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ABSTRACT. Aeolian processes are commonplace on sandy sea-coasts. Also, the slopes of the cliffs are subject to
deflation as they are exposed to morpho-formative wind-directions. At present, these processes can be ob-
served on the south coast of Baltic Sea, on the cliffs of Wolin Island. Fine sand blow away from cliffs and the
dust carried by wind to the crown of the cliff, on which aeolian covers of various thickness and range. Research
on Wolin Island demonstrated that winds of rarely occurring sectors but with greater speed have impact on the
intensity of aeolian processes. The greatest dynamics of aeolian processes could be observed in deflation-
rubble recess on clay and sandy fragment of the cliff. Plant life on the slope of the cliff in the proximity of the
recess and vegetation growing on the crown of the cliff had considerable influence on the course of deflation,
transport and aeolian accumulation processes.
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Jennings 1967, Jackson, Nevin 1992, Carter, Wil-
son 1993, Haslett, Davies, Curr 2000, Saye, Pye,
Clemmensen 2006). Indeed, aeolian processes
occur on cliffs on a smaller scale in comparison to
beach or inland. They are, however, an essential
factor of cliff modeling and their role in the de-

Introduction

The existing research on aeolian processes on
the sea-coasts focussed on beaches and their hin-
terland (Rosa 1963, Marsz 1966, Tobolski 1972,
Miszalski 1973, Stankowski 1973, Boréwka M.

1979a, 1979b, Boréwka R.K. 1980a, 1980b, 2001a,
Nowaczyk 1986, Boréwka M., Rotnicki 1995,
1999, Hildebrandt-Radke 1999, 2001, Bauer,
Sherman, Nordstrom, Gares 1990, Goldsmith,
Rosen, Gertner 1990, Arens 1994, Carter RW.G,,
1998, Hesp, Short 2002, tabuz 2004, 2005a,
2005b). The processes of erosion, transport and
aeolian accumulation on cliffs were much more

rare subjects of researches (Reinhard 1953/54,

termination of cliff recession rate cannot be over-
looked. At present, aeolian covers of small spatial
range are composed on the cliff shore of Wolin
Island (Prusinkiewicz 1971, Hojan 2003, 2004,
2005a, 2005b, 2006, 2007). Aeolian covers can also
be found in the areas of Ustka and Debina
(Florek, Grabowska-Dziecigtko, Majewski 2001).
Aeolian processes research on cliffs of Wolin
Island was from own research sources of Geo-
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ecology Department, Institute of Geo-ecology
and Geo-information at Adam Mickiewicz Uni-
versity in Poznan, and in the period from Arpil
2004 to April 2006 from KBN grant: 2 PO4E 014 26
entitled “Contemporary eolian processes at the
top of the cliff on the Wolin Island coast”.

Study area

Study area for the purpose of aeolian cliff re-
seach was located on Wolin Island, on the sec-
tion of sea-shore 407.58-408.68 km UM (Fig. 1).
In this part of sea-shore the alteration of coast-
line from SW-NE towards WSW-ENE takes
place.
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Fig. 1. Location of the study area

Study area was divided into three sections:

- Eastern (407.58-407.95 km UM). In this sec-
tion the cliff is about 30 m high, above the
sea level and consists mainly from brown
and gray clay and in its top part- from gla-
cial-fluvial sands;

- Central (407.95-408.20 km UM). This sec-
tion of the cliff is about 40 m high, culmi-
nating gin Swidna Kepa in its central part,
about 60 m high; consists mainly from
troubled sands with mud interbeddings
(Borowka, Goslar, Pazdur 1999a);

- Western (408.20-408.68 km UM) about 40-
50 m high; cliff in this part of the study
area is composed of brown and gray clay
as well as fluvial-glacial sands. Differentia-
tion of coast-line and height, morphology

and lithology of the cliff located in the
study area allowed for observation of vari-
ous conditions for aeolian processes on
substantially small sea-shore of the south-
ern Baltic.

Research method

Measurements of height and spatial change-
ability of aeolian accumulation in the cliff crown
were carried out from March 2001 to December
2004. Simultaneously the particularization stud-
ies were carried out up to 2006. In order to
measure mineral material delivered from the
slope of the cliff outside its top edge, the meas-
urement network was positioned, initially con-
sisting of 6 and finally of 15 profiles, perpen-
dicular to the cliff edge. In these profiles from
3 to 6 measurement posts were located. The lo-
cation of posts was strictly connected with cliff’s
morphology and lithology. In each post, in the
profile there were three catchers and the amount
of material deposited in them was averaged. The
cathers were exchanged one a month in the
open-air, at the turn of following survey
months. In order to achieve comparable results,
the cathers were located in more or less the same
distances from the cliff edge.

