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Many low- to mid-altitude Central-European scree slopes display mi-
croclimatic regimes with thermal anomalies throughout the year. These
anomalies favour stenoecious species, some of them considered to be
glacial relics. In this study, we present a pilot study focusing on the evalu-
ation of topographical factors (elementary landforms, slope profile, clast
size) that predispose the formation of different microclimatic regimes at
screes that have similar physico-geographical characteristics. We carried
out detailed geomorphologic mapping at four scree slopes in the Ceske
Stredohori Mts. (Northern Czech Republic). The mapping was supple-
mented with snow cover monitoring, observations of microclimate-in-
duced features (ice holes with cold air exhalation and vents of warm air),
and temperature measurements from the prolonged winter period of
2007-2008.

The results showed distinct differences in the microclimatic regime
of the four study sites. A concave foot slope built by large boulders was
the major factor inducing cold exhalations and the persistence of ice and
snow. Slope inclination and vegetation patterns played a limited role.
Warm vents within the upper part of the screes were strictly related to
specific landforms (terminal lobes and elevations) and to mid-size clasts.
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The results are discussed using a geomorphologic evaluation of sites in
the region that display thermal anomalies. The regional analyses indicate
that the warm vents are mainly located on the southern slopes (due to
higher incoming solar radiation) and at higher altitudes. The screes with
cold air exhalations (freezing screes) are located at lower altitudes and on
slopes with different orientations.
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ABSTRACT (in Czech): Raska P., KIRCHNER K. & RASKA M., Zimni
mikroklimaticky reZim nizko polofenych sutovych svahii a jeho vztah k
topografii: pFikladovd studie z Ceského stFedoborii (S Cesko). (IT ISSN
0391-9838, 2011).

Mnoho stfedoevropskych sutovich akumulaci lokalizovangych v nizkych
az stiednich nadmofskych vyskach vykazuje mikroklimaticky reZim s te-
plotnimi anomaliemi v pribéhu roku. Tyto anomalie jsou vyhodné pro
stenoekni druhy, z nichZ nékteré jsou povazoviny za glacidlni relikty. V
tomto ¢lanku prezentujeme vysledky studie zaméfené na zhodnoceni
topografickych faktorti (elementarni formy reliéfu, profil svahu, velikost
klast?), které predisponuji vznik rozdilnych mikroklimatickych reZimti na
sutich, které jinak maji podobné fyzicko-geografické charakteristiky.
Provedli jsme detailni geomorfologické mapovani ¢tyf sutovich aku-
mulaci v Ceském stfedohofi (s. Cechy). Mapovani bylo doplnéno moni-
toringem rozsahu a vysky snéhové pokryvky, pozorovanim mikrokli-
maticky podminénych jevii (ledové jamy s chladnymi exhalacemi, ven-
taroly - vyvéry teplého vzduchu) a teplotnim mé¥enim v zimnim obdobi
let 2007-2008.

Vysledky ukazuji viznamné rozdily v mikroklimatickém reZzimu &tyf
studovanych lokalit. Konkavni tpati suti s pfitomnosti velkych klastt
bylo hlavnim faktorem podmifiujicim chladné exhalace a persistenci ledu
a snéhu. Sklon svahu a prostorovy vzor vegetaéniho krytu hraly pouze
omezenou roli. Ventaroly v hornich ¢dstech suti byly siln¢ vazany na
specifické formy reliéfu (terminélni laloky sut'ovych splazt a elevace) a na
stiedné velké klasty. Vysledky vyzkumu jsou diskutovany ve vztahu ke
geomorfologickému hodnoceni lokalit s teplotnimi anomaliemi v $ir$im
regionu. Regionéln{ analyza indikuje, Ze ventaroly se nachdzeji prevazné
na jizné exponovanych svazich (diky vy$§imu pifjmu sluneéniho zafeni) a
v relativné vy$Sich nadmotskych vyskach. Suté s chladnymi exhalacemi
(piip. podmrzajici suté) jsou lokalizovany v relativné niZsich nadmoiskych
vyskach a bez ziejmého vztahu k expozici viiti svétovym strandm.

Key WORDS (in Czech): Sut’, mikroklima, Teplotni rezim, Topo-
grafie, Ceské Stiedohofi.
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INTRODUCTION

Scree slopes are typical landforms occurring in Cen-
tral-European highlands. Screes are built by the accumula-
tion of stones of different shapes and sizes, and they are
generally formed as a result of the in situ weathering of
solid bedrock, the accumulation of rock falls, or a combi-
nation of both. Several studies have pointed out that there
is a specific microclimatic regime on these slopes, which is
typical of scree slopes at much higher altitudes and lati-
tudes (i.e., those with permafrost conditions; Gude & a/z,
2003; Zacharda & alii, 2007). The specific microclimatic
regime of mid- to low-altitude screes is caused by air circu-
lation in the surface layer and the interior, resulting in the
relative thermal inertia of scree slopes (Kubat, 1999). The
warmer air accumulates in upper part of a scree and is re-
leased during the winter through a venting system (exhala-
tion) that limits the preservation of snow cover. In con-
trast, during the cold months the cold air accumulates in
the basal part of the scree slopes and is released from foot
slope lobes or from so-called ice holes (see fig. 2A), creat-
ing a stable cold environment. In some cases, this regime
allows the preservation or creation of permafrost-like con-
ditions (so-called freezing screes). Such screes and their
different parts represent the environment for several ste-
noecious species, some of them relicts from glacial periods
(e.g., Zacharda, 2000).

