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Editorial 

The Czech Geographical Society established in 1894 in Prague is one of the oldest 
geographical societies in Central Europe. Already since its very beginning it has 
endeavoured to propagate geographical findings into a larger geographical and similarly 
oriented scientific community. These efforts resulted in foundation ofits own journal, which 
has been published without any interruption since 1894 - this year it is already its 113th 
volume. Increasing requirements on presentation of current geographic research results on 
international level have been at the origin of the efforts of the direction of the Czech 
Geographical Society and of the editors of Geografie - Sborntk eGS to get the journal in
cluded into the Web of Science database. At the same time they have been trying to obtain 
impact factor for the journal. In connection with related requirements, several leading 
scientists entered the body of editors of the journal, the quality of the reviewing procedure 
has increased and the journal has been published on a regular basis. Although it is clear 
that this is a long.-term process, a great stimulation for a further improving of 
Geografie - Sborntk eGS is its enlisting, by Thompson Reuters society, among journals on 
its Web of Science since the beginning of 2008. The further development of the journal will 
largely depend on the quality of contributions sent to it by both Czech and foreign authors. 
This English copy is aimed at problems of physical geography, mainly on climatology, 
hydrology and geomorphology. It proves that the board of editors welcome contributions of 
foreign authors and their preference for an increasing part of English written articles. We 
hope that at time when the European geography has lost, mostly for financial reasons, some 
of high quality journals as for instance Petermanns Geographische Mitteilungen, 
Geografie - Sbornfk eGS, journal of the Czech Geographical Society may become a 
significant publication forum for geographical and related sciences not only at the Central
European, but at a larger international scale. 

Uvodm'k 

Bohumfr Jansky 
Editor in chief 

Ceska geograficka spolecnost, zalozena v roce 1894 v Praze jako Ceska spolecnost 
zemevedna, patfi mezi nejstarsi geograficke spolecnosti ve stfedni Evrope. Jiz od sveho 
vzniku usilovala 0 rozsifovani geografickych poznatku do sirsi geograficke a ph1mzne orien
tovane vedecke komunity. Vysledkem techto snad bylo zalozeni vlastniho casopisu, ktery od 
roku 1894 vychazi nepfetdite aZ do soucasne doby, v tomto roce tedy jako 113. rocnik. Ros
touci naroky na prezentaci vYsledku soucasnych geografickych vYzkumu na mezinarodni 
Urovni vyvolaly snahu vedeni Ceske geograficke spolecnosti a redakcni rady casopisu Geo
grafie -Sborntk eGS 0 zafazeni do databaze "Web of Science". Souvisejicim krokemje sna
ha 0 pfideleni "impakt faktoru" pro nas casopis. V navaznosti na pozadavky s tim spojene 
byla provedena obmena redakcni rady casopisu 0 vYznamne vedecke osobnosti, bylo zkva
litneno recenzni fizeni a zajisteno pravidelne vydavani jednotlivYch cisel casopisu. I kdyz je 
zfejme, ze jde 0 proces dlouhodoby, vYznamnYm povzbuzenim pro dalsi zkvalitnovani 
Geogra{le - Sbornfku eGS je jeji zafazeni spolecnosti Thompson Reuters mezi casopisy sle
dovane na "Web of Science", a to pocinaje prvnim cislem roku 2008. Jaky bude dalsi vYvoj 
casopisu, se bude odvijet zejmena od toho, jak kvalitni pfispevky budou do casopisu za
silany jak ceskYmi, tak i zahranicnimi autory. Pfedlozene anglicke cislo je orientovano na 
problematiku fyzicke geografie, zejmena se zamefenim na klimatologii, hydrologii a geo
morfologii. Je dokladem toho, ze redakcni rada uvita pfispevky zahranicnich autorU a bude 
preferovat rostouci podil anglicky psanych clanku. Vefime, ze v doM, kdy byla evropska 
geografie ochuzena, a to zpravidla z financnichduvodu, 0 nektere tak kvalitni casopisy 
jakYffii byli napf. Petermanns Geographische Mitteilungen, se casopis Geogra
fie - Sbornfk eGS muze stat vYznamnou publikacni tribunou pro geograficke a ph1mzne 
vedy nejen ve stfedoevropskem, ale i v sirsim mezinarodnim mefitku. 

Bohumfr Jansky 
sefredaktor 
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GEOGRAFIE - SBORNIK CESKE GEOGRAFICKE SPOLECNOSTI 
ROK 2008 • CISLO 4 • ROCNIK 113 

HEINZ WANNER, JONATHAN BUTIKOFER 

HOLOCENE BOND CYCLES: REAL OR IMAGINARY? 

H . Wan n e r , J . B ii t i k 0 fer: Holocene Bond Cycles: real or imaginary? 
- Geografie-Sbornik CGS, 113, 4, pp. 338-350 (2008). - During the Holocene (last 12,000 
years) nine cold relapses were observed mainly in the North Atlantic Ocean area and its 
surroundings. Based on the pioneering studies by Bond et al. (1997, 2001) these events are 
called Bond Cycles and thought to be the Holocene equivalents of the Pleistocene 
Dansgaard-Oeschger cycles. The first event was the Younger Dryas (-12,000 BP; Broecker 
2006), the last one was the Little Ice Age (AD 1350-1860; Grove 1988). A number of trigger 
mechanisms is discussed (see Table 1), but a theory for the Bond Cycles does not exist. 
Based on spectral analyses of both, forcing factors and climatological time series, we argue 
that one single process did likely not cause the Holocene cooling events. It is conceivable 
that the early Holocene coolings were triggered by meltwater pulses. However, the late 
Holocene events (e.g., the Little Ice Age) were rather caused by a combination of different 
trigger mechanisms. In every case it has to be taken in mind that natural variability was 
also playing a decisive role. 

KEY WORDS: Holocene - Bond Cycles - spectral analysis - triggering processes - Little Ice 
Age 

Introduction 

The Holocene epoch, commonly considered as the recent interglacial, has 
sustained the growth and development of modern society. Nevertheless, the 
knowledge about global climate variability during this period is surprisingly 
sparse (Mayewski et al. 2004, Wanner et al. 2008). The Holocene climate can 
be considered in three main phases or time periods (Nesje and Dahl 1993, 
Marchal et al. 2002). The first includes the Preboreal and Boreal chronozones 
and lasted from about 11.6 to 9 kyr BP. The second phase, the Hypsithermal, 
which includes the relatively warm Atlantic chronozone, covers the period 
between about 9 and circa 5.7 kyr BP. In earlier papers it is also called 
"Altithermal" or "Holocene climate optimum". The third phase, including the 
Subboreal and Sub atlantic chronozones, lasted from 5.7 to 0 kyr BP, and is 
called Neoglacial because it is characterized by several cold relapses with 
remarkable glacier advances in different areas of the globe. In their 
pioneering overview Denton and Karlen (1973) showed that the whole 
Holocene experienced alternating intervals of glacier advances (600-900 yr in 
duration) and retreats (lasting up to 1750 yr) but, according to their studies, 
the strongest advances occurred during the Neoglacial around 200-350,2800 
and 5300 cal yr BP (calendar years before present). The authors concluded 
that the solar activity was a possible trigger for these fluctuations. 
Observations in the northern (e.g. Dansgaard et al. 1993) and southern mid
to high-latitudes indicate that the climate during the Holocene was rather 
stationary. In contrast, proxy based reconstructions show that strong 
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Fig. 1 - Holocene records of drift-ice as percentage variations in petrologic tracers. Upper 
panel: Hematite stained grains in % in two cores from the same location. Lower panel: 
Stack of four records at different locations. Bond et al. 1999, modified. 

hydrological or circulation changes took place in the tropics and subtropics 
(Gasse 2000). 

A larger progress in the understanding of Holocene climate variability was 
made by combining specific proxy data and climate models. One of the 
important insights of the COHMAP (Cooperative Holocene Mapping Project) 
was that the orbitally induced increase in solar insolation in summer between 
12,000 and 6,000 cal years BP enhanced the thermal contrast between land 
and sea, and thus induced stronger summer monsoons generating a more 
humid climate in subtropical Mrica as well as in west and central Asia 
(COHMAP Members 1988, Wright et aL 1993). These results were confirmed 
by the recent simulations of PMIP, the Paleoclimate Modeling 
lntercomparison Project (Braconnot et aL 2007). 

Mainly triggered by the early studies of Denton and Karlen (1973) as well 
as the debate about the transition from the Medieval Warm Period (MWP) or 
Epoch to the Little Ice Age (LIA), several studies concentrated on the 
question whether the centuries or even millennia long climate variations 
during the Holocene were cyclic or not (O'Brien et aL 1995). The discussion 
was strongly stimulated by the investigations of Bond et aL (1997, 2001) 
who, mainly based on petrologic tracers of drift-ice in the North Atlantic 
(NA), postulated a "1500 year" cycle that is supposed to have persisted 
throughout the Holocene. These cycles were thought to be the Holocene 

339 



Table 1 - Schematic overview on 28 papers discussing the phenomenon of the Bond Cycles 
(Abbreviations: AO Arctic Oscillation, 10M Indian Ocean Mosoon, IRD Ice Rafted Debris, ISOW 
Iceland-Scotland Overflow Water, ITCZ Intertropical Convergence Zone, MOC Meridional 
Overturning Circulation, NADW North Atlantic Deep Water, NAO North Atlantic Oscillation, ODP 
Ocean Drilling Program, SST Sea Surface Temperature, THC Thermohaline Circulation). 

Reference LJcation Data Correlation with Reported spectral Possible mechanism 
source(s)/parameters bond cycle(s) peaks/length of cycle(s) 

O'Brien et al. Greenland Sea salt, terrestrial Yes (with cycles Quasi 26oo·year cycles Enhanced meridional circulation 
1995 (GISP2) dust from ice core 0,2,4,5,8) (atmosphere) 

Bianchi and South Sortable silt mean Yes (with -15oo·year periodicity Changes in deep-water flow 
McCave 1999 Iceland size cycles O-U) 

basin 
Chapman and North Ocean sediment core Yes (with Several speciral peaks Cycles possibly driven by variation in solar 
Shackleton Atlantic (lightness, ''C, cycles 2, 5, 6, 7) (e.g. 1650, 1000, activity (with consequences for THC 
2000 off Iceland CaCO, content) 550 years) fluctuations) 

de Menocal Off Cap Ocean sediment core Yes (with cycles About every 1500±500 Increased southward advection of cooler 
et al. 2000 Blanc, (SST, 5"0, terrigenous 0--5, 7, 8) years waters or enhanced regional upwe1ling 

Mauretania (eolian) fraction) 

Jennings East Ocean sediment cores Yes (with cycles - Increased flux of polar water and sea ice 
et al. 2002 Greenland (magnetic susceptibility 1,2,3,5) (changing NAO indices?) 

Shelf 5"0, !RD, carbonate 
flux) 

Fleitmann Southern Stalagmite (0''0) Yes (with cycles Several shorter cycles 10M monsoon precipitation responda to Bond 
et al. 2003 Oman 2-6) events and to solar activity 

Gupts etal. Arabian G. bulloides shells Yes (with cycles - Bond events and weak Asian southwest 
2003 Sea (southwest monsoon) 1,3,4,6,7) monsoon (related to solar activity?) 

Honget al. Tibetan Peat bog (518C values Yes (with cycles - Thermohaline circulation decreases, SSTs 
2003 Plateau in cellulose of 12 1,3,5,7,8) decrease in the North Atlantic and increase 

dominant plants) in the Indian Ocean, monsoon weakens 

Hu et al. 2003 ArolikLake Lake sediment (BSi, Yes (with cycles Several speciral peaks Possible sun-ocean-climate link 
(south· OC, ON, pollen, 3,4,6,7,8) (e.g. 590, 950 years) 
western 5''OSi, 5DpA) 

Alaska) 

Niggemann Sauerland Calcitic stalagmite Yes (mainly cycles 1450 years and minor Lower solar activity was probably 
et al. 2003 (Germany) (5''0; indicator for 1 and 2) peaks accompanied by drier climate in Northern 

paleohumidity) Europe 

Oppo etal. Northeasterr Benthic foraminifera Yes (with cycles Millennia! oscillation Enhanced and reduced NADW contribution 
2003 Atlantic (5''0, 518C) 2,4,5,6) of5l8C 

Ocean 
Risebrobakken Eastern Ocean sediment cores Yes (with cycles No evidence for a clear Stronger westerlies during early to 
et al. 2003 Norwegian ("C, 5"0) 0,2,4,6,7) cyclic behaviour, weak mid·Holocene gave rise to an eastward 

Sea evidence for an 81·year migration of subsurface Arctic water, no 
cycle response to solar activity 

Yu et al. 2003 Continental Fen peat record Yes (with cycles Broad band (mean: Wet periods correlate with warm periods in 
western (ash·free bulk density 0--5) 1785 years) the North Atlantic (response to solar 
Canada indicates moisture) activity?) 

