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DYNAMIC ASPECTS OF THE URBAN CLIMATE

Dynamické aspekty méstského podnebi. — Klimatologie mést je jednou z vyznamnych disciplin
v soudasné dobs se formujici geografie mdst. Zatim je pfevéZnd vénovéna pozornost méstskému
mezoklimatu a urbanistické bioklimatologii. Je v8ak nutno ve vétsi mife rozvijet i metody zpra-
covani makroklimatologickych charakteristik méstského klimatu, na né% by mohly navazovat
mezoklimatologické a bioklimatologické charakteristiky a dojit tak ke komplexnimu obrazu
klimatu jednotlivych mést a k vyerpavajicimu zevSeobecnéni tohoto problému.

Vhodnou cestou k tomu je studium vétrnych poméru, teploty vzduchu, vlhkosti vzduchu,
oblaénosti a sily (rychlosti) vétru p#i jednotlivych, zejména prevladajicich smérech vétra v sou-
vislosti s vyskytem synoptickych typi. Jsou-li takové analyze podrobena meteorologické pozoro-
vani viech ¢4sti mésta, mazeme dojit k cennym a zcela novym vysledkiim z hlediska teoretického
i praktického.

V ¢lanku je podéna ukdzka takového rozboru a hlavni vysledky jsou podany v tabulkéch.

Urban climatology is one of the important disciplines of the growing science
of urban geography. Up to the present the study of urban climate has been
developing mostly outside the proper framework of geography as an inde-
pendent branch of climatology, that is to say, partly as the subject-matter
of local climatology (mesoclimatology), partly as the subject-matter of urba-
nistic bioclimatology.

The study of urban climate is concerned essentially with two fundamenta,l
aspects of research, and at present less attention is being paid to the macro-
climatological aspects of the problem than to its local climatological (meso-
climatological) and microclimatological aspects. Thus for instance an attempt
has already been made to classify the local climate of towns into types according
to the local climatological regime conditioned by the character of the built-up
area, the orientation of streets and squares etc. (E. Quitt).

Climatological studies of this kind are, no doubt, valuable not only from the
theoretical, geographical point of view, but also as contributing important
basic information for urbanistic and building practice. They are particularly
important in view of the steadily growing concentration of town population
and the perspec.ive of the concentration of country population in future due to
the advancing industrialisation of agricultural production.

When evaluating the local climate or microclimate of towns, we cannot
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do so with full responsibility unless we take into account macroclimatological
condition and synoptic aspects of the climate. These are the most essential
factors, particularly as regards the purity of urban atmosphere. Macroclimato-
logical conditions in connection with the type of synoptic situation, and among
these especially the direction and force (velocity) of wind, the temperature
of the air, air humidity and cloudiness are most important for the planning
or reconstruction of modern towns which should be in harmony or in a sort of
equilibrium with the physiographical and economico-geographical conditions
of the region in which the towns are situated. In most cases up till now the
macroclimate of towns has been evaluated rather formally according to the
characteristics obtained by so-called classical methods. Therefore in this
study I should like to demonstrate on the example of Brno one of the possible
applications of dynamic climatological characteristics in the evaluation of
urban climate. To obtain the dynamic characteristics of macroclimatological
conditions in Brno I have used the synoptic typing of M. Konéek and F. Rein
which is sufficiently well described in literature (F. Rein, M. Kondek, M. No-
sek). -

The substance of dynamic climatological characteristics lies in that the
description of climatic elements is not bound by the calendar interval, which,
if used, serves only as a secondary parameter; it is always related to some dyna-
mic parameter. In our case synoptic types are employed as the principal,
dynamic parameter.

If we ascertain the frequency of occurence of individual synoptic types,
we can on the basis of individual means or other estimated characteristics for
these types express an opinion which type contributes essentially to the forma-
«tion of the certain climatic character of the given place, and also what tempera-
ture, humidity etc. are typical of the given place. Moreover, it is possible to
take into consideration simultaneously the whole complex of the meteorological
properties of the given synoptic type. Characteristics thus obtained have then
a synoptic climatological value. ,

An important fact is, moreover, that we can also find out the percentage
of infrequently occurring types and the manner of their climatological mani-
festation; this is important for our problem in the case that the values thus
estimated differ considerably from the average conditions.

An estimate of the share of various synoptic types in the formation of Central
European climate is illustrated in Table I compiled for the seasons of the year
for the period 1950/1959.