Most studies have focused on the biogeographical ob-
servation of these screes (e.g., Molenda, 1996; Ruzicka,
1999; Zacharda & alii, 2005) based on analyses of thermal
regimes using dataloggers (Gude & Molenda, 2000;
Zacharda & alii, 2007) and, more recently, on the identifi-
cation of underlying permafrost-like conditions using geo-
physical tools (Otto, Sass, 2006). Following these microcli-
matic studies, different models have been established to
explain the regime, including those suggested by Balch
(1900), Kubat (1971), Wakonigg (1996), Harris & Peder-
sen (1998), or Herz & alii (2003). Focusing on low-alti-
tude screes, Zacharda & ali7 (2007) showed that the micro-
climatic regime is more complicated and that it changes
throughout the year.

In comparison with microclimatic and geophysical
measurements, there is a limited number of studies deal-
ing with the geomorphic preconditions of the microcli-
matic regime of screes. Gude & aliz (2003) summarised
the main preconditions for the formation of the microcli-
matic regime, which include (a) a steep slope, (b) a thick
layer of blocks with an open void system and (c) sparse
vegetation cover. Cilek (2000) and Kirchner & aliz (2007)
studied the geomorphology of scree slopes from a palaco-
geographical point of view, and they suggested implica-
tions concerning the environmental changes of these
slopes. Hétu & Gray (2000) presented another example
of geomorphologic considerations of environmental change
of scree slopes. However, their study was carried out in
an environment that differed from that in the Central-Eu-
ropean highlands. There are numerous studies that focus
closely on the geomorphology of scree slopes (e.g., Czudek
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& Demek, 1976; Schrott, 1999; Curry & Morris, 2004),
but these studies lack significant microclimatic or biologi-
cal links that would contribute to the general knowledge
of recent Central-European scree slope environments.
Many studies that focus on relationship of geomorpholo-
gy (topography) to microclimate in higher altitudes
and/or latitudes are inspiring methodically, and they re-
veal the modes of air circulation and thermal regimes of
scree slopes, taluses and rock glaciers (e.g., Ishikawa &
Hirakawa, 2000; Herz & aliz, 2003; Delaloye & Lambiel,
2005; Lewkowicz & Bonnaventure, 2008; Lambiel & Pier-
acci, 2008; Juliussen & Humlum, 2008; Gadek & Kedzia,
2008). However, the implications of these studies for low-
and mid-altitude scree slopes are limited for the two fol-
lowing reasons. First, the climate of these areas (solar ra-
diation, ambient air temperature, snow precipitation) is
different, and it influences the microclimatic regime of in-
dividual landforms, including screes. Second, scree slopes
in lower altitudes are mostly surrounded by forest vegeta-
tion that (i) influences the incoming solar radiation and
temperatures and (ii) increases the biogeomorphic effects
on surface dynamics in comparison with climate-con-
trolled dynamics in mountain regions (e.g., Hales &
Roering, 2005; Matsuoka, 2008).

Major gaps in understanding of Central-European scree
slopes include the role of surface dynamics (e.g., rolling,
bouncing, sliding), biogeomorphic effects (e.g., animal
trampling and the effects of woody debris), and the influ-
ence of anthropogenic transformation (cf. Balej & alz,
2008). The significance of these gaps increases with the ge-
omorphic variability of scree localities, which represent
the source of our recent understanding. At the same time,
it was shown already that the understanding to geomor-
phologic processes is a key factor for certain aspects of the
effective environmental management (e.g. Panizza, 1996).
Without a detailed geomorphological studies focused on
the above mentioned issues, considerations of the conser-
vation and management of biogeographically significant
scree slopes, especially those that are freezing or displaying
thermal anomalies, are far from convincing.

In this study, we focus on the winter microclimatic
regime of four low-altitude scree slopes in the Ceske
Stredohori Mts. (Czech Middle Mts., Bohmische Mittel-
gebirge) in Northern Czechia. We characterise the win-
ter microclimatic regime by means of temperature mea-
surements with dataloggers, snow cover monitoring, and
observations of microclimate-induced features. The re-
sults are discussed using the topography analyses of
these sites based on geomorphologic mapping supple-
mented with geodetic measurements. Our main research
aims were (i) to analyse the winter microclimatic (ther-
mal and snow cover) regime of the study sites and (ii) to
evaluate the role of (micro)topography in this regime.
The issue to be discussed was whether different micro-
climatic regimes evolve at localities (sites) with similar
physico-geographic conditions (e.g., exposition, altitude,
geology), and what role (micro)topography played in
these differences.



