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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, poisoned 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 it
would appear that it is already too late for a change. How-

ever, each human culture lives, 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 planning should be based on combining physiographic studies
with space considerations, utilizing progress 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 society.

This publication is concerned with only one meteorological

factor - wind - a factor which is 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

enormou3. A very important problem in places of this type is

protecting the terrain from cold masses of air, especially from

the North, by the appropriate location of buildings or well-

planned green areas (parks, windbreak belts).
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Mountainous areas create specific 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, its depth,

narrowings and broadenings. Thus a pass in a mountainous

valley will cause convergence, and thus an increase of the wind

velocity for a given sertor. Conversely, we have the phenomenon

of divergence - spreading of air streams as a result of

broadening of orographic forms and the resultant reduction in

the wind velocity.

Moreoever, there are other disturbances of the air flow

over mountainous 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 distribution depends greatly on these features.

MATERIALS AND PROCEDURE

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

is concerned, except for the Kasprowy Wierch station, a Wild

type anemometer was used, which is not very accurate. Thus we

concentrated 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 avoid was nonuniform height of the anemometers,

their different surroundings, and changes in the station locations.

Unfortunately, we had no appropriate correction factors which

enabled us to eliminate differences arising for the



above reasons.

Considering in turn the nroblem of wind velocity, it appears

that wind velocities recorded on the basis of Wild anemometers

may be treated as approximate values only and not the basic ones,
particularly since when collecting observational data it was not

noted whether the stations were equipped with anemometers with

heavy plates. The Wild type anemometers fitted with normal 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 below:

.i;umer ::are ol station Feriod of Number of
observation ,'ears

1 .\ntolowKa
2 Bukowina 194J-33 '

Dolina Chocholowska IZ1- i

4 Dolina Piqcwu Stawow 9l.) U -5 4

5 Glod6wkaD tn For

6 Guba1dwka-PajaIkowka 19" 3,
7 Hala Goswlnicowa 1927-847 3 IJ &3
8 1ala Ornak 1950-53 4 T ;' T

9 Kasprowy Wierch 1938-51 ;" ' jC
10 Kuinice 1950-53 -

Ii L.ysa Polana 1951-53 3

12 Morskit Oko 1927-38.48- ,; 18

13 Myslenickie Turnie 1949-33 5

14 Poronin 1927-38.47-33 z' jt

15 Wit6w Ni51-5. 3

16 Zakopane 1921 --. 4.-44 21 _i. - CodeS
! " " " " 1 :" ."/or

Polish reports are available to the
public per Mrs. Luttrell, AFFTD/NIIS.
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It is seen from the above compilation that the shortest

series comprises two years, or 2004 observations, whereas 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 %1 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 Orlicz [ 19J , and for Zakopane from the work of

Guminski. Then we drew compass point diagrams for winds on

hipsometric bases of the map of Patras to the scale 1 : 50,C00.

In addition we developed diagrams of the freouency of wind

directions for 16 stations by the isoplet method, and drew

compass point diagrams by the method of Ckolowicz \187 taking

into account both elements of wind, that is direction and velocity,

which are often treated separately. In this wa'y we obtained

-:erial f'r the frecuency of directions of IV stations, and

for "elocity from 3tazions located at different levels of
aLzitdde.

-he work with such diverse observational material appears

desirable because of economic needs, especially since the

presently available data relative to anemometric conditions of

Polish Tatras and Podhale are based on only few stations, and

the most important studies in Polish literatuzre on this subject

are the work of Kosinska-Bartnicka [7]based on one-year

observations and the work of Crlicz L19]discussing anemometric

conditions in the top (peak) part of Tatras.

-he descriptive part of this work is su:.plemented by:

1) tables of the frequency of wind directions in :

for months, seasons of the year, :ear 1 .... ),

2) tables of wind velocity in .(Tales 2, and 4),

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



year and rear (including one quadrant ma), altogether

18 raps (Figures 1-18),

4) graphical presentation of the freauency of wind veloci-

ties in >. ' by the Okolowicz method (Figure 19)

Comparison of data for Zakopane from two different

observation periods

The basic rule of statistical climatology is the law of

preservation of the uniform observational series. Unfortunately,

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 observational material from Zakopane for

the oeriod of two years 1952-53, i.e., the shortest period of

observations utilized in this work (Antolowka).

When comparing data from Table 1 for Zakopane for the

period 1C21-39, 43-44 (referred to as Period I) with those for

t e ceriod 19r2-c7 (referred to as Period ii' :ne can see clearl -

in 4rcrease of da-:s with silence (quiet days). in this :onnoction,
the freauenc'" of :articular wind directicns /ecomes reduced.

Period II, similarly to Period I, has in the first place

the winds from the SW sector. Whereas in Period I after the SW

winds the second place was occupied by winds from the S direction,

in Period II the second place is occ'upied by% winds from the

W'V sector, and then from NE sector. In general, one can state

that in Period II the dominant winds were from the W quadrant.

There may be two reasons for this behavior:

1) reduced number of f~hn type winds,
2) changes in environment of the observational post.

Any proof for reason 1 or reason 2 is at present very
,ifficult because of the lack of data of this sort. :evertheless,
if we consider that the highest wind velocities are noted from

the S direction, then a reduced fraction of the winds of this type
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could be the reason for an increased number of days of silence
noted in the last period.

Geographic characteristics of the region

Although the basic topic of this work is the Polish Tatras,

the region includes, in addition to this primary orographic

section, Podhale adjacent on the North. Podhale is joined here

with the area of the Tatras because of the climatic effect

these geographic areas have on each other.

Podhale is 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-Gubalowskie. This

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 this reason, the highest areas are in the Southern part

adjacent to Row Podtatrzanski. From this part of Podhale, ob-

servations were made at the following 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.l.).

Row Podtatrzanski is represented by two stations: Zakopane

(835 m a.s.l.) 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 (114 9 m a.s.1.) 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.
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Eecause of different geological structures which conaition

orographic formation, Tatras in Polish teritory are divided into

two parts: Western Tatras (Tatry Zachodnie) and sigh Tatras (Tatrry

.ysokie). They are separated by the Liliowe Pass, Dolina Stawow

Gasienicowych and Dolina Suchej Wody.

Western Tatras are characterized by striking contrasts

between 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 mo

Kasprowy ,Vierch (1988 m a.s.l.), Kuznice (1C23 m a.s.l.), Vy-lenickie

.urnie (1367 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

systans of valleys. The stations which lie in this region are

Morskie Cko (14CC m a.s.l.), Dolina Pieciu Stawow Polskich (16o" m

a.s.l.), and Lysa Polana (988 m a.s.l.). A meteorological sta:ion

on H:ala Gasienicowa (I 2C m a.s.1.) lies at the junction of

:estern Tatr~s and High Thtras.

:escrijtion of location of rneteorooicql stations

1. Antolowka Hs = 918 m. Meteorological station is located

on Antolowka ridqe, at the distance of about 4CC T. on E::E

from culmination (940 m). The station forms a contlnuaticn of Zhe

profile of meteorological stations running across latras. It rizes

about 80 m above the bottom of Row Podtatrzanski and it represents

meteorological conditions in upper parts of the Row.

2. Eukowina Hs = 880 m. Meteorilofical station is located

on the N slope of Kramarski Wierch on the road from Eukowina to

7ialki. Its location does not represent the average climatic

conditions of Bukowina, because it is too large accesslbele

the Northern flow of air.



3. Oolina Chocholowska "s = 1028 m. Meteorological station

is located at the break sections of the valley in SSW - >INE direction.

below the junction of Sucha .Voda valley and Starobocianska valley.

The area is protected : from E by the mass of Ornak, Kominiarskie

"ierchy, Stoly and Kopki; from S by the main core of Tatras; and

from Wv by the mass of Rakon, Upalony and Bobrowiec. This station

represents anemometric conditions of the described valley section.

4. Dolina Pieciu Stawow Polskich Fs = 1668 m. The valley is

in the shape of a bowl, closed from N by the ridge of Swinica

3fd Kozie W'ierch: from and S7 bY the crest 'Valentkowa and
Zicowskie 'ierchy, and from SE by the crest iedziany and Opalony.

Zeteorological station is located at the foot of ./yzna Kopa above
",aly --taw. The axis of the bowl in SW - _T means that the highest

I requency of wnsifrm*' adZsectors. '-he station representswid sfrom Wand E etr

upper carts of Roztoki valley and lower parts of Dolina Pieciu
S t a :o w.

. Glodo,,!a Hs m lO * .. etecroloriccl -tation is loc.ted

e I noe of >rb, .s...se culmination im 1I n. sero-

falls steeply to -iclka valley with SL'1 - a cxis. esurinc

instruments are placed in a small forest clearing of radius 1CC m.

Chowancow "ierch (1057 m) forms a screen from the E direction. It is

doubtful whether the station is representative of a larger area.

