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DISTRIBUTION AND FREQUENCY OF DIRECTION
OF GROUND AIR CURRENT IN THE POLISH TATRA
MOUNTAINS

Janina Lewinska

The basic physiographic factors of an environment are
meteorological phenomena. Until recently they have not been
considered in economic planning. An obvious and sad example
is shown by crowded, smoky towns, polsoned by exhaust from
poorly located industrial plants, devoid of greenery, etc.,
and, most of all, built often in the wrong places (particularly
health resorts) not serving their purpose. In some cases 1t
would avpear that it is already tooc late for a change. How-
ever, each human culture llves, develops, grows, or fades away.
In the era of Socialism, these changes do not occur by
accident, but are directed by rational economic planning.

This nlanning should be based on combining physiographic studiles
with svace considerations, utilizing orogress in modern science.
The economic activity of man should be based on laws of nature,
in order to ensure the most appropriate utilization of these
laws of nature for the interest of socilety.

This publication 1s concerned with only one meteorological
factor - wind - a factor which 1s very important in the careful
planning of a town, particularly resorts.

Tatras and Podhale contain many convalescent-sanatoriums
and rest homes or resort facilities. The role of wind is
enormous. A very important problem in places of thls type is
protecting the terrain from cold masses of air, especlally from
the North, by the approoriate location of buildings or well-
planned green areas (parks, windbreak belts).
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Mountainous areas create speciflic conditions for the flow
of air masses. Air currents behave to a certain degree in a
manner similar to that of water in a drain. Different results
are produced, depending on the valley shape, 1ts depth,
narrowlngs and broadenings. Thus a pass in a mountainous
valley will cause convergence, and thus an increase of the wind
veloclity for a given se~tor. Conversely, we have the phenomenon
of divergence - spreading of alr streams as a result of
broadening of orographic forms and the resultant reduction in
the wind velocity.

Morecever, there are other disturbances of the air flow
over mountalnous regions, such as turbulence or convection
caused by local disturbance of thermal equilibrium.

All of these above factors cause the winds in mountain
areas to be modified by local characteristics of the ground,
and their distributlion depends greatly on these features.

MATERIALS AND PRCCEDURE

Processing the available anemometric material encounters
serious difficulties, arising from the low precision of
measuring instruments used for observations, as well as varied
observational conditions. As far as the measuring instrument
1s concerned, except for the Kasprowy Wierch station, a Wild
tyre anemometer was used, which is not very accurate. Thus we
¢oncentrated on only one wind element -~ its direction, which is
easy to observe even in observations without instruments. In
addition to various methods of observation and nonconcurrence
of the periods treated, a no less important shortcoming which
was difficult to aveld was nonuniform height of the anemometers,
thelr different surroundings, and changes in the station locations.
Unfor-unately, we had no appropriate correction factors which
enabled us to eliminate differences arising for the
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atove reasons,

Considering in turn the vroblem of wind velocity, it appears
that wind velocities recorded or the basis of Wild anemometers
may be treated as approximate values only and not the basic ones,
particularly since when collecting observational data 1t was not
noted whether the stations were equipped with anemometers with
heavy plates. The Wild type anemometers fitted with rormal plates
weighing 200 g measure wind velocities only up to
20 m/sec, whereas previous anemometric observations established
considerably higher wind velocities in Tatras.

Nevertheless, we calculated wind velocities for Hala
Gasienicowa, in order to obtain in this way the data characterizing
the transition area between Zakopane with calculations according
to Guminski and Kasprowy Wierch with calculations according to
Orlicz.

The observational material is presented telow:

umber same of station  Feriod of  lumber of

ovservation vears

1 Antolowka ; 105230 '
2  Bukowina \ l‘):H——:'.‘:i l 5
3} Dolina Chocholowska S 31"‘_" : -
41 Dolina Picciu Stawow l "J-’U“L_U i 4
5 Glodéwka | 145153 S o aten Fon
6 Gubalowka—Pajakowka | 195735 Y Sl or . .
7 Hala Gasicnicowa 1927 =g 47 3 W RO 3.3 ¢ Mﬁ
8 I!ala Ornak ‘ 195053 . + : LT U TAR -
Y Kasprowy Wierch i 193‘;“5‘ ‘4 . nruuned o
10 Kuznice . 195033 D ey '
1! i.vsa Polana | 195133 ' 3 [ j‘ teation . _‘J
120 Morskie Okv | 1927—3848- 72 18 ‘ R T
13 Myslenickie Turnie ! 1949—34 ' 5 M
14 Poronin L 1927--38.47—33 T ] Distri, < o/ 1
15 Witow | 1931—34 3 ~ o ]
16 Zakopane D192 —sads—dd |2 Avell. 11ity Codes

l. fonil oandfor

Dict ¢ sy 11

NEPFCTED

Polish reports are available to the
public per Mrs. Luttrell, AFFTD/NIIS,

i
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It is seen from the above compilation *hat the shortest
series comprises two years, or 2004 observations, wnereas the
longest one takes 21 years, or 21,732 observations,

This work considered all the stations located in the
discussed area, For 14 stations among them we calculated the
frequency of wind directions in %% for months, seasons of the
year, and year, Moreover, for Hala Gasienicowa we calculated
frequencies of velocities in ranges adopted by Eartnicki.
Statistical materials for Kasprowy Wierch were taken from the
work of Qrlicz [19] , and for Zakopane from the work of

Gumineki. Then we drew compass point diagrams for winds on

nipsometric tases of the map of Tatras to the scale 1 : 50,CCC.

In addition we developed diagrams of the freauency of wind
directions for 16 stations by the isoplet method, and drew

compass point diagrams by the method of Qkolowicz iIS] taking

into account toth elements of wind, that is direction and velocity,
which are often treated sevarately, In this way we ottained
material {°r the frequency of directions of 15 statione, and

for velocity from 2 statiorns located at different levelzs of
al:zitude.

“ne work with such diverse ocohservational material appears
desiratle because of ecoronic needs, especially since the
presently available data relative to anemometric conditions of
Folish Tatras and Podhale are based on only few stations, and
tne most important studies 1in Polish liferature on this sutject

re the work of Kosinska-Bartnicka ] 7]tased on one-year
observations and the work of Qrlicz [ 19]discussing anemometric
conditions in the top (peak) part of Tatras,

i

The descriptive part of this work is supplemented ty:
v of wind directions in 5%

1) tables of the freauenc
for months, seasong of the vear, rear (Tatle 1),

2) tables of wind velocity in 7% (Tatles 2, * and &4),

2) maps of the points of compass for months, seasons of




vear and vear (including one quacdrant mar), a
18 raps (Figures 1=183),
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4) graphical presentation of the freaquency of wind veloci-
ties in 5%, by the Okolowicz method (Figure 19).

comparison of data for Zakopane from two different
observation periods

The tasic rule of statistical climatology is the law of
creservation of the uniform otservational series, Unforturately,
it was not rossible because of too small a number of stations
which had a longer series of observations. Hence, for the sake
of comparison we took obtservational material from Zakopane for
“he neriod of two years !'9%52~5%, i,e,, the shortest period cof
otservaticns utilized in this work (Antolowka).

¥hen comparing data from Table 1 for Zakopane for *“ne
zeriod 1621-29, L3=44 (referred to as Period I) with those fcr
e reriod 1%52-57 (referred to as Fericd 1I) one can see clearly
an increase of dars with silence (quiet dars). In this connoction,
the freguency of rarticular wind directions recomes reduced.

Period II, similarly to Period I, has in the first place
the winds from the SW sector., ‘hereas in Period I after the SW
winds the second place was occupied by winds from the S directior,
in Period II the second place is occuried by winds from the
W sector, and then from NE sector. In general, one can state
that in Period II the dominant winds were from the W guadrant.
There may be two reasons for this behavior:

1) reduced number of f3hn type winds,

2) changes in environment of the observational post.

Any proof for reason 1 or reason 2 is at present very
ifficult hecause of the lack of data of this scrt. levertheless,

>l
“

i
f we consider that the highest wind velocities are noted from
he £ direction, then a reduced fraction of the winds of this tyre
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could be the reason for an increased number of days of silence
noted in the last perilod.

Geographic characteristics of the region

Although the basic topic of this work is the Polish Tatras,
the region includes, in additlon to thils primary orographic
section, Podhale adjacent on the North. Podhale 1s joined here
with the area of the Tatras because of the climatic effect
these geographic areas have on each other.

Podhale 1s a much lower area between Tatras and Beskid,
and its landscape has few variations. A flat dale distinct
in the Northern part changes towards the South into a hilly
area ending with Podgorze Spisko-Gubalowskle. Thils
is a broad ridge which has a height of 1000 m above sea level,

} running parallel in latitude. Its slopes are asymmetric: steep
and short on the South side, long and gentle on the North side.