STUDY AREA

The study area (see fig. 1) is situated in Northern
Czech Republic, where the Elbe River has formed a deep,
incised valley through the Ceske Stredohori Mountains, a
60-km long, SW-NE trending neovolcanic range (Cajz,
2000). During the Quaternary period, the geomorphic
characteristics of the volcanic range were diversified due
to tectonic movements and the differing resistance of
rocks. These conditions controlled the incision of water
streams and the denudation of slopes (Kral, 1966; Kalvoda
& Balatka, 1995). Located in the centre of the volcanic
range, the study area is represented by a wide steep slope,
which was inclined westwards to the Elbe River and by a
valley of its tributary, the Prucelsky brook.

The climate of the study area is moderate with average
annual temperatures between 6 and 7°C. The average
number of days with rain exceeding 1 mm is 110. Snow
cover is present 60-70 days per year with an inter-seasonal
average maximum depth of about 40 cm. In this respect,
the monitored winter season is below average as were the

last ten years in comparison with the normal period of
1961-1990. The main slope of the study area is covered
with abundant scree accumulations, and the four studied
screes are located within this area (figs. 1 and 2). The
screes are composed of clasts of basaltic rocks varying in
size, shape and age. The general physico-geographical con-
ditions of the study sites, such as exposition, altitude, incli-
nation (i.e., incoming solar radiation), and surrounding
vegetation (i.e., effects of environmental change along the
ecotones) are comparable. The differences among them
are apparent at a detailed topographical scale. The basic
characteristics of the study sites and the methods used for
each of them are summarised in table 1.

METHODS

1. Geomorphological analyses

Geomorphological methods were used to evaluate the
topography-microclimate relationship at two scales. We ap-
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FIG. 1 - The study area in the Ceske
Stredohori Mts., Czech Republic.
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plied the geomorphologic mapping (Demek & aliz, 1972)
of major landforms supplemented with the extraction of
slope profiles at all four screes. During mapping, special
attention was paid to micro-scale landforms (up to 10° m)
that were possibly related to microclimatic variations (e.g.,
debris and clast flows, ice holes and ridges with lobes).
The slope profiles were constructed to reveal the major
changes in slope inclination and curvature. The results of
these methods were compared with observations of micro-
climate-related features (see Section 2 in Methods).

TABLE 1 - Basic characteristics of the study localities

. . Previous Methods
No Shape  Clastsize [cm] Vegetation studies applied
1 stream  variable clasts wide ecotone, GTS, MM, SC,
(30-50, locally  flowers, mosses, OMF, GM
>100) woody debris
2 oval boulders (up to  mosses, lichens OMF, GM
100, often >100)
3 frontal boulders trees, mosses, Mares (1959)  OMF, GM
(around 50, lichens, flowers, and Kubat
locally >100) woody debris (1971).
Mid-July T in
1969 (air 26°C,
ice hole 2°C)

4 complex variable clasts trees, flowers,  Raska (2010a) OMF, GM
(clast flows <10, woody debris

boulders >100)

Explanation: T = temperature; GTS = geodetic measurement with total station;
MM = microclimatic measurement; SC = snow cover mapping and snow depth
measurement; OMF = observation of microclimatic features (ice holes and vents or
warm funnels); GM = geomorphologic mapping and analyses of landforms.
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FIG. 2 - (A) Ice and snow in the

ice hole at locality 3. (B) Downs-

lope view of locality 1 during the

period of last snow cover. (C) Lo-

cality 4 with small clast size. (D)

Homogeneous boulder cover at
locality 2.

The scree in locality 1 (fig. 1B), which was monitored
with temperature dataloggers, was analysed in detail using
the total station measurement. The aim of this measure-
ment was to obtain precise data for topography analyses
at the level of individual landforms. The measurement
was carried out using a Trimble 5603 DR200+ total sta-
tion, which offers contact-less (prism-less) distance mea-
suring. We obtained 3D coordinates of 1,175 points from
automatised prism-less measurement, 27 from manual
measurement (supplementary points) and another 6 that
served as orientation points. Applied over an area of 806
m’, the final density of the points was 1.49 per square me-
tre. The point cloud was filtered to exclude off-terrain
points using a robust method of adjustment computing
(cf. Kraus & Pfeifer, 1998). Finally, we analysed the data-
set in ESRI ArcGIS 9.2 (3D Analyst). Based on an interpo-
lation of the contour theme and the digital terrain model,
we analysed the slope inclination and curvature of the
scree, and we used these results to re-evaluate the geomor-
phologic mapping of landforms at the study site.

Where necessary, other methods for determining land-
form genesis were applied. These methods comprised sed-
imentological analyses of fine-grained clast flow (locality 4,
tig. 1C), using the triangular diagram and C,, index (Sneed
& Folk, 1958; Graham & Midgley, 2000) and a dendroge-
omorphological indication of processes on scree slopes
(rock-cliffs) (e.g., Bollschweiler & alzz, 2008).

