum distances for
transport and green areas were designed betwedmitdengs. An area located in Warsaw
was analysed. Meteorological data used in the sgssag of wind conditions covered the
decade between 1976 and 1985.

Quantitative features of wind conditions were d®ieed using the occurrence
frequency analysis of individual groups and subpgsoof wind conditions. Using the
equations given in part 2 and the determined oeoge frequencies of wind weather
types, the dimensionless assessment coefficienwinfl conditions, W= 0.66, was
calculated. Urban development was assessed nelxanlstructures with constant urban
development value ;5= 3360 i were considered. The surface of the area studiEsl w
a circle with the radius &= 140 m. Coefficientsp and & were determined in numerical
simulations of the air flow around the urban systeamalysed for eight directions of air
inflow and the urban development coefficient waswated.
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Fig. 1 Wind speed distribution for west wind Fig. 2 Wind speed distribution for west wind
direction. System | direction. System Il

Tab. 4 Values of basic factors

Urban | Percentage of urba Structure Urban Overall Conditions
structure| structures and greg  density development | coefficient of
(variant) | areas in total area coefficient assessment wind
Zm R coefficient microclimate
(1- RJ/Ry) Z assessment,B
I 0,05 0,717 0,59 0,54 favourable
Il 0,05 0,802 0,35 0,42 moderate

4 Conclusion

The proposition of an assessment method of windditon in urban structures is
presented in the paper. In the second part of aipermptwo virtual residential districts with
different urban organisation have been investigdtedrder to predict wind flow patterns
around buildings numerical simulation based onkhee turbulence model has been used.
Application of this method allows for determinatitime size of the zones with different
levels of influence on pedestrian comfort and \atitin. The overall assessment of
environmental condition based mainly on wind pan@msedemonstrated that in the case of
system | wind condition can be described as faumaralhe urban organisation cause
wind speed acceleration, especially near the cerokthe buildings and thereby improve
ventilation process. The second system is charaeteiby moderate condition. This is
caused mainly by lower wind speed values compauniitly previous system. Application
of the above method allows for initial comparisdrdgferent urban structures in order to
create the comfortable environment for residentswéter this proposition refers only to
wind condition. Assessing environmental impactsiaman presence is a complex issue as
the consideration of a number of variables thatraxttarise individual occurrences is
required. In the future works more elements wilkdee into the consideration.
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