In the annual mean a substantial contribution to the formation of our climate
is shared by the following eight synoptic types listed in the order of their
frequency of occurence (cf. Table I): We, H, SW¢;, NWe, Be, Wa, Ce, Eec.
The share of the other types is relatively small. A more significant characteristic
is the occurrence of synoptic types in different seasons of the year. In this
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respect, even some of those types whose average annual frequency is small
become more significant. Such are the types NEc¢, Nc¢, NEa, Ea, SEa and
SWe, in spring, the types SEa and Sa in autumn, and types Wes, Ea, SWe,
in winter.

In general, the synoptic types can be divided into three groups: the first
group contains constant types which occur during the whole year, in all months;
fluctuation in their occurrence is insignificant. They are: SWe;, Be, NWe.

Table I

Relative frequencies of occurrence of synoptic types (in 9,) after the catalogue of M. Konéek
and Fr. Rein (2). Compiled by M. Nosek.

Synoptic Type Spring Summer Autumn Winter Year
We 10,1 13,8 10,9 19,9 13,7
H 10,8 14,6 16,9 9,4 13,0
SWe, 9,4 9,5 8,9 8,2 9,0
NWe 8,0 7,5 10,1 9,7 8,8
Be 8,6 9,0 9,3 7,1 8,5
Wa 2,7 12,8 6,5 4,4 6,7
Ce 6,4 6,7 4,5 6,4 6,0
Ec 6,0 2,5 3,0 7,3 4,6
Ea 4,8 3,0 2,2 3,9 3,4
SWe, 4,2 2,7 2,6 3,7 3,3
SEa 4,4 0,1 5,4 3,0 3,2
NEc 5,5 3,4 14 2,1 3,1
NEa 4,8 3,0 2,4 1,5 3,0
NWa 3,3 2,0 3,6 3,0 2,9
Ne 5,0 2,8 1,2 1,56 - 2,6
Wes 0,8 1,3 4,1 3,9 2,6
SWa, 2,4 1,5 2,8 3,1 . 2,5
Sa 2,1 0,2 3,9 1,8 2,0
(o) 0,7 3,6 0,4 0,1 1,2

The second group, characterised by a marked annual variation of occurrence,
comprises the types H, We, Ce, O, Ec, Wa, Ea, NEa, SEa, Sa. The third group
comprises types with variable frequency of occurrencein course of the year,
but without clearly marked annual variation. They.are the following: NWa,
SWa, Wes, SWe,, NEc and Ne.

It can be said that the synoptic types are essentially characterised by a cer-
tain character of circulation, by cyclonic or anticyclonic activity and by
certain values of climatic elements.

Air circulation elements of climatic conditions and climatological characteris-
tics connected with them are of the greatest importance for evaluating urban
climate.
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Therefore very valuable information concerning urban climate can be
obtained from wind-roses, especially if these are oriented on the most important
climatic elements. Table IT gives such wind-roses for Brno, for the seasons of
the year. As evident from this table, the north-west wind direction prevails
most markedly in all seasons of the year while the second prevailing wind
direction is from south-east. The frequency of the later direction increases

Table I1.

‘Wind-roses of the seasons of the year in Brno in the period 1950/59 showing air temperature — T,
relative air humidity — U, cloudiness — N, and wind force in °B — ff. Frequency of directions

in [oo — F.