Hall et al. Subpolar Two ocean sediment Yes (with cycles Broad band of Link between the ISOW and the surface 
2004 North cores (silt mean size, 0-3,5,6) quasiperiodic component of the MOC 

Atlantic 518C) variability 

Baker et al. Lake Sedimentary organic Yes (with cycles Several speciral peaks Wet conditions on the Altiplano appear to be 
2005 Titicaca matter (518C; humidity 1,2,4,5) (e.g. 434-454 years) associated with cold conditions (Bond events) 

(South and lake level) in the North Atlantic 
America) 

Russell and Lake Sediment cores Yes (with cycles Enhanced power Droughts in equatorial Africa occur during 
Johnson 2005 Edward (% Mg, MglCa) 0,1) at -725 years both, cold and warm events in the North 

(Uganda! Atlantic area, due to N.fS-displacement of 
Congo) the ITCZ 

Guptaetal. North· ODPcore Yes (with cycles Several significant Monsoon minima coincide with low sunspot 
2005 western (% ofG. bulloides) (}-7) peaks (e.g. at 1550, numbers and increased advection of drift ice 

Arabian Sea 152, 114, 83 years) in the North Atlantic 
Tumeyet al. Northern > 750 oak tree ring Yes (with cycles Broad band of Trees collapse due to dryness during Bond 
2005 Ireland chronologies from bog 0,2,4,5) variability, dominant events, but no responses to changes in solar 

and lake sites cyclicity of -800 years activity 
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Reference Location Data Correlation with Reported spectral Possible mechanism 
source(s)/parameters bond cycle(s) peaksIlength of cycle(s) 

Wanget al, Dongge Stalagmite (11"0: Yes (with cycles 1 to 5 centuries long, Correlation with ice rafted debris in North 
2005 Cave monsoon 0--5) peaks at 159 and 206 Atlantic (influence of solar activity?) 

(southern precipitation) years 
China) 

Willard et al, Chesapeaks Pollen from sediment Yes (mainly cycle 1429,282,177,148 Cold events in the North Atlantic are also 
2005 Bay(E core (winter 1 and 5) years effective in E North America 

North temperature) 
America) 

Lamyetal, Black Seal Three sediment cores Partly Cycles of -800 and AOINA()..like atmospheric variability, likely 
2006 Gulf of inferring hydroclimatic -500 years originating from solar output changes, plays 

Aqaba changes (clay layer a dominating role for hydroclimatic changes 
frequency, 11"0, in the study area 
terrigenous sand 
accumulation rate) 

Moros et al, Area off Phase analyses of Partly 1300 years, 75--80 Late Holocene trend in drift ice: Increasing 
2006 north mineralogical quartz years in the cold East Greenland Current, 

Iceland andquarWp~ decreasing in warmer North Atlantic Drift; 
ratio 

Viauetal, North 752 pollen records from Yes (with cycles Periodicity of circa 115( Possibly solar forcing? 
2006 America terrestrial sediments ~2,5) years 

(July temperature) 
Yo, y, et al, Hexi Lake sediment core, Yes (with cycles - Southward expansion of northern polar 
2006 Corridor loess-paleosol (MS, 0,2,5,7,8) vortex (NA()"), El NiiD like patterns, strongly 

(northwest CaCO" GS, SCR) weakened Asian summer monsoon 
China) 

Allen et al, Finnmark, Lake sediment cores Yes (e,g, cycles Several spectral peaks Complex interaction between oceanic and 
2007 Norway ("C ages, pollen, 0,1,5) (e,g, 1808109, 1639/45, atmospheric circulation, solar and tidal 

temperature and 1064,767,348-411, variability 
humidity measures, 279--312, 188 years) 
organic content) 

Bemlle, North Alkenone indices Yes (with cycles - No close correlation with Bond Cycles, rather 
Rosell-Mele Icelandic (SST) 0,2) with NAO dynamics 
2007 Shelf 
Li et al, 2007 White Lake Two cores (''C, Yes (with cycles - Dry intervals correlate with cold periods in 

(NEUSA) terrestrial macrofossils) 1-4) the North Atlantic Ocean 
Mangini et al, Spannagel Stalagmites Yes (with cycles - Meteorological conditions in the European 
2007 Cave (1I'8(): winter 0,2,3,4,5) Alps respond synchronously to 

(central precipitation) hydrographical changes in the North 
Europeao Atlantic 
Alps) 

equivalents of the Pleistocene Dansgaard-Oeschger cycles (Alley 2005). The 
upper panel of Figure 1 shows the time series of hematite-stained grains 
(HSG) in form of a tied record from the MC-52 and VM29-191 cores from the 
same location (Bond et al. 2001). The lower panel shows a stack of four 
records from different locations in the North Atlantic area. The mechanistic 
explanation for the cyclic behaviour of these time series is that the high 
peaks with fresh volcanic glass from Iceland or Jan Mayen and HSG's from 
eastern Greenland are the result of the southward and eastward advection of 
cold, ice-bearing surface waters from the Nordic and Labrador Seas during 
cold periods (Bond et al. 1997). Bond et al. (2001) detected totally nine cold 
events during the Holocene, which were also interpreted as a consequence of 
a periodic expansion of the cold polar anticyclone and an enhanced 
meridional circulation (O'Brien et al 1995). The Bond Cycles are numbered 
from 0 to 8 (Fig. 1). They peaked around 400, 1,400, 2,800, 4,300, 5,900, 
8,100,9,400, 10,300 and 11,100 cal years BP. The shift from the MWP to the 
cold LIA with high HSG values is clearly visible in Figure 1 (upper panel). In 
the following we want to answer three questions: 
- Where are Bond Cycles postulated in paleoclimate records? 
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- Do proxy time series show a similar spectral (cyclic) behaviour, and are the 
cycles synchronous? 

- What are the possible processes causing Bond Cycles during the Holocene? 

Where are Bond Cycles postulated in paleoclimate records? 

The existence of Bond Cycles is reported for many areas of the globe 
(Biitikofer 2007). Table 1 shows a list of 28 scientific papers which refer to 
Bond Cycles. The series of papers starts with the publication of O'Brien et 
al. (1995), which was the main trigger for the deep sea research launched 
by the late Gerard Bond and his colleagues (Bond et al. 1997, 2001), and 
ends with several very recent papers. Not only the character of the data 
sources (e.g. isotopes or organic and anorganic compounds detected in ice 
cores, lake or ocean sediment cores, stalagmites, records from peat bogs) 
but also their spatial variety is considerable. With the exception of the 
Pacific area, Australia and Antarctica, multi-century to millennial scale 
("Bond like") climate cycles in proxy data sets of almost all areas of the 
globe are interpreted to be associated with the Bond Cycle phenomenon. 
Yet, it is no surprise that the highest number was detected in the North 
Atlantic Ocean and its surroundings, followed by several studies from 
Arabia and Asia. 

Do proxy time series show a similar spectral (cyclic) behaviour, and 
are the cycles synchronous? 

The original data (Fig. 1) show that the cycles based on the HSG analysis 
by Bond et al. (1997) were quite regular during the Holocene, with a mean 
pacing of -1500 years. Table 1 shows that correlations are reported between 
the proxy time series and all of the nine Holocene Bond Cycles. The mostly 
mentioned correlations with Bond Cycles in the 28 papers according to 
Table 1 are cycle 2 (-2800 years BP) and cycle 5 (-8100 years BP). In order to 
answer the question about the spectral behaviour and the synchroneity of the 
observed cycles, Figure 2 shows the significant (90% level) spectral peaks as 
described in the vast literature (black dots) and as determined by our time 
series analyses (open circles; Biitikofer 2007). The different dots and circles 
are plotted against the corresponding latitude of each record. No clear 
clustering is visible at all. The majority of the analyses is concentrated in the 
latitudes between the southern subtropics and the north pole. If we 
concentrate on the spectral peaks around 1500 years we recognize several 
dots/circles which are concentrated between 35 and 62° N. These are all 
located in the North Atlantic area. 

Figure 3 shows the frequency distribution of all spectral peaks represented 
in Figure 2. As expected, the number of spectral peaks grows with decreasing 
timescale because the number of existing long proxy time series is limited. 
Small, (and non-significant) clusterings of spectral peaks occur at about 200, 
500, 900 and 1500 years (dark bars in Fig. 3). 
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Fig. 2 - Overview of the spectral behaviour of the time series analysed by Biitikofer (2007; 
open circles) or of a number of referenced spectral peaks in the literature (referenced in 
Wanner et al. 2008; black dots). Horizontal lines represent broad peaks. The x-axes 
represents the times scales of the different peaks, the y-axes shows the corresponding 
latitude ofthe proxy. 

years 

Fig. 3 - Number of all significant spectral peaks found in the timeseries represented in 
Figure 2. Dark grey bars mark apparently, but not significant higher frequencies . 
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What are the possible processes causing the Bond Cycles? 

A dynamical theory explaining the formation of the Holocene Bond Cycles 
does not exist. Therefore it is not surprising that very different mechanisms 
are listed as possible triggers in the last column of Table 1. 

One often applied procedure consists in the test whether the spectral peaks 
of selected proxy time series covary with those of the important external 
forcing factors or, even more simply, whether the peaks in the time series 
covary with the nine Bond events or not. In the latter case the authors assume 
that the dynamical processes which were postulated by Bond et al. (1997, 
2001) are also determinant for the formation of the cycles they observed in 
their time series. The periodicities of the orbital forcing are far too long to be 
the cause for the formation of the Holocene Bond Cycles. The only option is to 
associate the Bond Cycles with subharmonics of the orbital forcing. One 
aspect which has certainly to be considered is how the decreasing mid- to late
Holocene solar insolation during boreal summer in the northern hemisphere, 
which caused a remarkable drop of the arctic to subarctic temperature and 
a massive increase ofthe Arctic sea ice, co-determined the multi-centennial to 
millennial scale climate dynamics of this area (Wanner et al. 2008). 

Together with Bond et al. (2001) several authors (e.g. Chapman and 
Shackleton 2000, Fleitmann et al. 2003, Hu et al. 2003, Niggemann et al. 
2003, Yu. et al. 2003, Gupta et al. 2005, Wang et al. 2005, Lamy et al. 2006, 
Viau et al. 2006, Allen et al. 2007) considered that solar forcing was the 
determining or at least one determining factor of their reconstructed multi
century to millennial scale climate fluctuations. Bond et al. (2001) linked 
their drift-ice records with the production rate of the two nuclides 14C and 
lOBe in Greenland ice cores. Both nuclides are related to solar wind and solar 
activity (or solar irradiance) in the sense that higher production rates are 
associated with a reduced solar irradiance. Bond et al. (2001) show that the 
Greenland 14C and lOBe time series match very well with their drift-ice 
reconstructions. This is in contradiction with Turney et al. (2005), Debret et 
al. (2007), and with the results of two highly resolved, 10'000 year long 
14C and lOBe time series analyzed by the research groups of Fortunat Joos 
and Jiirg Beer in Switzerland (Wanner et al. 2008). The latter found the most 
remarkable spectral peaks at 208,510 and 710 years, and some smaller peaks 
at 87, 104, 150 and 350 years. 

Braun et al. (2005) forced an intermediate-complexity climate model 
(CLIMBER-2, version 3) by periodic freshwater input into the North Atlantic 
in cycles of -87 and -210 years. Based on their findings they attribute the 
rather robust 1470 year cycles with the superposition of the two shorter, 87 
and 210 years long cycles and conclude that the Bond Cycles of the Holocene 
were nonetheless triggered by solar forcing. With this statement they also 
support the earlier hypotheses by Bond et al. (1997, 2001) and others 
(Broecker 2000, Renssen et al. 2002 and 2006, Paul and Schulz 2002, Schulz 
et al. 2007) who demonstrated that the thermohaline circulation, namely in 
the North Atlantic Ocean, may have played an important role. There remains 
the question whether internal oscillations or external forcings in combination 
with feedbacks and thresholds also played an important role. Though Paul 
and Schulz (2002) state that internal oscillations of the meridional circulation 
do not rely on any external forcing, or they can draw energy of it. 