2. Microclimatic monitoring

We used dataloggers (MINIKIN TH, Environmental
Measuring Systems, Czechia) with internal thermistors and



humidity sensors to measure ground surface temperature
(GST) at the upper and lower parts of the scree accumula-
tion (fig. 5B). The temperature logging accuracy of the
sensors was +0.2°C. The humidity measurements (accura-
cy 2 %) were taken into consideration as supplementary
information about the thermal regime. The dataloggers
were arranged in voids in the first layer of clasts (depth of
ca. 20-30 cm) for a prolonged winter period from Decem-
ber 8 (2007) to April 18 (2008) with a logging interval of 1
hour. Both dataloggers were installed in protective sheets,
enabling the air to circulate and preventing permanent
contact between the dataloggers and the snow-melt water.
Basic statistical analyses were applied to the dataset ob-
tained from the measurements, including the running stan-
dard deviation (to determine the stability or lability of the
microclimatic regime) and the determination of tempera-
ture fluctuation types (cf. Ishikawa, 2003).

The presence of microclimatic features (e.g., ice holes
and vents) as well as the presence, spatial distribution
and depth of the snow cover were observed and docu-
mented by digital photos. To express the spatial distribu-
tion of snow cover, we chose five phases from the entire
monitored period. We transformed the oblique pho-
tographs, and we implemented them in a digital terrain
model to enable an assessment of the approximate spatial
distribution of snow cover patches in each phase. We

I'_orsality_r 1

Locality 3

used a small ruler to measure snow depth at the scree.
Because the location and internal heterogeneity (different
conditions for snow preservation) at locality 1 did not en-
able a relevant continual snow cover depth measurement,
we used only the maximal value for each period of snow
cover presence.

RESULTS

1. Topography of study sites

The geomorphologic mapping revealed various elemen-
tary landforms present at the studied localities (see fig.
3A). These landforms can be divided into the following
groups. The first group is represented by landforms that
predispose the basic topography of the scree (e.g., ridges,
depressions, planar slopes, terraces). The presence and
character of these landforms are preconditioned by the
palaeotopography and surface morphology of solid be-
drock. This factor is apparent in downslope depressions,
which often continue to the forested surroundings of the
scree. This type of landform was present at all four locali-
ties. The dynamics of these landforms were low and most-
ly occurred at the surface layer. Besides the occasional
sliding and rolling of large boulders, the movement of the

Locality 2 Prustpan N A

A rocicii

[ mosses ¢
e :l vegeltalion
[ gentle

] medium slope

I e

B depressions (holes)

i flows streams (~ gravel)
72 depressions (~ boulders)
5885 loose boulders

D border of open scree

exhalation
W
(withoul ice)

2

3

ice 4

holes
/ Y

rock-cliff

planation
lerace

FIG. 3 - Geomorphologic maps of study sites.
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clasts was caused by fallen (or chopped-down) trees (see
fig. 2B) and animal trampling (mostly hordes of Ouvzs nzusi-
mon), which is also typical of the dynamics of landforms in
the second group.

The second group comprises landforms that resulted
from surface dynamics caused by both natural and hu-
man-induced processes. These landforms increase the in-
ternal heterogeneity of scree slopes. The most frequent
are small accumulations of boulders in the form of lobes
(expressed as small, round areas of steep slope in fig. 3).
Three localities (1-3) have been directly modified by hu-
man action as is apparent from a tourist path that crosses
the central and footslope parts of the scree. Locality 4
represents the only scree with a preserved rock-cliff, clast
flows and debris flows. As we assumed that the active
flows might be related to the rock-cliff dynamics, we ana-
lysed the rock-fall activity using the dendrogeomorpho-
logical methods. We assessed the presence of surface
scars on 67 trees standing below the rock-cliff in three
distance intervals: 26 trees stood up to 2 m from the cliff;
19 stood from 2 to 5 m from the cliff; and 22 stood more
than 5 m from the cliff. A total of 22 of the nearest trees
were hit by rock-fall, followed by 15 and 10 in the second
and third distance intervals, respectively. The identifica-
tion of past rock-fall events was limited because the lo-
cality was subject to nature conservation, and only the
small fallen trees could be analysed using destructive
methods. We took sample discs from two young fallen
trees. Visual analyses of sample discs showed the pres-
ence of scars going back up to 18 years. These results
clearly prove rock-fall activity in the site. In addition to
the rock fall activity, the debris flows were identified in
the destroyed parts of the rock-cliff.