For thls reason, the highest areas are in the Southern part
adlacent to Row Podtatrzanskl. From this part of Podhale, ob-
servations were made at the followlng stations: Bukowina

(880 m above sea level), Poronin (800 m a.s.l.), Gubalowka-
PaJakowka (1123 m a.s.l.) and Witow (798 m a.s.1l.).

Row Podtatrzanskil 1s represented by two stations: Zakopane
(835 m a.s.1.) and Antolowka (918 m a.s.l.). This Row arose
at the boundary of Tatras and flish Podhale. Because of de-
nudation processes, three large lower areas were formed:
Koscieliskie (800 m a.s.l.) joined: with Zakopanski (800 m)
and Jaworzynskie (950 m) separated by Zgorzelisko and Cyrla
ridges. The bottoms of these lower areas have denivelation to
80 m, as reported by Klimaszewski [6]. Meteorological station
Glodowka (1149 m a.s.l.) is located in the foothills of the
high Tatras, on the Cyrla ridge.

The rest of the stations are situated in the region of
the Polish Tatras.




Because of different geological structures which coruition
orographic formation, Tatras in Polish teritory are divided into
two parts: Western Tatras (Tatry Zachodnie) and High Tatras (Tatry
Wysokie). They are separated by the Liliowe Pass, Dolina Stawow
Gasienicowych and Dolina Suchej Wody.

Western Tatras are characterized by striking contrasts
btetween gentle cupola-like ridges and deeply cut valleys and steep
slopes. Western Tatras are represented by the following stations:
Dolina Chocholowska (1028 m a.s.l.), Hala Ornak (1110 m a.s.1.),
Kasprowy Wierch (1688 m a,s.1l.), Kuznice (1C23 m a.s,1l.), ¥yzlenickie
Turnie (1267 m a.s.l.).

High Tatras differ from Western Tatras very clearly. They
form the highest part of Tatras with sharp forms with very dense
systems of valleys., The stations which lie in this region are

{ Morskie Cko (14CC m a.s.l.), Dolina Pieciu Stawow Polskich (15528 m
a.s.1l.), and Lysa Polana (988 m a.s.l.). A metecrological staticn
on Zala Gasienicowa (152C m a,s.l.) lies at the junction cf
estern Tatras and Eizh Tatras.

—escrintion of location of meteorclorical stations

1. Antolowka Hs = 918 m. Meteorological staticn is located
on Antolowka ridge, at the distance of atout 4LCC m on ZIE
from culmination (94C m). The station forms a continuaticn of the

profile of meteorological stations running across TIatras, It rices
atout 80 m above the bottom of Row Podtatrzanski and it represents
meteorological conditions in upper parts of the Row.

2. Bukowina He = £80 m. Meteorslorical station is lccated

on the N slope of Kramarski Wierch on the road frcom Zukowina to
zialki. Its location does not rerresent +%the average climatic
ccrnditions of Buxowina, hecause 1% is too large accessibile Ior

“he Ncrthern flow of air.
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. Dolina Chocholowska Hs = 1028 m. Mereorological station
is located at the break sectlions of the valley in 33W - NNE direction.

=

telow the junction of Sucha Woda valley and Starobocianska valley.
The area is protected : from E by the mass of Ornak, Kominiarskie
Wierchy, Stoly and Kopki; from S by the main core of Tatras; and
from W by the mass of Rakon, Upalony and Botrowiec., This station
represents anemometric conditions of the described valley section,

4. Dolina Pieciu Stawow Polskich Es = 1668 m., The valley is
in the shape of a bowl, closed from N by the ridge of Swinica

ani ~xozie Vierchy, from W and SV by the crest Yalentkowa and
Lipowskie Wierchy, and from 5% oy the crest liedziany and Cralony.
reteorclogical station is located at the foot of 'yzna Kopa ztove
Maly Staw. The axis of the bowl in S - NE means that the highest
frequency ¢f winds is from W and £ sectors, The station rervresents
upper varts of Roztokl valley and lower parts of Dolina Pieciu

Stawow,

=, Glodowlka Zs = 11LS =, jletecrnlocical staticn is located
2 vhe T sleope of Zyrla, whcse culmination iz 1172 m. The slore
7alls zteevly %o Zizllka valley witha S50/ - 70T axiz, Measuring

instruments are placed in a small forest clearing of radius 1CC m,
Cnowancow ierch (1037 m) forms a screen from the E direction. If 3is
r

doubtful whether the station is representative of a larger area,

&, Hala Gasienicowa Hs = 152C m, e station lies on tlze
toundary tetween ‘‘estern Tatras and High Tatras, in the upper zar:

of Sucha VWoda flowing from Zielony Staw CGasienicowy. This is a wide

T

7alley open from E, and closed from NW by Uchrocie Kasprowe,
Srom 3 :y crest extended from Granaty to Kaszrowy Vierch, and

tr Zolta Turnia.

v

v
1
[
3
1

7. iubalowka=Pajakcwka Hs = 1127 m, lMeteorological siation

d on SW slope ¢f Gubalowka, falling steepl: in the
iirection of Row Podtatrzanski. The difference of levels tetween

..J
3]
-
4
O
D
ot
(0]
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the statlon and the bottom of Row is about 300 m. The slope is
unprotected from the West. From the North 1t 1s closed by
Gubalowka ridge, and from the East, by hills perpendicular to
the Tatras.

8. Hala Ornak Hs=1110 m. Th: station is in Dolina
Koscieliska extending for 8 km from the Northern edge of Tatras

to the main Tatra ridge at Blyszcz and Kamienista. The valley
axls has a S-N direction. The valley is divided into three parcts
by narrowings with steep rocks. A meteorological station is
leccated in the narrowest part of the valley, at the Junction of
a few side valleys. It is protected from the West by the massive
Ornak, from the South by the main Tatra ridge, and from the

East the Tatra massif 1s divided from Hala Ornak by the deevest
Tatra pass - Tomanova which greatly influences wind directions
noted at Hala Ornak.

9. Kasprowy Wisrch Hs = 1988 m. Anemometer 2002 m. The

Meteorological Observatory is on the main Tatra ridge in a
depression extending across Tatras, near the geographical bound-
ary between Western Tatras and High Tatras. In the South
Kasprowy Wierch falls towards Cicha Woda valley, and in the
North, towards Dolina Suchej Kasprowej. Kasprowy Wierch is
surrounded by a wide valley and bowl, which, according to
Orlicz, basically influence anemometric conditions on this peak.

10. Kuznlce Hs = 1023 m. The station lies at Bystre brook,
on its left side, on a 2-3 m terrace. The valley axis in which
the statlon 1s located passes from the SSW to NNE. The narrcw
valley 1s surrounded by Boczanla slopes in the SE, and by
Krokiew in the NW. In the South the valley opens to the main
crest of the Western Tatras.

11. Lysa Polana Hs = 988 m. The meteorological station is
located 1In the high Tatras, on the left side of the Bialka
river between the N edge of the Tatras and their foothills,




in a passage tetween SL slcpe and the righ terrace <f Zialxa.
tn

“; [T

e valley is S&W = LNE.

1

The ceneral directicn of

12, Morsiie Cxg Hs = 1LCC m, This is a towl of glacial

in. Its axiz rans from SW to NE. From SVW direction the btowl

is closed by Mieguszowieckie Szczyty and Cutryna, from E and NW =
es Zatie, Rysy, Miedziany and Cpalony. The meteorological

station is located on the frontal moraine, on the NE side of the
E

t the outlet of outflow valley of Zyti Potok.

. Myslenickie Turnie Hs = 13457 m. Meteorolegical staticn

direction towarcs

41

1z 1ocated on the rocky ridee falling in the

sJiilra sasprowa, and in the W direction towards Tolina Goryczkewa.
The ?id;e axis runs from NW to SE. In the S direction the terrain
-eneral, tie location

rises tecoming the slorze of Suclhy wiercu., In
the station is on 2 slope.

~

14, Poronin = Xosne Hamryv Hs = ZCC m. Meteorological station

iz 1ncated in Poroniec valley. The axis of the valley runs from
2 . From the N *he valley 1s bounded »y Galiccowa Graza riise
nto

m

(%22 m), and in the & direction the Porcnisc valley passe

Fad

a alane 27 Gudalowskl ride

D

15, Witow Hs = 708 m, Meteorological station is located

in a broad part of the Czarny Dunajec valley with zently sloping
es, The axis of valley runs from 5 tco N. Cn the W side gentle
nills up to 90 m dc not form a real obstacle for winds from <hat
direction.From the £ the valley is protected by hills to 1CCC n
(Ostrysz 1025 m), and towards S the valley narrows to the site 4

of junction of 3iwa and Kirowa Woda.

