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TEE DISTRIBUTION OF WIND VELOCITIES IN POLAND
AT HEIGHTS 10 AND 25 M ABOVE GROUND LEVEL

P

Zenon Wierzbicki

Summary
In this work three zones of wind velocities (strong, average
and weak) were distinguished at 10 and 25 m above ground
level in Poland. The reduction of wind velocities to these
levels was carried out by means of a formula which takes
into account the turbulence in the friction layer and

roughness of the ground base,

1, The aim and scope of this work

Studies of wind velocities play arn important role in solving
many technical problems toth in urbanistics, architecture, btuilding
and in energetics, In urban planning, winds have a decisive effect
on improvement of air quality in towns, and on climatic conditions
of towns and settlements, The wind accelerates the heat exchange
between insides of buildings and the outside enviromment, and it
affects the ventilation of buildings throu. ~ect penetration
and by its effect on the work of air conditivu. r systems. Eecause
of pressure exerted on buildings and their elements, the velocity
of wind affects primarily the stability of wooden structures,

Lately our literature saw the appearance of a report on
average wind velocities for the whole country [5 ] , tased on
obeervations of PIHM (National Institute of Hydrology and Meteoro~
logy) for the period 1947-~1958. The present work is an extension
of that publication, and it considers the possibility of application
of reduction formulas to two levels = 10 and 2% m above ground level,
corresponding to most typical buildings in Poland.
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This work 1s based on material observed at 62 locations in
the period 1947-1963. Average values for months, seasons and
years were calculated from daily values obtained in three period-
ic observations performed at 7, 13 and 21 h on Wild type anemo-
meters. The Wild anemometers allow one to measure wind velocities
up to 20 m/sec only. As follows from a number of works [1,10],
ground winds wilth velocities above 15 m/sec are not frequent in
Poland (for instance, in Warsaw they are only 0.1%). Hence, cal-
culations neglecting winds above 20 m/sec will not have a crucial
effect on average values obtalned in multi-year observations.

In the Polish network of meteorological stations, the anemo-
meters were placed at different helghts from 10 to 24 m, depend=-
ing on the height of objects in the near vicinity. The intention
was to prevent these adjacent objects from affecting anemometer
readings.

When developing maps of the distribution of wind velocity
zones, we applied a schematic method for separating areas with
different velocitles by means of 1so-lines every 0.5 m/sec.

2. Wind velocities and pressure

The surface of the ground base has a large effect on reducing
wind velocity; hence, as the height increases, the velocity of the
wind also increases. In the layer near the ground, this velocity
increase proceeds rapidly up to a height of about 5 m, and then
goes much slower. The dependence between the average wind velocity
and height has been given by Hellmann {4] in the form of a logar-
ithmic formula, based on observations in Nauen. The empirical
formula of Hellman cannot be applied to conditions other than those
under which 1t was established.

In recent years, a number of authors proposed various forms
of the dependence of wind velocity on helght in the near-
ground layer. Studies carried out by Prandtl ([11] showed
that the wind profile under conditions of neutral equilibrium
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chould change according to the logarithmic law., Among other authors
concerned with this problem we should mention Best, Swerdrup,
Paeschke, Thnornthwait, Deacon, Rossby and Sutton. Moreover, nearly
simultaneously, the results of their studies in this field were
putlished by Laikhtman (6, ? ] and bty Forst (27 .

In 1944, L.D, Laikhtman offered an analytical formula
to calculate tihe change of wind with height, in the form:

4

s 73 .

u and 4~ wind velocities at heights =z and Zy s
¢t « coefficient depending on stratification of atmosphere,
zg3 - coefficient of roughness depernding on the character

~ - -

of ground base,

As is seen from the form of Laikhtman equation, this formula
can be applied under different topographic conditione after previous
determination of the coefficients . and 2 .

D.L. Laikhtman [ 7 ] states that the condition necessary
for steady equilibrium is 0<¢<1 s, for neutral equilibrium

¢ = 0, and for unsteady equilibriunm —»;- <e<<0 .