There is clear evidence that the thermohaline circulation interacts with the 
Arctic sea ice. Bennike (2004) reports that, in northwest Greenland, surface 
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waters were warmer and less sea ice than at present existed from 7300 to 
3700 cal yr BP. That means the sea ice started to grow after this period. In 
their run with the ECBilt-CLIO-VECODE model Renssen et al. (2006) 
showed that negative total solar irradiance (TSI) anomalies increase the 
probability of a local shutdown of deep convection in the Nordic Seas. This 
initial cooling associated with TSI reductions leads to sea-ice expansion in the 
area, which stratifies the water column and hampers deepwater formation. 

Some authors (e.g. Briffa et al. 1998) argument that large volcanic 
eruptions can low summer temperatures dramatically. Robock (2000) and 
Fischer et al. (2006) demonstrated that one single tropical volcanic eruption 
leads to a climate signal which only lasts for about 2-3 years. Wanner et al. 
(2008) point to the fact that a higher number of large tropical volcanic 
eruptions has occurred during certain intervals of the last millennium, i.e. 
between AD 1200 and 1350 or around AD 1700 and 1800. During the last 
millennium these maxima of volcanic activity happened to coincide with both, 
low orbitally induced insolation in the Northern Hemisphere and an unusual 
concentration of solar activity minima (Wolf, Sporer, Maunder, Dalton) which 
likely led to the lowest temperatures in this area since 8000 years. 

Other processes such as tidal forcing (Keeling, Whorf 1997; Berger, von 
Rad 2002), the influence of cosmic rays and the global electric circuit (Tinsley 
et al. 2007, Kirkby 2007) or changes in the Earth's magnetic field (Courtillot 
et al. 2007) are also hold responsible for decadal to multi-century long climate 
fluctuations. Finally, it has to be taken in mind that forcing signals with 
higher frequencies might also be transformed into low frequency ones by slow 
reactors such as ice caps, or by internal feedbacks. In addition, some authors 
even express their doubt about a direct forcing ofthe decadal to multi-century 
scale cooling events. Related to the Dansgaard-Oeschger events Ditlevsen et 
al. (2007) vote that a detection of periodicity relies strongly on the accuracy of 
the dating of these events, and Wunsch (2000) states that a broad band of 
quasiperiodic variability rather than any kind of significant spectral peak is 
typical for climate records. 

Conclusions 

We have demonstrated that evidence for the existence of nine -1500 years 
long cold or cool events during the Holocene, called Bond Cycles, exists at 
least in the North Atlantic area and its surroundings (Fig. 1) where such 
cycles were described by different authors (Table 1). A theory explaining the 
formation of these cycles does not exist. This fact is reflected in the long list 
of possible mechanisms which can trigger Bond events (Table 1). Therefore, 
the scepticism of different authors voting that one single factor may not be 
responsible for the cold relapses during the Holocene (e.g., Schulz and Paul 
2002, Moros et al. 2006, Ditlevsen et al. 2007) is justyfiable. Their 
reservations are further supported by the fact that the natural (external) 
forcing factors changed remarkably during the Holocene (Wanner et al. 2008). 
First of all, the orbitally induced summer insolation decreased strongly 
between 10 kyr BP and the present. This led to decreasing temperatures in 
the North Atlantic Ocean as well as in the northern continental areas of the 
Northern Hemisphere which favoured the growth of the Arctic sea ice and the 
strengthening of the cold polar surface anticyclone. These processes were 
possibly amplified during periods with a low solar activity and an 
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Fig. 4 - Possible mechanism for the formation of a cold event during the late Holocene (e.g., 
the Little Ice Age) when the summer orbtital forcing in the northern hemisphere coincided 
with a low solar activity and accumulations of strong volcanic. 

accumulation of strong, climate-relevant volcanic eruptions. This was likely 
the case during the period of the Neoglacial (Denton and Karlen 1973), above 
all during the Little Ice Age (Wanner et al. 2008). 

In form of a simplified scheme Figure 4 tries to represent a possible 
mechanism for the formation of a cold Holocene event. If we assume that the 
summer orbital insolation in the Northern Hemisphere was much stronger in 
the early Holocene (Wanner et al. 2008) and that the Arctic sea ice was very 
sparse (Bennike 2004), it is indicated that cold relapses such as the 8.2 kyr 
event were likely triggered by strong meltwater pulses (Barber et al. 1999, 
Renssen et al. 2002). The late Holocene cold events (Bond events 0, 1 and 2 in 
Fig. 1) were rather caused by mechanisms which are shown in Figure 4. We 
are fully aware that this conclusion is still speculative and must be 
investigated with further data analyses as well as suitable model runs. 
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Shrnuti 

BONDOVY HOLOCENNI CYKLY: JSOU SKUTECNE NEBO FIKTIVNf? 

N a zaklade analyzy petrologickych indikatoru z ledorych ker v severnim Atlantiku dokazali 
Bond et al. (1997, 2001), ze behem holocenu, tedy behem poslednich 12 000 let, doslo 
k deviti chladnYm obdobim. Auton predpokladaji, ze tyto jevy jsou holocennimi ekvivalenty 
pleistocennich Dansgaard-Oeschgerorych cyklu a ze se objevuji s urcitou pravidelnosti 
s delkou cyklu cca 1 500 let. Na zaklade literatury (tab. 1), jakoz i na zaklade rozsirene 
spektralni analyzy rUznych proxy rad jsme ukazali, ze existence takorychto cyklu se 
predpokMda v mnoha oblastech sveta, ale ze neexistuji jasne dukazy 0 cyklech trvajicich 
1 500 let. Jednotlivi auton tedy predpokladaji radu ruznych spoustecich mechanismu (napr. 
minimalni slunecni aktivita, shluky silnych tropickych sopecnych erupci, zpetne vazby mezi 
termohalinni cirkulaci a dynamikou arktickeho morskeho ledu). 
Domnivame se, ze Bonduv cyklus byl pozorovan zejmena v severnim Atlantiku 
a v pnlehlych oblastech (rychod Spojenych statu, severni Afrika, Evropa a casti Asie). 
Protoze se hranicni podminky (jako je rozsah kontinentalniho zaledneni, rozlozeni 
morskeho ledu, mnozstvi tepla v oceanech, rozlozeni vegetace) behem holocenu ryrazne 
zmenily, zastavame na zaklade dostupnych modelorych studii hypotezu, ze vznik techto 
chladnych obdobi byl zpusoben ruznYmi procesy. Soubor jew ranneho holocenu, jako 
mladsi dryas ci 8 200 let trvajici chladne obdobi, byl vyvolan spise vodou z tajici ledove 
pokryvky severnich kontinentu. Chladna obdobi pozdniho holocenu (Bondovy jevy 0, 1 a 2 
na obr. 1) byla zpusobena spise soucinnosti ruznych faktorU, jako omezeneho slunecniho 
zareni, soubehu nekolika tropickych sopecnych rybuchu, posileni studene arkticke 
anticyklony a jejich interakce s dynamikou morskeho ledu a termohalinni cirkulaci. 
V prUbehu prechodneho obdobi pred 7 000-4 500 let byly podminky velice slozite, takzejsou 
potreba nove udaje a modelove studie. Konecne bychom nemeli zapominat, ze dulezitou 
ulohu muze hrat vnitrni variabilita systemu (tedy kolisani severoatlantske oscilace) a ze 
pro klimaticke zaznamy je typicky spise siroky pas kvaziperiodicke variability nezjakykoliv 
druh ryznamneho spektralniho vrcholu. 

Obr. 1 - Holocenni zaznamy z ledorych ker jako percentualni variace petrologickych 
indikatorU. Horni panel: hematitem obalena zrna v % ve dvou jadrech ze stejne 
lokality. Spodni panel: soubor ctyf zaznamu z rUznych lokalit. Podle Bonda et al. 
1999, pozmeneno. 

Obr. 2 - Prehled spektralniho chovani casorych rad analyzovanych Butikoferem (2007; 
otevfene krouzky) ci rady spektralnich vrcholu uvadenych v literature (odkazy viz 
Wanner et al. 2008; cerne tecky). Vodorovne cary predstavuji siroke vrcholy. 
Osa x vyjadfuje casove mefitko rUznych vrcholu, osa y ukazuje pfislusnou 
zemepisnou sirku nepfimych (proxy) dat. 

Obr. 3 - Mnozstvi vsech ryznamnych spektralnich vrcholu v casorych radach 
znazornenych na obrazku 2. Tmave sede sloupky oznacuji zjevne, avsak nikoliv 
ryznamne vysSi frekvence. 

Obr. 4 - Mozny mechanismus vzniku studeneho obdobi v pozdnim holocenu (napr. male 
doby ledove), kdy doslo k soubehu letniho orbitalniho pusobeni na severni 
polokouli s nizkou slunecni aktivitou a radou silnych vulkanickych erupci. 
V obrazku shora: redukovany Milankovic (orbitalni zareni), redukovane slunecni 
zareni, soubeh nekolika sopecnych rybuchu; snizeni teploty morskeho povrchu 
v severnich oblastech velkych severnich kontinentu a posileni polarni anticyklony 
(zejmena v zime); narUst arktickeho morskeho ledu; omezena hloubkova konvekce 
v severni casti Atlantskeho oceanu. 
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Val a s e k: Historical and recent viticulture as a source of climatological knowledge in the 
Czech Republic. - Geografie-Sbornik CGS, 113,4, pp. 351-371 (2008). - The cultivation of 
the vine (Vinis vinifera) that yields grapes for wine manufacture is strongly influenced by 
the weather. This relationship enables the use of historical viticultural data (e.g., the start 
date of the grape harvest, notes on wine quality and quantity) for the reconstruction of 
temperatures and weather extremes in past times. This paper summarises the basics of the 
relationship between viticulture and climate in the Czech Lands. We compile historical 
observations before AD 1500 and for the 16th-18th centuries from various types of 
documentary evidence. The starting dates of the grape harvest in Znojmo for 1800-1890 are 
used for the reconstruction of April-August temperatures in Brno. The quality of the wine 
from Bzenec (1800-1890), Znojmo (1802-1845) and Bohutice (1861-1912) is analysed with 
respect to temperatures corresponding to excellent, good, average and bad wine. Times of 
flowering and grape harvest are compared with temperatures at the Velke Pavlovice station 
for the period 1956-2007 and 1984---2007, for various grape varieties. 
KEY WORDS: vine - viticulture - vintage - grape harvest - wine quality - wine quantity 
- temperature reconstruction - weather extremes 

The paper was prepared with financial support from the Grant Agency of the Czech 
Republic for project No. 521108/1682. 

1. Introduction 

Cultivation of the vine Vinis vinifera in Europe, which originally came from 
latitudes 25-40° N, was extended to the south and north as a secondary 
enterprise. Viticulture in the Czech Republic is strongly influenced by the fact 
that it is at the northernmost extent of its range in Europe (Kosial 1958). In 
such conditions, its dependence on weather patterns increases enormously 
(Kraus 1964, 1999). The nature ofthe impact of the weather is closely bound to 
the times of year in which the weather affects the vines' stages of development 
such as growth, flowering and fruiting (e.g. Winkler et al. 1974, Mullins 1992). 
Predominantly abundant sunshine and higher air temperatures, together with 
sufficient precipitation, are factors positively influencing yield and quality of 
grapes. On the other hand, cold and rainy weather in the period of maturation, 
extreme winter frosts, late spring and early autumn frosts and hailstorms 
appear as negative factors. The occurrence of various vine diseases and pests 
also depends to some extent upon meteorological patterns. 

Such close association of vine cultivation with the weather means that 
information related to viticulture may supply direct or indirect knowledge 
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about the weather and its representation. However, the difference between 
strictly natural information (such as flowering date and wine quality) and 
culturally influenced information (such as harvest date and wine quantity) 
has to be taken in account. This knowledge finds application in historical 
climatology, in which, by means of the analysis of various types of 
documentary evidence, the climate and the occurrence of hydro meteorological 
extremes may be reconstructed for the period prior to systematic 
instrumental meteorological observation (Brazdil et al. 2005a). 