Hala Gasienicowa h = 120 m. _T.e station lies on the

boundary between Western Tatras and High Tatras, in the upper part

of .Sucha Zioda flowing from Zielony Staw Gasienicowy. This is a wide

-ialley open from iTE, and closed from Y,'.W bY ;Uc hrucie Kasprowe,

from .3 crest extended from Granaty to Kasrowy W','ierch, and

from I 1-y olta Turnia.

'. ,Tubalowka-P akcwka Hs = 112]..m. .eteorological station

is located on S. slope of Gubalowka, fallinE steepl-" in the
Jirection of Row Podtatrzansk4. The difference of levels between
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the station and the bottom of Row is about 300 m. The slope is

unprotected from the West. From the North it is closed by

Gubalowka ridge, and from the East, by hills perpendicular to

the Tatras.

8. Hala Ornak Hs=1110 m. Th2 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

axis has a S-N direction. The valley is divided into three parts

by narrowings with steep rocks. A meteorological station is

located 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 is divided from Hala Ornak by the deeoest

Tatra pass - Tomanova which greatly influences wind directions

noted at Hala Ornak.

9. Kasprowy Wierch 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. Kuznice 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 station is located passes from the SSW to NNE. The narrcw

valley is surrounded by Boczania 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 in the high Tatras, on the left side of the Bialka

river between the 'J edge of the Tatras and their foothills,
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-n a passage between 6E slope and the hi:fi terrace -f hialkq.

-e -eneral direction of the valley i-s S2, - :NE.

1 2. Iors.i_ O^ .ko s : 1 CC .n. This is q bowl of glacial

or:in. Its nxis runs from SW to NE. From S'V direction the bowl

is closed by Mieguszowieckie Szczyty and Cubryna, from E and NN -

bx ridges Zabie, Rysy, Miedziany and Opalony. The meteorological

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

Lake, at the outlet of outflow valley of Vybi Potok.

f. Mslenickie Turnie Hs = F67 m. Meteorolcgical station
Doca.ed on the rocky ridge fallin in the 7 direction towards

.as :.sC2owa, and in the W' direction towa3rds Dolina Gor.czkowa.

--le ridge axis runs from N, to SE. In the S direction the terrain
rises becoming the slone of Suc!y ,Vierc.,. 7, -enerril, the locatior

of the station is on a slope.

14. Poronin - Xosne Hamry Hs C 0 m. Meteorological station

is located in Poroniec valley. The axis of the valley runs from

.. From the N the valle- is bounded b.' Galicowa Grana ri-;-ie
( Yr"2 .), and in the S direction the Poroniec valle: oasses into
a -l 2e of Guoalowski 't.fe.

15. Witow Es - 798 m. Meteorological station is located

in a broad part of the Czarny Duna.4ec valley with ently sloping

sides. The axis of valley runs from S to N. On the W side gentle

hills up to 960 m do not form a real obstacle for winds from that
direction.From the E the valley is protected by hills to ICCC m

(Ostrysz 1025 m), and towards S the valley narrows to the site

of junction of Siwa and Kirowa Woda.

16. Zakonane Hs = 87 !.. At present, the metecrologibca
station is located at Wilcznik, loosely built up. From the S

.,ow odtatrzanski passes into lorthern arts of Tatras. From '

a nd i it is protected by Palenica and Gualowskie ridge, and

from E bv hills extendinr from S to N. The axis of Zakopianka
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valley has the direction SW - NE.

It is necessary to point out that the meteorological station

was moved several times and, in this connection, the observational

periods reported in this work come from two different points. In the

period 1921 to 1939 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 frequency of wind directions was made

on the basis of three ending observations, that is at 07 h, 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 8-direction ooints of the compass, marking also

.t each point of compass the percent fraction of days with silence.

The distribution of particular wind directions in monthly and

yearly periods is as follows:

Januar- (Fi'ure I). In Jan'zary on the discussed area the

prevailing winds are from S, SW and 71. The lowest frequency is

noted from the directions N through E to SE. An exception is

provided by Kasprowy Wierch for which, after the S direction,

the second strongly accented direction is N. This system,typical

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 Dolina Pieciu Stawow, Kosne Hamry (Poronin), and at

Gubalowka. On the other hand, the system of winds for Fala Ornak,

where the component 7 is strongly accentuated, finds no analogy

at other Tatra stations. Nonetheless, it appears that tiae Casic

reason for this effect is the lowering of Tomanowa pass. 7n Row

Podtatrzanski the prevailing winds in lower parts (Zakopane)
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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

f-..q -deyof silence than stations located at the bottom of

broad valleys or in bowls.

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

is noted also 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 40%,

similarly to January.

March (Figure 3). In March we observe the predominance of

S and SW directions. Kasprowy Wierch has more winds from the

North sector than from the South sector. At Hala Ornak the

system changes to the predominance of winds with a S-N com-

ponent. At the remaining stations the system of winds is

similar to that of previous months.

April (Figure 4). The general situation with atmospheric

pressure and prevailing winds connected with it for the entire

?olish Lowlands has no effect on anemometric conditions in Tatras.

The prevailing winds are from the S and SW sector. In Row

Fodtatrzanski, after winds from the SW sector, second place

is 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

general 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 is shown on the attached maps and tables.



June (Fi-ure 6). June 3hows 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, Antolowka

(Row Podtatrzanski) shows crossing of NvV and NE currents.

July (Firure 7). In comparison with previous months,

we see that the component N continues to prevail but only for

Kasprowy Wierch and Hala G.;ienicowa. On the other hand, Kuznice

which lie in the profile of Kasprowy Vierch show prevalence of

winds from the S sector. This diametrically opposite system

may be explained by free inflow to Kasprowy *Vierch of ground

air currents from N direction, and by the protective action of

Spisko-Gubalowski hills and of Hicgh Eeskid in relation to stations

loc3ted in lower parts. In addition to these reasons, a larre role

in the system of wind directions is played by local circulation

of air between peaks and valleys, caused by temperature -,vadients.

Determination of the mag-nitude of effect of local air circulation,

because of differences in heating of peaks and villeyS, wculJi

,_cSsible analysis of daily aremometric o'bservations, :-W

it would already exceed the scope of the present work.

August (Figure 8). This month shows only small changes

in the distribution of wind directions in relation to July.

A lesser role of winds from the N sector is seen at Kasprowy

.;ierch. Meteorological stations located in Row Podtatrzanski

show the prevalence of winds from SW sector.

September (Figure 9). The winds from S and SW directions

continue to prevail in the whole area. In comparison with t e

previous month, the component N shows smaller values (Kasprow':

erc. in,! Hala .Asienicowa).

Cctober (Fi.-ure 10).A general baric situation ases the

formation over Poland of a ridge of high pressure, ind an increnEe
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of rressure towards the E (continental elevation). As i result

we have a reduced participation of winds from W direction, which

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 4irection.

December (Fi-ure 12). The freouency- of the directions of

winds is similar to that which appeared jreviousij. Lrc. e.it

ti very large %b of the days with silence, reachin7 the values

of the order of 9 in Chocholowska Valley.

S)ring (III, IV, V, Figure 13). The analysis of maps for

carticular months and seasons of the year indicates a small

seasonal variability. In the spring system the prevailing winds

are from S and SW directions. Cnl, Kasprow:: ierch notes a hi-her

frequency from tle N direction. Prevalence of winds from the
direction is noted at the stations Dolina Pieciu Stawow Polskich,

Poronin and Pajakowka. This behavior 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 Witow 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 observe a reduced participation of winds from the s:;
direction in comparison with spring. On the other hand, there is

gn increase in of lays with silence.

Autumn (IX, X. XI, Figure 15). in autumn we see a renewed

increase of the frequency of winds from the SW sector, with
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simultaneous decrease of the participation of winds from the r
direction. Otherwise the system is similar to that in previous

periods.

Winter (XII, I. II, Figure 16). The winter season brings

hardly any change in the distribution of frequencies of the

directions of ground air currents in relation to

the period of autumn. Changes vary to the extent of

barely few percent, as can be seen in the attached tables.

Year. Two maps of the frequency of wind directions were

prepared for the year. They are:

1) for eight directions (Figure 17),

2) for quadrants (Figure 18).

The quadrant map depicts 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 probability that the prevailing wind directions agree with

7round relief. The highest frequency is observed in open qrcund

elevations, and the lowest in the directions protected by terrain

elevations. Ztntions located in narrow sections of mcuntaincus

valleys have directions of prevailing winds agreeing with the valley

axis7 e.g., Kosne Hamry, Dolina Chocholowska, Kuznice.

On the other hand, broad valleys, e.g., Witow, do not have such

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 E. It is a known fact
that in mountaineous areas anemometric conditions are greatly

influenced by local circulation of air caused by differences in

heating of peaks and mountain valleys.

'n the basis of tables and maps we conclude that the

prevailing directions of ground air currents are S and 71; directions.
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In Teneral, we see a very small participation of winds from.

ouadrant E, with exception of the above described Hala Crnak.

