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THE INFLUENCE OF RELIEF ON MICROCLIMATE AND LOCATION OF THE UPPER
TREE-LIMIT

STANISLAW KEDZIA
Institute of Geograpiny and Spatial Organization, Polish Academy of Science,
$w. Jana 22, 31-018 Krakdw, Poland,
E-mail: kedzia(@dzgpamnkrakow.pl

ABSTRACT: In the hitherto works concerning the course of the upper tree-limit or mountain
pine-limit and their relation with mean annual temperature, the limits of vegetation horizons were
determined much more precisely than the location of isotherms - the latter were detetmined bas-
ing on interpolation and extrapolation of data from meteoiologiical stations. Thanks to the applica-
tion of Onset HOBO data loggers, the measurements of air temperature were carried out in select-
ed sites at the uppet tree-limit in Sucha Woda Valley in the Tatra Mountaiins. The measurements
were condueted every hour dufing 4 months in warm petiod in 2007. The measuremenit sites were
located in different land reliefs of different exposition. The lowest temperatuie was reeorded in
the depression of a channel shape located about 100 m below the other sites. Alse in the next site
lecated in a eeneave land form - the bettem of the Czarny Potek valley, the reeorded temperature
was lewer than in the sites lecated in nen-dismembeied area. Despite the faet that the investiga-
tiens had enly a preliminaty eharacter, they shewed that the upper tree-iimit and proably alse the
euRtain pine-limit sheuld net be compared with the eaurse of mean anAual teMperatuies deter-
mined basing en interpelation and extrapelation. Only direet measuremenis of temperatute in the
field give a true pisture of relation between the reliet and miereelimate and the upper free-limit:
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INTRODUCTION

The problems connected with the location of
the upper tree-limit or mountaim pine-limit
in the Polish part of the Tatras were widely
discussed in mamy publication (Sokotowski
1928; Fabijanowski 1955, 1972; Myczkowski
1964; Hess 1965, 1974; Szafer 1966; Zien-
tarski 1985; Kotarba 1987; Balon 1991a, b,
2000; Heikkinen et al. 1995; Krzemien et al.
1995; Pigkos-Minkowa and Mirek 1996;
Jodfowwski 2007). The authors of those pub-
lications discussed the influence of different
factors including climate (and its individual
elements), relief or human impact on the
course of the upper tree-limit and mountain

pine-limiit. One of the most often cited work
is a fundamental work by Hess (1965) con-
cernimg vertical climatic zones in the Polish
Western Carpatthiamns. However, some of the
authors express the opinion that the location
of vegetation zones (including the tree-limit
and moumtaim pine-limit) in fact departs, due
to the climate itself, from vegetation zones
determined by Hess. Unfortunmetedly, a closer
look to the research workshop of these au-
thors reveals a large disproportiom in deter-
mination of the course of limits of individual
zones and the course of the limit isotherms.
Inasmuch the limits of vegetatiom zones are
determined in mamy works very preciselly us-
ing topographic maps (including ortophoto-
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maps), GPS or altimeters, the course of iso-
therms is determined by extrapolatiom and
interpolation of temperatures from meteoro-
logical statioms. Such rigid ascription of tem-
peratures to certain altitudes without includ-
ing the influence of the relief on macro- or
microclimate is usuallly burden with an error.
Sometimes a large error. In order to deter-
mine the size of this error, the author de-
cided to carry out preliminary investigations
on the influence of relief on air temperature.

STUDY AREA

Because of the fact that a research station of
the Institute of Geograpy and Spatial Or-
ganisation of Polish Academy of Sciences is
located at Halla Gasiemiicowa, where meteor-
ological measurememnts are recorded, the Su-

cha Woda Valley was chosen as a study area.
At first, the zone of both the upper tree-limit
and mountaim pine-limit was included in the
investigations. It was assumed that measure-
ment sites were located in places where no
essential influence of relief on the course
of the limits was detected (avalanches, de-
bris flows, large inclinatiom of slopes, etc).
Because of the fact that in the area of Hala
Gasiemicowa it was difficult to find a site
where the limit of moumtaim pine would be
only influenced by climate, this site was ex-
cluded from the investigatioms. Four sites
(Fig. 1, Tab. 1) within the zone of tree-limit
were selected for measurememt of air tem-
peratune.