N NE E SE S SW w NwW (0]
Spring
T . 4,9 7,9 11,3 10,1 18,9 11,3 9,5 8,1 5,7
U 71,1 69,5 62,1 68,6 62,0 66,9 68,1 72,1 86,8
N 3,8 6,1 5,3 5,4 8,0 6,2 6,5 5,6 5,5
ff 1,8 1,9 2,4 2,1 2,5 2,0 2,0 2,0 0,0
F 7 62 2 269 1 28 34 575 22
Summer
T 19,6 18,6 21,7 20,8 22,7 20,6 18,3 18,3 18,6
U 62,4 79,0 64,6 70,1 76,0 68,0 74,2 75,3 80,1
N 3,3 4,0 3,9 4,6 7,1 5,9 6,1 5,9 4,2
ff 2,0 1,8 1,9 1,9 1,8 2,1 2,4 2,0 0,0
F 5 36 5 229 4 44 57 589 31
Autumn
T 6,2 8,3 13,2 9,4 17,0 9,7 10,6 8,3 6,3
U 89,6 84,8 72,3 80,1 54,0 84,1 71,5 71,8 90,1
N 5,6 6,1 2,3 5,9 0,0 5,7 6,6 6,0 4,7
ff 2,0 1,8 2,3 2,1 1,0 1,8 2,1 1,9 0,0
F 7 49 4 344 1 37 40 496 22
Winter
T —2,9 —1,7 —2,8 —0,2 . 2,4 0,8 —1,2 —4,6
U 71,2 81.5 82,0 85,1 . 88,9 80,1 83,3 88,8
N 7,2 6,4 4,8 7,8 . 8,3 8,9 7,4 6,7
ff 2,6 1,8 2,2 2,1 . 1,6 2,2 1,9 0,0
F 4 55 1 342 . 24 26 524 14
Year
ff 2,1 1,8 2,2 2,1 1,3 1,9 2,2 1,9 0,0
F [ 51 3 296 2 33 40 546 23
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a little in autumn and winter, while the frequency of the north-west wind
direction slightly decreases in the same seasons of the year. The other wind.
directions are strongly suppressed which clearly reflects the influence of the
terrain configuration of the Pisarky valley on the slope of which the meteoro-
logical station analysed in our study is situated. ,

The prolongation and opennes of this valley to the south is one of the main
causes of the wind-rose deformation of low-lying ground winds.

When we follow the results given in Table II we find, for instance, that
highest air temperatures are registered if the wind direction is south, but
climatologically this fact is of little significance, since the frequency of occur-
rence of this wind direction is very small. On the other hand, of climatological
importance are the values obtained during the occurrence of the two before-
mentioned prevailling wind directions; we may conclude that in all seasons
of the year the temperatures are higher when the winds are from south-east,
than they are when the winds are north-west. Relative air humidity and clou-
diness are greater in spring and summer if winds are north-west than if they
are south-east, in autumn and winter, on the contrary, they are greater in
the case of south-east winds than they are in the case of north-west winds.

The problem is different when we try to find the respective shares of various
synoptic types in this or that wind direction. Table III illustrates these shares
in 9/,, for the seasons of the year. This table makes it clear that, in essence,
all synoptic types may have a share in the two prevailling wind directions;
it all depends on the concrete individual situations, i.e. in which part of the
cyclone or anticyclone system the given place is situated, and how the actual
air flow may be deformed by the relief of the considered place.

From this point of view the climatic characteristics of wind-roses given
in Table II which look very simple must in fact produce very complicated
effects.

The order of sequence and importance in which individual types take share
in the two prevailing wind directions and the character of their climatological
effect are shown in Table IV. This table makes it also clear how the climatic
characteristics of individual synoptic types vary under different wind directions.
Thus, for instance, in spring with the synoptic type of anticyclone over Central
Europe (H) if the wind comes from north-west the temperature is only by
+0,1° C higher than is the mean of the season of the year, if the winds are
from south-east it is higher by -+0,8°C, in summer there is no difference
between them, in the case of north-west wind direction it is lower by —0,2° C,
of south-east wind direction by —0,3° C colder than is the mean of this seson.
In autumn this type is considerably colder when the wind is north-west
direction than when it is south-east, in winter with north-west wind it is
warmer by -0,3° C, with south-east wind colder by —2,1° C than is the mean
in winter.
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Table 111.

Frequency of wind directions in °/,, according to synoptic types and seasons of the year in Brno.
Period 1950/59.

Synoptic type N NE E SE S swW W NW  Calm Total
Spring

Ne 1 4 . . 3 42 1 51
NEc . 4 5 . . . 45 . 54
Eec 1 5 1 16 . 1 2 32 1 58
SWe
SWe, 4 51 4 2 31 2 94
SWe, 4 20 1 2 12 2 41
Wes 1 . 2 . 4 2 9
We 6 17 4 7 63 3 100
NWe . 2 2 2 7 66 1 80
Be 1 b5 29 4 7 36 1 83
Ce 1 2 19 . 2 1 40 . 65

o 1 1 1 . . . 3 1 7
H 1 4 . 27 . 3 1 70 3 109
NEa 1 8 1 3 . . 1 34 1 49
Ea 11 14 . 1 . 21 1 48
SEa 2 . 32 . 1 . 8 1 44
Sa . . . 17 . . . 4 . 21
Swa 1 1 7 1 1 13 1 25
Wa . 1 4 . 21 . 28
NWa 2 1 30 1 34