At the stations Kasprowy ',ierch and Kuznice in first 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 large importance for economic reasons, in building, etc.

Tt does not mean, however, that these are the only directions.

All the detailed data, which would blur the basic features in this

description, can be found in tables and maps attached to this

report.

Frequency of wind velocity

$tatistical material pertaining to the wind velocity was
taken from compilations of Guminski, Piasecki, Orlicz, ond partly

Kosinska-Bartnicka, as well as own material for Hala Gasienicowa.

In this way we obtained material for wind velocity for the following
altitude levels (storeys):

1) Zakopane - located at altitude 835 m above sea level,
representing conditions in Row Podtatrzanski,

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 two
ways: for Zakopane and Hala Gasienicowa according to criteria of

Hellman and then Bartnicki and Guminski,but materials for Kasprowy

L1
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',ierch and Lomnica are treated in a somewhat different wa" -

comparison of 13-de-ree Beaufort scale with adopted division

into degrees of velocity in m/sec.

Division accoraing on Beauforti according to
to '-ellmann scale, Orlicz

O- 2m. sec 0- 1 m, sec 0- I ni sec
2-5 " 2

.-5-10O.- 5, .

'Is-13-
10-15 fi- - 7 10 15

,15 - 8- ,11(;- :22

1)--- 12 ".

Zakonane. The highest frequency of winds occurs within

lirits 0-2 m/sec. About z0% observations are found in this ranne.

:-he maximum of frequencies for this first divisicn oDccurs in

J-nuar:(2.?.), and the minimum in Nay (42.5. :n 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 yovember (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 19).

gala Gasienicowa. ',Wind velocities at Hala Gasienicowa

present a somewhat different picture,namely there is lack of

differentiation between the first and the second division.

.:aximum frequency of velocities for the first division 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



(2-5 m/sec) are higher than frequencies of the first diivision.
':oreover, in the months from February to May the frequency of

wind in division 1 is only little 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).

Kasnrowy.v 7ierch. As was mentioned above, frequencies of

wind velocities for Kasprowy "Tierch and Lomnica were calculated

in a somewhat different way than for the previous stations.

It does not form, however, a real obstacle for general comparisons.

Thus, for Kasprowy ....erch the most frequent are winds with velo-

cities 6-9 m/sec in winter and autumn months, whereas from April
to August tie prevailing velocities are 2-5 m sec. Maximum average

velocities are noted in winter and spring months, and minimal

velzcities in the period of summer. The fraction of Vinds with

velocities 15 /ezec and hi,her (I S-22 m/sec) -er ,'ear cn -he average

is 6.6;, also predominantly in winter time.

1 'oreover, Orlicz has winds with velocities

above 22 m/sec whose fraction per year is of the order of 2.01.

The number of day-s with wind velocities above 25 n/sec was 40 dz",s

in 19 8. The hichest wind velocity noted so far is above ;S0 =/sec.

Lomnica. The most frequently noted winds at Lomnica

have velocities 2-5 m/sec. Their participation per year is described

Cy the number 42.&,. The frequency of appearance of hiither

velocities is lower than at Kasprowy '.'ierch: for division 16-22

-/sec is 2.3,:7, and for velocities above 22 m/sec - only 0.5g.

tccordin_ -.o rlicz, the maximal wind velocities reach ,;-al.-ies

above 50 m/sec (years 1941-44, 1947-48). The a-solute maximum
wind velocit' is 69 m/sec.



ZAKOP°ANE HALA G4J1ENICOVA
years years

N N

7igre . raniical r eresentation f t he frec ie-cy
f wind velocities in c,(' the 7etod Cklowicz

General characteristics of wind velocities

In the zone up to 1CCO m winds with velocities from 0 to 2

m/sec are prevailing. Participation of winds with high velocities

above 1 rn/sec does not exceed 2.;,%, and maximum velocities range

from 17 to 20 m/sec.

In the altitude zone up to 1520 m there is an increase

in freauency of winds with velocities 2-5 m/sec. One can note qloc

lareer frecuency of winds with high velocities, above 15 mn/sec,

to values of the order of 17.2%. Maximum velocities are similar to

those in the previous zone. However, wind velocities ?re too lo,.-

because observations were made using a Wild anemometer with the

normal plate weight, i.e. 2C0 g. The actual values are probably

higher.
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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 is

a decrease in wind velocities. Most frequent are winds with

velocities of 2-5 m/sec, similarly to the second zone (to

1520 m). Air currents with velocities of 16-22 m/sec do not

exceed 2.3% per year, and with velocities 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 perhaps

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 problem.

The study of wind velocity as a function 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 increases with an altitude increase, as is

shown by the table given below.

-- h . . . . . . I . . . . in I i . . . . .
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Div ision 0 So m 1000 mljOO0 r;000 m 2500 m3000 niy 3500 ni;400 i,

veloc ity

0-2 8.8 9 .3 8,1 7.5 1I' 6,0 4,8
2.- 5 19,41 18,3 16.81 12.1 34 3.31 7.2; 4.8
5-10 37,0 33,6 -8,4 26.5 "0.4 18.0 14,11 11.0

10-i5 18.7 '22,51 27,41 32,01 34.3 30.9 26,8 21.3
15 13,2 14,6 14,8 17,6 24.6 32.4 42,3 55,0

In lig-ht of material of the Cbservatory in Lindenberg-

the crobler of reduced wind velocity at Lomnica as compared with

.-asprowy ;Vierch could be explained by two possibilities:

1) air streams flowing over Kasprv- .'ierch become

convergent, and it results in an increase cf wind

velocity,

2) lower wind velocities in the ,eak -carts of Tatras
are cnised t., turbulence and i hither coefficient

friction over uineven ground base.

'lumber of day;s with silence in o

Characterization of velocitv of the qround air currents

includes also observation of silence, that is , those conditions

alt which the velocity of air movement does not exceed O.c m/oec.

Over the discussed area the frequency of days with silence

in comprises a very wide range of numbers - from 2.1B9 (ysle-

nic~ie Turnie) to 47.} , (Dolina 2hocholowska). Here one can

sejarate these forms of terrain which witout doubt have an ef'ec-

on the frequenc., of silence. Hence, the following grours of

s.a::ons were made, dJecendin' on their location.

com-ilatio.n of data on silence, -iv:en below, suggests
a iependence between the form of ground and the frecuency of
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NaWa st'CP S .

1. Stacje dolinne krnbcjmuj4 ro,'nzcZ for-

my wkl(sle. niecki i kotly pIlodowco-
we)
I Dolina Choch owska 4

2. Dolina Piqciu SLaw6w Polskich 13.7

3. Haia G~sienicowa 14,:,

4. Hala Ornak 45.i

5. Kuznice .16.)
6. Morskie Uko 4,5.9
7. Poronin 31)q
S. WiLow 31.0

II. Stacie Rou Podtatrzatiskiego
1. .\ntol6wk i
2. Zakopane ,)kr. 11) :19.3

I.Stacie zbo..)%%e

1. Glodow.-
2. GuOalow k.I--P, I iK0o,.v.I.
:.Lysa Polar, 24.4

• 14. Bukov, in. 29.4

i9( StC5 p - n ir~i~ O~ 
2..

V'. ,tae.c Ezczytm e i crzbietowre

Kasprowy Wit rch -,

S- "Name of station; 2 - Number of cbserved days with silence
(.); - " e:" tations (incau-inr ilso trencnes, trou.:s

qnd post-glacial 'owls); 4 - Stations of -ow Podtatrzansk;
= - .Sope stations; 6 - Fe.3k and ridge stations.

-ccurrence of silence. -he most suitable areas for the occurrence

of silence are valleys and other concave forms, whereas the 7eak

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 - Dolina Pieciu Stawow Polskich and Hala

Gasienicowa - give much smaller values because of a greater draught

of the valleys.

Meteorological stations in Row Podtatrzanski show -' silence

zf the order of 0-40,: observations in 19A2-t. Antolowka ,hich

located about SO m higher than Zakopane notes a smaller -_ of

silence, because of free flow of air currents. On the other hand,



observational data at Zakotane for period I differ from those given

above. The reason could be either an exceptionally large number

of silent days in the discussed two years (2-)or change

of the location of stations. Since there is no third

station which could serve for comparison with the two previous ones,

the problem remains open.

Concluding remarks

The analysis of anemometric conditions in Tatr-qs an( at

Podhale, on the basis of available observational nateriAl,

Points to only very general conclusions. In the future,

these conclusions shnould be confirmed b, longer and more uniform

clservational series.

1. ',he crcgrah'y of terrain exerts -he decisive influence

both on the prevailing directions and also on the

veloci - of winds.

2. ..jle crevailin winds ave 'irections a.ree_ .. , . .. "

cou--rse :)f . inl ,ence r-~

S, 'nJ directions.

7. On>Z small seasonal variability; is observed in the

frequency of wind directions at the majority of st ations.

L. An increase of wind velocity with increase of altit-e

is observed up to about 20CO m above sea level. The

highest velocities are connected usually with prevailing

irections.

