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Abstract
Comparison of climatically controlled phases of higher rainfall and flood frequency with the anthropogenic phases of
effective soil erosion documents various overlappings and superpositions. The wetter phase with high frequency of ex-
treme events leads to the transformation of relief, well expressed in the ecotonal zones and in the high mountains. In-
creased human activity controls an accelerated soil erosion, overbank deposition and tendency to breading. The most
distinct changes, leading to the passing of thresholds and transformation of slopes and valley floors are connected with
the coincidence of wetter climate and high anthropogenic pressure. Those phases were recognized in Central Europe
during the middle Neolithic period, the early phase of the Roman period, the 10th–11th century and the Little Ice Age.
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INTRODUCTION

The intensity of soil erosion and fluvial activity is deter-
mined by two groups of factors: climatic and anthropogenic.
Most of the erosion and deposition follows during the ex-
treme events. Changes in their frequency and type depend on
climatic fluctuations.

The deforestation and exploitation of natural resources
caused by soil cultivation, overgrazing and other practices
accelerate the intensity of runoff, soil erosion and deposition,
as well as decrease the thresholds of appearance of various
processes like landsliding, debris flowing or lateral migra-
tion of river channels.

There existed various opinions about the role of both
groups of factors. Depending on spatial and time scales of
available records and on regional differentiation, some re-
searchers even took up a deterministic position stressing the
prevailing role of one factor. Most distinct and rapid are the
changes, proceeding in the ecotonal zones where every
anomaly may cause a chain of changes, leading to a shift of
ecotone or to a substantial transformation of the existing
geoecosystem. The opinion that climatic changes play a lead-
ing role in these transitional ecosystems is rather common
(cf. Dalfez et al. 1997, Issar 2003). Alternatively, in the rela-
tively stable environments of the temperate zone, deforesta-
tion and agriculture is identified as the causative factor of
more pronounced changes (Mensching 1957, Roberts 1989).
These changes may have a gradual impact combined with
feedback (cf. Frenzel 2000) or step-like distribution caused
both by climatic fluctuations as well as economic and social
changes (Starkel 1992, Berglund 2003).

The monitoring of the present-day events and examina-
tion of various detailed hydrological records covering the last
two centuries deliver many examples of coincidence of both
groups of factors (Mensching 1987, Lang et al. 2000, Old-
field & Dearing 2003, Starkel 1998a, b, 2002). The intensity
of slope wash and sediment load is by 2–4 orders of magni-
tude higher on cultivated fields and in small catchments
(Starkel 1987, Gil 1999) than in the natural forest ecosys-
tems. In regions where deforestation and cultivation ex-
panded in the 19-th century, this change is registered by a
rapid rise in the rate of deposition at the feet of slopes and
over floodplains and an accelerated shift in the shape of river
channels (cf. Davis 1976, Knox 1977, Wasson et al. 1998).
On the other hand, observations of the impact of low fre-
quency heavy rainfalls and floods show the staggering ef-
fects of the transformation the cultivated areas (Selby 1974,
Starkel 1976). The clustering of several extreme events leads
to the total degradation of soil profile and the transformation
of slope and channel forms (Starkel & Sarkar 2002).

CLIMATIC PHASES OF THE HOLOCENE

The Holocene period, especially in the temperate zone,
is characterised by cooler and wetter phases alternating with
drier and warmer ones. These phases mainly coincide with
fluctuations in the solar activity and corresponding inverse
variations in radiocarbon production (cf. Magny 1998,
Chambers et al. 1999, Starkel 1999). The varying frequency
of volcanic eruptions is an additional factor (Bryson 1989).
Higher frequency of extreme events is a common feature of
the wetter phases. This relates not only to the rainfall totals



but also to their duration and intensity (Starkel 1998, 2002).
In the actual forms and deposits we find the confirmation of
heavy downpours which are registered in slope wash, prolu-
vial fans and debris flows, while continuous rains are evi-
denced in landslides, braided channels or channel avulsions.
The best proof of their distinct climatic origin and relative ab-
sence of anthropogenically accelerated processes comes ei-
ther from the phases older than the first Neolithic clearance or
from the areas not transformed by man, like the high moun-
tain belt. Therefore the information on the coincidence of
glacial advances, lowering of the upper tree line and solifluc-
tion vertical zone, water level rises of large lakes, rapid rise of
speleothems, etc. is very valuable (Haas et al. 1998, Magny
1998, Pazdur et al. 1999, Starkel 2003).

Besides the correlation of various events in one region
we are faced with the question of long-distance correlation.
The triggering factors include global fluctuation in solar ra-
diation, in atmospheric circulation and oceanic water circula-

tion. In the last two decades there has been a great deal of
interest on continental or global correlations of various re-
gional quasi-cyclic fluctuations and to combine them with
fluctuations of 14C and with continuous records preserved
mainly in ice cores of polar regions. In most approaches the
authors attempt to find a niche with undisturbed continuous
sequence of continental deposits like Lake Goœci¹¿ in Poland
(Ralska-Jasiewiczowa et al. 1998). But at the same time such
a locality may not be able to register the most dramatic epi-
sodes of environmental evolution forming the characteristic
regional features.