A specific sub-type of the second group of landforms is
represented by those that are possibly microclimate relat-
ed. Three holes with a diameter of about 1 m were present
in the foot slope at locality 3. Another hole was formed in
the upper part of the scree at locality 1. Locality 4 was typ-
ical of small clast flows that have similar morphologic
characteristics, such as frost coated clast flows known
from colder regions (Hétu & Gray, 2000). Therefore, we
carried out a sedimentological measurement to analyse the
origin of these clast flows. The analyses of 60 particles
sampled in three longitudinal segments of the 3-m long
clast flow showed a sorting of grains resulting in a finer
and more homogeneous material present in the terminal
lobe and coarse, heterogeneous clasts in the channel and
source segment. The distribution of grains above and be-
low the C,, line was, however, nearly equal, indicating the
absence of frost weathering in the origin of the clast flow.

The extracted slope profiles showed significant differ-
ences among the studied scree slopes (fig. 3B). We distin-
guished the following three types of profiles: (a) linear to
slightly undulating (localities 1 and 2), (b) slightly undulat-
ing with oncave this (i.e. convex) was a nispunt; all the ab-
stract, diss.......... and conclusion duok the concave foots-
lope, which is right foot slope (locality 3), and (c) linear with
rock-cliff. The screes with profile types (a) and (c) continued
downslope with loose boulders forming boulder streams.
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2. Winter microclimatic regime

The results of the temperature measurements for the
upper and lower logging sites at study locality 1 are
shown in fig. 4A. The entire logging period can be di-
vided into three phases. The first phase (December 8
to January 20) had the greatest differences in tempera-
ture between the upper and lower sites. The growing
differences in temperature are apparent from the begin-
ning of the logging period, i.e., before the first snow.
This indicates the role of ambient air temperature in the
internal, thermal regime of the scree. The following phase
(January 21 to March 30) displayed more closely related
temperatures, but some discontinuous differences were
still apparent. In contrast to the previous two phases, the
last phase (March 31 to April 18) demonstrated an al-
most identical development of temperatures at both log-
ging sites.

Figures 4B and 4C provide a more detailed representa-
tion of the thermal regimes at both logging sites. Fig. 4C
indicates a higher fluctuation of temperatures at the lower
logging site caused by a faster reaction to air temperature
changes. In contrast, the moderately fluctuating tempera-
ture at the upper logging site was due to the presence of a
vent documented by snow cover mapping. Fig. 4B displays
the differences in fluctuation regimes at both logging lo-
calities according to the types proposed by Ishikawa
(2003) and adjusted by the authors to distinguish short-
term and long-term trends.

The development of snow cover at locality 1 indicates
that there were several different phases regarding the
spatial extent of snow cover (fig. 5A) and its maximum
depth (fig. 4D). The maximum depth of the snow (8 cm)
was related to a continuous presence of snow cover dur-
ing the 30-day period a few weeks after the beginning of
the measurement. After this period, snow cover occurred
in brief episodes with depths less than 3 cm. The last
snow melted at the end of March 2008. The snow cover
mapping also proved the presence of a vent at the upper
part of the scree slope. The triangle-shaped vent (ca. 15
m’ in extent) was present throughout the first period of
snow cover. During the second period of episodic snow
cover, snow was present in the form of small patches.
The only exceptions were the larger accumulations adja-
cent to the former position of the vent. As supplementary
data, the humidity regime at both logging sites demon-
strated high values largely reaching the maximum possi-
ble humidity.

Observations of microclimate-related features were
carried out at all four study sites. In accordance with for-
mer studies, we focused on the presence of exhalations
(warm air vents), which are located mainly in the upper
parts of screes, and on ice holes, which are usually located
in the lower parts of scree slopes. We also looked for the
presence of cold/warm air venting on other landforms in
various parts of the screes (lobes, ridges and depressions).
The presence or absence of observed features is sum-
marised in table 2.



FIG. 4 - Microclimatic regime dur-
ing the prolonged winter period at

study site 1 (see fig. 1). (A) Tem- 13 -
peratures at the upper and lower
sites of the scree slope. (B) Types 11 4
of temperature change according gl
to Ishikawa (2003). (C) 7-day run-
ning standard deviation of temper- 71
atures at the upper and lower sites o B
of the scree slope. (D) Differences
in temperatures at the upper and 3 4

lower sites of the scree slope and

upper site
— lower site

' *M"‘WV M

maximum depth of snow cover in
each snow period. -1
=3 4
_5 E

upper site

lower site

- 8.12.2007 - :|2‘1
7.1.2008 -

-18.12. 2007 -
-28.12. 2007 -

s (running 7-days) A
B

7

- 17.1. 2008 -

CRETLLEY . e Y
LT

== around 0 °C mmm gradual increase
mmm fluctuation gradual decrease
ST —short-term trend LT — long-term trend

\/] \
X g
N

- 27.1.2008 -
6.2.2008 -
- 16.2.2008 -
- 26.2.2008 -
7.3.2008 -
- 17.3. 2008 -
- 27.3.2008 -
6.4.2008 -
- 16.4.2008 -

—— upper site
— lower site

cm

—— T difference - 14

[0 snow cover
(max. depth in a period)

DISCUSSION

1. The landform-microclimate relation within a single scree
slope

The results of the microclimatic analyses carried out at
locality 1 show that the regime of this scree has some fea-
tures that are known from other sites, where the air circu-
lation favours thermal anomalies throughout the year. We

detected no ice holes or late (spring to summer) snow in
the lower part of the scree or in the ice holes. In contrast,
the vent (exhalation) of warm air evolved during the early
snow cover period. We compared the data of thermal
regime, snow cover occurrence and topography to deter-
mine the leading processes in the formation of the micro-
climatic regime of the locality.