. creenin. of 7ow Pcdtatrzanski from :;crthern w:nr-s

"isko-3ualowskie* ridge and Gorce creates favorable
"- tins for b'.ildinr san.torium and convalescent hone

f -i te5 on -outhern r.na 'c-,theastern slonc- ..F
*&'a Ilcwka.
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Table 1. Frequency of wind direction in o

Direction SW W -1
Antolowka 1952-53

1 0,0 8.51 6,91 2,8 ! 4.8k 17,3 21,2 10,2 28.3

11 15 129 !2.5,0.8 .6112,61 22,31 12,5. 33,3
111 4,6 10.5: 3,7. 0,0 2,8 23,7 15,8j 12.3 26,t;
IV 1.7 15,8 3.6 2,2 9,2 18,1 7,51 7,5 34.4

V j 6.4 59 3,8 43 3.2 16.2 22,6 17.2. 20.4
VI 1.1 12.5 5,9, .8 58 9 14,2 11.61 13.01 35,0

VII 1.2 7.91 6.7 227 6,4 23,6 15,2 1 O.6 i 25,7Vill 0,5 10,2; 3,81 22 3:3 2: 52 1,12,VII 0 5 175 4,4I L,6 6,1, 252 -2 12. 2,9
xi 1,4 2 3.1 '26 13.3! 1.
X 0,8 11,5 431 2,21 2,9j 26,0! 16.2 7.01 29,1

IX 0,3 15,0 4,7 3.6 3,6 14.21 18,8; 9,81 30,0
X[i 0,6 15.3 5.9 2,4 2.7 14,0 12,3 6.5 40.3

year 1,5 11,9 4,5 1,9 i 4,31 19,2 16,3 10.7 29.7
year

quadrant year 2,8 11,4 . 14,9k 31,2 Z9.7
spring 4.2 10.7 3,7 2.1 5.1 19,31 15.3 12.4 27,2

sumner 0.9 !C,2 5,51 1,9 5,2 21.0 14,0 11.9. 29,4
autLmn 0,8 . 11.3 4,5 2,1 4,2 21,1 19,2 10.11 26.7
winter O,7 . 12,2 5,1 2,1 3.0 14,7 13.6 9.8! 33.9

Bukowina 1949-53
1 0.7 1 0.7 1,9 3,4 7,6 26.6 26,8 1,8 30,5

11 0,6 0,6 0.5 1.5 4.1 28.2 34,4 4.1 26.0
111 1,1 1,8 3,2 5.3 8,6 22.0 24.4 6.0 27.6
IV 1.3 2.3 1,8 3,8 12.7 25.4 17.3 6,2 29.2

V 3.1 2.5 4,5 7,1 15.4 22.2 15,7 7,3 22.2
VI . 3.1 1,8 2,6 3.9 11.9 25.6 25,3 7.8 18.0

VII 1.7 0,6 1.3 1.9 8,0 26.8 23.0 6.5 30.2
Vii! 2,4 0,9 1,0 2.9 9.4 25.0 17,7 6.5 34,5

IX 21 1.6 1. 3,3 12.5 25.6 20.0 4.4 29.1
X 2:2 2o1 3.2 3,9 8,5 22,7 17,7 5.6 34,1

XI 0.6 0.3 1.4 4.6 11,5 30,0 21.0 1.5 29.1
X1I 0,5 0,7 1.6 1.5 7,9 23.0 16,3 1,9 46,6year 1 1.7 1.4 2.2 3.7 9,8 25,3 21.4 5.1 29,4

year I
quadrant- vearl 5,0 4.7 24,3 36.6 29,4

spring 2'1.
1,8 2.2 3.2 5.4 122 23,2 19.1 6,5 26,4Su1mer 1 2.4 1,1 1.6 2.9 9.8, 25,0 22.8 6.9 27,5

autumn j 1,6 1,3 2.0 3,9 10.8 26,1 19,6 3.9 30,8
winter 0,6 0,7 1.3 2,1 6.5 25.9, 25.9 2.6 34.4
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Dcl"na Chocnolowska 1951-53
1 8,5 5,7 0.0 0.3 10,81 16.8 12,7 3.3 41,4

.1 8,61 14.5 0,4 0.5 9,1 24,0 4.2 3.7 35,0

II 1 8.8 12,9 0,9 1,2 19,5 14.91 5,71 7.1 29,0

V 5,6 7.9 0,8 1.9 22.3 1 17,8: 7,5 1,9 34.3

V 6,81 7.0 1.1 1.4 13,5 14.5 10.7 3,8 41,2

VI 3.9 5,4 1.1 2,1 7,2: 15,7' 6,3, 6.1 52.2

VII 5.1 12.7 5,8 0,8 19,9 8.6, 1.7 1.4 44.0

6 15,0 1,8 1,2 19,5 i 9 0,4 0,0 48.6

IX , 63 13,3 1,4 0.5 21.3 7.4 0,6 0.0 49,2

X 3,5 12:8 1:6 0,0 9,0. 5,9, 0,5 0,0 66,7

j 9,3. 8,5 0,5 1,1 17,4 831 0,5 0.0 54,4

x11 5.8 3.9 0,0 2.2 8,9 9,9 0,0 0,4 69,0

year 8 6.2 10,0 1,4 1,0 14,9 12.4 4.4 2,4 47,3
year

quadrant year 1 12.4, 6,9 21,6! 11,8 473

spring 7,1 9,2 0,9 1.5 18,5 15,8 8,0 4,2 34,8

sumer 4,2 11,01 2,9 14 15,5 11.4' 2,8 2,5 48,3

autumn 6,3 1161 1,2 0:6 1.9 7,3 0,6 0,0 56,5

winter 7.6 8,01 0,2 1,0 9,6 16,9 5,6 2.6 48,5

Direction N E E SF S W W W C'

Dolina Pi ciu Stawoxv Polskich 1950-53

1 0.3 0.3 11.. 2.0 7,1 30.1 35,6 0,0 13.4

11 0,3 0,0 16.2 1.6 4.5 31.5 :17.0 0.3 8.6

111 0.0 0.3 23.4 3.2 7.5 22.0 33.0 -- 10,6
IV 0,5 0,8 14,1 0.3 6.3 26,1 36.9 0,7 14,3

V 0.3 0,2 16.1 1,1 5.7 23,4 36.0 - 17.2

VI 0.3 0,8 15.0 6.1 4.7 25,0 31.8 0,4 15.9

VII 1,9 1,2 18.3 2,6 3,4 18,3 34.2 2,7 17.4

VIII 0,8 1.9 16,21 2,8 3,3 16,3 36,5 2,6 19,6

IX 0.3 0.0 7.3 ' 0.8 2.8 29.9 4,1.0 0.5 12,9

:; 2.8 0,5 . 13,31 0.8 6,3 25,0 16,4 2,4 12.5

XI 0.3 0.1 9.9 : 1.1 5,0 31,0 45,4 0.8 6.4

.11 I 0,5 0,4 13,31 3.4 3,4 22.7 42.9 0.0 13.4

year 0.8 0,6 14,3 2,0 5,3 25.0 37.5 0.8 13,7
year

Quadrant year 1,5 15,61 18,8 50.4 13,7

spring 0.3 0,4 17,9; 1.5 6.5 23.8 35,3 0.2 14,1

summer 1,0 1.3i 16,5 3.8 3,8: 19,8 34.2 1,9 17.7

autumn 1,3 0.2 10.2: 0,9 4,7 28.6 42,3 1.2 10,6

winter 0,4 0.2 13.5 2.3 5,0 28.1 38,5 0.2 11.8
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Glodowka 1951-53