Among European papers dealing with documentary data on vine cultivation, 
the study made by Le Roy Ladurie and Baulant (1980) is worthy of particular 
mention. They collected 103 series of vintage data from eastern and central 
France, western Switzerland and south-west Germany for the period 
1484-1879 that could be used for temperature reconstruction. Based on this 
data, Burkhardt and Hense (1985) reconstructed April-July temperatures for 
Basle in 1484-1768. Many other papers related to the climatological use of 
viticultural data have originated in Switzerland (Pfister 1981, 1988; Meier et 
al. 2007), Austria (Lauscher 1983, 1985; Strommer 2003) and Germany (Lauer, 
Frankenberg 1986; Glaser 1991). Stfestik and Ver6 (2000) used measurements 
of the lengths of grapevine sprouts from K6zseg (Hungary) for the 
reconstruction of spring temperatures after AD 1740. Data from north-eastern 
France and Switzerland have been used to check the paleoclimatological 
reconstruction of the North Atlantic Oscillation Index (Souriau, Yiou 2001). 
Chuine et al. (2004) published a reconstruction of April-August temperatures 
in Burgundy for AD 1370-2003 using a process-based phenology model 
developed for the Pinot Noir grape (see also Le Roy Ladurie 2004, 2006, 2007). 

The vintage series published by Le Roy Ladurie and Baulant (1980) were 
used by Menzel (2005) to demonstrate the extremity of the 2003 heat-wave in 
Europe in the context of the past 500 years. April-August temperatures 
account for 84% of the year-by-year variability in the dates for grape 
harvesting in Western Europe. However, Keenan (2007), basing his analysis 
on a paper by Chuine et al. (2004) and concentrating on the statistical point 
of view, argued, in terms of the 2003 patterns, that "grape-derived 
temperature estimates are highly unreliable". 

Climatological use of information on vine cultivation in the Czech Republic 
has not attracted any particular interest to date. For example, a summary 
paper by Frolec et al. (1973) devoted to viticulture in the Czech Republic paid 
only little attention to the topic of climate. The vmost important paper is by 
Pejml (1974). Using data for the area of Velke Zernoseky (No. 31 in Fig. 1) 
from 1816 to 1896, he looked for relationships between temperatures in the 
vegetation period and yields of grapes and/or quality of wine. In the years 
with good or excellent wine, the probability of above-mean temperatures in 
the vegetation period achieved 73 %, while in the years with low quality the 
probability of below-mean temperatures was 77%. A weaker relationship 
emerged between temperatures and yield. More recently, Brazdil and Valasek 
(2005) summarised data on vine cultivation in the Czech Republic in terms of 
the documentary evidence that may be used for historical climatology. 

The current article is an attempt to make an inventory of recent knowledge 
concerning vine cultivation in the Czech Republic with respect to the study of 
climate variability over a period of several centuries. Mter a description of 
basic climate-related wine data and the sources from which they can be 
extracted, information related to viticulture is analyzed for individual 
centuries. Series of harvest dates and wine quality as temperature proxies are 
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Fig. 1 - Location of places in the Czech Republic mentioned in the text: 1 - Bavory, 2 -
Bohutice, 3 - Bratcice, 4 - Bzenec, 5 - Cejkovice, 6 - Dolni Kounice, 7 - Dolni Vestonice, 8 
- Drnholec, 9 - Hustopece, 10 - Kamyk, 11 - Klentnice, 12 - Krupka, 13 - Kucharovice, 14 
- Kurdejov, 15 - Litomence, 16 - Louny, 17 - Lovosice, 18 - Malic, 19 - Melcany, 20 -
Melnik, 21- Mikulov, 22 - Musov, 23 - Olomouc, 24 - Pavlov, 25 - Perna, 26 - Ploskovice, 
27 - Pouzdrany. 28 - Rana, 29 - Syrovice, 30 - Velke Pavlovice, 31 - Velke Zernoseky, 32 
- Znojmo, 33 - Zidlochovice. 

investigated for the 19th century. A reflection of temperature variability in 
more recent vine phenophases (1956-2007) is given (phenophases are 
significant, clearly observable and periodically appearing life stages of plants, 
such as flowering, ripening etc., which are connected with changes of weather 
patterns in the course of the year). Finally, the importance of the climate for 
past viticulture is discussed. 

2. Information on vines for the reconstruction of climate and 
weather extremes in the Czech Republic 

The following types of information may be interpreted climatologically: 
(i) Start of the grape harvest (vintage): The time at which the grape harvest 

begins depends on the weather patterns in the months that precede it. Close 
relations exist between grape harvest and flowering dates (Chuine et al. 
2004). Warm, sunny weather contributes to an early start, while colder, rainy 
weather slows down the ripening of the grapes. The timing of the vintage 
contains proxy information on temperature patterns in the foregoing period, 
so systematic records of it may be used for quantitative temperature 
reconstruction. However, the start of the grape harvest does not depend 

353 



entirely upon the climate; commercial decisions made by winemakers and 
wine merchants also play a significant part. For example, they might leave 
the grapes to ripen further in the vineyards until late autumn in an attempt 
to enhance the quality of the resulting wine. While in some cases this has led 
to better grapes (e.g. in 1578 in the Litomence area), in other years the whole 
yield might have been destroyed by early frosts (e.g. in 1579, Kniha pametn{ 
litomerickych mestskych p{saru). Furthermore, local traditions (for example, 
bans on vintage) and parochial festivities play an important role in the long
term scale. 

(ii) Quality of wine: The quality of wine is often a reflection of the 
temperature and humidity patterns that precede the harvest. Grapes with 
a high sugar content in the must (the grape juice before or during 
fermentation) correspond with warmer and drier weather at the time of 
ripening and a "sweet" wine. On the other hand, low sugar content, 
a consequence of prevailing cold and rainy weather, leads to "dry", more 
astringent, or even sour wine. 

(iii) Quantity of wine: A bad grape harvest and subsequent lower quantity 
of wine may be related to the occurrence of diseases and pests (e.g. in 1588 
considerable quantities of grapes were eaten by flocks of birds (fieldfares) in 
the Litomence area - Kniha pametn{ litomerickych mestskych p{saru), or to 
the negative impacts of meteorological extremes (e.g. a hard winter, late 
spring and early autumn frosts, hail, etc.). 

Climatologically utilisable information comes from documentary evidence 
or phenological observations: 
a) Documentary evidence 

(i) Chronicles, annals, memoirs: Personal written records made by 
individuals or on behalf of religious and/or commercial concerns may contain 
information about the start of the harvest, damage to vineyards, quality, 
quantity and prices of wine. For example, the Kniha pametn{ litomerickych 
mestskych p{saru of Litomence includes a great deal of viticultural data from 
1570-1607. Similarly, the "Memory Book of Krupka" by master-tanner Michel 
Stiieler from 1629-1649 (Knott s.a.) cites quantity and quality of wine and 
damage to vineyards. 

(ii) Systematic daily records: Information on vine cultivation is also 
reflected in the diaries of people who took systematic records that often 
contained incidental visual weather observations. Baron Peter Forgatsch 
wrote in his Brno records for 27 May 1812 that frosts in recent days had 
been very harmful to fruit trees and vineyards. Further, his entry for 5 
September states that if the weather does not warm up, the grapes will not 
ripen. Eventually, there was a lot of rain, and thus a large quantity of 
grapes (entry for 30 September), but the quality of the wine is not 
mentioned (Welzl1910). 

(iii) Personal and official correspondence: This often includes information 
about the yield and quality of the grape harvest. For example, Zdenek Lev 
of Rozmital asked Martin SttitezskyofDrast, a burgrave in Ploskovice, to buy 
wine for him, in a letter from Prague dated 1 March 1526. He had heard that 
wine was cheap in Litomence (Dvorsky 1888). This demonstrates a good yield 
from the previous year's harvest, something that is confirmed by other 
sources: an abundance of a good wine in 1525 is mentioned by Daniel Adam 
of Veleslavin (Adam z Veleslavina 1590), a large yield of wine by Chronicon 
Magistri Georgii Pisensis (1907). Prince Otto, in a letter dated 18 October 
1719 from Olomouc to his brother, Cardinal Wolfgang Hannibal, a prince of 

354 



Fig. 2 - Symbols of vintage and grape-pressing were used to portray the month of October 
by Johann Willenberg in the calendar for 1604. The vintage began most frequently in that 
month in Louny as well at other locations in the Czech Lands. 

Schrattenbach, expressed pleasure at a good vintage, excellent wine and 
another good year for wine in Moravia (Lechner 1896). 

(iv) Journalism: Newspapers often contain information about vintage or 
damage to vines. For example, according to the Brunner Zeitung of 30 
September 1809, the harvest was already under way in Brno although it 
usually started on 6 October at the earliest. An above-average yield of grapes 
and high quality of wine was anticipated. Another report mentions that vines 
in Brno were blossoming for a second time after 12 September 1822, but that 
the vintage proper started on 26 September. The harvest began earlier than 
in the immediately previous years: 1819 - 4 October, 1820 - 17 October, 1821 
- 24 October (Mahrisch-Standische Brunner Zeitung). 

(v) Official financial records: These consist of evidence related to economic 
activity and the official record-keeping that accompanied it. For example, 
account books kept for the town of Louny, surviving for various time intervals 
in the 15th-17th centuries, feature wages paid every Saturday to harvesters 
(Fig. 2) or to other vineyard workers in the course of the year (e.g. for 
spreading manure, hoeing and other ground-work; Bnizdil, Kotyza 2000). 
Because these wages reflected work done in the given weeks, interannual 
fluctuations in the timing of particular activities were consequences of 
weather patterns in the previous days or weeks. Farmers' requests for tax 
relief arising out of damage done to vineyards by extremes of weather (mainly 
hail and frost) for the Dietrichstein demesnes of Dolni Kounice and Mikulov 
from 1650-1849 are an important source in southern Moravia (Brazdil et al. 
2003). 

(vi) Technical papers: Climate-related viticultural data may also be 
extracted from a range of technical papers (e.g. Katzerowsky 1887; Donek et 
al. 1932). Kosial (1958) published grape yields for Malic, Kamyk and 
Lovosice, covering various periods of the 16th-18th centuries, and mentioned 
the importance of meteorological factors to the value of yields. Such authors 
often worked with original archive sources, some of which may not have 
survived to this day. Many such studies were published, for example, in the 
journal Vinarsky obzor (Viticultural horizon), founded in 1907. 
b) Phenological observations 

Phenological observations in the Czech Lands began in the 1780s thanks to 
the work of Director Antonin Strnad at the Prague-Klementinum observatory 
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and have continued since (Nekovar 2008). Phenological yearbooks started to 
be published from 1923 under the auspices of the Agriculture Research 
Institute of Brno and from 1938 under the Central Meteorological Institute 
(later Hydrometeorological Institute) in Prague (MihaIikova 1983), but vine 
observations were not included in them. However, in the archives of the Czech 
Hydrometeorological Institute, viticultural data appear in original 
handwritten observations preserved from individual phenological stations. 
Systematic observations may be partly completed by data taken from various 
other documentary sources (as mentioned above) but their temporal and 
spatial distribution is discontinuous. 

3. Historical information on the vine as a climate indicator 

3.1 Climate and viticulture before AD 1500 

Information on viticulture in the Czech Lands before AD 1500 is sparse and 
limited mainly to wine quality and quantity (Brazdil, Kotyza 1995). The first 
report, from AD 1122, mentions an ample yield of grapes. Further reports refer 
to damage to vineyards by late spring frosts (1258, 1283, 1323, 1331, June 
1424,1430, 1448, 1485, 1486) and hail (1260), differing qualities of wine (good 
- 1369, very bad or sour - 1254, 1259, 1335, 1487, 1491) as well as its quantity 
(good yield, plenty of wine - 1260, 1270, 1319, 1320, 1324, 1442, 1469, 1484, 
1499, small quantity or lack of wine - 1256, 1262, 1266, 1310, 1330, 1333, 
1335, 1337, 1486, 1487, 1491). In 1420, vineyards were already in blossom on 
4 April after a mild winter. For 28 October 1335, only the start of the vintage 
is mentioned (for quotations of all sources, see Brazdil, Kotyza 1995). 