Summer

Nec 1 1 1 . 1 22 1 27
NEc 1 5 1 3 22 1 33
Ec 1 2 5 . 1 1 16 . 26
SWe, 2 43 1 4 6 36 5 97
SWe, . 9 1 1 13 1 25
Wes 1 1 1 1 8 1 13
We 3 1 29 1 10 9 84 2 139
NWe 1 1 3 2 6 61 1 75
Be 3 22 4 4 56 2 91
Ce 4 1 20 2 3 5 31 3 69
(o] 1 10 4 . 20 1 36
H 4 1 38 7 5 88 3 146
NEa 4 1 18 2 25
Ea 6 1 11 12 30
SEa . . 1 2
Sa 1 . 1 1 . . . . 1 4
SWa . . . 6 . 1 1 7 1 16
Wa 1 . 20 . 13 79 5 127
NWa . 1 . . . 1 1 15 1 19
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Synoptic type N NE E SE SW W NW C(alm Total
Autumn
Ne . 1 . 10 11
NEc 1 2 4 . . 8 15
Ec 2 4 2 1 21 . 30
SWe, 3 . 58 2 1 25 2 91
SWe, 1 1 11 2 1 11 1 28
Wes 2 . 11 1 4 24 . 42
We . 6 2 28 9 11 50 4 110
NWe 1 3 7 4 8 78 1 102
Be 1 5 35 2 3 44 2 92
Ce 2 2 13 3 24 1 45
(0} . . . . . . 4 . 4
H 1 4 1 69 5 4 78 6 168
NEa 1 2 . 13 1 17
Ea 6 4 2 10 . 22
SEa 2 32 19 1 54
Sa 1 33 4 1 39
SWa . 2 17 . . 8 1 28
Wa 1 4 14 4 5 37 1 66
NWa 2 2 2 2 28 36
Winter
Ne 1 1 14 16
NEc . 2 1 . . 18 . 21
Ec 1 7 20 1 1 43 2 75
SWe, 1 56 2 2 19 1 81
SWe, . 27 1 10 . 38
Wes 3 11 3 . 20 2 39
We 13 71 9 11 93 1 198
NWe 4 10 74 2 97
Be . 4 19 2 . 44" 2 71
Ce 1 1 22 1 2 36 2 65
(0] . 1 . . . . 1
H . 5 29 2 1 57 1 95
NEa 2 2 . . . . 12 16
Ea 5 1 9 1 1 19 36
SEa 2 24 3 . 29 i
Sa . 13 3 1 17 l
SWa 2 . 23 . . 6 31
Wa 3 11 11 2 1 28 45
NWa 3 1 25 29
!
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Table IV.

Deviations of air temperature (dT), relative humidity (dU), cloudiness (dN) and wind-force (dff)
directions — NW (F) and SE (F) in the seasons of the year in Brno for the period 1950/59. The
occurrence of all wind directions. Synoptic types with frequency of less than 20 °/,, are given

SPRING
‘Wind direction

, NW SE

F.. ST dT dU 4N aff F ST 4T du dN dff
70 H +0,1 |— 6,5 +08 40,1 | 51 SWe, +1,7 |+ 33 +1,3 +0,2
66 NWe —88 |+ 07 +1,3 403 | 32 SEa +04 |— 2,7 —1,2 40,8
63 We +1,7|—06 +1,1 +04| 29 Be +3,7 |+ 3,7 +1,3 +0,2
45 NEe —23 |+ 35 +16 402 | 27 H +0,8 |— 52 —3,1 —0,3
42 Nec —2,8 | — 1,8 +0,6 +0,5| 20 SWe, +3,7 |+ 1,5 —0,7 —0,1
40 Ce +0,5 | +22,9 +4,4 0,0 | 19 Ce +0,6 | +10,3 +3,1 40,1
36 Be +2,9 | —143 +1,3 +04( 17 We +0,1 |+ 46 —0,1 +0,1
34 NEa —53|—62 —04 402 17 Sa —1,2 |+ 2,9 —2,8 40,1
32 Ee —0,7 | + 1,0 +1,3 402