16. 2akovane Hs = &3¢ m, At present, the meteoroicgical

station is located at Wilcznix, loosely built up., From the 3
~cw rodtatrzanski pascses into lorthern parts of Tatras., From

and v it is protected by Palenica and Gutalowskie ridge, axnd

)

from £ bty hills extendineg froem 3 to N, The axis of Zakopianka
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valley has the direction S%W - LE,

It is necessary to point out that the meteorological staticn
was moved several times and, in this connection, the otservational
veriods reported in this work come from two different points, In the
period 1921 to 19329 and 1952 to April 1953 the station was located
near Tatra Museum, and from May 1953 at Wilcznik,

Frequency of the directions of wind

Determination of the freguency of wind directions was made

on the tasis of three ending observations, that is at C7 n, 13 h,
and 21 h at the average local time. All the observations were
presented in percentile relation to the whole series of
observations at a given station for months, seasons of the year
and year. Next, the calculated values were plotted on 1:50,0CC
map by the method of d-direction points of the cormpass, marking also
at each point of compass the percent fraction of days with silence.

re distribution of particular wind directions in monthly and

early vericds is as follows:

ganuar: (Fizure 1), In January on tne discusced area the

prevailing winds are from 3, SW and W. The lowest freguency is
noted from the directions N through £ to SE. An exception is
orovided by Kasprowy Wierch for which, after the S direction,
the second strongly accented direction is N. This system,trpical
for Kasprowy Wierch,is caused, on the one hand, by a depression
running across Tatras and, on the other hand, by a free access
of air masses from the North. Characteristic systems of winds
appear at Dolira Pieciu Stawow, Kosne Hamry (Poronin), and at
Gubalowka., On the other hand, tne system of winds for Eala Ornak,
where the component T is strongly accentuated, finds no analogy
at other Tatra staticns, Nonetheless, it appears that the tasic

=owW

reazon fcor this effect is the lowering of Tomanowa pass, In

Podtatrzanski the prevailing winds in lower parts (Zakorane)
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are winds from the SW sector, whereas in higher, more exposed
parts {(Antolowka) the prevailing wind is from the West. The
amount of silence varies from 2.4 to 40% and above. We must note
that meteorological stations located in higher passes, or
in narrow mountain valleys, because of convergence have much

I e LI AMT &P
Fewef—days”of silence than statlions located at the bottom of
broad valleys or in bowls.

February (Figure 2). A system similar to those discussed

is noted alsoc for February. However, a larger frequency of
N and NE directions, as related to January, is now observed.
The number of days with silence varies on the order of U40%,
similarly to January.

March (Figure 3). In March we observe the predominance of
S and SW directions. Kasprowy Wierch has more winds from the
Nerth sector than from the South sector. At Hala Ornak the
system changes to the predominance of winds with a S-N com-

oonent. At the remaining stations the system of winds is
similar to that of previous months.

April (Figure 4). The general situation with atmospheric

essure and prevailing winds connected with it for the entire
?clish Lowlands has no effect on anemometric conditions in Tatras.

'

The prevalling winds are from the S and SW sector. In Row
Podtatrzanskl, after winds from the SW sector, second place
1s held by the NE direction.

May (Figure 5). The map showing directions of ground air
currents for this month reflects somewhat the effect of the
Zeneral baric situation. The pressure drop over the Hungarian

Valley and the Balkans, and an increase of pressure in the
North result in a larger volume of winds from the N, NW,
and NE sectors, which 1s shown on the attached maps and tables.




gune (Ficure o). June shows also prevalence of winds
from the N and NE directions. Thus, Kasprowy wierch and Hala

Gasienicowa note the prevailing winds from N direction, whereas
Myslenickie Turnie from NE direction. On the other hand, Arntolowka
(Row Podtatrzanski) shows crossing of NW and NE currents.

July (Figure 7). In comparison with previous months,
we see that the component N continues to prevail but only for
Kasprowy Wierch and Hala Gasienicowa, On the other hand, Kuznice
which lie in the profile of Kasprowy ¥Wierch show prevalence of
winds from the S sector. This diametrically opposite srstem
may be explained by free inflow to Kasprowy iierch of cround
air currents from N direction, and by the protective action of
Spicko=-Cutaloweki hills and of High Eeskid in relation to stations
located in lower parts. In addition to these reasons, a larce role
in the gystem of wind directions is played by local circulation
of air vetween peaks and valleys, caused bty temperature sradients.
Cetermination of the magnitude of effect of local air circulation,
vecause of differences in heating of reaks and vallers, wculd Te
ccssible ©y the analyszis of daily anemometric orcervations, bu*

it would already exceed the scope of tne present werk,

August (Figure 8). This month shows only small changes
in tne distribution of wind directions in relation to July.

A lesser role of winds from the N sector is seen at Kasprowy
wierch. Meteorological stations located in Jow Podtatrzanski
show the prevalence of winds from SW sector.

September (Figure 9). The winds from 5 and SV directlons

continue to prevail in the whole area., In comparison with %ize
previous month, the component N zhows smaller values (Kasrrowy
“iercn and Hala Casienicowa).

Cctober (Fisure 10), A general baric situation causes the
formation over Poland of a ridge of high pressure, and an incrence
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sf rressure towardse the é (continental elevation). A5 a ra2sult

we have a reduced participation of winds from W direction, whica
is particularly noted at the stations Witow, Antolowka and Dolina
Pieciu Stawow, At the remaining stations the system is similar to
that in previous months,

November (Figure 11), In November we have the return increase

of wind frequencies from the W direction, particularly at the
stations Antolowka, Lysa Polana and Witow, At Kasprowy Wierch we
have the yearly maximum of the 3 {irection,

December (Fimure 12), The fresuency of the directicns of

winds is similar to that which appeared zreviousiy. Zusracteris:i
i a 7Tery large % of the days with silence, reaching tre values
of the order of ¢%% in Chocholowska Valley.

Sering (ITI, IV, V, Figure 13). The analysis of maps for
rarticular months and seasons of the year indicates a small
seasonal variabilitry. In the spring system the prevailing winds

are from 3 and SW directions. Cnly Kasprowy Wwierch notes a hircher
frecuency from the N direction. Prevalence of winds from tae 7
direction is noted at the stations Dolina Pieciu Stawow Polskich,
Foronin and Pajakowka. This tehavior is connected with direction
of the valley axis, and in the case of Pajakowka with direction
of the course of slope., On the other hand, the same direction
occurring in VWitow suggests that the station lies outside of

the orographic influence of Tatras.

Summer (VI, VII, VIII, Figure 14). In the period of summer
one can otbserve a reduced participation of winds from the SV

direction in comparison with spring. On the other hand, there is
an increase in : of dars with silence.

Autumn (IX, X, XI, Figure 12). In autumn we see a renewed

increase of the freguency of winds from the S5W sector, with




simultaneous decrease of the participation of winds from the I
direction. Ctherwise the system is similar to that in previous
periods.

Winter (XII, I, II, Figure 16). The winter season brings
nardly any change in the distribtution of frequencies of the
directions of ground alr currents in relation to

the period of autumn. Changes vary to the extent of
barely few percent, as can be seen in the attached tatles.

Year, Two maps of the frequency of wind directions were
rrerared for the year, They are:

1) for eight directions (Figure 17),

2) for quadrants (Figure 18),

The quadrant map devicts prevailing directions, which in
particular months appear in the first place. On the basis of a
description of anemometric geographic points we can state with
high proratility that the prevailing wind directiones agree witia
sround relief. The hichest frequency is observed in open grcund
elevations, and the lowest in the directions rrotected ty terrain
elevations, cStations located in narrow sections ¢f mcuntaincus
valleys nave directions of prevailing winds agreeing with the valley
axlis, e.£., Kosne Hamry, Dolina Chocholowska, Kuznice,

On the otner hand, troad valleys, e.g., Vitow, do not have sucih
a decisive influence upon the wind directions,

An interesting system of wind directions prevails at
Hala Ornak where not the axis of the valley,but Tomanowa pass
exerts the decisive effect producing, after winds from the S,
in the second place winds from quadrant Z. It is a known fact
that in mountaineous areas anemometric conditions are sreatly
influenced by local circulation of air caused by differences in
neatlng of peaizz and mountain valleys.

Cn the tasis of tables and maps we conclude that the
prevailing directions of ground air currents are S and W directions,
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In general, we see a very small participation of winds from
guadrant E, with exception of the abtove descrited Eala (rnak.
At the stations Kasprowy Wierch and Kuznice in rirst place are
winds from quadrant S, but in the second place are winds coming
from quadrant N.