For the 15th century, records of the Louny "Liber rationum" (Vanis 1979) 
mention the start of grape harvest for the weeks before 8 November 1451 (the 
latest of the given dates), 23 October 1452, 29 October 1453, 28 October 1454, 
13 October 1455, 1 November 1456, 3 October 1457, 9 October 1458, 22 
October 1459, 20 October 1460,18 October 1462,17 October 1463, 16 October 
1469,29 October 1470 and 30 September 1471 (the earliest of the given dates). 

3.2 Climate and viticulture in the 16th-19th 
centuries 

Decadal frequencies of weather extremes with documented damage to 
vineyards (late spring and early autumn frosts, hail), of wine quality 
(excellent, good, average and bad) and wine quantity (abundant, average, low) 
have been calculated (Fig. 3) separately for the two key viticulture regions of 
the Czech Republic (the Litomence and Louny areas in Bohemia and 
southern Moravia). Despite incomplete annual evidence on the vines, the data 
sources described in the previous chapter, and those that follow, were used for 
this. 

3.2.1 The 16th century 

The greater part of viticultural data for the 16th century comes from the 
account books for Louny and its estates (Brazdil, Kotyza 2000) and from the 
Kniha pametni litomefickych mestskych pisafu for Litomence. Only little data 
is available for Moravia, mainly from the administrator of the Zerotin estate 
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in Zidlochovice, Matyas Matuska from Topolcany (Ondruj 1977). Otherwise, 
there are many years for which no information related to viticulture is 
available. 

Looking at the frequency of various aspects of viticulture in Bohemia, 
several decades stand out (Fig. 3a). The start of the grape harvest was 
recorded for only 19 years of the 16th century. In terms of wine quality, four 
years with good wine in the 1530s and four years with sour wine in the 1540s, 
1580s and 1590s should be mentioned. Small quantities of wine were recorded 
in the 1580s (for five years) followed by the 1570s and 1590s (four years). The 
1500s-1510s and 1530s proved more favourable from this point of view, with 
abundant harvests and no year of sour wine. Damage by late spring frosts 
occurred in four years of the 1550s and hail did damage in the 1580s with the 
same frequency. In southern Moravia, the 1580s-1590s were remarkable for 
their frequency oflow yields (four years each) and sour wine (three years), but 
also for five years with good wine in the 1580s (Fig. 3b). 

The foregoing information about viticulture in the Czech Lands relates well 
to the known summer climate development in Central Europe during the 16th 
century, with its cooler and wetter deterioration after 1560 (Pfister, Brazdil 
1999). On the other hand, the exceptionally warm and dry year of 1540 was 
remarkable for an excellent wine, remembered in Central Europe for several 
centuries to come (Glaser et al. 1999). 

3.2.2 The 17th century 

Rich viticulture data are available for the first three decades of the 17th 
century thanks to the Louny account books, particularly their "Registers of 
Incomes and Expenditures" and "Registers of Rana Farm" (Brazdil, Kotyza 
2000). For example, the times at which the harvest started are available for 22 
years in the 1600-1632 period. The earliest harvest was recorded on 8 
September 1616, after a very warm and dry summer, by Louny chronicler Pavel 
Miksovic (the week preceding 24 September on Rana Farm). On the other hand, 
the latest recorded dates were in the weeks before 15 November 1608 and 16 
November 1619 (Brazdil, Kotyza 2000). Increased damage to vineyards by 
spring and autumn frosts in the 1600s and 1620s is worthy of note (Fig. 3a). 
While in 1614 the production of beer in Litomence came to a halt because of 
a glut of wine (Donek et al. 1932), Pavel Miksovic recorded in 1627 that no-one 
in Louny could remember such sour wine for 30 years (Brazdil, Kotyza 2000). 

The following two decades of the 17th century may be characterised from 
the records of Michel Stiieler of Krupka (Knott s.a.). While the 1630s were 
characterised by good wine in four years, the 1640s were almost barren. May 
frosts damaged the vines every year in 1641-1645. Moreover, Stiieler 
mentions only a small quantity of wine for 1640,1646-1647 and no wine at 
all for 1648-1649 (Brazdil et al. 2004) - a total of seven relatively barren 
years in the 1640s. 

Wine quality information in Moravia is absent for the 1640s-1660s, but 
reports of frost damage appear again in the 1660s (Fig. 3b). Vineyards in 
many parts of southern Moravia were heavily damaged by frosts on 18 May 
1662. On 5-6 September 1664, a heavy frost affected vineyards in the Mikulov 
area, with less damage to the vineyards of the aristocracy compared to those 
of their subjects. Frost damage to vineyards around various villages in 
southern Moravia is further mentioned for 7 May 1666, before 19 May 1667 
and again on 2 May 1668. Moreover, hail heavily damaged vineyards in 
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Musov and Pouzdrany on 21 July 1664 (Brazdil et al. 2003). 
Further data to the end of the 17th century are incomplete to a greater or 

lesser extent. In the last two decades the number of low grape yields 
increased in Bohemia (Fig. 3a). Despite some damage to vineyards by spring 
frosts in the 1690s, three years of good wine were recorded in southern 
Moravia (Fig. 3b). 

3.2.3 The 18th century 

For Moravia, information about yields of grapes, quality and prices of wine 
(or 1704-1743 comes from a Jesuit of the Olomouc college, priest for the 
Cejkovice demesne (Hlavinka 1908). For several years of this period this can 
be supplemented by the "Memory Book" for Bzenec (Hanak 1922), the 
Kronika Hustopeci (Chronicle of Hustopece) as well as chronicles relating to 
several other places in southern Moravia. Viticulture data from Bohemia is 
mainly derived from the records of Anton Gottfried Schmidt, a Litomerice 
town clerk (Katzerowsky 1887). 

The 1700s-1730s and 1790s may be considered the most fruitful decades 
for Moravia; wine both excellent and good was recorded in four-six of their 
years (Fig. 3b). But every decade in the 1700s-1730s also threw up two or 
three years with sour wine. A similar situation occurred in Bohemia, where 
excellent wine occurred once and good wine five times in the 1720s, but only 
sour wine was available there in four years of the 1760s (Fig. 3a). Wine 
quantity in Moravia fluctuated between five years with abundant harvests in 
the 1720s and five years with small harvests in the 1760s. The unpleasant 
1760s correspond to records kept by Jan Josef Albrecht, a Melnik scribe, who 
mentioned bad yields in 1757-1765 (Teply 1902). In Bohemia the harvest was 
average in five years of the 1720s. 

As in previous centuries, many sources document damage to vineyards. For 
example, on 15 May 1712, hail damaged vineyards in the villages of 
Klentnice, Pavlov, Perna and the Drnholec demesne (Brazdil et al. 2003). 
During the 1750s, spring frost damage to vineyards was recorded in Bohemia 
for five years and autumn frost damage for two other years (Fig. 3a). On the 
night of 25/26 May 1796, hail totally or partially destroyed vineyards in Dolni 
Kounice, Melcany, Syrovice and Bratcice (Brazdil et al. 2003). 

3.2.4 The 19th century 

Viticulture in the 19th century is better documented than that of previous 
centuries. A series of vintage beginnings exists for Znojmo, compiled from two 
sources: 
- the protocols of the town council for the period 1800-1864 (Vinobranni, 

uinice a uino) 
- announcements of the beginning of the vintage by the town council in the 

Znaimer Wochenblatt for the period 1865-1890. 
Some years are missing from this series: 1801-1803, 1805-1806, 

1809-1810, 1851, 1865-1866, 1876 and 1883. This is due in particular to 
missed harvests in years of crop failure. For example, the yield was negligible 
in Bzenec and Znojmo in 1805, the wine was sour and poured away in front of 
the wine cellars. In 1866, the vines were totally frozen by heavy May frosts in 
several places (Haase 1873, Anonymous 1908). Altogether, the starting dates 
for harvests are available for a total of 76 years. 
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Viticultural data from Znojmo were compared with the Brno temperature 
series, whicvh is a homogeneous long-term series starting in 1799 (Brazdil et 
al. 2005b, Stepanek et al. 2006). Brno temperatures are highly correlated 
with the recent Kucharovice meteorological station, located close to Znojmo: 
0.98 for April and May, and 0.97 from June to September (period 1961-2007). 
This means that Brno is sufficiently representative for this analysis. 

To assess the potential of Znojmo vintage data for climate reconstruction, 
its relation to temperatures from the Brno series was studied using 
correlation coefficients between the two variables. The highest correlation 
was found for April-August (0.57), followed by May-July (0.56). Adding 
September or August temperatures to previous months does not have any 
significant influence on changes in the correlations. This is due to the decisive 
role played by late-spring temperatures, while August and September 
temperatures strongly influence the sugar content rather than the timing of 
the grape harvest (Chuine et al. 2004; see also Fig. 6). The strong relationship 
between the beginning of the grape harvest and April-August temperatures 
in the Znojmo region is in agreement with a similar study performed for 
Switzerland (Meier et al. 2007). 

For application of the linear regression model, a calibration/verification 
exercise between Znojmo vintage data (predictor) and Brno temperatures 
(predictand) was performed, separating the whole period into two parts with 
38 years always available (i.e. 1800-1847 and 1848-1890). Then the linear 
regression model was calculated for the first sub-period and the temperatures 
obtained were independently verified using data from the second period, and 
vice versa. The accuracy of the quantitative reconstruction, for both the 
calibration and the verification periods, was evaluated by squared correlation 
coefficient r2 (representing the variance explained by the statistical model), 
with reduction of error RE and coefficient of efficiency CE (Cook et al. 1994). 
Using these statistics, the reconstructed temperatures may be compared with 
those measured (Table 1). 

The revealed April-August temperature variance of between 38% and 47% 
is comparable with that of April-September temperatures (36%) reconstructed 
from tree rings in northern Bohemia (Brazdil et al. 1997). Although the sub
periods used for the two calibrations/verifications are relatively short, positive 
values of RE and CE for both of them support the reliability of the linear 
regression model. Thus for the final reconstruction of April-August 
temperatures, the whole overlapping period 1800-1890 was used. The 
suitability of the regression model was further tested with Durbin-Watson 
statistics (DW). A value of DW = 1.44 for one independent variable and for 38 
years does not indicate significant positive autocorrelation in residuals and 
proves suitability for the linear regression model used. Temperature 
measurements from Brno have been expressed in the form of anomalies with 
respect to the 1961-1990 reference period. A 95% confidence interval was also 
expressed for each reconstructed value (Fig. 4). The unexplained variance of the 
linear regression model may be attributed to other natural factors influencing 
vine growth, flowering and fruiting (such as other climate elements, pests, 
diseases, etc.) and human activities reflected in grape harvesting. 

It follows from Figure 4 that there is a good correspondence between 
measured and reconstructed temperatures, especially from the 1830s to the 
1870s. There is also a lack of coherence in the 1880s. The largest differences 
between measured and reconstructed temperatures are related to the years 
with the most extreme April-August temperatures with respect to the 
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Table 1 - Measures of reconstruction skill of Brno April-August temperatures. Vintage data 
from Znojmo are used as an independent variable in the model: r2 - squared correlation 
coefficient, RE - reduction of error, CE - coefficient of efficiency, MSE - mean square error. 