In the area of Sucha Woda Valley, two
measurememnt sites were located in Du-
brawiska and Wolarczyska, because there
is a natural and undisturbed (or almost not

Figure 1. The map of investigation area with measurement sites. A circle shows the highest location of
the upper tree-limiit in Hala Gasienicowa, the Tatra Mts.

Source: after the main Geodiesiist of the Coumtny, 1997; permission of the Manrshal of Malopuiskie Voivedeship

No. 12/2010.
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Table 1. Description of measuremenit sites

Site Altitude in m a.s.l. Description

Halla Gasiemicowa 1520
station

Karlowiicz 1520
Dubrawiska 1405
Wolarczyska 1515

Meteomallogical station, slope of the SE exposition, just abowve the upper
tree-limit lowered by sheep grazing

Upper tree-limit, valley bottom of SN course
Upper tree-limit, channel in the slope , NW exposition
Upper tree-limit, flat slope, NW exposition

disturbed) by humam impact influence of re-
lief on the upper tree-limit.

The site Dufbrawiiska was located within
the slope in the chanmel bottom several tens
of meters wide and a dozen or so meters
deep (Fig.f). In this place the mountaimn pine
makes a lobe and goes down to the altitude
of 1400 m, filling the channel bottom and
partlly its slopes. The data logger was in-
stalled at the tree-limiit near the end of this
lobe at the altitude of about 1405 m a.s.1.

The next measurement site — Wolarczys-
ka was located about 100 m above the site
408. In this case it was not a dismembered
part of the slope and it showed small inclina-
tion. Both sites were located at the slopes of
NW exposition.

The third measurement site — Karlowicz
was located in the valley bottom near the
Czarmy Potok Valley, close the monument of
Karfiowiicz, about 0.5 km north of the thresh-
old of Czarmy Staw Gasienicowy Lake. The
valley in this place shows a S-N course. The
measurememnt site was located at the altitude of
1520 m a.s.l. just at the upper tree-limit (in this
place it was probalbly its natural upper limit).

The last measurement site was installed
in the research station at Halla Gasienicowa
at the altitude of about 1520 m a.s.l. The sta-
tion shows SE exposition and it is sitwated
above the upper tree-limiit, which is lowered
here by humam impact.

MATERIAL AND METHODS

The measurememts of air temperature were
carried out every hour during day and night
with the application of Onset HOBO data

loggers which contained termistors of the
accuracy +0.2°C and resolutiom 0.02°C. The
data loggers were hamged under the
tree-crowns of large spruces at the height
of 2 m and at the distance of 0.5 m north of
the tree trumks. Adidiitioneslly, each logger
contained a special shield which protected! it
against a direct solar radiatiom. The meas-
urements were carried out in the warm pe-
riod during almost 4 months ~ from 22 June
to 15 October. The data loggers were cali-
brated both before and after the measure-
ment period. Their differences in showing
the same temperature did not exceed 0.1°C.

RESULTS

Fig. 2 shows temperatures recorded at all the
four sites and smoothed by movable meam of
the period 200. Just a brief anallysis reveals
that the lowest temperature was recorded
at the lowest located site Dulbrawiska, and
the highest temperature was recorded at the
meteorological station. The largest differ-
ences in temperature between the sites oc-
curred during anticyclone weather, and the
lowest when atmospheriic fronts were passing
(strong winds). Tab. 2 shows mean values of
temperature for individual sites calculated
from all the measurememts conducted in
sites studied. The lowest mean temperature
7.9°C occurred in the lowest located site Du-
brawiska. The highest meam temperature
9.2°C was recorded at the meteorological
station. The difference between these sites
amounted to f.3°C. If we take into consid-
eration the differences of altitude and if we
reduce the temperature in both sites to the
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= Karlowicz = Wolarczyska — Dubrawiska — Hala Gasienicowa station

Figure 2. Air temperatures (smoothed by movable mean of period 200) in measurement sites.