The correlation of warmer and cooler, wetter and drier
phases is made possible by radiocarbon dating and other
methods. In reality the boundaries of these phases differ up to
two and more centuries in time. These differences are visible
on various correlative tables included in many papers pub-
lished in the last decades (cf. Magny 1993, Starkel et al.
1996, Haas et al. 1998, Issar 2003, Starkel 2003).
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Fig. 1. Phases of environmental changes and human activity in the surroundings of Biskupin Lake, Polish Lowland (based on Niewia-
rowski et al. 1995).



At the same time we may observe a tendency to intro-
duce in terrestrial stratigraphy the concept of “milestones”
e.g. Heinrich’s events, or Bond’s events to calibrate better the
sequence of changes in the past (Bond et al. 2001). Very
promising is the search for direct time markers like rapid
global cooling about 2750 cal yr BP (van Geel et al. 1998) or
other cooling about 8200 cal yrs BP (Alley et al. 1997,
Magny et al. 2003). I also tried to identify a global phase of
higher frequency of extreme events between 8.5–8.0 14C ka
BP with a distinct cluster of volcanic eruptions and the fist
cooling during the Holocene (Starkel 1999).

Concerning hydrological changes in the whole Europe
the summary presented by S. Harrison et al. (1993) has many
gaps in the central part of Europe. A good correlation of all
phases has been documented in a relatively narrow 43–50°N
latitudinal belt (Magny et al. 2003). Depending on cyclonic
tracks controlled by the position of jet-stream, correlation of
this part of western-central Europe (including the Alps), dur-
ing particular periods is better with the Mediterranean re-
gion, whereas during other periods with the higher latitudes.
Even comparing the sequence of lake level fluctuations in
northern Poland and southern Sweden we observe distinct
differences (Digerfeldt 1988, Ralska-Jasiewiczowa et al.
1998).

Farther to the east the phases with higher frequency of
extreme rainfalls, reflected in the lowering of the vertical cli-
matic – vegetation belts and the floods, (discussed by Magny
et al. 2003), show a very good coincidence between the Alps
with their northern foreland and the Carpathian with their
foreland (Starkel et al. 1996, Starkel 2003).

In Southern Poland and the adjacent countries it was pos-
sible to identify the following phases of increased fluvial ac-
tivity, mainly coinciding with coolings in the Alpine region
(in 14C ka BP): 8.5–8.0, 7.5–7.2, 6.5–6.0, 5.5–4.9, 4.5–4.1,
3.4–3.1, 2.8–2.7, 2.2–1.8, 1.6–1.5, 1.1–0.9 ka (Starkel 1983,
Kalicki 1991, Starkel et al. 1996).

In the case of dendrochronological standards elaborated
for various parts of Germany and Poland, as well deposi-
tional phases of subfossil oak trunks the correlation in W–E
direction is also better than in the longitudinal transect
(Kr¹piec 1998, Kalicki & Kr¹piec in: Starkel et al. 1996).
A similar pattern in this latitudinal belt (45–55°N) may be
recognised further east in Russia and Ukraine. For instance
the wetter and cooler phase about 4.5–4.2 14C ka BP is re-
flected in the expansion of boreal species (Picea) from the
north, in the shift of forest-steppe ecotone towards south and
in the rise of the water level of the Caspian Sea (Kremenetsky
1997, Gerasimenko 1997, Meyev & Chepalyga 2002).

ANTHROPOGENIC PHASES

OF ACCELERATED EROSION

The geomorphic effects of anthropogenic activity are
connected with regionally differentiated socio-economic de-
velopment. The introduction of new cultivated plants or new
technology of tillage, metal smelling and irrigation practices
did not take place at the same time. All these events were con-
trolled among others by migration, trade connections, natural
disasters, wars and later also by political boundaries. There-
fore the correlation of phases of human activity between

neighbouring regions and superimposed climatic fluctua-
tions (also differentiated in space) should be examined more
carefully (cf. Starkel 1992).

To understand better the human component of environ-
mental changes, reconstruction of land use pattern through
time is of supreme importance (Frenzel 1992, Berglund
1994, Fig. 1). In the early-Neolithic only small enclaves were
under cultivation (Wasylikowa et al. 1985). In the mid-
Neolithic phase of slash and burn cultivation (ca. 3000 BC)
on the territory of Germany and Southern Poland no more
than 10% of the area was under cultivation (Kruk 1993, Fren-
zel 2000). In many regions Bronze age cultures caused much
more intensive land degradation (Niewiarowski et al. 1995 –
Fig. 1, Berglund 2000).