As an ending remark we want to point out that the above
description is very generalized, since the author intended to
find out the main reasons for the distribution of winds
in the mountain area and to obtain the prevailing wind directions
which are of' lJarge importance for economic reasons, in tuilding, etc.
It does not mean, however, that these are the only directions,
All the detailed data, which would blur the basic {=2atures in this
description, can be found in tables and maps attached tc this

report,

Freauency of wind velocitv

Statistical material pertaining to the wind velccity was

aken from comgpilations of CGuminski, Piasecki, Orlicz, and nartly

take
fosinska-Zartnicka, as well as own material for Hala Gasienicowa.
In this way we obtained material for wind velocity for the following

aliitude levels (storeys):

1) Zakopane = located at altitude 335 m above sea level,
represehting conditions in Row Fodtatrzanski,

2) Hala Gasienicowa - located at altitude 1520 m a,.s.l.,
representing conditions in the middle height zone,

3) Kasprowy Wierch - located at altitude 1988 m a.s.l.,
representing peak parts of Tatras,

4) Lomnica - located at altitude 2635 m a.s.l., completing
the available anemometric observations for Tatras.

The statistical material for velocities was treated in fwo
ways: for Zakopane and Hala Gasienicowa according to criteria of
Hellman and then Bartnicki and Guminski,but materials for Kasprowy
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“ierch ard Lomnica are treated in a somewhat differsnt way =
comparison of 13-desree Beaufort scale with adopted division
into degrees of velocity in m/sec.

Division according | .4 pegufort| according to

to uellmann

scale, 2 Jrlicz
o—2msec | 0_ 1m sec 0— I m sec
2—~5 - Po2e " 23
25—100 . ] 4=—3 . 6 9
10—15 . oG-t " 0 15
a5~ . 8- 9 T

1---12 . 22

Zakopane, The highest frequency of winds occurs within
limits C=2 m/zec. Atout =0% ctservations are found in tais range,
T:e maximum of frequencies for this first divisicn occurs in
caruary (22.%%), and the minimum in May (42,.%57). In second clace,
in turn, are winds with velocities 2-5 m/sec, The maximum of
this second division occurs in July (33.0%), and the minimum
in lovember (20,6%). Frequency of velocities above 5 m/sec is
small and does not exceed 8.7%, and for velocities above 15 m/sec
reaches barely 2.2%. The maximum velocities are 20 m/sec, and the
average of the highest velocities is 19 m/sec. The average yearly
number of days with winds of maximum velocities is 4 days (Figure

Eala Gasienicowa. Wind velocities at Hala Gasienicowa
precent a somewhat different picture,namely there is lack of
differentiation between the first and the second division.
vaximum frequency of velocities for the first divieion occurs
in August of the order of 47%, and the minimum in January of the
order of 27.6%. In January velocities of the second division

18).
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(2-5 m/sec) are anigher than frequencies of the first division.
voreover, in the months from February to May the freguzncy of

wind in division 1 is only 1little higher than the frequency of
winds in division 2.

The fraction of winds with velocities above 5 m/sec ranges
from 17,2% in January to 7.7% in July, and above 15 m/sec does not
exceed values of the order of 4%. The average of maximum velocities
reaches the value of 19 m/sec (similarly to Zakopane), and their
annual frequency is 5 days (Figure 19).

Yascrowy ‘ierch. As was mentioned above, frequencies of

wind velccities for Kasprowy Wierch and Lomznica were calculated

in a somewhat different way than for the previcus stations.

It does not form, however, a real obstacle for general comparisons,
Thug, for Kasprowy Wierch the most frequent are winds with velo-
cities 5-9 m/sec in winter and autumn months, whereas from April

to August tle prevailing velocities are 2-F m/cec. Maximum average
velocities are noted in winter and spring months, and minimal
velocities in the period of summer, The fraction of winds witn
velocities 15 m/sec and nigher (14«22 m/sec) zer ear cn -“he averace

is %.5,., also predominantly in winter time,

Moreover, Orlicz has winds with velocities -

above 22 m/sec whose fraction per year is of the order of 2.0

The number of days with wind velocities atove 25 m/sec was 42 Zavs

Je

in 1928, The nighest wind velocity noted so far is above 20 m/sec,

Lomnica, The most frequently noted winds at Lomnica
have velocities Z2=5 m/sec, Their participation per rear is descrited
tv the numter 42,3%. The frequency of appearance of hicher
velocities is lower than at Xasprowy VWierch: for division 1c-22
m/sec is 2.3%, and for velocities above 22 m/sec = only C.5%.
according o crlicz, tihe mAaximal wind velocities reancu values
ahove 50 m/sec (years 194l=ih, 1947-43), The atrsolute maximum
wind velocity is 53 m/sec.
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ZAKOPANE HALA  GASIENICOWA
Jears yedrs

Figuare 13, Graginical representation of “hke frecuency
28 wind velocities in %% (try the metnsd =f Ckclowicz)

General characteristics of wind velocities

In tne zone up to 1CCO =n winds with velocities from C to 2
m/sec are prevailing. Participation of winds with high velocities
atove 15 m/sec does not exceed 2.2%, and maximum velocities range
from 17 to 20 m/sec.

In tne altitude zone up to 1520 m there is an increase
in freauency of winds with velocities 2-5 m/sec. Cne can note alsc
a larrer frecuency of winds with high velocities, akove 1% m/sec,
o values of the order of 17.2%. Maximum velocities are similar %o
*noge in the vprevious zone. However, wind velocities 2re too low
cecause otservations were made using a Wild anemometer witia tie
normal plate welght, i,e, 2C0 g. The actual values are probably
anigher.
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The altitude zone up to 2000 m is characterized by a strong
increase in wind velocities. Prevailing winds have velocities
of 2-5 m/sec and 6-9 m/sec in equal amounts. The frequency
of velocities from 16 to 22 m/sec is 6.6% per year, and of
velocities above 22 m/sec - 2.0%.

In the high altitude zone up to 2600 m (2635), there 1is
a decrease 1n wind velocities. Most frequent are winds with
velocities of 2-5 m/sec, similarly to the second zone (to
1520 m). Air currents wlth velocities of 16-22 m/sec do not
exceed 2.3% per year, and with velocitiles above 22 m/sec -
only 0.5%.

It follows from the above that wind velocities increase
to an altitude of 2000 m (Kasprowy Wierch) and then begin to
decrease. The phenomenon of an increase in certain meteoro-
logical factors in high mountains only to a certain level is
known, in relation to temperatures and rainfall. Could the
same considerations apply to wind velocities? Or vperhaps
local topographic conditions only affect this phencmenon?

Instead of giving answers to these questions it appears
appropriate to investigate wind velocity in free atmospheres.
Even though the results cannot be applied directly to
mountain regions, nevertheless they can throw some light on
the whole vroblem.

The study of wind velocity as a functilon of altitude was
done, among others, by Assmann [1], on the basis of data
collected by the Aeronautical Observatory in Lindenberg. He ¢
compared wind velocities for the following altitudes above
sea level: 122 m, 500 m, 1000 m, 1500 m, 2000 m, 2500 m,
3000 m, 3500 m, and 4000 m. On the basis of material cal-
culated for the period 1903-1907, it is obvious that the
wind velocity 1ncreases with an altitude increase, as is
shown by the table given below.




r

a . - -4 T T/ T -‘ . , T , ‘
Div 1510‘11 O'= 590 m 2000 m{1500 m. 2000 r: 2500 m!3000 P’ 3500 T 3000 110
velocity ! ' i '

0~2 | 88l 90| 93| 81 75 61 60] 48
25 194]183] 1681 121 94 83| T.2; 4.8
5~10 3701336 284 265’ 204 180! 141 110
10—15 87 225|274 3201 343’ 309{ 268 213
5 132 146 148 176 246 324 423) 550

In lizht of material of the Ctservatory in Lindenbers

tne protlem of reduced wind velocity at Lomnica as comrared with
Zasprowy Wierch could be explained by two possibilities:

]

1) air streams flowing over Kasprowy “ierch tecom
convergent, and it results in an iacrease c¢f wird

veLoc ity 3

2) lower wind velocities in the peak parts of Tatras
ar2 caused % turbulence and 2 hirher coefficient -7

v =

frictinn over uneven ground tkase.

fumter of davs with silence in &%

ct
i

Characterizaticn of velocity of the gcround air curren
includes also otservation of silence, that is, those conditions
at which the velocity of air movement does not exceed 0.5 m/=zec,
Cver the discuscged area tne freguency of days with silence
irn % comprises a very wide rance of numbers - from 2.1% (Mysle-

nickie Turnie) to 47.32% (Dolina Chocholowska), KHere one can

zeparate these forms of “errain which witihout doutt have an effec:T

or the frequency of silence. nence, the fcllowing srouvs cf
stations were made, jerernding con their location,

n

Comyilaticn of iata on silence, ziven telow, sugreszt
2 derencence tetween *tne form of ground and the frecuency of