Characteristics 1800-1847 1848-1890 1800-1890 

r2 0.382 0.468 0.329 
RE 0.320 0.401 0.339 
CE 0.351 0.353 -

MSE 0.533 0.307 0.428 
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Fig. 4 - Variability of beginnings of vintage in Znojmo (number of days after 1 September) 
(above) and comparison of measured (1) and reconstructed (2) Brno April-August 
temperatures expressed as anomalies from the 1961-1990 reference period and 
reconstruction of uncertainty (shaded area) expressed as a 95% confidence interval for each 
reconstructed value in the period 1800-1890 (below). 

reference period. Thus the variability of the reconstructed temperatures is 
suppressed to some extent, but this is a common feature of linear regression
based models. Moreover, higher differences in some ofthe shorter sub-periods 
or in individual years can be attributed to the fact the beginning of vintage 
may be influenced by other factors. For instance, the latest beginning of 
vintage in the series processed is 1816, often referred as "the year without 
a summer" as a result of the eruption of Tambora in 1815 (Pisek, Brazdil 
2006). Relatively higher differences appear between measured and 
reconstructed data in several years. For example, the harvest started 
significantly later in 1822 and 1827 (very good wine) and earlier in 1864 (bad 
wine), i.e. there was either a tendency to leave grapes on the vine for longer 
or harvest earlier (Anonymous 1908). 
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In addition to vintage dates, it proved possible to use series of wine quality 
for Znojmo (Haase 1873), divided into four groups: excellent, good, average, 
bad (sour) wine. A box plot was used to show April-September temperatures 
in the Brno series for these groups (Fig. 5). As expected, lower quality of wine 
is a consequence of lower temperatures, i.e. differences in mean 
April-September temperatures between individual groups should be 
statistically significant according to t-test for a significance level of a = 0.05. 
The only differences between temperature means for good and average wine, 
as well as between average and bad wine, were insignificant. 

A wine quality series may also be compiled for Bzenec, where supervisor 
(horny) Filip Rubik recorded yields, quality and quantity of wine for 
1796-1840. These records were extended to 1849 by Martin Richman (Hanak 
1922) and were further prolonged to 1899 (Anonymous 1908). Using the 
Bzenec data for the period 1800-1890, it was possible to perform the same 
analysis as for Znojmo (Fig. 5). This shows that differences in mean Brno 
April-September temperatures were insignificant between neighbour 
categories (e.g. excellent and good, good and average, average and bad), but 
significant with step over one category (e.g. excellent and average or bad, good 
and bad). The low quantity of sour wine in Bzenec for the every year of 
1850-1860 is noteworthy (Anonymous 1908). 

Another wine quality series occurs in the financial records kept by a farmer 
Josef Svoboda for 1861-1912 in Bohutice (Anonymous 1913). Surprisingly, 
there is no difference in mean August-September temperatures to correspond 
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Table 2 - Correlation coefficients of mean monthly temperatures with vintage of various 
grape varieties in Velke Pavlovice during the period 1984-2007 (missing years: Modry 
Portugal-1985, 1987, 1991; VeltUnske zelene - 1987,1989,1991; Frankouka -1987,1988, 
1991, 1997). Statistically significant coefficients according to the t-test for the a = 0.05 
significance level are shown in bold. 

Grape variety Months 

Apr. May June July Aug. Sep. Apr.-
May 

ModrY Portugal -0.47 -0.77 -0.66 -0.18 -0.41 -0.09 -0.79 
Veltlfnske zelene -0.43 -0.54 -0.40 -0.11 -0.40 -0.07 -0.61 
Frankovka -0.45 -0.69 -0.44 -0.01 -0.34 -0.06 -0.72 

Grape variety Months 

May- June- July- Aug.- Apr.- May- June-
June July Aug. Sep. June July Aug. 

Modry Portugal -0.81 -0.49 -0.39 -0.36 -0.81 -0.72 -0.55 
Veltlfnske zelene -0.53 -0.30 -0.33 -0.33 -0.56 -0.47 -0.40 
Frankovka -0.63 -0.25 -0.22 -0.29 -0.68 -0.49 -0.34 

Grape variety Months 

July- Apr.- May- June- Apr.- May- Apr.-
Sep. July Aug. Sep. Aug. Sep. Sep. 

ModrY Portugal -0.32 -0.78 -0.72 -0.48 -0.79 -0.65 -0.72 
Veltlfnske zelene -0.26 -0.55 -0.52 -0.35 -0.58 -0.47 -0.54 
Frankovka -0.19 -0.58 -0.51 -0.30 -0.61 -0.46 -0.54 

with excellent, good or average wine. On the other hand, all three categories 
differ from sour wine to a statistically significant degree (Fig. 5). 

Viticulture in the 19th century was also, of course, negatively affected by 
weather extremes. For example, as reported for Bzenec, in 1814 the majority 
of vineyards were frozen by spring frosts and everything that survived was 
frozen in August. For 1820, the record says "all vineyards frozen to tobacco 
and there was no wine". Further, frost damage in Bzenec was also mentioned 
for 1821 and 1823-1825. In 1825, as well as spring frosts, hail occurred three 
times, so bad that "it was not possible to recognise where the vineyards were". 
On the other hand, in 1834 grapes were already being harvested on 20 
September and "the wine was so good that nobody remembered having wine 
of such unheard virtue: it was strong, sweet and clean" (Hanak 1922). 

4. Phenology of the vine and recent warming: Velke Pavlovice 
1956-2007 

Phenological yearbooks published since 1923 contain no information about 
viticulture (e.g. Fenologicka rocenka 1953-1963). This means that the 
relationships between vine phenophases and temperatures for a couple of 
decades may be studied only for the few stations preserved in the archives of 
the Czech Hydrometeorological Institute. Changes in observation practice 
may be another complication in obtaining such long series. The basic 
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instructions for observers were laid down in 1956 (Piffiova et al. 1956) and 
include the following observed variables for the vine Vinis vinifera: start of 
pruning, emergence of buds and blossom, general flowering, general yellowing 
of leaves, and full maturity (beginning of vintage). This was replaced by new 
guidelines in 1984 (Valter 1981). 

Looking at changes in these instructions and the type of data in 
documentary sources, it was possible to use only series for the beginning of 
blossoming and the harvest for the Frankovka (Lemberger) grape in Velke 
Pavlovice for 1956-2007. The monthly temperatures at the climatological 
station were first checked for relative homogeneity by Standard Normal 
Homogeneity Test (Alexandersson 1986) and then adjusted with respect to 
the non-homogeneity year of 1975. The start of blossoming correlates best 
with April-June temperatures (-0.79). Much weaker, but still statistically 
significant, are correlations of vintage with temperatures combined for 
different months (May -0.46, May-June -0.45, March-June and April-June 
-0.44, etc.; Fig. 6). 

Correlations comparable with the Frankovka variety may be found for the 
Veltlinske zelene (Gruner Veltliner) variety and much better correlations for 
the Modry Portugal (Blauer Portugieser) variety in the common period 
1984-2007 (Table 2). This demonstrates differences in the sensitivity of 
individual grape varieties to temperature patterns in the vegetation period 
(Kraus 1964, 1999). The Modry Portugal variety needs a sum of temperatures 
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~10°C in the vegetation period of between 2,000 and 2,250°C for maturation. 
These values are reached early, and the beginning of vintage depends on the 
time at which they are achieved. On the other hand, the VetUnske zelene and 
particularly Frankovka varieties need temperature sums between 2,500 and 
2,750°C; they ripen later and can even be left longer in the vineyard for 
improvement of grape quality before harvesting. This means that changes in 
vintage beginnings are even more dispersed, sensitive to viticultural 
practices, and less directly related to temperatures. 

5. Discussion and conclusions 

Until the second part of the 19th century, viticulture was an essential 
source of livelihood for people in many settlements. For example, the village 
of Kurdejov turned to Empress Maria Theresa in 1766 with a request that its 
grain debt be relieved (Nosek 1908). The lord of the Pavlovice demesne had 
lent the grain in 1762, and the village intended to repay the debt from the 
abundant grape harvest of that year. However, this offer was twice refused. 
It emerged in the following part of the request that three barren wine years, 
1763-1765, followed and in 1766 the vines were sorely afflicted by hail and 
grape mildew (Peronospora spp.), to the extent that the estimated damage 
amounted to thousands of gulden. Based on these facts, postponement of debt 
instalments or their cancellation was requested (Nosek 1908). Another 
example of the importance of viticulture is related to heavy frost damage from 
10 to 15 May 1831, in which vineyards froze in Bavory, Doln! Vestonice and 
Pouzdfany. These settlements turned to the regional office in Brno with 
a request for tax reduction. Although they acknowledged that frost damage 
per se did not give them right to tax relief, they based their request on the 
basic importance of viticulture to the villages in the Mikulov area (Brazdil et 
al. 2003). 

Failure of vine cultivation was not confined to individual places. 
Landsteiner (1999) demonstrated a sudden failure in wine production in 
Central Europe from the second half of the 1580s to the end of the 16th 
century. Series of bad grape harvests started in Switzerland in 1585, 
continued in 1586 in Wiirttemberg and in 1587 affected Lower Austria and 
western Hungary. Lower wine production was followed by a definite reduction 
of viticulture income to the Habsburg state treasury. Moreover, higher wine 
prices and lower sweetness of the product led the public in Lower Austria to 
switch from wine to beer cons!lmption. This data correlates well with 
information from Litomence and Zidlochovice, where only small quantities of 
wine were recorded in 1585-1589 and 1591-1594, as well as explicitly sour 
wine in 1587, 1588, 1591, 1592, 1594 and 1597. In contrast, excellent wine 
was mentioned only in 1590, good wine in 1586 and 1599. Abundant yields 
occurred in 1586, 1590 and 1596, while in 1595 and 1597 the yield of grapes 
was characterised as average (Brazdil, Kotyza 2002). 

All of this is summed up well by Hanak (1919), referring to the evaluation 
of historical yields and wine quality in Bzenec: "From records it follows that 
there are rather few years with excellent wine. For this reason, caution and 
patience should be prominent [virtues] for every wine merchant; caution 
(enough) to keep a good wine long enough, so that in the favourable year he 
will be able to fill barrels with good vintage, and the patience not to be faint
hearted in years of bad harvest and not to neglect vineyards, or even to 
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Fig. 7 - Fluctuation of detrended wine prices (gulden) at Bohutice for 1861-1912 (below) in 
comparison with wine quantity (hl) and quality: 1 - excellent, 2 - good, 3 - average, 4 - bad 
(above). 

abandon them, but wait, since a favourable year will come which will 
compensate him for the costs of bad years." 

Socio-economic factors do not stand alone; weather extremes, quantity and 
quality of wine were also reflected in the prices of wine, as documented for 
Bohutice in 1861-1912 (Fig. 7). To avoid inflation, prices were expressed as 
deviations from the corresponding linear trend. The highest positive 
deviations (expensive wine) were recorded in 1911 (probably also 
a consequence of the previous year, when frozen vines as well as cold and 
rainy weather occurred at blossoming time and the grapes were infected with 
mould) and in 1868 (bad harvest in the previous three years). Also interesting 
is a sudden jump from relatively cheap wine in 1876-1889 to more expensive 
wine in 1890-1901. No wine was available in 1866 due to May frosts, and in 
1912 due to hail and mould. An even more important failure of vineyards 
started in 1866, when heavy frosts in this and following years destroyed many 
vineyards located at lower elevations. Another negative factor for viticulture 
might be related to the occurrence of phylloxera disease, which first appeared 
in 1872 in Austria and started to spread to further parts of the Austrian
Hungarian empire. As a consequence of this development, farmers around 
Znojmo and along the Dyje River eventually turned to the cultivation of 
cucumbers and other vegetables (Anonymous 1923). 