During the Roman time, forest clearance and tillage be-
came very intensive not only in the Mediterranean zone, but
also in the vast northern areas of Imperium Romanum (Rob-
erts 1989). It led to the formation of secondary plant commu-
nities, bare upland and also to extended aggradation (cf.
Schirmer 1983, Jones et al. 1985, Cremaschi et al. 1994). The
spread of agriculture and modern technologies during the
Middle Ages was more pronounced. On the territory of Ger-
many at 1300 AD about 30% of total area was under tillage,
about 50% under grassland and only 20% remained forested
(Lang et al. 2000). At that time in Poland between 40 and
70% of its total area was still under forest (Maruszczak
1988).

The socio-economic transformation and step-like prog-
ress in agriculture proceeded during periods with more hu-
mid or drier climate (Fig. 2). Therefore the effects of accele-
rated erosion and deposition should differ very much (Starkel
1992, Berglund 2003).
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Fig. 2. Fluctuations in precipitation, phases of increased human
activity and rate of soil erosion. Forest clearance is understood as re-
gress of natural resources. Economic progress may start either dur-
ing more humid phase (A) or during drier phase (B) (after Starkel
1992).



Let us consider the example of Southern Poland and ad-
jacent regions (Starkel 1987, 2005). The first distinct phase
of accelerated erosion was connected with the middle Neo-
lithic Funnel Beaker culture, which started during the second
part of the wetter phase (4000–3600 BC) and continued dur-
ing relatively warmer and drier period (Fig. 3). It was a time
of intensive slope wash, gullying and the start of deposition
of alluvial loams in tributary valleys, dissecting the loess pla-
teau (Œnieszko1995, Kruk et al. 1996).

The next increase in the humidity and lake level rise
about 2900–2400 BC was accompanied by the retreat of till-
age, extension of pastures and by strewing on the treeless in-
terfluves of burial mounts of the Corded Ware culture.
During late phase of the Bronze period (Lusatian culture –
from about 1200 to 700 years BC) before the climate started
to become more wet, thick colluvial deposits are recorded
from various parts of Poland (Sinkiewicz 1998, Œnieszko
1995, Twardy 2002) as well from laminated sediments in the
Holzmaar Lake (Zolitschka & Negendank 1998).

The Roman time in its earlier phase (2500–2200 BP) is
distinct by high lake levels and cooling (Ralska-Jasiewi-
czowa et al. 1998, Klimenko 2004), but not much in the ag-
gradation. Accelerated deposition is more characteristic for
the 1st – 3rd century AD, when the upper Vistula valley saw in
expansion of agriculture as well as iron smelting and pottery
industry (Kalicki 1991, 2000). For the first time the bottoms

of river channels rose up and the upbuilding of floodplain
was recorded up to the lowest course of the Vistula river val-
ley (Starkel ed. 1990).

The following cooler and wetter phase of the 5th–6th cen-
tury AD does not coincide with accelerated soil erosion (Fig.
3). During that migration period the tendency to abandon cul-
tivated areas and reforestation prevailed. Nevertheless fre-
quent floods are registered by the high number of subfossil
oak trunks, connected with lateral shifting of river channels
(Kr¹piec 1998, Starkel et al. 1996). A new phase of intensive
erosion and aggradation is connected with the subsequent ex-
tension of cultivated land and denser population in the 10th

and 11th century and is combined also with higher flood fre-
quency (cf. Starkel 1995, in print) and with glacial advance in
the Alps (Magny 1993). Also during that phase the settle-
ments of the 9th century Great Moravian State were buried by
flood deposits (Havlicek 1977). Farther to the east in still for-
ested Berezyna river valley of Byelorussia this flood phase is
also recorded being only controlled by climatic factor
(Kalicki 1996).

An even more pronounced acceleration of soil erosion as
in 14th–16th century. The process was regionally differenti-
ated depending on the time of forest clearance and founda-
tion of new villages (Starkel 1995, 2005). This phase
overlapped with the beginning of the Little Ice Age, when
throughout Europe frequent floods were recorded (Brazdil et
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al. 1999, Starkel 2001) and the middle sections of numerous
river channels changed their pattern from the meandering to
the braided (Szumañski 1977).

CONCLUSIONS

Comparison of climatic phase of higher rainfall and
flood frequency with anthropogenic phases of effective soil
erosion in Central Europe document their possible overlap-
pings and superpositions (Figs 1, 2, 3). The wetter phases
with higher frequency of extreme events lead to transforma-
tion of relief, especially well expressed in montane areas and
mountain foreland. Accelerated soil erosion and overbank
deposition are mainly controlled by increased human activ-
ity, which may start either during wetter or drier phase (Fig.
2). Macklin and Lewin (2003) in their study of soil erosion in
the British Isles express the opinion that land use plays a key
role especially in small basins by moderating or amplifying
the climate signal. Oldfield and Dearing (2003) underline the
role of rapid change in land use. But the most dramatic
changes, leading to the passing of stability thresholds and to
transformation of slopes and valley floors (including the type
of river channels) seem happen, when wetter phases and high
anthropogenic pressure coincide. In central Europe these
were the middle Neolithic phase, the earlier part of the Ro-
man period, 10th –11th centuries and the Little Ice Age.
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