Dl
- 22 -
foesttg an T
o Narwa stacy Poowaen e @
S N
1. Stacje dolinne (npbhejmujy rownicz for-.
@ my wklgste, niecki i kotly pulodowco-
we} :
1. Dolina Chochetowska ! 33
2. Dolina Pieciu Stawow Poliskich ' 137
3. Hala Gasienicowa 140
4. Hala Ornak ! 15.5
5. Kuznice | 36.6
6. Morskic Uko X 43.9
7. Poronin 318
- 3. Witow ' 31.0
@ll. Stacje Rowu Podtatrzanskicge
. 1. Antotowka . 19,7
. 2. Zakopane ke 1D . J9.3
@ll. Stacje zbocrone !
1. Gtodowiu I
2. Gubatowha~—Pagowka 33,0
*. Lysa Polana 244
: 4. Bukowina 204
@\'. Stacje szezytonwe i grzbictowe
1. Kasprowy Wicrch Rl
2 Maslenick:e Tumie 20
1 = Name of station; 2 - Number of cbserved daye with silexnce
(rear); 2 - Talle, stations {includins also irencaes, ircugis
and post-glacial towle); 4 - Jtations of Row Podtatrzansii;
¢ - Slope stations; 6 = Fesk and ridge stations,

.ccurrence of silence. The most suitable areas for the occurrence
cf silence are valleys and other concave forms, whereas the reax
and ridge stations have a minimum number of days of silence.
Cut of eight stations of Group I, six show similar values for
silence., Two stations = Tolina Pieciu Stawow Polskich and Hala
3asienicowa = give much smaller values tecause of a greater draught
cf the valleys,

Meteorological stations in Row Podtatrzanski show 7 silence

37 ~ne order cf ZC~4C’: otsgervations in 1252-57, aAntolowka whicn Is

-

located atout SO m higher than Zakopane notes a smaller . of

silence, tecause of free flow of air currents. On the other aand,




okservational data at Zakovane for pericd I differ from tnoze givern
actove, The reason could te either an exceptionally large number

of silent days in the discussed two years (32-52%), or chantge

of the location of statlons. 3Since there is no third

station which could serve for comparison with the two previous ones,
the protlem remains open.

concluding remarks

The analysis of anemometric conditions in Tatras and at

odhale, on tihe 2asiz of availatle orservaticnal material
] b
&‘

points to only very reneral conclusions, In the future,
these conclusions srnould be confirmed by longer ané more uniferm
ctservational series,

1. The crorraphy of terrain exerts the decigive influernce
v0th on tne prevailing directions arnd also on the

velocity cof winde,

2. Only small seascnal variatvility is observed in the
e ¢y o0f wind directions at the majority of staticn

11}

.

4, An increase cf wind velcci:y withh increase of altistud
iz obtserved up to atout ZCCO m atove sea level, The
highest velocities are connected usually with prevailing
iirections,

A )

. ~Creernins 07 Rcw rFedtatrzanskil from ortnern windszs
Srizko=cutalowskie rldge and Gorce creztes favoratle
aQn

iitione for knildins S torium and convalescent Lcome
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Figure 1. Frequency of ground winds in Tatras, January.
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Table 1. Trequency of wind direction in %%

. ) . i i t '
Direction y yg ! E i SE| s sw w ! NWC
lf H 1 . | :
Antoléwka 1952—53
I | 00 8.5 | 69| 28! 438 i 173! 21,2 10,2 283

U015, 1290 25" 08| 16 126] 223] 125 333
I, 461050 37. 00] 28 237! 158; 123, %6
W7 158 36! 22 92|18 75 75 344
V|84 59| 38 43| 32|162) 2261 172 204
VI {LL128) 591 081 591 142] 116] 13.0] 35,0
vit (120 79| 61| 27 64! 236 152| 106] 25.7
VIL | 05 102 38 2.2' 3,3 252] 15,2 1211 215
X |14 75! a4l 81 61 231 226 133 210
X | o.a! 1,5 4,3‘ 2,2{ 29)260' 162 7.0 20.1
1x | 031150( 47, 381 36 142, 188, 9.3{ 30,0
Xir | 06 153] 590 245 271401 1231 65 403
year | 15 119 4,5{ 19| 431192 163 107 297
i 1 )

yYear { I :
quadrant year| gg f114! 149! 31,2 9.7
spring ~ 42 107: 37 21 511193 153} 124, 272
summer {99102 550 191 52 210 140] 119, 204
autumn 08 . 113 45! 21! 420 21,01 192 1011 267
winter ! 07 122, 51 21| 30 147} 136, 9.8' 339

Bukowina 1949—33

I 1 07) 07 19 34 76 266 268 1.8 305
ol o8] 06 05| 15 41 282 344 41 260
W L1 18 32 53, 86 220 244 60 276
Iv 113723 1,8 38 127254 173 62 292
v { 31 . 25 45: 7.1 . 154 222 157 7.3 222
VI . 31%' 18 26 39 119 256 253 18 184
VIL 1.7'; Q0.6 1.3“ 1.9 8,0 268 230 835 302
VI : 2.4; 0,9 10} 29 94 250 177 65 345
IX + 2116 1.4 33, 125. 256 200 434 293
x | 2.2‘ 21 32{ 39 85 227 177 56 341
XI {0603 14| 46 115 300 210 15 201
NI 0,5; 07 1.6 1.5 79 230, 163 1.9 468
year | 17 14 221037 98 253 214 51 204
year | , }
quadrant year| ., | a3 24,3 36.6 29.4
SPFINg ' 18 32 32 54 122 232, 190 635 26,4
Summer | 24 11 16| 29 98 250 228 6.9 275
autumn | 16 13 20| 39 108 261 196 39 308

winter ; 66 07 13| 21 65 259 259 6 344
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Dclina Chocholtowska 1951—353

185 57 00

1 ' 86 145 04

nr | 88 129 09

v | 56 79 08

v ; 68| 70 L1

VI | 39 54 L1

viI | 51127 58

vir . 368[150. 18

IX . 63133, 14

X © 35/128; 1,8

K1 ; 93; 85: 05

X1t | 58 39: 00

year } 62| 10,0 L4I
vear

quadrant year; js4 63!

spring|{ 71| 92 0,9‘

summer | 42| 110! 29

autunn| g3| 11,6 1,2'

winter | 76| 80| 02

\‘ —_— —_—

Directioq N E

I

1
193¢
v

v

A%
VII
VIl
IX

-
-

XI

XII
year

year

Quadrant year
spring
summer
autumn
winter

0.3
03
0.0
0,5
0.3
0.3
1,9
0,8

. NF

!
i
|

08
2.8 -

c3
0.5
0.8

0.3 iLz.
0,0 ' 16.2.
03 233
0.8 14,1;
0,2 . 16.1.
08, 1501
12 18.3
191162
00 73!
05 . 13,3
0.1 9.9:
04 13,3
0,61 143"
I ;
15,6 |

04 179i
1.3 1 16,5
02| 102
0.2 135

0.3 ;108!
05 9,1
121195
19 | 223
141135
21 12!
08! 199!
1,2 \ 19,51
0,5 | 21,3
00! 90!
LI} 174
2.2i 8,9
1,0 ‘ 14,9
216
15| 185
141 155
QB‘I&
10| 96

ss‘.l's

2.0
1.6
32
0.3
1,1
6.1
26

28 :

0.8

0.8 |

1.1

34
2,0 .