For the coefficient of roughness 2, we can take L3 y o

- for a field with a high rare vegetation "5 cm,

- for a field with grass and crops %~1  ¢m,

- for even, plain surfaces 2, =+ 0,5 cm,
2 3and 01

- for snow cover cm,

The frequency of weather at different stratifications
for Cracow and Zgorzelec was reported by J, Michalczewski and
W, Parczewski [8 ] and by W, Parczewski [ 9] . These weathers
are in % per year as follows:

TN e A PN 3 e ot
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zeuilibrium Cracow Zgorzelec
1. Steady 40.7 38.4
2. Neutral 26.5 22.2
2z, Unsteady 22.8 29.4
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Cn the basiz of the types of clouds,this author [12]
calculated the rercentage share of particulsr types of equilibrium
Jelenia Gora. For yearly percents the stratifications are:
steady 34.6%, neutral 22.2%, and unsteady 22.2%. It has to be noted :

that the calculated values are only tentative, since they
are tased on indirect data; nonetheless, they are,in general,in
agreement with the results of other authors [8, 97 .

In recaleulations of average winds for particular months

! from the observed level to the ground level one may take the value
of € in Laikhtman equation as ¢ = 0,as an intermediate value
tetween the states of steady and unsteady equilibrium.
Putting then the value ¢ = O into Laikhtman formula,
and using the rule of de L'Hopital, we cbtain the following form:

d ] a

—_ -— i
u_Z-a d_(z_i)'
u‘ z:-z;il-. ...d_(z:—.z:) !y

d, '

In 2
Zinz—zlnz! _ 2

Az -z liay | 2
A 2

The obtained equation applies to changes of wind velocity
with height in ground-ad jacent layers.The lack of appropriate
studies in Poland impedes the further development of this topic
ty7 reduction of winds from the level of anemometers to other

| levels.,
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The flowing wind exerts pressure on objects in the way-
of its flow, and the pressure is proportional to the square of
velocitr, The relation between pressure exerted by winds on surfaces
perpendicular to the wind direction and between wind velocity
is expressed by equation:

e Uy vy
p=c 3g ¢ 19,62 [kG/m*
where: . - wind velocity, m/sec,

- specific weight of air , kG/mB, at a given tempera-
ture and a given humidity,

gravity acceleration, g = 9.81 m/seca,
- a constant depending on the size and other features

concerning the shape of barrier,

[
]

Accepting for climatic conditions in Poland the average
vearly temperature about 8°C and humidity about f = 80%, specific
weight of air will be r 1.253 kG/mj. With the coefficient ¢ = 1
for this average specific weight of external air, the relation
of wind pressure on wind velocity will be:

1}

P=ljg%, v = }/15,66p

Calculations using these formulas are presented

in Table 2,1 and in Figure 2.1,

3, Daily and year distribution of wind velocities
in Poland

Vind velocities have their yearly and daily cycles; the
lowest values occur at night and the highest in the afternoon
hours., The amplitude of daily variations of wind velocity undergoes
changes in particular seasons of the year (Figure 3,1)., The lowest
amplitude occurs in winter, and the highest comes in summer

P e A e
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despite the fact that in summer winds have the lowest velocities
(Table 3.1), The analysis of yearly amplitudes in the whole country
shows that the highest amplitudes occur at mountain peaks (Sniezka
5.95, Kasprowy Wierch 3.4) and then at the seashore (Hel 2.1,
Rozewie 2.5). The lowest values occur in Malopolska Wyzyna and
in %Wielkopolska Lowlands. The yearly maxima of wind velocities
appear usually in January, although there are cases when these
values appear already in December (Hel, Ustka, Ketrzyn.). Also,
they may occur in the time of early spring, that is in March
(Varsaw, Mlawa, Resko, Gorzow, Kielce, Przemysl and Wlodawa).

The minima of wind velocities occur primarily in months
VvII, VIII (July, August), but there happen to te cases when these
minima appear exceptionally early (VI) or exceptionally late (IX).