31 SWe, +1,3|+103 +20 —0,3

30 NWa —1,1|— 90 —L9 402

21 Ea +1,6 | — 58 —1,6 0,0

21 Wa +08 | — 956 —0,5 —0,1

.SUMMER

Wind ‘direction
NW SE

F ST daT dau dN aff F ST dT du dN dff
88 H —0,3 |+ 55 —2,7 —0,1| 43 SWe, +1,3 |— 1,4 —0,2 40,2
84 We —0,3 | — 0,7 —0,1 00| 38 H —0,2 | — 4,7 —2,7 —0,2
79 Wa +0,6 | —32 —1,2 —0,1 | 29 We —1,0 |+ 3,7 +15 —0,1
61 NWe —1,9|—09 —0,1 +02| 22 Be 401 |+ 0,3 +0,4 +02
56 Be —0,6 |+ 50 +1,3 4+01]| 20 C —L7 |+ 65 +1,6 0,0
36 SWe, +1,0|— 33 —0,3 00| 20 Wa +1,0 |+ 1,8 —0,9 40,1
31 Ce —2,3 | +11,0 +2,8 40,1
.22 Ne —1,7 | — 2,0 40,9 +0,2

22 NEe 40,6 |+ 01 —0,1 40,1

200 O +1,4 | — 23 —1,3 —0,2
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from the means corresponding to the given direction of the wind for the two prevailing wind
share of individual synoptic types (ST) in the given wind direction is expressed in /,,: of the total
exceptionally only. The table is compiled according to the following scheme: F ST dT dU dN dff.

AUTUMN
Wind direction
NwW SE
F ST dT dU dN dff F ST dT dU dN dff
78 H +0,6 + 85 —1,6 0,0 69 H —0,2 | —0,7 —1,8 —0,3

78 NWe —0,1 | 4 6,8 +1,3 +0,3 58 SEc; +23 ! +1,1 41,3 +0,1
50 We +09 |+ 86 +1,2 40,3 35 Be +1,8 | +7,1 +2,9 —0,2
44 Be +1,5 | +153 +2,7 40,2 33 Sa +1,5 | —1,3 0,0 40,6

36 Wa 408 | 4222 —0,6 —0,2 31 SEa —0,2 | —4,3 —1,3 +0,3
28 NWa 40,1 | 4 6,2 +04 +0,2 28 We 0,0 +7,9 41,9 —0,4
25 Ec —0,3 | +11,0 404 40,1 17 SWa —0,3 | 403 —1,6 0,0

24 Wes —0,8 +16,1 +1,9 40,2
24 Cec +0,2 | +13,8 424 +0,1
21 Eec +0,3 | +11,0 +0,4 40,1
20 SEa 403 |4 68 —2,0 —0,1

WINTER
Wind direction
NWwW SE
F ST daT dU dN aff | F ST dT du dN dff
93 We +3,1 | — L3 0,0 0,1 71 We +13, | +3,6 +1,0 —0,2
74 NWe¢ +26 |— 3,0 +0,4 +0,6 56 SWe, +4,0 | +23 +1,4 40,2
57 H +03 |— 0,6 —1,8 0,0 29 H —2,1 | 40,1 —1,0 —0,3
44 Be +0,2 0,0 +0,7 —0,1 27 SWe, +08 | +7,6 +1,4 —O0,1
43 Ec —1,9 {— 29 +0,8 +40,1 24 SEa —5,2 | —7,0 —1,7 +0,3
36 Ce +37 | + 6,5 +1,6 —0,1 23 SWa —22 | +51 40,2 +0,2
28 Wa +24 | + 0,8 —1,4 -—0,1 22 Ce +1,6 | +4,3 +1,3 0,0
3% NWa —1,8 | — 6,6 —1,4 40,6 20  Ec —1,2 | +2,1 +14 40,1
20 Wes +22 |— 34 —1,2 40,6 19 Be +24 | +24 +1,8 +04
19 Ea —4,0 — 5,1 40,7 —0,1

19 SWe, +23 |+ 32 +1,7 403
18 NEe —1,6 |—11,8 +1,2 406




It is evident that these characteristics acquire their full meaning only if we
analyse in this way the data of meteorological stations in those parts of the
town which are distinet topographically, expositionally and urbanistically.
In this way only can we in a fully exhaustive and synthetic manner define the
meaning of the weatherside and the leeward side of the town and form an
idea of its wind system and its connections with the total urban climatological
regime.
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