1.5
3.8
0,9
23

71
4.5

. 18,8

6.5
38,
47
5,0

301
315
22,0
26.1
23,4
25,0
18,3
16,3
29.9
25,0
31,0
227
25.0

23.8
19.8
28,6
281

168" 127"
240’ 42
149! 57°
178 1.5
145 107
157" 63
86, 17
99| 04
74{ 06
59! 05
83! 05
99! 00
12.4) 14!
}

11,8]
1581 80
11.4' 2,8:
73| 08|
16.9l 561
]! SWwW l w

35.6
7.0
33.0
36.9
36,0
31.8
EL
36,5
45.0
6.4
45,4
42,9
37,5

50.4
35,3
34.2
423
38,5

38
370
7.1
19,
38 |
S|
14
0,0
0.0
0.0
0.0
0,4 Q
|
i
!

o
“

4,2
25 |
0.0
26 |

tNw

Dolina Piiciu Stawow Polskich 1950—32

0.0
0.3

2,4
08
0.0
08

0.2
19
1.2
9.2

41,4
350

200

343
1.2

i 52,2

44,0
48,6
49,2
66,7
54,4
69,0

47.3

7.3

! 34,8

48,3
56,5
48,5

134

8.6
10,6
143
17.2
15.9
174
19.6
12,9
125

6.4
134
13.7

13,7
14,1
179
10,6
11.8




S e T ST

I
1t
144
v
v
Vi
VII
VI
IX
X
X1
X1
year
year
quadrant year
spring,
summer
autumn
winter

1
11l
v
v
1
Vil
241
X
X
NI
X1
year
vear
quadrant year
“spring

autumn
winter

Ly
Glodowia 1951—53

04, 04 00: 0.7 222881353
L1 07! 07! 14 431383 221
400 40 05 05 035,334 234

53, 50 28 33 81220/ 180
27! 38| 09] 04 57332 316!
13: 28| — | 05 45270 316
30, 16| 16, 00 26 312 266,
05' 04| 04| 07 19300, 390!
09} 11| 00| 00 13333 392]
58! 38| 04! 07 00282 286!
24{ 41, 11| 15 48306 2551
38{ 27 00 0« G71326 331
251 2,4 06 03 281306 303

. ir i } ' |

10,0‘ A 18,5 { S 515
40, 44 L4 1,4 48206 244,
16, 16 07 04 30204 323
30, 30 0507, 20,300 301
18] 137 027 08 24332 302

Gubalowka—Pajakowka 192736

78 1,5 39 03 14 26 299)
47 35 T8 03 14 60 348
C66) 27 93 03 25 41 204
65' 22 110 00 36 120 300!
''53° 59 136 03 10 B4 248]
I i) 20 91 30, 52 45 31al
[ s9l 13 37 05 51 47 a2
© 69 21 68 03 23 34 317]
76, 14 T2 02 23 51, 426|

. 88! 45 56 03. 41 56 44.0:
| 541 08 21 02 29 91 536!
P42l 15 84 01 18 47! 276)
! s.zi 23 T4 04 33 56' 340!
| 1001 88 53 | 39.4

1 62; 27 113 02 44 7,7] 284
| 66, 1.8 65 13 42 43| 366/
‘ s.s§ 1.2 50 02 31 66 40|
| 56° 22 69 02 15 48 308

8.2

4.1
17,5
18,8
9.2
14.5
11,3
127
12,6
22.9
104
106
12,5,

)
15,2
128
15.3°

21.0
27.3
16,2
16,7
125
17.4
22,1
14.4
11,6
12.2
19,6
16.1
17.5

176
148
18,1
14,4
an g

V439

5 | 37.9

po
—

6.3 q
3,5

1 |
1.5

360

30,0
3286

328

31.8
35.0
273
A
4.3
472
355

35.5
328
33,2
32,1
43.5
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Direction N 'qp'i E Il SE ! s - SW
. ‘ :

Hala Gasienicowa 1927—38, 1947—53
. 60| 791 2, 2.8 I 13.4: 444 54, 34 14,2
n o 101f121] 26! 28! 11,8| 342 72! 541|138

nr o 89| 98| 15/ 241 136,361 80! 59120
v | 98| 95| 25{ 24166341, 67} 52132
v | 90[131] 40 33 l 152; 299! 55| 46 | 154
vi | 159! 132 51| 42/ 132 19,7( G,Ii 7.1 | 15,5
VIL ' 143]138| 49| 40 135/ 199] 72! 87 | 135

2.1 56! 64 | 166

Vit 169] 1321 45, 3.0 120 ‘
IX [ 131] 86, 28 28 ' 1441 315 47) 66 145
X ' 80| 87| 24! 34 164|379, 61! 461125
XI | 51| 65| 29! 3411890 390! 44! 38160
X ' 59! 65) 23 30142 439 48 26168
year :1w1linal 32{ 351251335 61, 52145

year I :
guadrant year | 184| 10,6 31,0 ;255 145
spring i 93,108, 28 28 152 335 68: 53 135
Summer i y53:13,4) 48 37 132 208 63 74152
autumn ! gg 320 26 23 163 360 50 50 150
winter 73 g8’ 25/ 29 1311408 58 39 149

flala Ornak 1950—53

I 82 94 820 97 142, 54 22 13 404

82 86 11.1. 11,0 191 86| 20 ' 31 303

m ;148 20| 79! 34 151 35 02 58 453

v | 00' 123176 149 336 32 00 00 184

vV . 55 43(18J’ 18 127 18 14 29 504

VI 29, 981196 3T T8 1B 15 26 442

Vil 65 79! 66 9 96 3 19 48 . 323

VID 75 34 34 13 81 49 2T 37 648

IN- 5.0 7.8 149 30 193 45 1,9 19 437

X . 58 70 91 28 67 60' 25| 1.6 . 585

XI ¢ 50! 67}142 28 231 103] 25| 21333

XII | 27} 16, 16711027 1831 43| 21| 2.7 | 414

year . 73| 681113, 62 139 17! LY. 24 455
year i | ‘ .

yuadrant year | 11,9 | 178 19,3 |55 , 45,5

spring . 68' ©64{147° 73205 28' 05 29! 381

summer ' 56! 70! 99' 60 85' 32! 23 37 538

t
autumn ' 53[ 720127 291157 69 231 1,9 451
winter ' 57: 650123} 103 172- 61! 21 ' 24 ' 374
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Kasprowy Wierch 1938—51 (wg M. Orlicza)

L 159 98, 28) 72 203 135 119 128, 53
o1l 92l 31 671212 12501350 120, 46
mr 21,30 104! 37 615177 g21 121 1.1, 55
IV 201 931 291 82] 216 137|101 9.2: 49
v 199" 134" 47, 85| 182 124 88, 738 62
VI | 2711300 26 54| 137 11.2{ 100, 108] 6.2
v - 213) 991 21 5,5‘ 1271 11,9) 12,21 11,71 67
vin 183 104] 33, 78| 181, 160; 102! 99| 60
IX (156] 91 23 67]2090 160131, 99| 64
X, 143! 105, 39/ 105( 224! 138} 114, 73) 59
xr (1,2] 87! 320 101! 266 139 122; 98] 43
Xi1 | 145]125] 40100 223 1151 110, 87} 55
year 186! 105’ 32| 77,197 132, 114 101] 56

year ! ' . ' : ‘ i
juadrant year 549, 23 300, | 23 | 56
spring ‘204 11,1, 38° 761920 1291 103" 92| 55
summer - 233 11,1 27 62 148, 130] 108' 108] 63
autumn | 137] 94 31, 91 2330 14801237 30' 53
winter 158 105 331 80)215 125 121! 11.21 51
Dlrectlonf N NEE SE 5 Sw W NwW ¢

' i
Kuzpice 1950—53
1 Ti60 00 19176, 124 2y L9 3N
11 581 26 20 39 2210 118" 05 I8 482
HI 105 38 00 16 237 144 Ly 38 732
IV . 56, 29 03 18 302 218 23 49 02
Vo 98) 66 L3 14262 144° 20 50 203
VI 1250 91 14 L7108 148 23 42
VIl 92| 77 39, &7 232[193 09 27 04
VIII ' 76! 58 11 1,2'253|234 06 413l
IX | 87! 56 L1, 31'28! 226, 09 23,310
X 49 42 11’ 24 259 219 14 67 U3
XI 49! 41 08 35 300l=220 17 L7 33
XIT . 36 29 001 177290 200 04 17 397
year | 71! 53 11 21 248 1820 15! 33 355
year ! S
quadrant year! 11,4/ 4.8 . 35.0 1122, 368
SPring | 86| 52 05 16247169 21 46 38
summer | 98’ 75 21 1,9 228192 14' 36 37
autumn © 52; 46 10 30 276 222 13 36 35
winter © 51, 38 07 25 2291150 1.4 21 488
[wg=according to]

- «w s
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tysa Polana 1951—33

1T 24 83 63 100 32{185;178 3.4 38
i 38 70 8 s.’r; 7.1i 18.5) 186 43 238
WE 55, 74 75 131, T4, 174155 59 03
IV 17 52 133, 194,120 158! 7.6 07 5
v 21 83 132 17.2{ 1195 163] 124 07 17
Vi 0,9, 58 107 256/ 157 143} 32 o2 228
Vi 3 56 13,3, 21,91 169 139 T4 13 1984
VI L1 54 68 185 155 151] 150 02 2
IX 20 41 107'202, 97 131 10.9i 4,5 N8
X 32 59 111 192, 65! 107{ 11,51 25 234
Nio93 28 133 2086, 47178167 05 3
X1 3,2 54 119203 35; 88 11,6} 1,2 358
year 23 58 104177 99 150|123 22 ¥}

vear ‘ 3 '
quadrant year 6.3 22,1 26,3 12091 214
spring 31 T0 1131166 104,162} 11.8, 24 22
summer 08 56 103220, 161. 144! 85 06 27
3 5
2

autumn 18 117 200 7.0 1381130 25 %)
winter 31 8% 13.0° 46:153 160 an 3

Miorskie Oko 1927—38, 184833

58 76 172 Tel oA 4
63 6.1 164 10g 28 43
41 54 140 95 2875

X 85 6.6
X1 69 5.1
XIr 52 60.