L, Reductign of winds from the level of anemometers
to_the levels 10 and 25 m above the ground

The results of observations obtained from anemometers of
the Polish meteorological network have been reduced to the level
of 10 and 25 m above the ground, using the formula of Laikhtman
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i with the assumption that ¢ = C; moreover, the ccefficient of roughness
was taken 38 zp = 1 cm., There were L4 anemometers at the height
of 1C to 15 m, and only 18 a2t the height 15=24 n.

The values of differences obtained on reduction of wind
velocities from the height of anemometers to the 10 and 25 m levels
denend primarily on values of differences of the height levels,
and then on values of wind velocity.

After reduction of speed to the 10 m level atove ground
the corrections for anemometers placed up to 15 m above ground
are small (values of 0.0 and C,! m/sec) and can be neglected.

Sut for anemometers located more than 15 m above ground level

the wind velocities are higher and amount to from 0.2 to 0.5 m/sec
- depending on values of wind velocity - for instance at Sniezka
with anemometers at 18 m the difference on reduction to 10 m above
ground level amounts to 0.9 m/sec. On reduction of wind velocities
to the level of 25 m above ground = for anemometers at the height
of up to 15 m above ground the differences are from 0.2 to 0.5
m/sec on the average, and for anemometers higher than 15 m above
ground, from 0.0 to 0,2 m/sec (Table 4.1). These differences have
to te added to obtain velocities adjusted to the height of 25 m
above ground.

It follows from the above considerations that for
4ifferences between levels less than 5 m the corrections can be
neglected.

5. Wind zones in Poland at the levels
10 and 25 m _above ground

When drawing isotachs for 10 and 25 m above ground level
(Figuree from 5.1 to 5.10) it was noted that the results of certain
meteorological stations show values which deviate from average
wind conditions in the neighborhocd of a given station, Presumably,
this is due to local conditions governing in the locality represented i

e~
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Table

H number of \y=U,,-UyAU=U,-U,
he;ghtz_ in m vind vanes

10 2 . 0,0 +0,4
11 1 | 00 +0,5
12 10 ; 00 . +03
13 7 ; 00 ,  +03
14 : 8 , -0,1 +0,3
15 ; 6 ! -0 402
16 i s 02 1 402
17 : 2 i =02 1 402
18 : 3 ~0,4 ! +0,2
19 i 0 i - -
20 ; 2 ! -04 | 0,0
2t 2 ! -04 0,0
22 2 - 04 0,0
23 : 0 - -
24 ! 2 -0,5 0,0

by a given station,

The comparative analysis of these maps for the heights
10 and 25 m above ground level reveals the following common
features in different seasons of the year in Poland, for »oth
these levels,

Yinter season (XTI, I, IT) This period shows the strongest

winds in the year, caused by an increased activity of atmospheric
circulation, The highest average velocities arpear on the seashore

(4-6 m/sec), in Northeastern part of the country (4=4.% m/sec),

in the lower part of Vistula river up to Nogat, and also in

the basin of middle Vistula up to Pilica (4=4.5 m/sec). Larger
average wind velocities are noted sporadically in Lodz higher plateau
and in the areas of Katowice and Rzeszow.

o PSSO ol Kt R b MRS i
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Tinds with average velocity (3=2,5 m/sec) cover the areas
of FPojezierze Pomorskie and also of Pojezierze Mazurskie

Ty
ool
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Y

alorg the edge of Wyzyna Malopolska and Lubelska,

o “eaker winds (2=3 m/sec) blow in Wyzyna Malopolska and in
k- mocuntain bowls, Mountain ridges, similarly to the seashore, have
zuckz higher wiad velocities (L4~14 m/sec).

32 Spring time (IIX, IV, V) The activity of low baric areas
indergoes a consideravle weakening.Strong winds appear now in
smaller sections of the country, limited to the seashore belt

and a small area in the llortheastern part of Poland (4=4.5 m/sec).

Cred e ".