Weather conditions

Among the conditions influencing the occur-
rence of aeolian processes, weather conditions
play a very important role, especially wind
speed and direction. What is also important is
the precipitation and air temperature, having
impact on the soil humidity and its vulnerability
to erosion. On the basis of data obtained from
Maritime Office in Swinoujscie it can be stated
that there is rarely silent in the study area. Si-
lence constituted merely 0.17% of measurements
in the period 1996-2005. For the sake of com-
parison - Warnowo, situated 6 km to the south
from the study had 30% share of silence in
measurements (wind-gauge in the post in War-
nowo is situated in the shade of Wolin Terminal
Moraine). In the study period in Swinoujscie
south-west direction of wind dominated, how
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Fig. 2. Domineering wind directions and their speeds in Swinoujécie in the survey period and longterm of 1996-2005
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Fig. 3. Thermal and precipitation classification according to Lorenc (1998)

ever the highest average wind speeds were re-
corded for WSW-ESE sector. They exceeded, in
2001-2004 6 m s1, and in 2002 annual average
for NE, ENE and E direction exceeded 8 m s-!
(Fig. 2). Maximum daily wind speed recorded
was in 2003 and equalled 19 m s-1. Differences of
wind speed occur also in summer (April-
September) semester, when average wind speed
amounted to 5.7 m s! and winter semester (Oc-
tober-March) with average speed of 6.3 m s

Despite higher wind speed in winter semester,
aeolian processes are not so dynamic as during
summer semester. In summer cliff surface dries
quicker and, as a result, is more vulnerable to
deflation.

On the basis of methodology recommended
by Lorenc (1998), thermal and precipitation con-
ditions for 1996-2005 decade were analyzed
(Fig. 3). Particular years during which aeolian
processes were examined, differed from one
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another in temperature and precipitation. The
year 2001 and 2004 can be described as having
normal weather conditions, whereas 2004 had
less fall by 100 mm than 2001 and equalled
655 mm. 2002 was slightly warm with standard
amount of precipitation whereas 2003 had stan-
dard temperatures but was dry (578.5 mm). Low
fall in 2003 and 2004 reflected in increased defla-
tion of the cliff slope.

Aeolian covers in the crown of the cliff are
formed in favourable thermal-precipitation and
wind conditions. Field survey and analysis of
archives with weather data from 1996-2005
longterm on the post in Warnowo and from
Maritime Office in Swinoujscie allowed for
specifying these days in the year on which po-
tentially aeolian covers may be accumulated on
the crown of the cliff. The following criteria
were applied:

- the amount of 5-days precipitation cannot

exceed 6 mm;

—- daily wind speed has to exceed 6 m s;

~ daily air humidity must be below 95%;

- daily air temperature must exceed 0°C and

below -10°C.

In the period of 1996-2005 cliffs of Wolin Is-
land had on average 49 days with possibility of
accumulating covers in the crown of the cliff,
ranging from 22 days in 2002 and 78 days in
1997. Taking into account wind speeds favour-
able for deflation (for study area these are

SW-ENE sector directions), it was stated that on
the Wolin cliffs aeolian covers can be formed for
about 36 days in a year. The highest, 30% prob-
ability of aeolian processes occurrence falls into
22nd pentad of the year (16-20 April) and is
strictly connected with inflow of dry wind
masses from eastern sector.