Table 2. Temperature and altitude of measuremenmt sites

Site Dubrrawiska Wolarezyska Kardowicz Hﬁé‘ogéﬁ}%‘%’m
Altitude in m a.s.(. 1405 1515 1520 1520
Temperature [°C] 79 3.8 8.6 9.2

same height (assuming the gradient 0.6°C
/100m), the temperature difference between
these two sites increases to 2°C . In the two
other sites, the temperature values were
close to each other. A slightly lower temper-
ature was recorded at the site Kartowicz in
the bottom of the valley near Czarmy Potok
Valley, than in the not-dismembered part of
the slope (site Karftowiicz). This difference
was 0.2°C.

DISCUSSION AND CONCLUSIONS

The site Dubrawiska located about 100 m
lower than the three other sites should show
the highest temperature. In fact, this site
showed the lowest temperature amomg all
the others. Thiis low temperature should not
be explained by a northerm exposition of the
slope because the site Wolarczyska was also

located at the slope of north expositiom, but
its temperature was higher by 0.9°C. The
most sensible explanation of the occurrence
of such low temperature is the land relief.
A concave form of a chanmel shape causes
that a cold air flowing down the slope be-
came canalised in the chammel. Probably,
at the end of the chanmel just near the up-
per tree-limiit, the cold air additiomallly ac-
curnulates creating a frost hollew, which
significantly influences the course of the
upper tree-limit. This may be confirmed by
the lobe of mountaim pine mentioned earli-
er, which in this place penetrates deeplly the
forest. The influence of avalanches on the
course of the tree-line in the chanmel should
be rather excluded because of high moun-
tain pine vegetation, sporadic rachitic trees
(spruces) which occur in the chanmel bottom
and small slope inclination. The investiga-
tions of Baramowski (2003 a, b) which had
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been carried out several years earlier in Hala
Gasiemicowa confirm that even small (sev-
eral meters) linear depressions in the slope
may reduce a mean temperature by several
decimals °C. The example of these two sites
clearly illustrate a significant influence of
relief on microclimate, and on the course of
vegetation zones.

The highest temperature was recorded
at the meteorollogical station. It is higher by
0.4°C than at the site Wolarczyska, despite
the fact that these both sites are located
at a similar altitude. The site Wolarczyska
shows N exposition, whereas the mete-
orological station is located at the slope of
Uhro¢ Kasptowy and shows SE exposition.
The site Katfowicz shows the temperature
lower by 0.6°C than the temperature at the
station, and lower by 0.2°C than in the site
Wolarczyska. In this case, the location of
the site Kartowiicz in the valley bottom con-
siderablly influenced the temperatune. A rel-

atively wide and flat bottom valley did not
give such a cooling effect as it gave a much
smaller chanmel at the site Dubrawiska.
Nevertheless, a small temperature reduc-
tion connected with the flow or stagnation
of cold air in the valley occurredl in this site.

In the sites Dulbrawiska, Wolarczyska
and Karowicz the data loggers were in-
stalled just near the upper tree-limit, only
the research statiom is above the tree-lim-
it. However, as it is seen in the Fig. 2, the
tree-limit betweem Hala Ggsiemicowa and
Karczmisko reaches the altitude of about
1550-1560 m a.s.l. So, accordiing to tempera-
ture course, the tree-limit here is higher
than in other sites. The lack of forest in the
neighbourhood of the station results from
sheep grazing which occurred there several
decades ago. The compatisom of the photo-
graph taken in 1907 by M. Kattiowiicz (Fig. 3)
with the photograph takem in 2004 by
T. Zwijacz-Kozica (Fig. 4) cleatly illustrates

Figure 3. The view of Hala Gasienicowa and Karczmiisko. The photo taken in 1907 by M. Karlowicz.
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Figure 4. The view of Hala Gasienicowa and Karczmiisko. The photo takem in 2004 r. by
T. Zwijacz-Kozica.

devastation done by sheep and shepherds
both in the forest and mountaim pine zones.
Probeitlly, if it was not for the sheep grazing,
all Halla Gasiemiicowa or its large part would
be covered now by forest.