Lo

®

1 53 58! 22 33 83 145 79 42 48]
11 33 98| 22 54 41 1190 82 314
i TO780 M1, 350 650164, 71 17 46l
Y 64 75} 22 27| 65,163, 90 24 ¥0
V59 570 24 38 51 1611 gy 1T 4
L2 SRS 9.3! 32 56, 651114 91 13 !
VI €7 182 37 3.3( 59128 68! 36 . 450
VL 35 1200 23 42§ 70 1L4. 63 32 84
IX 64 93 15 451 78 134 791 38 W

1

1
year 69 73. 23. 47 68 144 97 28 53

year ‘ _

quadrant year 119 8,5 16,4 17.3 5.9

spring’ 71 1! 21 44 B0 164 85 19413
summer 64 105] 3.0 43 T.t, 11,9, 75 29463
autumn 72 71} 23 55 . 73| 154, 88 29 48
winter 62 71 21 49 53:135 85 35 4¢




1}
Direction % Ne,| ®

1

11

193

1%

v

‘..‘I

VII

VIII

IX

X

X1

X1l
vear
year

quadrant year 148,

spring
summer
autumn
winter

[
I

11

w

v

VI

viI
VIII

IX

X

XI

X

year
year
quadrant year

1,3
193
P 9.0
{ 43
‘18
81
6.3
b,
1 54
I 45
D56
i

36

6.3

t

"'170

C 72

52

<57

9.0

112.2
5 12,2

i 12,4

110.2

83"
8y !

.08
110,9

11,3

[13,7
11,3
12,9

10,4

16,9 |

spring, 103
summer, 9.8

autumn
winter

12,1
11,3

Sk S W

W NI
o i
Myslenickie Turnie 1949—353
T3 144 63 1172388 42, 46
104 | 5735 [139 1431 | &7 ‘Sﬁ ‘
104 115 | 34 102|323 8272 |
108 95 |46 {186 369 | 75188 |
;142 1153 | 75 |161 |26.4 , 471 5.7 |
(19,6 ;18,5 1 81 (13,7 [17.0 | 91 54
185 ‘222! 62 133 {226 | 40| 51
{144 '21,0 170 1192|223 | 3938
92153139 |228 1320 42| 42 |
| 96 177 54 (176 {310 R 39 37 |
' 83! 81 (27 |14.0 451 | 65 65 |
i 7.5 8860 115.7 1450 | 7.3 1 43 |
P19 113,21 6,0 |x&033;3‘ 6.0 | 5.2
i :
EREE i351 248 |
Mg 120 52 '150 1319 | 6862
175 1205, T1 | 154 1206 57|48
92 13,1 162 ;183 (361 49148 .
85 96 353 156 4231 6747
Foronin 1927—39, 1947—53
83 11514 13 ;52 1256 6.4
P47 T0 15, L4 .69 129087 |
‘52 w413 14 51 1252]8)
156 1103 24 |19 172 286177
72 123 38 |34 (53 198157
13 81 18 ;21 (60 27169
510 49 11020 67 31,5 8l
48 T4 09 17 38 206 83
43 85, 12 20 13 186 T
‘asl 951 1,8 22 48 262 73
l60 ! 85 16 22 42 25673
67 120 13 17 52 28|62
{56 93117 19 58 {26273
| . '
' { \ .

i 129 5.7 1327
|63 (107 25 22 |55 151 63
44 | 6813 19 62 286|177
54 | 8615 23 .45 268 74
60 1102 14 ' 14 ' 58 254! 701 ]

2 sl

2.4
0,4

]

20
2,3

105
17
)

1.0
2.6
3.2
1,8
2,1

2.1

4,0

12

o

1,6

33,1
28,6
30,9
23.1
742

34.8

©32,0
32,6

318
28,6
33.3

'32.4

3.8

31.8
30.5
33,3
31,4
31,4
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Witow 1951353

1 127,05 L1 ( 161 42,203,325 51 228

19 ;12 | 0.0 | %3 42 190 320 60 3L1

ur o t4 {09 23 | 28, 25184 322,125 278

WV {18 (43 |18 | 541100 238,229 10,0 200

vV 125145132} 70, 50 117.5 (235 12,4 | 244

vi {06 |24 ; L9 (122 50 {189 230 7.2 288

VI | 06 )23 ! 08 | 52 42 236,240 |10,7 12886

vit {12 47 111 | 43) 36! 941303 54 {400

IX (1,3 (L1 (181 1,7 25 (136|370, 50 360

X 113 |26 |18 | 47 411126223 119 iss,-z

Xr {15 22102 130 37174312 100 | 325

XIT {08 (17 {03 | 03| 36(21,7,284. 70 362

year 16 122 109 1 221 31200 !29.0 10,0 {310
year , b

quadrant yéar 7,7 (3 14,2 l44,0 31,0

Spring 19 |32 24 o 581199 1261 1115 281

summer 08 {31 |12 ! 72! 43 J19.3 1258 . 7.2 323

autumn 1,4 20 |13 ) 28 34 1451302 90 356

winter! 1,5 {11 (05 { 24| 40 (233 {310 61 '30.

P R - B

Direction  pl & sk, s sw w sw o

Zakopane 1921—39, 1943—44 (wg Guminskiego)

I 070 99 48 41 172 228 144, 32 168

M 073 1.37 52735 '159 29 134 22 152

D, 80133 57 41 '17,9 /200 114 40 155

IV 74 108, 55 53 152 223 125 52 157

vy 89 JILB TS5 (59 145 174 89 66 183

VD D96 1105 59144 1113 221 138 .70 154

v o8 % 84, 36149 131240 1147 83 155

VII - 61 92 35 51 164 1221 {134 ;65 1177

X | 48 96 40|58 (174 (214 1208 ' 60 302

X 55 98! 6459 192,212 103 39 178

XI 49 1081 60144 [177 /220 1130 19 103

XII 31 134§ 67|45 (188187 (109 26 193

year 68 | 11,0 | 55 48 (162 (213 123 | 48 173
year ; | | 1 ; ; !

quadrant year 137 | §x3.4 . fwm3r o ma s

SPring | 81,120 62|50 1159 200 |103 {53 |168

Summer | 7.7 93 4448 138,227 (140 . 73 {162

autumn 52 10,1 58|50 '1821216 113 ' 39 .19

winter 65 1251 56 40 173211 129 30 17

{wg=according to]




e e et T

e i aer

I 18 99
1m 05 . 81l
I 34 40

IV '53 103
v 56 10
VI .30 | 67
VII 59 @ 68
vHII 13 | 38
IX 33 28
X 19 110
XI 11,8 . 178

X 15 !l

year 31 7,

year | ;
quadrant yeari 9.2 |

spring' 48 | 7.3
summer ; 41 | 37
autumn ' 23 ‘ 7.2
winter: 1,3 | 9.0

R Attt aviintesi s,

50

Zakopane 1952—53
220 13,2, 43 3338

55 42 83
53 60 16
32 15 5.
6357 18
6213 6.1
56 ' 42 6.1
35 03 . 4.3
35132 . 46
4883 @ 94
2423 . 94
72962 ! 93
9,8 ! 53 10,2
53039 68
i
11.0 - "18,7
54 28 69
a2 25 | 50
51.57 | 92
89148 ! 60

'24,5 ' 16,5
1228 12,4
£ 98 . 39
1252 | 6,5
{189 10,5
l156 - 12,2
(169 (187
196 | 6,7
|21,0 | 6,2
225 | 7,3
121! 56
11981 97

\ ja00
189 | 7.6
!

17,1 112,8
21,1 68
195 1118

4.0

4,8
.65
f11,3
1 6.4
75
' 59
i 3,5
k 5,1
;0,3
I 92
’ 48

i

o~
6.6
2,9
2,7

33,5
420
143.9
l 30,2
1 36,6
44,1
45,1
418
40,7
36,8
46.2
39.3

39,3
38,8
41,9
39,7
38.0




Table 2.

Wind

51

velocities in %%.