It follows from this article that much data related to viticulture containing 
direct or proxy information about the weather and meteorological extremes 
exists in the Czech Republic. However, a great deal of this information is of 
a fragmentary character from the temporal and spatial points of view. The 
possibility that these gaps may be filled in the course of further archive 
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research remains open. Such fragmentation provides a reason for the relative 
unavailability of continuous series of climate-relevant viticultural data for 
selected places (e.g. beginnings of grape harvest) that might be used for 
temperature reconstruction in the Czech Republic, with no chance of 
following the quantitative temperature reconstructions known from other 
countries (e.g. Chuine et al. 2004; Meier et al. 2007). The best viticulture data 
for the 19th century appears somewhat unpromising for temperature 
reconstructions since several long-term instrumental temperature series 
already exist. On the other hand, data on the impacts of weather extremes on 
grape production are already significantly completing and verifying the 
chronologies of extreme events available in the historical-climatological 
database of the Institute of Geography, Masaryk University, Brno, and may 
also be used in research into historical viticulture. 
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Shrnuti 

VINARSTVi V MINULOSTI A V SOUCASNOSTI JAKO ZDROJ 
KLIMATOLOGICKYCH POZNATKU V CESKE REPUBLICE 

Pestovani vinne revy (Vinis vinifera) a vinarstvi v Ceske republice je vYznamne 
ovlivneno pocasim. Zavislost na pocasi umoznuje vyuzit informace 0 pestovani vinne revy 
(napr. zacatek vinobrani, mnozstvi a kvalita vina) jako neptimy indikator pro rekonstrukci 
teploty vzduchu a vYskytu povetrnostnich extremu v minulosti. Tato studie shrnuje 
zakladni poznatky 0 vztazich mezi vinarstvim a klimatem v ceskych zemich pro oblast Cech 
(zejmena Lounsko a Litometicko) ajizni Moravy behem nekolika poslednich stoleti opirajice 
se 0 ruzne typy dokumentlirnich pramenu (kroniky, pameti, denikove zaznamy, osobni 
a oficialni korespondence, noviny, zs.znamy ekonomicke povahy, odborne prace). Zatimco 
pred rokem 1500 jsou informace tohoto typu spise sporadicke v zavislosti na dochovanych 
pramenech, pro 16.-18. stoleti jiz bylo mozne stanovit dekadove cetnosti vYskytu 
povetrnostnich extremu se skodami na vinne reve (pozdni jarni a casne podzimni mrazy, 
krupobiti), kvality vina (spatne, prumerne, dobre, vYborne) a mnozstvi vina (malo nebo 
zadne, prumerne, nadbytek) ve vinarskych oblastech Cech a jiZni Moravy (obr. 3). V rade 
roku behem techto tti stoleti vsak jakekoliv informace 0 pestov8.ni vinne revy chybi uplne. 
Data zacatku vinobrani ze Znojma, ziskana z protokolu mestske rady nebo oznameni 
v novinach Znaimer Wochenblatt pro obdobi 1800-1890 byla vyuzita pro rekonstrukci 
teplot vzduchu dubna-srpna v Brne s pouzitim linearniho regresm1lo modelu (obr. 4). 
Parametry rekonstrukce (tab. 1) sice ukazuji na vyuZitelny potencial tato metody pro 
teplotni rekonstrukce, dostupne rady pocatku vinobrani pro obdobi pred zacatkem 
systematickych teplotnich mereni v ceskych zemich jsou vsak zatim spise sporadicke. Pro 
Bzenec (1800-1890), Znojmo (1802-1845) a Bohutice (1861-1912) byly pouzity rady kvality 
vina (vYborne, dobre, prumerne, spatne ci kysele) k vyjadreni jejich zavislosti na teplote 
vzduchu (obr. 5). Zatimco v ptipade Bzence a Znojma bylo mozne prokazat statisticky 
vYznamne rozdily mezi prumernYmi teplotami odpovidajicimi jednotlivYm kategoriim 
kvality vina, pro Bohutice se takto lisily pouze prvni tti kategorie od spatneho ci kyseleho 
vina. Zacatek kvetu vinne revy a vinobrani v zavislosti na teplote vzduchu je analyzovan 
pro Frankovku, Veltlinske zelene a ModrY Portugal podle fenologickych pozorovani ve 
Velkych Pavlovicich pro obdobi 1956-2007, resp. 1984-2007, na bazi prumernych mesicnich 
teplot (obr. 6). U teplotne narocnejsich odrUd vinne revy jako je Veltlinske zelene 
a Frankovka je vazba zacatku vinobrani na teplote vzduchu predchozich mesicu podstatne 
slabsi nez u mene naroCne odrudy ModrY Portugal (tab. 2). Pro Bohutice je demonstrovano 
kolisani cen vina v letech 1861-1912 v porovnani s mnozstvim vina ajeho kvalitou (obr. 7). 
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Obr. 1 - Mista v Ceske reJlublice zminovana v textu: 1- Bavory, 2 - Bohutice, 3 - Bratcice, 
4 - Bzenec, 5 - Cejkovice, 6 - Dolni Kounice, 7 - Dolni Vestonice, 8 - Drnholec, 9 
- Hustopece, 10 - Kamyk, 11 - Klentnice, 12 - Krupka, 13 - Kucharovice, 14 
- Kurdejov, 15 - Litomefice, 16 - Louny, 17 - Lovosice, 18 - Malic, 19 - Melcany, 
20 - Melnik, 21 - Mikulov, 22 - Musov, 23 - Olomouc, 24 - Pavlov, 25 - Perna, 26 
- Ploskoyice, 27 - Pouzdrany, 28 - Rava, 29 - Syrovice, 30 - Velke Pavlovice, 31 
- Velke Zernoseky, 32 - Znojmo, 33 - Zidlochovice. 

Obr. 2 - Symboly sklizne a lisovani vinnych hroznu byly pouzity Johannem Willenbergem 
pro znazorneni mesice njna v kalendafi na rok 1604. Vinobrani zacinalo v tomto 
mesici nejcasteji na Lounsku stejne jako v jinych mistech ceskych zemi. 

Obr. 3 - Dekadove cetnosti ryskytu povetrnostnich extremu se skodami na vinne reve (1 
- pozdni jarni mraz, 2 - casny podzimni mraz, 3 - krupobiti), kvality vina (4 
- spatna, 5 - prumerna, 6 - dobra, 7 - ryborna) a mnozstyi vina (8 - malo nebo 
zadne, 9 - prumerne, 10 - mnoho) ve vinarskych oblastech Cech (a) ajizni Moravy 
(b) v 16.-18. stoleti. 

Obr. 4 - Variabilita zacatku vinobrani ve Znojme (pocet dnu od 1. zan; nahore) a porovnani 
merenych (1) a rekonstruovanych (2) teplot vzduchu dubna-srpna v Brne v podobe 
anomalii od referencniho obdobi 1961-1990 a mira nejistoty rekonstrukce (sede) 
vyjadrena jako 95% interval spolehlivosti pro kazdou rekonstruovanou hodnotu 
v obdobi 1800-1890 (dole). 

Obr. 5 - Krabicory graf teplot vzduchu dubna-srpna v Brne pocitanych pro ctyfi skupiny 
kvality vina ve Znojme (1802-1845), Bzenci (1800-1890) a Bohuticich 
(1861-1912): a - ryborna, b - dobra, c - prumerna, d - spatna. 

Obr. 6 - Korelace mezi teplotami vzduchu a fenofazemi vybranych odrud vinne revy ve 
Velkych Pavlovicich: a) zacatek kvetu, b) zacatek vinobrani - oboji v obdobi 
1956-2007, c) a d) zacatek vinobrani, 1984-2007; r - korelacni koeficient. 

Obr. 7 - Kolisani detrendovanych cen vina (zlate) v Bohuticich v letech 1861-1912 (dole) 
v porovnani s mnozstvim vina (h1) a jeho kvalitou: 1 - ryborna, 2 - dobra, 3 
- prumerna, 4 - spatna (nahore). 

Tab. 1 - Miry vhodnosti rekonstrukce teplot vzduchu dubna-srpna v Brne. Data 
o vinobrani ze Znojma jsou pouzity jako nezavisle promenna v modelu: r2 -
kvadrat korelacniho koeficientu, RE - redukce chyby, CE - koeficient citlivosti, 
MSE - stredni kvadraticka chyba. 

Tab. 2 - Korelacni koeficienty mezi prumernYmi mesicnimi teplotami vzduchu a zacatky 
vinobrani pro vybrane odrudy vinne revy ve Velkych Pavlovicich v obdobi 
1984-2007 (chybejici roky: Modry Portugal- 1985, 1987, 1991; Veltlinske zelene 
- 1987, 1989, 1991; Frankovka - 1987, 1988, 1991, 1997). Statisticky ryznamne 
koeficienty podle t-testu na hladine ryznamnosti u = 0.05 jsou vytisteny tucne. 
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TEMPERATURE-RELATED CLIMATE EXTREMES IN THE 
POTSDAM OBSERVATION RECORD 

Z. W. K u n d z e w i c z, D. J 6 z e f c z y k: Temperature-related climate extremes in 
the Potsdam observation record. - Geografie-Sbornik CGS, 113, 4, pp. 372-382 (2008). 
- This paper examines temperature-related climate extremes in the unique long-term gap
free record at the Secular Meteorological Station in Potsdam. Increasing tendencies in daily 
minimum temperature in winter and daily maximum temperature in summer, as well as 
monthly means of daily minimum temperatures in winter months and of daily maximum 
temperatures in summer months are illustrated. Also the numbers of hot days and of 
summer days (with maximum daily temperature exceeding 30 ·C and 25 ·C, respectively) 
have been increasing. In agreement with warming of winter minimum temperatures, the 
numbers of frost days (with minimum daily temperature below 0 ·C) and of ice days (with 
maximum daily temperature below 0 ·C) have been decreasing. However, low correlation 
coefficient and huge scatter illustrate strong natural variability, so that the occurrence of 
extremes departs from the general underlying tendency. 
KEY WORDS: climate extremes - climate variability - climate change - temperature 
- trend. 

Introduction 

As noted in IPCC (2007), warming of the global climate system is 
unequivocal. This is now evident from observations of increases in air 
temperatures, which show clear trends at a range of scales, from local, via 
regional, to continental, hemispheric, and global. Most of the observed 
increase in global mean air temperature since the mid-20th century is very 
likely due to the observed increase in anthropogenic greenhouse gas 
concentrations. The updated 100-year linear trend (1906 to 2005) shows 
a 0.74 ·C (0.56 ·C to 0.92 ·C) global mean temperature increase, while the 
linear warming trend over the last 50 years (0.65 ·C) is nearly twice as strong 
as that for the last 100 years (IPCC 2007). Global temperature changes are 
accompanied by changes in other climatic variables. 

However, besides conducting the trend detection studies, the research 
community has been carefully watching temperature-related records of 
climate extremes in different categories, such as maximum and minimum 
daily, monthly, seasonal, and annual temperatures. Absolute record values of 
maximum or minimum temperature do not necessarily match the tendencies 
present in the long-term time series. Even if a clear rising trend of global 
mean annual temperature is unabated, the highest global mean annual 
temperature on record occurred already nine years ago, in 1998 (related to 
a strong EI Nino phase). This is so, despite the fact that among 13 globally 
warmest calendar years in the global instrumental observation record, 
available since 1850, there are 12 years from the last 13 years. Each of the 
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years 2001-2007 belongs to the set of second-warmest to eighth-warmest 
years (Brohan et al. 2006, Kundzewicz 2008). 

Beside the data at larger scales, it is of much interest to examine long time 
series of good-quality observation records, wherever available, looking for 
changes at regional and local scales. 

The secular meteorological station in Potsdam 

The data set used in the present paper stems from the Secular 
Meteorological Station in Potsdam (Germany), located at the south-west of 
the town (co-ordinates: 52·23'N, 13·04'E, elevation 81 m a.s.l.), approximately 
600 m away from the built-up area. It is a notable station, world-wide, with 
an uninterrupted observation programme carried out since January 1, 1893. 
The station was established with the purpose to serve for a longer time (for 
ages, since the word saeculum means age in Latin). Comprehensive 
information about the station, as well as a wealth of long-term observation 
records can be found in public domain at the web portal: http://www.klima
potsdam. del. Open access to the long time series of good-quality climatic 
observations at the Potsdam observatory encourages scientists to analyze 
these data holdings. This is true not only for Germany, but also for the 
neighbour country, Poland, where no hydrometeorological data are in public 
domain and the prohibitively high cost charged by the national 
hydrometeorological service is not affordable to most scientists (cf. 
Kundzewicz et al. 2007). 

Among the many variables that have been measured at the station are: air 
and ground temperature, air pressure, global radiation, relative humidity, 
water vapour pressure, wind speed, precipitation, cloudiness, snow cover, 
frost depth, sunshine hours, such weather events as haze and storm. 
Considerable efforts have been made to keep the observation conditions 
homogeneous, by maintaining the station location, conditions of the 
environment, methods and principles of instrumental observation. 

In the present contribution, valuable long gap-free records at Potsdam are 
examined in the context oftemperature-related climate extremes, understood 
here as the maximum or minimum values of selected climate indices at a pre
defined time interval (e.g. 12 consecutive months, year, season, month, day). 
Among the variables tackled are temperature (minimum, maximum); the 
number of frost days (with minimum daily temperature below 0 ·C) and ice 
days (with maximum daily temperature below 0 ·C); the number of hot days 
(with maximum daily temperature exceeding 30 ·C) and summer days (with 
maximum daily temperature exceeding 25 ·C). 