Despite the fact, that the imuestigations
had only preliminary character, they clearly
evidence a considerable relation between
the relief, climate and the course of the up-
per tree-limiit. The most distinct example is
the site Dulbrawiiska, which is located about
100 m lower than the others sites so it should
show higher temperature. However, because
of a land relief in a form of a chanmel, this
site showed the lowest temperature. The re-
sults of the investigations evidence that the
course of the tree-limit (and probafbly also
the mountain pine) should not be compared
with the course of meam annual tempera-
tures determined from interpolation and
extrapolation. Ounlly direct measurements in

the field give a real picture of the relation be-
tween the relief and microclimate.

ACKNOWILEDGEIMENTS

I wish to thank Prof. Adam Kotarba for
his valuable remarks and suggestions con-
cerning the investigations and the paper.
I am grateful to Dr. engineer Tomasz Zwi-
jacz-Kozica for giving me rum of his photos,
for consultatioms, and his constructive criti-
cism. [ wish to acknowledge also The Board
of Tatras National Park, for the permission
to carry out the investigations in the Park's
area.

The permissiom of the regional au-
thorities (Permissiom of the Marshal of
Malopailskie Voivodeship No. 12/2010) to
use material of the state geodetiic and carto-
graphiic resources is also acknowledged.



The influence of religfon mieroclimate and location of the upper tres/limit 11

REFERENCES

Balon, J. (1991a), Pi¢trowos¢ w Srodowisku przy-
rodmiiczym Tatr [Zonation in the Tatra’s natu-
ral environment]. Czasopimac GEeggyfficane,
62: 283-299.

Balon, J. (1991b), From the methodalogy of dis-
tinguishing of vertical zones in the Tatra Mts.,
in: Thearyy and! practicee in landévappe aonlogy,
X Inieeratitoalal Symypesiivem om Proifiéeszs of.
Landdoapgre, Etatbgidab! Researebh, Dudince
1991, 199-208.

Balon, J. (2000), Pigtra fizycznogeograficzne pol-
skich Tatr [Physico-geographiicall belts of Pol-
ish Tatra Mounmtaims], in Obrebska-Starkel,
B. (ed.), Studiéss in phiysical! geognaghlyy, Prace
Geangeifizaee, Krakdw, 105: 211-233.

Baramowskii, J. (2003a), Dynamika zmian dobo-
wych i zré6Znicowamie przestrzenme tempera-
tury powietrza na Hali Gasiemicowej [The
dynamiie of daily fluctuation and the spatial
differentiation of air temperature at Hala
Gasienicowa (Tatra Mts)], Przagibgl! (Geogra-
fiazowy, 75: 271-286.

Baramowskii, J. (2003b), Lakalrere zrridinicowanie
wavenkidaw sollamypbh w Tatracth i jege zowigzki
z rzefdiny tevemu: i szatey rodlinnag (na ppapjitadzie
Helli Gasigeidowjyj) [Local differentiation of
solar radiation in the Tatras and its relation-
ship with relief and flora (as exemplified by
Hala Ggsienicowa)], Unpuiblished Ph.D. the-
sis, Instytut Geografii i Przestrzennego
Zagospodanowamia Polskiej Akadiemii Nauk,
Warszawa, 193 ms. pp.

Fabiamowskii, J. (1955), [atyy tatvzanskice [For-
ests of Tatra Moumtaims], in Szafer, W. (ed.).
Tatvzarikki Pantkc Naraudonyy, Polska Akademia
Nauk, Kralkiw, 73-131.