Both the thermal regime and snow cover occurrence
may be divided into three phases (see Section in Zesult 2).
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FIG. 5 - Spatial distribution of
snow cover during the winter sea-
son and topography of study site
1 (see fig. 1). (A) Spatial distribu-
tion of snow cover. (B) Microto-
pography and positions of data-
loggers. (C) Location of winter
warm air vents.

January 12 (2008)  January 22 (2008)  March 21 (2008) April 10 (2008)

h NO SNOW COVer no snow cover

no snow cover 3

DL | Location of dataloggers

Hole (presence of ice was not
confirmed)

TABLE 2 - Presence of microclimate-related features at study sites

Site Nov 30 Jan 12 Jan 22 Mar 21 Apr 10
process/ (2007) (2008) (2008) (2008) (2008)
form \Y% IH \4 H \Y% H \Y% IH VvV IH

X

N
ke
e
i
e

Explanation: site: number of study site according to Fig. 1B, V: vent at the upper
part of a scree slope, IH: ice hole at the lower part of a scree slope (possibly also
hole at individual terminal lobe), x: presence at the site.

These phases are based on differences in ground surface
temperatures at the two logging sites in the case of thermal
regime and on the variability of snow cover and snow
depth. The thermal and snow cover phases corresponded
in their time delimitation. This fact implies that there is a
correlation between temperature and snow cover regime.

The microclimatic regime of the locality and its driving
forces are explained in the following sequence:

(1) The first phase of high temperature differences at
the logging sites relates to the continual snow cover at the
scree. The relative spatial continuity of snow cover is due
to mid-size clasts and the presence of organic material
partly filling the voids in the surface layer of the scree. The
vent evolved during this phase in the upper part of the
scree, where the slopes of a terminal lobe (the lobe is ex-
pressed as a steep slope below the hole in fig. 3A, locality
1) adjoin the downslope depression. Nevertheless, fig. 4A
shows that the differences between the thermal regimes at
the upper and lower logging sites were apparent before
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n Old tourist path

fJ Borders of open scree

Interval of contours =1 m
Bottom grid: orthophoto image

Wenting from
terminal lobe

the first snow cover. This result indicates that the ambient
air temperature was the very first factor to induce the win-
ter microclimatic regime at this locality.

(2) The exhalation of warm air, which had accumulat-
ed in the system of voids, was accelerated by long-term
snow cover during the first phase of the thermal regime.
The warmer air in the upper part of the scree slope pre-
vented the preservation of snow cover, which was then
limited to its surroundings. As the air in the voids was
cooled by surface snow and descended into the deeper
voids, it pushed the warm and less dense air to exit the
scree at the nearest suitable location. The exhalation from
the terminal lobe had both vertical and horizontal compo-
nents and was close to a combination of the Balch effect
(Balch, 1900) and the chimney effect (Kubiat, 1971). Ac-
cording to Zacharda & alzi (2007), the modes of air circu-
lation patterns in low-altitude screes in the region may
change during the year. Our results suggest that besides
these changes in circulation patterns, the modes may also
act together and influence each other.

(3) The second phase, with low temperature differ-
ences, correlates with episodic low-depth snow cover (the
second phase of snow cover development). The highest
volume of warm air from deeper voids was released during
the first phase of the microclimatic regime. Other minor
exhalations of warm air were possible via the void system
in the surface layer of the scree because there was only a
sporadic occurrence of snow cover.

(4) Finally, the third phase, with negligible temperature
differences, was related only to the period of snow cover
absence. Such a distinct relation between thermal regime
and snow cover contrasts with findings from other regions



of higher altitudes (e.g., Julidn & Chueca, 2007; Gadek &
Kedzia, 2008).

2. The topography-microclimate relation - variances among
the scree slopes

The relationship between the microclimatic regime in-
dicated by specific features (ice holes and vents) and
topography is explained using the profiles and geomor-
phologic maps of the elementary landforms of the studied
scree slopes. The (micro)topography, the clast shape and
size were the only significant geomorphic variables at the
studied localities. In the following sections, the topogra-
phy-microclimate relation is discussed from viewpoints
of both temporal (section 2.1) and spatial (section 2.2)
distribution.