I 0.4; 0,4 0,0 0.7 2.2 28,8! 35.31 8.2 24.0

I ,l 1 0.7 0,7 1.4 4.3 38,3 22.1 4.1 27.3

it 4.0I 4,0 0,5 0,5 0.5 33.4, 23.4 !7,5 16.2

IV 5,3 !5,0 2.8 3,3 8.1 22.0 18.0 1P,8 16,7

V 2,7 3,8 0,9 0.4 5.7 332' 316 9.2 12.5

VI1 1.3' 2,8 -- 0,5 4.5 27,0 31, 14,5 17.,

VII 3,0i 1.6 1,8 0,0 2.8 31.2 26,6 i 11.3 22,1

VIII 0.5 0,4 0,4 0,7 1.9 30.0 39,0 12,7 14.4

IX 0.91 1.1 0.0 0,0 1,3 33.3 39.2 12,6 11.6

X 5.8, 3,8 0,4 0.7 O,0 26.2 28.61 22.9 12.2

S 2.41 4.1 1,1 1.5 4,8 '30.6 25.51 10.4 19,6

X1I 3.81 2.7 0,0 0.' 0.7 32.6 331 10.6, 16.1

year 2.5! 2,4 0,6 0,8 2.8 30,6 30.3 12,51 17.5

year
quadrant year 1oo 2.1 18,5 , 17.6

~Ut 3. 30 052,1 28,0 30.0 311 1. 14.4
spring, 4,01 4,4 1,4 1,4 4.8 29.6 24.4 15,2 14,8

summer 1.6 1' 0.7 0.4 3.0 29.4 32.4 12.8 18,1
autumn 3.0 , -3.0 0.5 ' 0,7 :2.0 30.0 3 1,1 15 3 14.4

winter 1.8 j 1.3 0.2 0,8 2.4 332 30.2 7.6 22,5

Gubah6wka-Pajakowka 127-36

i 7.8 1,5 3.9 0.3 1,4 -..6 :9.9 5.7 45.9

11 4,7 3,5 7.8 0.3 1.4 6.0 34,81 3.6 37.9

II 6.61 2,7 9,3 0.3 2,5 4.1 30.4: 8,1 36.0

IV 6.5 2,2 11.0 0,0 3,6 12.0' 30,01 4,7 30.0

V 5.3 .9 13.6 0,3 7.0 6.4 24.81 6.1 32,6

1 7,1 I 2,0 9,1 3,0 5.2 4,5 1 31.01.5.3 32.8

VII 5.91 1.3 3.7 0.5 5.1 4.7 41.2 5.3 31.8

V"ii 6.9, .1 6,8 0.3 2,4 3.4 37.71 5.4 35.0

IX 7.6 1.4 7,2 0.2 2.3 5,1 . 42.6 1 6.1 27.5

X 6.8 4.5 5,6 0.3 4.1 5,6. 44.0 4,7 27.,4

XI 5,4 0,8 2,1 0.2 2,9 9.1 S3.6 4.4 41.3

XII 4.21 1.5 8.4 0,1 1.8 4.7: 27,6 4.3 47.2

year 6.2 2,3 7.4 0,4 3.3 5.6 34.0 5.3 35.5

year '

quadrant year 10,01 8,8 6,3 39.4 35.5
spring 6,2 2.7 11.3 0.2 4.4 7,71 28.4 6.3 32.8

summeri 6,6: 1.8 6,5: 1.3 4,2 4.31 36.6 55 33.2

autumn 6,61 1.2 5,0 1 0.2 3,1 6,6, 40,11 5.1 32,1
5.6: 2,2 6.9 0.2 1.5 4.8 30,8 4.5 43.5
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Direction N ' .ap SE - SW W NW' C

Hala Gasienicowa 1927--38, 1947-53
6.0 7.91 2,5 2,8 13.4 j 44,4; 5,4, 3,4 14,2

II 10,1 12.1 2,61 2.8 11,81 34,2 7,21 5.4 13,8

III 8,9 9,8 1,51 2.4 13,6 1 36,1 8.0 5.9 12,0
IV 9.8 9,5 2,5 2,4 16,6 j 34.1 6,7 5.2 13.2
V 9,0 13,1 4,0 3,3 15,2 29,9 5,5 4,6 15,4

VI 15,9 13.,2 5,1( 4,2 13.2 19,71 6,L 7,1 15,5
VII 14,3 13,9 4,91 4,0 13,5 19.9 7,2, 8,7 13.5

VIII 16,0 13.2 4 3.0 12,0 5,6 6,4 16.6
X 13,1 9,6 2, .2.8 14,4 31.51 4,7 66 14. 5
x 8,0 8,7 2.4 3.4 16,4 37,9 6 4,6 12,5

XI 5,1 65 2.91 3,4 18,9 39,01 4,41 3.8 16,0
XII 5.91 6,5 2,3' 3,0 14.2 43.9 4.8 2,6 16,8

year I0, 1 11.4 3,2i 3,5 12.5' 33.5 6.1 5.2 14.5
year I

quadrant year 1 18,41 10,6 31,0 25.5 14.5
spring 9.3 10,8 2.8 2,8 15,2 33.5 6.8 5.3 13.5
summer 15,3 I 13,4 4.8 3,7 13,2! 20,8 6.3 7.4 15,2
autumn 8.6 3.2 1 2.6 2,8 16,3, 36.0 ,.0, -.0 15,0
winter 7.3 8.8 2.51 2.9 13.1 I 40.8 5.8 3.9 14.9

I [ala Ornak 1950-53
1 8.2 9.4' 9.2, 9.7' 14,2. 5,4 2.2 1.3 40.4

11 6,2, 8.6 11.1 11,0 19,1 8.6 2.0 3,1 30,3
III 14.8 1 2,0 7.9' 5,4 15.1 3.5 0.2 5,8 45.3

IV 0,01 12.31 17.6 14.9 33,6 3.2 '1.0 1.0 18.4

V 5.5 4,8 18.7' 1,8 12.7 1.8 1.4 2.9 50.4
VI 2.9 9.81 19.6 J.7 7.9 1.;j 2.5 2,6 44.2

VII 6.5 7,9 6.i 7.9 9.6 2.5 1.9 4.8 52.3
X1111 7.5 3.4! 3.4 1.;; 8.1 4.9 1) .7- 3.7 : 64.3

IX 5.0 7,3 14.9 3.0 17,3 4,5 1,9 1.9 43.7
X 5,81 7,0 9.1 2.8 6,7 6,0 2.5 1.6 58.5

XI 5,01 6.71 14.2, 2,8 23.1 10.31 2,5 1 2.1 33.3
XII 2.71 1.6 j 16.71 10,2' 18.3 4.3 2.1 2.7 41.4

year 7,31 6.81 11.3 6.2, 13.9 '7 1,9 2.4 45.5
year

quadrant year. 11,9' 17.8' 19,3 5.5 45,5
spring 6.8' 6,4 14,7, 7.3, 20,5 2,8 0.3 2,9 38.1

summer 5,6 1 7,0 9,9 6,0 8,51 3,2 2.3 3.7 53.8
autumn 5,31 72' 12.7 2.91 15,7 6,9 2,3 i 1,9 45,1
winter 5,7: 6,51 12.31 10,3 17.2 6.1 7,1 2.4 37,4
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Kasprowy Wierch 1938---51 twg M. Orlicza)

15.9 9,8 281 7,2 20,11 13.5 1 1 .q 12,8 5.3
I 7,1 9.21 3.1 6,71 21.2 12,51 13,35 12.1, 4.6

IH 21,3 10,4 3,7 8.1 17.7 12.1 12,1 11.1 5.5
IV 20,1 9,3 2, 8,*21 21,6 13,7 1 10,1 9,21 4.9

V 19.9 13.t 4'7 8,5 18.2 12,4 8.8 7.3' 6.2

VI 27,1 13,0 2.6: 5,4 13.7 11,2 10.0 10.8 6.2

VII 27,3 9,91 21 5,5 12.7 11,9 12,2! 11,7 6,7

VIII 18,3 1,4 3.3 7,8 , 18, 1.0 10.21 9.9 6.0

IX 15,6 9,1 2,3 6,7 20,91 16,0! 13,1 9,9 6.4

X 14,3 10,5, 3,9 10,5 22.4 13.81 11,4 7,3 5.9

XI 11,2 8,71 3,21 0,R  26,6' 13,9 12.2 9.8 4.3

XII 14,5 12,5 4.0 1 10.01 22,3 11.51 11.0 8.7 55

year 18,6 10.5' 3,21 7,7 19,7 13.2 11.4 10.11 5,6

quadrant year 28,9 12.3 30.1 , 23.: 5.6
spring 20,4 11,1, 3,3 7.61 19.2 12.91 10,3 9,2 5.5

summer 24.3 11,1 2.7 6.2, 14,8 13,01 10,8 10.81 6,3

autumn 13.71 9.4 3.1 i 9,1 23,3 14,61 12,3 90, 5.5

winter 15,8 10,5 3.31 8.0 21.5 12,5 12,1 11.21 5.1

Direction, E . S SW W w w

Kuznric 1950-53
I 1.7 6.) 0,0 1.9 17,6 12.4 2,1 1.9 5l,'
I 5.91 2,6 2.0 3.9 22.1 11.8 0.7 2.'8 48.

111 10.5 5,9 0.) 1.6 23.7 14,4 1.! 3.1 .