Heikkinen, O., Obrebska-Stankel, B. and Tuhkanen,
S. (1995), Introduction: the timberline — a chang-
ing battlefront, Prace Geograffezee UJ, 98: 7-16.

Hess, M. (1965), Pietra klimatyczne w polskich
Karpatach Zachodmich [Vertical climatic zones
in the Polish western Carpathiams], Zeszyty
RNaukbowe UY, Prace Geograifizeee, 11:1-268.

Hess, M. (1974), Pietra klimatyczne Tatr Polskich
[Climatic belts of Polish Tatra Mountains],
Crasappinno Geagadfizaee, 45: 75-95.

Jodfiowski, M. (2007), Géimen gramite: kkosndirze-
winy w Tatvacth, na Batfiégj Goinee i w Kidakicono-

szacth [Krummitwitzline in the Tatra Mts.,
Babia Gora and the Giamt Mts.], Instytut
Geografii i Gospodankii Przestrzenmej Uni-
wersytetu Jagiellonskiego, Krakdw, 188 pp.

Kotarba, A. (1987), Geoexullogjicall belts, in Ko-
tarba, A. (ed.)., High mountaim denudational
system of the Polish Tatra Moumtaims, Geo-
gragiiicak! Stadiéss, Speniat! Issuee 3, Instytut Ge-
ografii i Przestrzenmego Zagospodarowania
(IGiPZ)), PAN: 48-56.

Krzemien, K., Libelt, P. and Maczka, T. (1995),
Geomonpioibgicall conditions of the timber-
line in the Western Tatra Moumttaiins, Prace
Geagaifizaere UV, 98: 153-170.

Myczkowski, S. (1964), Struktura i ekologia zespotu
Swierka Pizetur tatricam u gornej granicy
zasieguw Tatrzafskim Parku Narodowym w do-
linach Rybiego Potoku, Roztoki, Waksmundz-
kiej i Pafiszezyey [The structure and ecology
of Picettin tatvicwr spruce association at the
upper limit in Tatra National Park in the Rybi
Potok, Roztoka Waksmumndizka and Panhsczyca
valleys]. Ociinane: Przyrodfy, 28: 83-110.

Pawlowski, B. (1972), Szata roslinna gor Polski
[Plant cover of Polish mountaiims], in Szafer, W.
(ed.), Szatras rostinma: Polsii;, 2nd Edl., Wydawnict-
wo Naukowe PWN, Warszawa, 189-252.

Pigkos-Minkowa, H. and Mirek, Z. (1996), Zbio-
rowiska ro$linne [Plant commumiifies]. in
Mirek, Z. (edl)). Przyrovida Tatvzanskieggo Parku
Naraddoeggo, Tatrzafiski Park Narodowy,
Krakéw-Zakopane, 237-274.

Sokofowski, M. (1928), O goérnej gramicy lasu
w Tatrach [About the upper timberline in the
Tatra Moumtziins],, Wydawnictwo Fundaciji
,» Zaldiadly Kommiickie", Kratkdw, 188 pp.

Szafer, W. (1966), Dziesig¢ tysigcy lat historii lasu
w Tatrach [Ten thousand years of forest histo-
1y in the Tatra Moumttziins]], Naukaa dia wezyst-
kicth, 1, Polska Akademim Nauk, Oddziat
w Krakowie, Krakdw, 34 pp.

Zientanski, J. (1985), Wplyw wzniesienia oraz
wielko$ci masywu gorskiego na ksztattowanie
si¢ gornej gramicy lasu w Polsce [The influ-
ence of elevation and size of a mountaiim mas-
sif on the distribution of the upper timber-
line], Akadiemia Rolnicza, Poznaf, 153 pp.

Paper first received: June 2010
In final form: November 2010



http://rcin.org.pl



	Contents of  Vol. 84 No 1