¢
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In spring time the winds with average velocities (3-3.5 m/sec)
over »redominant areas, and in the South the area of weak winds
(2-%2 m/sec) becomes erlarged,

Summer_season (YI, VII, VIII) The area of stronger winds
iz limited to a narrow vel:t along the coast (2.5=4 m/sec). The
largest part of the country is covered by winds with average
velocity (3~3.5 m/sec). The area of weak winds (2-32 m/sec) enlarges
itz influence. At the same time, very weak winds (velow 2 m/sec)
tegin to appear in the Southern part of the country.

Autumn period (IX, X, XI) This period sees an increace

of the gradients of pressure, At this time, strong winds increase
their range, primarily at the seashore and in Northeastern part
of the country (4~5 m/sec). The middle part of the country is
covered by average winds (3-3,5 m/sec), whilst weak winds (2=3
m/sec) appear South of Pojezierze Pomorskie and in the Southern
nigh country.

Of basic importance for technical purposes is the yearly
map of isotachs, as a resultant of wind velocities which appear
in particular periods of the year. Moreover, the values used here
are taken after the intended recalculations,
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oo the taris of maps of the average yearly distribution of
vini velccitiles we can distinsuish thae follewing three main zones
OF wind activityr:

- zone of strong wind activitr;, with wind velocities

shove .,0 m/sec exerting the wind npressure on the average
., 2 . . . \ .
arove 1,C kG/=", coverins the coastal belt and the

- 7ore of medium activizy, with wind veleocities from 3 m/sec
-
Y

ot
O
3

4 m/<ec, exerting the pressure from C,57% xG/m

C

1.C ¥G/m%, covering *the major w»art of the couniry and
Zirst of all Pojezierze azurslk Zastern and Testern

clezierze Pomcrskie with exception of ifts middle part
nc

and the area of extended lowla

- zone oFf weax activity, with wind velocities Eelow 3.0
n/sec, that is telow the vressure C,57% kG/m“, covering
the areas South of Odra river (without mouniain ridges)
and "yzyna Malopolska and Lutelska, In this 2rd zone
one can distinguish also a sub-zone o very weak activity,
velow 2.0 m/sec hence telow 0,27 kG/mC, which covers

mountain towls particularly in Carpathian Mcuntains,

€. Concluding remarks

- In the reduction of wind velocities to the level c¢f 10 m
tnere were 44 stations with anemometers up to 15 m above ground
which did not require any adjusting corrections, For tae rermaining
12 stations with anemometers at heights up to Z4 m,the reduction
of average yearly wind velocities indicated differences from C.2
to 0.5 m/sec.

- In the reduction of wind velocities to the level of 25 nm
atove ground there were 54 stations with anemometers up to the
height of 20 m for which differences of wind velocities amounted
to from 0.2 to 0.5 m/sec, For the remaining & stations the reduction

T




conll te neglected,

- The mays of wind activity zones for both levels 1C and 25 m
¢o no* show any significant differences. In this connection,
reductions to the mentioned levels may te considered as applicatle

e

only to individual cases requiring particularly nigh accuracy.

in the tecnnical studies, I was helpea by meteorology

S
sechrician Zomrade Zdoiszlawa Rczowsxa,
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SUMMARY

This work should be of use to architecture in de-
termining the mean velocities (m/sec) and wind pressure
12G.m?), corresponding with these velocities in climatic
conditions of Poland, at the heights 10 and 25 m above
ground level for the most typical heights of buildings.

Table 1 and dimgram (fig. 1) show thex relations of
wind speed to wind pressure.

Table II contains mean wind velocities from 62 me-
t:oro’ogical stati.ons c¢n the Poland’s area at the heights
of wind vanes and values reduced to the heghts 10
and 25 m ahove grouad level.’

The maps of isotachs (tizg. 3—14) eonuin mean dis-
tribution of wind velocities.at the heuhtl 10 and 285 m
above ground lcvd. o i\ S
» r','l', 'rAmu
& :

2.1. Therehﬁonotdndmwmw

3.1. Mean monthly and anbual wingd velocities (m/sec) at
the he!ahb 16 and 35 0¥ above: ground level. -
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