IV 5.6. 2.9 0.3 1.8 30.2' 21,8' 2.3 4.9 '

V 98: 6,6 1.3 1.4 2C,2: 14.4' 2.0 5.0 39.1
VI 12.5. 9.1 1.4 1.7 19.P' 14.8 2.3 4.22.,

VII 9.21 7,7 3.9 4.7 23,21 19.3 0.9 -,. - 0.4
VIII 7,6 5.6 1,1 1,2 25,31 23.4 0.6 4.1 '31,1
1X 57 5,6 1.1 3.1 26.8 2.6 091 2.3 31,9[ I '57 56 .0 ,7 291 2.: 0.4 1
X 4.9 4,2 1.1 2.4 25.9' 21.9 1.41 6.*,

XI 4.9 t 4,1 0.8 3.5 30.01 22,0 1,7 1.7 31.1

XII 3,6 2.9 0,0 1,7 29.1 20., 0.4 , 1.7 39.7

year 7,1 5,3 1.1 2.1 24,8 18.2 1.5 1 3,3 3i5

year I
quadrant yearl 11,41 4.8 35.0 ' 12,21 6

spring 8.6! 5.2 0.5 1.6 24.7 16,9 2.1 4.6 35.8

summer 9.81 7.5 2.1 1,9 22.8! 19,2 1.4 3.6 31.7
autunn' 5.21 4.6 1.0 3.0 27.61 22,2: 1.3; 3.6 31,)

winter 5.1 3.8 0.7 2.5 22,91 15,) 1.0 2.1 40

[wg=according to]
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Lysa Polana 1951-53

1 2.4 6.3 6.11 10.0 3,2 13.5 17.8 3.4 31.6

11 3,8 7.0 8.2 8.7 7.1 18.5 18,6 4.3 23,S

Ili 5,5 7.4 7.5 13.1 7,4 17.41 15,5 3,9 '.-A
IV 1,7 5,2 1-33 19.41 12,0 I i5O 7,6 0,7

V 2.1 8,3 13.2 17.21 11.9 16,3 12.4 0,7 17.1
VI 0.9 5,8 10,7 25.61 15.7 14.3 3,2 0.2 23.6

', 0.3 5,6 13.3 21.9i 16.9 13.91 7,4 1.3 OA
VIIl 1. 5,4 6,8 18.51 15,5 15,1 15.0 0.2 22.

lI( 2,0 4.1 10,7 20,2 9.7 13,1 10,9 4,.5 24.$

X 3,2 5,9 II.j 19,2 6,5 10,7 11,5 2.5 29.4

X 1 0,3 2.8 13.3 20,6, 4.7 17,8 16.7 0.5 23.
XII 3,2 5.4 11.0 20.31 3.5 8.8 11.6 1.2 35.0

year 2,3 5,8 10.41 17.7' 9.9 15.0 12.3 2.2 21

y ear
quadrant year 6.3 22.1 26,3 20,9 21.4

spring 3.1 7,0 11,3! 16.6 10.4, 16.21 11.3, 2,4 21.

summer 0.8 5,6 10,3 2-,0, 16.1 14,4 8.5 0.6 217

autumn 1.8 4.3 11.7 20,0 7.1]' 13,8 13.0 2,5 21.)

Winter 3.1 6.2 8.7 13.01 4.6 15,3 16.0' :1.1 Nv't

Morskie Oko 1927-33, 1948-53

1 5.3 5.A 2.,2 5.3 6.3 14.5 7,9 4.2 43 1

11 3.1 9,?, 2.2 5,4 4,1 11,YI 8,2 3.1 47.4
111 3.. 7.9 2, 1 3.5 6.5 16.4 -,,1 1,-, 46.1

IV 64 7. 2.2 2.7 6.5 16.3. 9,0 2.4 4

V 5,9 5,.7 2.4 :3.8 5.1 16.1 9.3 1,7 4.
,
'

"1 7,1 9.31 3.2 5,6 6.5 11.4 9,1 1.8 46.
VIZ C,7 .10_ 37 3.3 7.9 12,8 6.8: 3.6 4510

Vill i,5 12.0 2.3 4,2 7,0 11.4 6,3 3,2 3,1

IX 6.4 9.3 2.5 4,5 7.8 13,4 7.9 3.8 A.
"

X 8,5 6.6 1.6 5.3 '7,6 117.2 7-. 2 -. 1 41.0

Xl 6,9 5.1 .2.7 6.3 6.1 16.4 10,6 2.8 431

X I 5,2 6,0 1,8 4.1 5.4 14.0 9,5 2.8 1 51.7'
year 6.9 7.3 2,5 4.7 6.8 14.4 8.7 2.8 4.9

year

quadrant year 11,9 8,5 16,4 17,3' 45,9
spring 7.1 7.1 2,1 ,.4 6.0 16,4 8.5 1.9 47-i

Summer 6,4 10.5 :.1 4,3 7.1 11.9 7,5 2.9 4.$
autumn 7,2 7,11 2.3 5.5 7,31 15.4. 88; 2,9 40

winter 6.2 7.1 21 4.9 5.3: 13.5 8,5 .3.5 At
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Direction 4F h ;W W NW

XMyglenickie Turnie 1949-53

1 4,3 7,3 14,4 6,3 17,2 38.8 4.2 4,6 2.4

11I 9,3 10.4 5.7 3.5 13,9 43,1 8.7 5,0 0,4

III 9,0 10,4 11,5' 34 10,2 32.3 8.2 7.2 7,.8
IV 4,3 10,8 9.5 4,6 18,8 36,9 7,5 15,8 2,0

V 7.8 14,2 15,3 7,5 16,1 26,4 4.7 5,7 2,3

VI 8.1 19,6 18,5 8,1 13,7 17.0 9,1 5,4 0,5

VII 6,3 18,5 22,2 6.2 13,3 22,6 4,0 5.1 1.7

VIII 7,1 14,4 21,0 7.0 19.2 22,3 3,9 1 3,8 1.3

IX 5,4 9,2 15,3 5,3 22,8 32,0 4,2 4,2 1,0

X 4,5 9,6 17,7 ',4 17,6 31,0 3,9 3,7 26

XI 5.6 8.31 8,1 ".7 14.0 45,1 6,5 6,5 13,2

XII 3.6 7,5 8,8 6.0 15,7 45.0 7,3 4,3 1,8

year 6.3 11,9 11,2 6,0 16.0 32,3 6.0 5,2 2,1

year

quaarant year 14.8 23.2 35,1 , 24,8 2,1

spring 7,0 11.8 12.1 5,2 15,0 131,9 6.8 6.2 4,0

summer 7,2 17,5 20.5 7.1 15,4 20.6 5,7 r 4,8 1.2

autumn 5,2 9.2 13,1 6,2 18,3 36,1 4,9 4,3 2.2

winter 5,7 8.5 9.6 5,3 15,6 42.3 6,7 4.7 1,6

Poronin 1927-39, 1947-53

1 9.0 6.5 11,5 1.4 1.3 5,2 25,6 6.1 33. 1

II 12.2 4.7 7.0 1,5 11.4 6.9 29.0 8,7 .28.6

LlZ 12,4 6.2 9.4 1,3 1.4 5.1 25,2 1 8.1 30.9

IV 10.2 5.6 10,3 2.4 1,9 7,2 26,6 7,7 23.1
V 8.3 -. 2 12.3 3,8 13,4 5,3 19,815.7 34.2

V1 8.U ;.3 8.1 1.8 2,1 6,0 27.1 6.9 34.8

9II 9.6 4,1 4,9 1.1 20 6,7 31,3 8.1 32.0

VIII 10,9 4.8 7.1 0.9 1,7 5,8 27.6 8.3 32.6

IX 11,3 4,3 8.5 1,2 2.0 1,5 28.6 7.8 31.8

X 13,7 5.9 9.5 1.8 2.2 4,8 26.2 7.3 28.6

XI 11,3 6,0 8,5 1.6 2.2 4,2 25.6 7,3 33.3

XII 12.9 6,7 12.0 1,3 1,7 5,2 21.4 f3,2 32.4

year 10.4 5.6 9,3 1.7 1,9 5,8 i 26.2 7,3 31.8

year
quadrant year 16,9 12.9 5.7 132,7 31.8

sprine 10,3 6,3 10,7 2.5 2.2 5,5 25,7 6.3 30.5

suluer: 9,8 4,4 6.8 1 1,3 1.9 6,2 128.6 7.7 33.3

autumn 32,1 5,4 8.6 1.5 2,3 4,5 26.8 7,4 31,4

winter 11,3 6.0 10.2 1.4 1.4 5,8 25,4 7.1 31,4
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Wit6w 1951-53
1 2,7 0.5 1,1 1.6 4.2 29,3 32,5 5.1 22,8

II 1,0 1.2 0.0 "i .5 4.2 19.0 32.0 6,0 31,1.
I1 1,4 0,9 2,3 2.8 2,5 18,4 j 32,2 12,5 27.9
IV 1,8 4,3 1,8 5.4 10,0 123,8 22,9 10,o 20.0
V 2,5 4,5 3,2 7,0 5,0 17,5 .23,5 12,4 24.4

VI 0,6 2,4 1,9 12,2 5,0 18,9 23.0 7,2 128,8
Vil 0,6 2.3 0.8 5,2 4,2 23,6 24.0 10,7 28,6

Vil 1,2 4,, 1,1 4,3 3,6 9,4 30,3 5,4 40,0
IX 1,3 1.1 1.8 1,7 2,5 13,6 37,0 5,0 36,0
X 1,3 2.6 1,8 4,7 4,1 12,6 22,3 11,9 138,7
XI 1,5 2,2 0,2 1,3 3,7 17,4 31.2 10,0 32,5