Hala Gasienicowa 1927-38, 1947-53,

ors. Z0T7L2.
: S T - o oTTr s T T o YT T Tt T o o
wind velocity i ' | ; i . ;
oy y o LONE T B sE | swoo 0w ; NW o total
%% in m/sec : 1 D 3
y—2 ar | 2 12 10 21 ) 122 0 34 s 25
> S1—§ 2 3.5 0.9 12 22 0 1584 , 16 | 13 82
3 - 5—10 0.7 13 2.3 0.4 4,1 ] 9.7 03 | o4 172
2 10--15 1 0.2 01 102 35 1 48 o1 | - 49
2 15 — - = 15 | 23 - - 8
= R ! — { — -
total {60 { 79 25 | 28 134 | 444 5.4 34 0 142 1000
o—2 | 50 1 45 0 13 | 1 |14 101 1 49 33 316
ol a3 032 085 to0T 11 [ 24 123 019 1.4 285
3 5-10 | L6 | 18 05 | 04 | 32 62 | 04 06 | 147
5 Ww-15 03 & 03 L - o1 ! 6
Y 15 — -~ - — 1 18 22 — — 3.
= —_— - | —_— = - —_ B
' total IR UN 12,1 2.6 28 118 1 34n 7.2 5.4 13.8 100.0
o— 2 43 | 39 | o8 . 08 23 126 5.4 3.5 37
Y = 29 ; 45 1 03 1.3 26 438 ' 19 1.8 w3
S ~. 5—10 16 |13 0.2 0.3 3.3 69 ' 05 05 146
= [10—-15 ¢ 0 - - — 3.8 0.9 n.1 - 4.9
2 15 - 0.1 - - 16 0.8 0.1 - 25
. total |89 s 98 | 15 24 13,6 360 | 90 5.9 12,0 100
v—2 | 39 a7 13 1 12 35 e 1 53 | 34 6.2
-5 | a4 42 09 1 07 48 12y Lo 114 23
~ > 3—10 | 05 05 03 ! 03 43 64 1 04 1 04 38
u 10--15 1+ — — - = 38 o - — 5.5
< 15 P 0.1 — { 0,2 2 — — 03
"total | e 40 | 33 15.2 299 55 1 46 154 2000
! p— 2 65 63 ;23 | 20 |44 | 106 a2 o3 6
bo2—s5 24 - 83 ! 15 L0 5.0 113 12 113 300
30 o= oen 03 ) ez 02 ¢35 6.4 0.1 0.2 1.0
= . e—15 ) = — = 1 ol ; 20 | 13 - 34
S o= = =] = w3 | o3 - - 0.6
| - e | P “ -
{ total [ 980 « w1 40 ;33 | 152 29.9 55 1 48 15.4 0.0
0-- 2 120 | 84 33 18 ;. 43 66 1 40 | 52 1538
y 25 57 | w6 18 | o1z 48 ' 90 | LT ' 18 248
g - 310 02 | 02 - 0.2 32 0 40 04 0.1 .83
= 10~15 - - ~ - 07 . o5 1 o1 | — Coos
15 -, - - - 0.3 .2 - 108
total 159 | 132 5.1 4.2 13.2 9.3 61 | 71 155 1000
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Table 2(Continued).
Jind velocity in - f ;
find ey s ’ N . NE 13 T s W w fONwW C total
%% in m/sec ‘ i , .
0—2 | 99 | 96 ., 34 I A R K 65 | 49.3
I Y S U 08 | a5 | 7e | 23 22 | s
= S5-10 1 01 02 ¢+ 01 i 03 . 33 . 35 ! 02 - ‘ &
> 10-15 | - e T X T T - 17
- 15 S - - - 5 02 | oot — = 03
i p o r—— e | — — - - T — —_—
total T143 139 | 49 a0 | 136 l 199 | 12 87 | 135 . 1000
- T r T T T e
0— 2 ne | 3 ' 31 | 23 ¢ 38 100 ' 43 47 l byl
- 2— 5 40 | 54 1 13 ‘| 06 | 42 78 | 1.2 1,5 ) \ 260
2 5—10 04 I 05 o1 | 01 | 30 40 | 01 1 02 o84
% 2-10—15 e e 09 086 | — - | booas
< 15 - = - = 0.1 0.3 i - — ! j o
, T I —— I
total 160 132 | 45 | 30 1 120 27 ' 56 64 1 166 1009
b 0 2 89 | 54 19 s | oas 13.0 34 45 424
! 2 1—5 4,0 39 0.8 12, 53 1.3 13 L9 299
OB 5—10 0.2 03 0 — 24 48 — 0z 8.0
2 1n—15 — - - = 24 1.8 - - 4.2
o 5 - S - - s 0.4 - = 70
3 S | U U S S
total 131, 96 | 28 28 | 144 315 +7 | 68 145 100.0
o— 2 60 " 50 1,5 12 3.3 13.5 14 34 38.4
H 2-~3 18 31 06 1.3 3.1 23 12 Ll 24.5
._;- 5—10 0,4 0.5 6.3 [} 1.3 3.7 0.5 0.1 5.4
S 10—15 - 0.1 — 01 4.5 26 — - s
3 15 G- - = - 1.2 0.7 - - Ly
L o . B ‘ — .
total Y 87 1 34 3.4 16.4 379 6,1 4.6 125 100.0
N o—z2 | 34 . 39 | 18 1 2 27 ! 108 28 27 ) 30,0
2 2=5 ¢ 1,8 19 08 1 09 31 135 1.2 0.7 3.6
g 5—10 03 | 07 0.2 | 04 49 0 83 0.2 15.3
> 10—~15 ' - — - — 6,3 5.0 V4 2 il
2 is S — - - 1.9 11 - — 30
. - = - ) —_— ) | ———— |— - - - ——
total P51, 85 , 23 . 3% . 239 - 390 44, 38 . 16y |, 1000
o o—2 1 3% | 39 | 12 ; 09 | 23 148 28 14 3.2
2 C2—5 14 ;20 | 08 | 16 | 28 6 16 08 25.5
5 ‘ - 5—10 I 05 ! 035 03 ; 04 36 81 04 ‘ 02 140
. ' 1
9 R L L 01 44 4.8 — | 0.1 98
X ~ 13 = - - - | 13 16 - - 29
| —_— i — — T
|42 43.9 4.8 ! 26, 188 1 1000
36 . 115 43 T2 385
38 119 L5 13 20,2
67 0.2 0.2 - 13.3
— 26 ) 3.0
Louy 08 | — - 17
b ———— | ——————— e = ma— . e e e | ———— At e
125 ¢ 335 6l 52 13 100.0
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Table 3. Wind velocities 1in %%.

m/ sec I it 1 l v v vi (4 Vit 1X N X1 X1t year

Kasprowy Wierch 1941—1944 (wg M. Orlicza)

u—1 94 | T1 ; T3 4+ 58 153 | 192 | 145 188 203 | 134 94 | 121 1 127
2— 5 239 | 280 | 266 314 366 | ddd i 489 363 269 . 290 ' 2710 | 175 1 314
6—9 . | 336 . 327 | 360 311 309 - 225 | 245 . 298 | 308 | 312 1 37 | 274 302
l0—15 | 231 - 198, 210 225 13T 114 © 94 12.1 136 | i83 - 21,9 | 199 1 17.1
16—22 i 86 ' 83 , 80 . 78 | 30 25 { 2.2 3.0 67.0 62 ' 78 | 150 6.6
2, 24 ¢ 41, Ll 14 05— | 05 - 1701 2.2 ‘ 81 | 20
Lomnica 1941—44
0— 1 153 | 171 156 ¢ 170 %02 272 261 333 ot 213 15,0 140 210
2— 5 336 | 423 0 382 | 403 452 460 465 430 478 484 0 414 300 428
6— 9 304 4 263 27,7 244 228 . 175 194 19.6 181 " 231 ' 297 ., 296 0 239
10—15 164 | 109 - 132 | 144 8.9 86 | 56 30 50 48 | 111 118 95
16—22 35 29 40 l 33 2.4 0.6 1.6 Ly 06 ' 19 . 1T 48 0 23
~22 - 08 | 63, 13 ] 08 0.3 — 0.8 — 08 03 ;. L1 — 05
wg = according to
—
Rkt s
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Table 4. Wind velocities in %%

N N¥ ' [ S > W v

Zakopane 1921—39, 1943—44 (wg R. Gumunskiego)

0— 2 4.1 6.8 36 3.8 123 i 3.7

< 2- 5 2.6 018 0.8 1.8 7.3 6,1

- 5—10 0,1 0.2 2.1 0.2 1.1 23 23
>10—15 0.0 00 - 0,0 0.4 0.4 0.2
~15 - .- - .00 , 06 0.2 00 -

! | ! |
total; 68 o ' oss e | 162 21.3 123
M ————

wg

NW

1o e
- e

03
0,0
0.0

48

¢ total

E
mT
X3
j ]
0.8

1713 1oy

according to
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