2.1 Linkages between geomorphic evolution and microclimatic
regime

The evolution of variable microclimatic regimes at the
studied localities can be ascribed to their differential geo-
morphic evolution. The cascading sequence showing link-
ages from geomorphic evolution, topographic diversity
and dominant geomorphic processes to microclimatic ef-
fects and its influence on recent dynamics of studied local-
ities is described in the fig. 6. Firstly, the localities are dis-
tinguished according to their relative age. Significant dif-
ferences have been detected between relative age of locali-
ty 4, on one hand, and other three localities, on the other
hand (Ragka, 2010b). The initial evolutional stages of all
localities correspond to incision landslide model suggested
by Palmquist & Bible (1980). The incision of the Elbe Riv-
er and of its tributary, the Prucelsky brook, exposed high
rock cliffs (rockwalls) composed of basaltic rocks. Initial
evolution of these rock cliffs corresponds to transporta-
tional slopes of Selby (1982) with slightly varying ratio be-
tween the rockwall retreat and downslope transport. The

Relative age  [Locality] Evolution

Slope Topographic segments

recent topography of studied screes, however, indicates
temporal succession in dominance of the rockwall retreat
and downslope transport modes. The frontal and complex
screes at localities 3 and 4 represent relics of rockwall re-
treat. Limited secondary movement of these screes was in-
fluenced by decrease in slope gradient at the foot slope
(locality 3) and young stage of geomorphic evolution (lo-
cality 4). In contrast, elongated (oval and stream) screes at
localities 1 and 2 were subject to concentration of clasts in
slope depression after the destruction of rock cliffs.

The complete scree catena, including all topographical
segments (see fig. 6), is preserved only at locality 4. This
locality has the highest average slope inclination and the
high disintegrated rock cliff together with limited extent of
trees below the rock cliff are the factors resulting in high
cliff instability index (cf. Magaldi & /77, 2007). The scree
displays most intense surface dynamics, including active
rockfalls and dry debris flows (cf. Raska, 2010a). These
processes, in turn, influence distribution of clasts with dif-
ferent size and shape. Dry debris flows composed of small-
er angular clasts limit evolution of air circulation pattern at
this locality. The other localities, which have significantly
lower average slope inclination, are formed by open scree
segment and loose boulder streams. The higher relative
age of these localities is indicated by total destruction of
rock cliffs (cf. Hétu & Gray, 2000), and by predominance
of boulders on the surface. Prevalence of boulders is tradi-
tionally ascribed to long-term sieve effect (Carniel &
Scheidegger, 1974) and was confirmed in the studied re-
gion as well (Raska, 2010a). Boulders move separately by
rolling and sliding, but the talus creep of a whole scree or
its parts has to be taken into consideration. The openwork
structure of boulder accumulations at localities 1, 2 and 3
predispose evolution of air circulation pattern and micro-
climate at all. Nevertheless, the type of microclimatic
regime and its effects visible as ice holes and warm air
vents during the winter period depends on clast size and
slope profile (see section 2.2).

Dominant activity Microclimatic effects

@® A [ 2] incision landslide model x x \ air circulation without ice holes

- + secondary movement x x and vents

2 ‘ accumulation in depression Opsa Jcreo talus creep(?) / frost coating(?), freeze-thaw
° loose boulder streams sporadic sliding, rollin episodes in soils_— clast slidin.

x
X

1 | incision landslide model
+ secondary movement

air circulation, warm air venting

frontal rockwall retreat

loose boulder streams

: \
x
‘ accumulation in depression open ?c:rele‘ talus creep ) / frost tl:oalil?gt?}. freszefh;w
Al loose tr sporadic sliding, rolling in soils — clast slidin
3 | incision landslide model X \} x \ air circulation, ice holes
X X
. frontal tockwall retreat open scree g talus creep / frost coating(?)
5 Iloose boulder streams and lobes stable footslope
o
5 4 | incision landslide model rock cliff rockfalls no circulation pattern
g planation terrace debris flows, bouncing
open scree dry debris flows, rolling / frost weathering at rock cliff

sliding surface runofi / meltwater — flows

Climate-induced effects

FIG. 6 - Spatiotemporal succession showing the linkages between geomorphic evolution, recent geomorphic processes and microclimatic effects at four
studied scree slopes.

Note: the number of locality is in the square at the top-left; differences in relative age of the scree slope 3, 1 and 2 are not significant; secondary movement - subsequent
intensive downslope movement of accumulation; slope - average slope inclination derived from DEM (dataset scale 1:10000).
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2.2 Factors influencing the presence of microclimate-induced
features

The ice holes developed only at locality 3, which has a
concave foot slope accumulation built by large boulders.
The presence of ice and snow in the hole at locality 1 was
not proved during the research. The results only partly
correspond to general conditions for the formation of
freezing screes suggested by Gude & aliz (2003; see intro-
duction). The entire foot slope segment of locality 3 is cov-
ered with trees, flowers and mosses, and its inclination is
similar to other studied sites without ice holes (sites sand
2). The presence of large boulders (blocks) with an open
void system was only a valid factor for locality 3. Neverthe-
less, large boulders with a homogeneous matrix were pre-
sent at locality 2, where none of the microclimate-related
features evolved during the monitored period. The ab-
sence of microclimate-related features was similar to local-
ity 4, which was built mostly by finer clasts and had a dy-
namic surface layer.