XII 0,8 1.7 0,3 0,3 3,6 21,7 28.4 7,0 36,2
year 1,6 2,2 0.9 2.2 3,1 20:0 29.0 10.0 310
year

quadrant ye-ar 7,7 3,1 14, 44 31,

spring 1,9 3,2 2,4 5.1 19 26.1 11.5 24 1
sumer 0,8 3,1 1,2 7,2 4,3 17,3 25,8 . 7,2 32.5
autumn 1,4 2.0 1,3 2,6 3,4 14,5 30,2 9,0 35,6
winter( 1,5 L.t 0.5 2,4 4.0 23,3 31,0 6.1 130.1

Direction Fd

Zakopane 121-39, 1943-44 (wg Gurni'iskiego)

1 7.0 99 4.8 4,1 17,2 22.8 14.4, 3,2 16.6

11 7.4 14,3 5,.2 3,5 15.9 21.9 13,4 12 15.2
111 8,0 13.3 3 5,7 4,1 17,9 20.1 11.4 4.0 15,5
IV 7,4 10.8 . 5,5 5.3 15.2 22.1 12.5 5.2 15.7
V 8,9 11,8 7,5 5,7 14,5 17,4 8,9 6,6 18.7

V1 9,6 10,5 5,9 4,4 11,3 22.1 13.8, 7,0 15.4
VII 7,5 8,4 3,6 4,9 13,1 24.0 14,7 8.3 15.5

VIII 5,1 9,2 3,5 5,1 16,4 22,1 13.4 6,5 117,7
Ix 4,8 1,6 4,0 5,8 17.4 21,4 10.8 6,0 20,2
X 5,5 9.8 6.4 5.9 19.2 21.2 10.3 3,9 17,8

XI 4,9 10,8 i 6.0 4.4 17,7 22,0 13.0 1.9 19.3
xi 3,j 13.4 6,7 45 18.8 1807 10.9 2.6 19,3

year b.8 11,0 5.5 4,8 16.2 1,3 12,3 4.8 17.3
year ' I

quadrant year 1,7 j 13.4 -29.3 . 25.3 17.3
spring 8,1 :12,0 6,2 5,0 15.9 20.0 10.9 5,3 116.6
S1.Umer 7,7 9.3 4.4 4,8 13,6 22,7 14.0 7,3 118.2
autumn 5,2 10,1 5.6 5,0 18.2 21.6 11,3 3.9 19.1
winter 6.5 12,5 I 5.6 4.0 17.3 21.1 12.9 3.0 17.1

[wgaccording to]



50

Zakopane 1952-53
1 1,8 9,9 5,3 .'- 6.3 22.0 13,2 4.3 33,8

11 0.5 8,1 5.3 6,0 1.6 24.5 16.5 4.0 33.5

I1 3,4 4,0 3,2 1,5 5,1 22,8 12,4 4,8 42,0
IV 5.3 10,7 6,4 5,7 7,8 9.8 3,9 6,5 43,9

V 5,6 7,0 6,2 1,3 6.7 25.2 6,5 11,3 30,2

VI 50 6.7 5,6 4.2; 6.1 18.9 105 6.4 36,6
VII 5.9 6,6 3,5 0,3 4.3 15.6 12,2 7,5 44,1

VIII 1.3 3-8 3.5 3.2 4.6 16 q 15,7 5.9 45,1
IX 3,3 I 2,8 4,8 8.3 9.4 19,6 6,7 3,5 41.8

X 1.9 11.0 2.4 2,3 9.4 121,0 6.2 5,1 40,7

XI 1,8 791 79 6,2 9,3 122,5 7,3 0.3 368
XII 1.5 9,1 9,8 5.3 10,2 12,1 5,6 0,2 46.2

year 3,1 7.3 5,3 3,9 6,8 19,8 9.7 4,8 39.3

year
quadrant year; 9,2 11.0 18.7 22,0 1:9.3

spring! 4.8 7,3 5.4 2,8 6,9 18-9 7.6 7.5 138,8
summer ,4.1 i.57 4.2 2,6 5'0 117.1 12.8 6.6 41.9

autumn 2.3 7:2 5:1 5.7 92 121,1 6:8 2,9 3P.7

winter; 33 I 9.0 6.9 4,8 1 6.0 19.5 11,8 2,7 138.0
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Table 2. Wind velocities in Hala Gasienicowa 1927-38, 1947-53,
bs. 207-2.

wind velocity in in N F. E SE S W NW C. total
,,,., in m/see - - ------- , -;

U-2 3.1 2.9 1,2 1,0 2.1 12.2 3.4 1.7 2.6

" 2-5 2.1 3.5 0.9 1.2 2,2 15,4 1,6 1.3
* 5-10 0.7 1.3 0.3 0.4 4,1 9,7 0,3 0.4 171
10-15 0.1 0.2 0.1 0,.2 3.5 4.8 0A -- 140

15 : - -. - -- 1.5 2,3 - -3 3.

'ota . 6,0 7.9 2.5 2.8 13.4 44.4 5.4 3.4 14.2 100.O

t)- 2 5,0 4.5 1,3 1,1 1.4 10.1l 4.9 3.3 31.6
>, -5 3,2 5,5 0,7 I2, 2.4 12.3 1.9 1.4 28.5

5--0 1.6 1.8 0.5 0.4 3.2 6.2 0,4 o,6 14,7
10-- 15 0.3 0.3 0.1 0.2 1 3,2 3 4 0.1 7.6
15 - - -- I 1.6 2. - - 3.8

total 10,1 12.1 2.6 2.8 11.8 :34.2 -7.2 5.4 13.8 10.0

- 2 4,3 3,9 L 0.8 s,8 2.3 12.6 5.4 3,6 3.3.7

2- 5 2,9 4.5 0.5 1.3 2.6 14,3 1.9 1.8 it.3
- . 5-10 1.6 1.3 0.2 0.3 3,3 6,9 0.5 0,5 4.6

•10-15 L.1 .. . . 3.8 0.9 '),1 -- 4.4
" 15 - 0.1 - - 1 .6 0.8 0.1 - 2.5

total 8,9 q.8 1.5 2,4 13,6 360 'T0 5.9 12.0 100.0

0- 2 5.9 4,7 1,3 1.2 3,5 11.6 5.3 3.4 ?6.0

2-- 5 34 4,2 0.9 0,7 4.8 12.9 1.0 1.4

5-10 0.5 05 0.3 0.3 4,3 0.4 0.4 '3.6

1 0 ---1 5 ..- - 3 .8 2 7 -... .5
15 0.1 - 0.2 0.2 . . ..2-.3

total 9,0 13.1 4.0 3.3 15,2 29.9 5, 3 4.6 15.4 :O~vi

D-2 b 6.5 2.3 2.0 4.4 10.6 42, 3.1 ,9.6

2- 5 2.4 6,3 1.5 1.0 j 5,0 11,3 1,2 1.3 30.1)
5-10 0.1 0.3 0.2 0,2 3.5 6.4 0.1 0.2 22.0

, 10-15 - 0.1 2.0 1.3 - - 34
.15 . . . . 0.3 0.3 - - 0.6

I - " - -9 ______

total 9,0 13.1 4.0 3,3 15,2 29.9 5.5 4.6 15.4 100.0

0-- 2 12,0 8.4 3,3 1.8 4.5 6,6 4.0 5,2 45.8
52- 3.7 4.6 1,8 1.2 4,8 9.0 1.7 1.8 2q.6

z--10 0,2 0,2 - 0.2 3.2 4.0 04 01 .3
10-15 - - - 0.7 0.5 0:1 -. j

.15 - - 0.3 (.2 .5

total 15.9 13.2 5.1 4.2 13.2 1.7 6,1 7.1 15.5 10.0
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Table 2 (Continued).