Results

The crown of the cliff is formed mainly of
aeolian covers consisting of in-shore embank-
ments (Prusinkiewicz 1971). On the basis of the
research it was confirmed that covers formed at
present are on average up to 75 m from the edge
if the cliff, inland, at the maximum average
value of 131 m. For the sake of comparison,
southern part of Wolin Island, in winter period
had the range of aeolian fall amounting to
approx 125 m. These values are lower than
stated by Prusinkiewicz (1971) as distances of
aeolian fall, amounting to 200 m. The occurrence
of aeolian covers in the hinterland of clay cliff
sections is strictly connected with the transport
of mineral material from sandy parts of cliffs by
wind blowing paralel or almost paralel to the
edge of the cliff. The range of this transport can
reach up to 300 m from the source of deflation
(Hojan 2007). Thus transported material is thor-
oughly sorted.
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Fig. 4. Height of aeolian accumulation in year 2001
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Fig. 5. Height of aeolian accumulation in year 2002
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Fig. 8. Increase of the aeolian cover on the study area

Spatial range of aeolian covers formed by the
wind outside the top edge of the cliff is varied
(Fig. 4, 5, 6, 7). Weighted mean thickness of
aeolian cover formed during research on the
crown of the cliff amounted to 1.7 mm. In case of
sandy cliff, pointwise, in the distance of several
meters away from the edge (this distance de-
pends on the wind speed and the whirl formed
at the edge of the cliff), the increase of the
aeolian cover, annually, can amount to even
80-100 mm.

Such mineral material accumulation is pos-
sible in case of extreme events taking place. The
least cover increase took place on the clay and
stabilized cliff fragment.

The greatest dynamics of aeolian processes
was recorded in 2003 when on average on the
study area the thickness of 2.1 mm aeolian cover
was formed at the already mentioned average of
four years of 1.7 mm (Fig. 8). The least amount
of mineral material occurred in 2002 in the
crown of the cliff - 1.3 mm on average. In the
profile 407.95 km UM total increase of aeolian
cover during the study period amounted to
21.8 mm. Simultaneously, in this profile, the tom
edge of the cliff recessed as a result of aeolian
processes and mass movement by about 3-5 mm.

In this area the small precipitation in 2003
was reflected in the highest increase of aeolian
Cover formed outside the cliff edge. The greatest
increase of aeolian cover occurs in the proximity
of the deflation source, on sandy parts of the

cliff, on which one can find mud interbeddings,
more resistant to deflation. These interbeddings,
as well as clusters of small trees growing on the
slopes of the cliff, cause the formation of whirls
in the air streams and increased deflation. In-
creased air erosion also occurs in the area of
deflation-landslide recesses.

Apart from mineral material transport by
wind to the crown of the cliff and aeolian covers
formed there, aeolian processes are also visible
at the bend of the cliff, on this various micro-
forms are formed:

- erosion: cavities, grooves, deflation re-
cesses; these forms are formed mostly on
sandy cliffs having mud interbeddings and
ferruginous inclusions. Deflation recesses
occur also under soil overhangs at the top
edge of the cliff.

- accumulation: ripplemarks formed mainly
at the heap cones in the bottom of the cliff,
dunes of windshade forming upper part of
the cliff bend with hassocks from the soil
overhangs and aeolian covers.

Erosion and accummulation forms are gen-
eraly temptorary, are of ephemeral character,
they undergo remodeling really fast by means of
mass movements at the bend of the cliff. Also,
the microforms are of temporary character, and
become extinct.

During intensive aeolian processes away
from the top cliff edge, small dunes of wind
shade are formed, too- mainly with hassocks,
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small shrubs and trees. They may reach 20-30 cm
in height and 60-70 cm in length. On the edge of
the cliff one can find also microform as minor
sand dunes of 10 cm and 1 m long. Some of
these forms have clearly marked edge between
the proximal and distal slope.

Conclusions

Contemporary aeolian processes on Wolin Is-
land lead to the degradation of sandy cliff slope
by means of blowing away fine sand and dust to
the crown of the cliff. At the same time erosion
microforms occur on the slope of the cliff, causing
mud interbeddings and sand fall downhill.

Greaterdynamics of aeolian processes on the
cliff shore of Wolin Island takes place in summer
period. The highest, 30% probability of Aeolian
processes occurrence falls into 22nd pentad of the
year (16-20 April) and is strictly connected with
inflow of dry wind masses from eastern sector.

The anticipated range of Aeolian covers in
the crown of the cliff is lower than expected by
Prusinkiewicz (1971), also the thickness of cov-
ers is smaller. On the small area in the proximity
of the deflation source the thickness of aeolian
cover may be higher however, mainly due to
aeolian processes of extreme character.

Accumulation of aeolian covers in the crown
of the cliff may occur on about 10% of days
in a year.

Aeolian processes are very essential factors
having impact on modeling of the slope of cliffs
and their role in determination of cliff recession
rate cannot be overlooked.
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