In contrast, the vent evolved only at locality 1, which
had heterogeneous and predominantly mid-sized clasts
covered by fallen leaves, mosses, flowers and woody de-
bris. The role of clast size has been discussed by Kubat
(1999), Cilek (2000) and Zacharda & a/zz (2007), who have
noted that large clasts (boulders) favour air circulation
within the scree. Our results, however, suggest that this re-
lationship is more complex. The boulders are favourable
to the formation of ice holes, but they may limit the devel-
opment of vents in the upper parts of screes. Large voids
between boulders prevent the formation of spatially con-
tinuous snow cover, and the warm air accumulated in
deeper voids is not forced to exhale from a compact vent.
This was the case of site 2, which had a deep, open void
system and surface voids that were often more than 20 cm
in diameter. The snow at the locality persisted only on the
tops of the boulders, leaving the voids free. This resulted
in the continual interaction of internal and ambient air
temperature at the scree slope.

Regional insight into the topography-microclimate rela-
tionship is offered by a statistical evaluation of more locali-
ties. At the beginning of the 1970s, Kubat (1971) published
a list of scree slope sites with the presence of ice holes and
warm air vents (exhalations). This list is important because
it is the only summary of sites made before the intensifica-
tion of regional human impacts that could possibly influ-
ence the climatic variability of these sites. We assessed the
altitude and orientation of 28 scree slopes sites located in
Northern Czech Republic.

Figure 7 shows the altitudinal position of the sites rep-
resented by the lowest point of the scree and the peak of
the slope. The column graph indicates the general orienta-
tion of the screes (northward, southward and east-west).
The altitude graph shows that screes with ice holes are lo-
cated at lower altitudes than the vents (exhalations). All of
the ice holes are located at the foot slopes of screes or at
screes with a foot slope position within a slope. While the
presence of ice holes seems not to be conditioned by the
orientation of slopes, screes with vents (exhalations) are
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FIG. 7 - Geomorphic position of screes (localities in Northern Czechia)
with specific microclimatic regime. Source: localities from Kubat (1971),
geomorphic position by authors.

predominantly located on southern slopes. The reason is
the higher incoming radiation, resulting in the oscillation
of ambient air temperatures in the upper part of the scree
(i.e., the part without vegetation cover). The ambient air
temperature influences the internal air temperature of the
scree and predisposes the formation of vents on topo-
graphically suitable locations (e.g., having appropriate
clast sizes, lobes and elevations). In contrast, the ice holes
are less influenced by ambient air temperatures as the in-
coming radiation is limited by vegetation from both direct
(mosses, flowers, trees) and indirect (treetops) effects.

CONCLUSIONS

The present study offered analyses of winter microcli-
matic regimes at biogeographically significant low-altitude
scree slopes in the Central-European highlands (Ceske
Stredohori Mts.), and it discussed the relationship of the
microclimatic regime to the topography at the studied
sites. The sites were comparable in their general topogra-
phy, all of them having approximately similar orientation,
slope inclination and altitude. The regional climate and
vegetation cover (European beech) was also comparable.
Therefore, we focused on the variables that represented
the topographical diversity of screes (slope profiles, ele-
mentary landforms, size of clasts). The results of geomor-
phologic mapping and microclimatic measurements (ther-
mal regime) and observations (snow cover occurrence)
were evaluated in a regional context using the assessment
of all the known localities in the region.

Our results show that general factors that were former-
ly considered the most important for the formation of spe-
cific scree microclimatic regimes with thermal anomalies
have to be reassessed. The most important factor influenc-
ing the formation of ice holes, which indicate possible spo-



radic permafrost in deep layers of scree, is the slope pro-
file. All of the ice holes were formed at the scree slopes
with concave foot slope accumulation. Such positions are
usually preconditioned by the palacotopography of the
site. The limiting role of vegetation in the formation of ice
holes is minor and needs to be discussed further according
to the present species or Raunkizr’s plant life-forms.
Large boulders are the predisposing factor for the forma-
tion of ice holes. The factors influencing the formation of
air circulation in the upper parts of screes (e.g., warm air
vents) are quite different from those mentioned above. A
major role is played by the general slope topography (ori-
entation, slope inclination), as well as by elementary land-
forms present on the scree. During the snow cover period,
the warm air is exhaled from the tops and sides of the
lobes. The geomorphic mapping indicated that such eleva-
tions adjoin downslope depressions, which are typical of
cold air accumulation and flow. The role of clast size is
more difficult to assess. Small clasts did not allow the for-
mation of open void systems with intense accumulation of
internal air, whereas large boulders prevented the forma-
tion of continuous snow cover. Future study, therefore,
should determine precisely the clast size categories allow-
ing or preventing the persistence of spatially continuous
snow cover.
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