Wind velocity in
%o in m/sec K S w NC total

O- 2 9.9 9.6 3.4 2,9 1 4.7 7.5 4.7 6,5 49.3

2- 5 4.3 4.1 1,4 0,8 4,5 7,9 2.3 2.2 27.5

5-10 0,1 0.2 0.1 0.3 3.3 3,5 0.2 -7,7

10-15 -- - 0,9 0.8 - 1,7

-15 .... 0,2 0,1 - - 0.3

total 14,3 13.9 4.9 4,0 13,6 19.9 7,2 8,7 13,5 100,0

1-2 11,6 7.3 3.1 2,3 3,8 10,0 4.3 4.7 47.1

-5 4.0 5,4 1,3 0,6 4.2 7.8 1.2 1,5 26,0

LO 5-10 0.4 0.5 0,1 0.1 3.0 4.0 ' 0.1 0,2 8.4

'-10-15 - . . 0.9 0,6 1 - -

-t -.15 -. 0.1 0.3 - -- 4

total 16.0 13.2 4.5 3 0 12,0 22.7 5.6 6.4 I8.6 1,)04

0- 2 8,9 5,4 1.9 1.6 3.7 13.0 3.4 4.5 42.4

2- 5 4,0 3.9 0.3 1.2 5.3 11.5 1.3 29 2'9
5-10 0.2 0.3 0.1 - 2.4 4.8 - 0.2 S.0

I-15 - - - 2.4 1.8 - - 4.2
15 . .().6 0.4 - - 7.0. . . . .- - . . .... ..- ._ _ - _ _ - _ _ - - I - --.. .... . .. .. . .

total 13,1 I 9.6 2.8 2.8 i 14.4 31.5 4.7 6.6 14.5 100.0

0- 2 6.0 5,0 1,5 1 2 3.3 13.3i 4.4 3,4 38.4
2-- . 5 1.3 3.1 0.6 1,5 3.1 12.3 1.2 I' . 24.5
5-10 (4 05 6.3 (.6 4.3 6.7 0.5 '.1 1.9.4

10-15 -- 0.1 - 0 1 4.5 2.6 - 7 ,-
15 - - - - 1.2 0(.7 - ,

total 8,0 8,7 2,4 3,4 15.4 37.9 6,1 4.6 12.5 100.0

0- 2 3,4 3,9 1.8 I 2.1 2.7 10.6 2.8 2,7 I 30,0

2- 5 1,4 1,9 0.9 0.9 3.1 13.5 1.2 ( 7 23.6

5-10 0.3 1 0.7 0.2 0.4 4. ) ,3 - 0.2 1.5.,
1>-5 - - 1 - - 6,3 5.3; 0.4 ( 1.-

0 .15 - - - - 1.9 101 ... . j0

total 5.1 6,5 2.9 3,4 23,9 39.0 4,4 3.8 16.) fliO

0-- 2 3.9 3,9 1,2 , 0,9 2.3 14.8 2.8 1.4 31.2

-2- -5 1,4 2.0 0,8 i 1,6 2.6 14.6 1.6 0.9 25.5
-50-15 0.5 0,5 0,3 1 0.4 - 3.6 8,1 0.4 0.2 14.0
10-15 0.1 0.1 - 0.1 4.4 4.8 - 01 6
15 - - - 1,3 1,6 -- -2

itotal 5.9 6,3 2,3 3,0 14,2 43.9 4.8 2.6 1S8s 1100.0

0- 2 6.4 5.6 2,1 1.6 3.6 11.5 4.3 7,2 38;

2- .5 :3,1 4.8 0.9 1 .4 3.8 11.9 1.5 1,3 2 .2
V 5 -10 0,5 0.9 0.2 0.4 67 0.2 0,2 - 13.3

10-15 0,1 0.1 - 0.1 -- 2,6 0,1 -- 3.0

o 15 ta 0,9 .5 . . 1 10.

1oa 0.1 11.4 3,2 3.5 12.5 33.5 6.1 5.2 1-1,5 100.0
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Table 3. Wind velocities in 0/.

M/sec I ,II Irv 1 yt I: .i x x1 N1t year

Kasprowy Wierch 1941-1944 (wg M. Orlicza)

0- 1 9,4 7,1 7.3 5.8 15.3 19,2 1 14.5 18,8 20,3 13,4 9,4 12.1 12.7
2- 5 239 28,0 26.6 31.4 36.6 44,4 48,9 36.3 26,9 290 27,0 17,5 31,4

6- 9 33.6 32.7 36,0 31.1 J0,9 225 24,5 29.8 30.8 31.2 31.7 27A 30.2

10-15 22,1 19.8 21.0 22.5 13.7 11,4 9,4 12.1 13.6 18.3 21,9 19.9 17,1

16-22 8,6 8,3 8,0 7.8 3,0 2,5 2,2 3.0 6.7 . 6,2 7,8 15,0 6.6

.22 2.4 4,1 ;,1 1.4 0.5 - 0,5 - 1.7 1.9 2.2 8.1 2,0

Lomnica 1941-44

0- 1 15,3 1 17.1 15.6 17.0 20.2 27.2 26,1 33.3 21,7 21.5 15,0 14.0 21.0

2- 5 :33.6 42,5 38.2 40.3 45.2 46.1 46,5 43.0 47.8 48.4 41.4 40.0 42.8

6- 9 30.4. 26.3 27,7 24.4 22,3 17.5 . 19,4 11.6 16.1 23.1 29.7 29.6 23.9

10-15 16,4 10,9 13.2 14.4 8.9 8.6 5,6 3.0 5,0 4,8 11,1 11,8 9,5

16-22 3.5 2.9 4,0 3.3 2.4 0.6 1,6 1.1 0.6 1.9 1.7 4.6 2.3

- 22 0,8 0.3 1,3 0.6 0.3 -- 0.8 - 0.8 0.3 1.1 - 0.5

wg = according to
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Table 4. Wind velocities in %/o

r/sec N N, .1 , total

Zakopane 1921-39. 1943--44 twg R. Gumifiskieg.)

0- 2 4.1 6.8 3.6 3.8 12.3 11.1 3., 2.2

- 2- 5 2.6 4.0 ! ,8 0,8 1.8 7.3 6,1 2.,3 7

.3- 10 0, 1 ,).'2 '.1 0.2 1.1 2.3 2.3 11..

o- 15 0.0 0.0 - 0,0 0.4 0.4 0.2 0.0 IA
-15 .. .-- 0,0 . 0,6 0.2 0.0 (1.0 '.8

II i

total 6.A 11.0 5.5 4,8 16.2 21.3 12.3 4. 17.3 1011
wg 

=
according to



55

1. Assmann. Die Winde in Deutschland (The wind in Germany).
Braunschweig, 1910.

2. Bartnicki, L. Halny wind in Tatras. Czasopismo Geograf.1924.

3. Bartnicki, L. Prady powietrzne dolne w Polsce (Ground air
currents in Poland). Prace Geofizyczne. Warsaw, 1930.

4. Brese, K. Annual pattern of wind velocity near the ground.
Wissenschaftliche Abhandlungen, Vol 1, No. 4.

5. Hann, J. Handbuch der Klimatologie (Handbook of Climatology).
Volume 1, Stuttgardt, 1932.

6. Klimaszewski, M. Morphological division of Southern
Poland. Czasopismo Geograf. Wrochaw, 1939-46.

7. Kosinska-Bartnicka, St. Ground winds at Podhale and in
the Tatras. Prace Geofiz., 1930.

8. Kosinska-Bartnicka St. Winds in Poland and their utilization.
Wiadomosci Hydrolog. i Meteorolog., 1931.

9. Kosinska-Bartnicka St, Phenomenon of foehn in the Tatra
region. Meteorolog. Zeitxchr., 1932.

10. Kuszel St. Frequency of ground winds at meteorological
stations in Puck, Poznan, Warsaw, Wilnc, Pinsk, Lwcw, Cracow
and Zakopane. Sprawozdanie i Prace Pcl3kiego Kcmitetu Energ.,
1930.

11. Leszczycki, St. The region of Podhale. Biul. Kom. Ligi
Pop. Turystyki, 1938.

12. Lisowski, K. Dependence of vertical distribution of wind
velocity and directions on distribution of atmospheric pressure
at sea level. Prace Geofiz., 1927.

13. Midowica. Wl. Consideration of anemological problems in
the Tatras. Przeglad. Geograf., 1930.

14. Milata, Wl. Halny winds in the Carpathians. Kalendarz,
IKC, 1937.

15. Milata, Wl. Frequency of ground winds in the Carpathians.
Kalendarz IKC, 1936.

16. Milata, Wl. Halny wind in Sudeten and the Carpathians.
Taternik, 29, 1947.

kb.



56

17. Milata, W1. Wiatr Halny (Halny winds). Wierchy, 1950-51.

18. Okolowicz, W. A new graphical method of representation of
winds. Przegl. Met. i Hydrolog. Warszawa, 1951.

19. Orlicz, M. Anemometric conditions at the peaks of the
Tatras. Wiadom. Sluzby Hydrolog. i Meteorolog., Vol. III,
No. 4, Warsaw, 1954.

20. Paszynski, J. Studies of local climate for urban needs.
Przeglad Met. i Hydrolog. Zeszyt 3-4, Warsaw, 1954.

21. Romer, E. Climatic considerations. Czasop. Geograf.
1939-1946.

22. Smolenski, J. Studies at high-mountain scientific
stations at Dolina Pieciu Stawow Polskich in the Tatras.
Wierchy, 1932.

23. Sokolowski, M. Wiatry w Tatrach (Winds in the Tatras).
Wierchy, 1927.

24. Sokolowski, M. 0 gornej granicy lasu w Tatrach (Upper
boundary of forests in the Tatras). Krakow, 1928.

25. Wigiliew, A. Kilka slow o wiertze halnym (A few words
about the Halny wind). Pam. Tow. Tatrzanskiego, 1912.

26. Wigiliew, A. Studies of climate for Zakopane. Spraw.
Kom. Fizjogr. A.U., 1917.

27. Willis, T., Gehrke. The wind flow diagram. Annals of
the Association of American Geographers., No. 1, pp 63-66.,
March 1944.



! 
D 

I