Annual and 12-month temperature records 

The mean annual temperature observed at Potsdam shows a clearly 
increasing trend (Kundzewicz et al. 2007). There have been seven calendar 
years on record with mean annual temperature in excess of 10 ·C (Table 1). In 
2007, the mean annual temperature record of 2000 (10.47 ·C) was not exceeded, 
but the value recorded for 2007 was only marginally lower (10.46 ·C). 

Even if the instantaneous temperature value is measured with 0.1 ·C 
accuracy, Table 1, presenting mean annual temperature, calculated from 
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Table 1 - Warmest years at the Potsdam daily mean temperatures, contains 
secular meteorological station values with 0.01 ·C resolution. This 

Rank Year 

1 2000 
2 2007 
3 1934 

Mean annual 
temperature eC) 

10.47 
10.46 
10.44 

allows, for instance, ordering of the 
years 2000 and 2007. Leaving 0.1 ·C 
resolution one would not distinguish 
between the mean annual temperature 
in 2000 and 2007. 

There is a strong random component 
in climate extremes that illustrates 
natural variability and weather 

vagaries. Occurrence of a record high mean monthly temperature does not 
necessarily mean that the highest daily maximum temperature in this month 
is record high. For example, July 2006 was the warmest July on record, as far 
as the monthly mean temperature is concerned (23.69 ·C). However, the 
highest daily maximum temperature during this month was 35.9 ·C, that is 
below the highest daily maximum temperature of 36.8 ·C, observed during 
a much less warm July 2007, with mean monthly temperature being 18.05 ·C 
only. 

4-5 1989, 1999 10.26 
6-7 1990,2006 10.17 

Even if a record of a mean temperature during a calendar year dates back 
to 2000 and has not been exceeded since, looking at the mean temperature of 
any consecutive 12-month period, that commences on the 1st of any month 
(rather than on January 1), one can find a new record. Until 2007, the 
warmest 12 consecutive months in the history of observations at the Potsdam 
Secular Meteorological Station were recorded from July 1999 to June 2000, 
with a mean temperature of 10.70 ·C. On 31 January 2007, this record went 
up to 10.83 ·C, on February 28, 2007 - to 11.16 ·C. On March 31, 2007 the 

w.----------------------------------------------. 

12 +------------------

10. +---------------

8 +------------

6 +----------

4 +--------

2 +-----, 

0. 
6.25 6.75 7.25 7.75 8.25 8.75 9.25 9.75 10.25 10..75 11 .25 11.75 1225 

Fig. 1 - Proportion (in %) of mean temperature eC) of 12 consecutive months in Potsdam 
(after Kundzewicz et aI. , 2007). All 12-month periods from 1 January 1893 to 30 June 2007 
were considered. Value of 2 corresponding to the interval 7.0-7.25 means that 2 % of all 
values of 12-month mean temperature belong to this interval. 
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Table 2 - Review of records of temperature-related climate extremes. Data from 
www.klima-potsdam.de. 

Variable Date of record Value of record Other recent entries in the list of 5 

Maximum daily 9.8.1992 39.1 'C Rank 4 reached in 1994 
temperature 

Minimum daily 11.2.1929 -26.8 'C Most recent entry (rank 4) in 1969 
temperature 

Longest hot' period 23.7. to 6.8.1969 15 days Rank 2 reached in 1994 

Longest cold2 period 21.1. to 26.2.1947 37 days Rank 4 reached in 1996 

First hot day in yea 22.4.1968 31.8'C Ranks 2 and 3 reached in 2000 and 
1996, respectively 

Last hot day in year 20.9.1947 32.9 'C No entries after 1975 in top 5 

First frost3 day 2.10.1957 -0.1 'C This is the most recent entry in top 5 
in year 

Last frost day 20.5.1952 -0.8 'C This is the most recent entry in top 5 
in year 

First summer4 day 30.3.1968 25.7 'C Among entries in top 5: 1985 and 1989 
in year 

Last summer day 10.10.1995 25.3 'C Rank 3 in 1985. Attention - rank 2 
in year was observed in 1893! 

Daily maximum sum 8.8.1978 105.7 mm Rank 2 in 2002 
of precipitation 

Longest dry spell 19.9.-20.10.1949 32 days Rank 4 in 1996 (winter) 

Longest wet spell 2.2.-6.3.1970 33 days This was the most recent entry 
in top 5 

Maximum snow 6.3.1970 70cm All five entries in the top 5 refer to the 
depth same month (March 1970) 

Longest period with 1 December 1969 113 days Rank 5 refers to Dec 1978 -
closed snow cover to 23 March 1970 March 1979 

Notes: ' Hot day is understood as a day with Tmax ~ 30 'C; 2 Cold (ice) day is understood as 
a day with Tmax < 0 'C; 3 Frost day is understood as a day with Tmin < 0 'C; 4 Summer day 
is understood as a day with Tmax ~ 25 'C. 

record increased vigorously (by 0.48 'C) to 11.64 'C, because the cold March 
2006 did not count any more in calculations, and on April 30, 2007 it rose 
strongly again (by 0.27 'C) to 11.91 'C, as April 2007 - warmest on record 
- replaced less warm April 2006. Further, on May 31,2007 the record went 
up to 12.04 'C, and on June 30, 2007 - to 12.09 'c (Kundzewicz et al. 2007). 
This latter figure is higher than the record before 2007 (see Fig. 1) by a very 
large increment (1.39 'C). All six outlier-like values (between 10.75 and 12.25) 
in the tail of the distribution of the 12-month mean temperature presented in 
Figure 1 occurred in 2006-2007. 

It was shown in Kundzewicz et al. (2008) that in 2006-2007, the records of 
mean temperature over consecutive 12 months have been exceeded also at the 
national, continental, and hemispheric scales. 
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Fig. 2 - Lowest minimum daily temperature ('C) for winters from 1893 to 2008 
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Fig. 3 - Highest maximum daily temperature ('C) for summers from 1893 to 2007 

Review of records 

Careful look at the table of records from Potsdam (Table 2; data from 
www.klima-potsdam.de) allows to conclude that cold extremes have been rare 
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Fig. 4 - Number of frost days in individual winters from 1893 to 2008 
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Fig. 5 - Number of ice days in individual winters from 1893 to 2008 

in recent decades, while warm extremes occur more often. For example, the 
most recent entry in the list of five lowest values of minimum daily 
temperature dates back to 1969 (rank 4), while two entries in the list of five 
highest values of maximum daily temperature occurred after 1990 
(ranks 1 and 4). 
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Fig. 7 - Number of summer days in individual years from 1893 to 2007 

Indices of temperature-related climate extremes 

Trends in daily minimum temperature in winter (December, January, 
February) and daily maximum temperature in summer (June, July, August), 
as well as monthly means of daily minimum temperatures in winter and 
monthly means of daily maximum temperatures in summer are examined 
next. 
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Table 3 - Monthly means of daily maximum temperature in summer 

June July August 

Year Temperature Year Temperature Year Temperature 
(,C) (,C) ('C) 

Warmest 1917 27.15 2006 30.3 1997 28.09 
2nd warmest 1992 26.59 1994 29.26 1944 27.97 

2nd coldest 1984 18.39 1954 19.55 1941 19.79 
Coldest 1923 15.62 1898 19.33 1902 19.54 

Table 4 - Monthly means of daily minimum temperature in winter 

December January February 

Year Temperature Year Temperature Year Temperature 
('C) ('C) (,C) 

Warmest 2006 2.80 2007 2.24 1998 2.41 
2nd warmest 1974 2.49 1975 2.13 1990 2.15 

2nd coldest 1933 -6.85 1893 -12.76 1956 -13.35 
Coldest 1969 -8.99 1940 -13.52 1929 -15.43 

Figures 2 and 3 illustrate variations of the lowest mInImUm daily 
temperature in winter and of the highest maximum daily temperature in 
summer, for each of the years 1893-2008. Although the rising trend is visible, 
the scatter is very strong and overshadows the signal. The correlation 
coefficient attains low values. For lowest minimum daily temperature in 
winter the correlation coefficient takes considerably lower values than for 
highest maximum daily temperatures in summer. 

The warming trend for the minimum temperature in winter is stronger 
than for the maximum temperature in summer (attention: the temperature 
scales in Figs. 2 and 3 are different). The number of frost days (defined as 
days with minimum temperature below 0 ·C) and ice days (defined as days 
with maximum temperature below 0 ·C) have been decreasing with time 
(Figs. 4 and 5), but in individual years, departures from the overall decreasing 
trend are very strong. For example, within the last 15 years both the highest 
value (133 frost days in 1996) and the lowest value (52 frost days in 2007) on 
record have been observed. 

Figures 6 and 7 illustrate, respectively, the numbers of hot days, defined as 
days with maximum daily temperature exceeding 30 ·C and the numbers of 
summer days (with maximum daily temperature exceeding 25 ·C), for 
individual years. Increasing tendency is clearly seen in both figures and the 
values of correlation coefficient are significantly higher than in all the time 
series of indices considered earlier in this paper. 

The records of monthly means of daily maximum temperature in summer 
and of daily minimum temperature in winter are presented in Tables 3 and 4, 
respectively. These tables, containing the two highest and the two lowest 
values on record, agree with the warming tendency, as expected. Warm 
extremes get gradually more frequent and cold extremes - less frequent. 
Among the two warmest temperature values for each summer and winter 
months, there are 8 (out of 12) entries since 1990 and only two before 1950. 
However, variability of monthly means is very high, so that high or low values 
occur throughout the time period analyzed, independently on the general 
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tendency. For instance, in 1917, the highest monthly mean of daily maximum 
temperature of June (27.15 ·C) was observed, even if the climate was clearly 
colder than now. Only six years later, in 1923, the lowest monthly mean of 
daily maximum temperature of June (15.62 ·C) was observed. Tables 3 and 4 
show that individual outliers-like lowest values may be very much below the 
second lowest values. For instance, the two coldest Decembers had mean daily 
minima of -8.99 ·C in 1969 and -6.85 ·C in 1933 (difference of 2.14 ·C). The 
two coldest Februaries with mean daily minima of -15.43 ·C (1929) and 
-13.35·C (1956), show a difference of2.08 ·C. The two Junes with lowest daily 
maxima of 15.62 ·C (1923) and 18.39 ·C in 1984 manifest an even larger 
difference of 2.77 ·C. 

Conclusions 

Climatic time series show strong natural variability (irregular oscillations), 
which is superimposed on a gradual trend accompanying the warming signal. 
Extremes get more extreme - says the IPCC report. Such tendency refers to 
both observations and even more so to projections, but there is a strong 
random component, so that heat records are not broken every year. Indeed, 
hot extremes occurred in old times, while cold extremes occur also now (albeit 
less frequently). 

As reported by Trenberth et al. (2007), in the last 50 years there has been 
a significant decrease in the annual occurrence of cold nights (falling below 
the 10th percentile from the control reference period) in winter. The 
distributions of minimum and maximum temperatures have not only shifted 
to higher values, consistent with overall warming, but the cold extremes have 
warmed more than the warm extremes. More warm extremes imply an 
increased frequency of heat waves. There has been a global trend towards 
fewer frost days associated with the warming. 

The present paper indicates that these global and general findings also 
hold for a specific, long-term, high-quality observation record. However, it 
shows that the natural variability is very strong and that extremes in 
individual year may largely differ from the dominating tendency. It can be 
clearly seen that an extreme value of such temperature-related indicators as 
maximum temperature in summer, minimum temperature in winter, number 
of hot days, and number of summer days may have occurred in the remote 
past, when the level of warming (as indicated by the linear regression) was 
much lower than now. Similarly, despite the warming, high values of the 
number of frost days and ice days may occur recently, largely exceeding the 
low value resulting from the decreasing tendency. 
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Shrnuti 

TEPLOTNf KLlMATICKE EXTREMY ZAZNAMENANE pin POZOROV ANfcH 
VPOSTUPIMI 

Pozorovane teploty vzduchu, ktere vykazuji na vsech urovnich vzestupny trend, svedci 
o nespornem oteplovani globalniho klimatickeho systemu. Globalni linearni teplotni trend 
je v poslednich padesati letech silny (0,65 'C). Pozorovane vzestupy prumerne teploty 
vzduchu od poloviny 20. stoleti jsou vetsinou pravdepodobne dusledkem pozorovaneho 
vzestupu koncentrace sklenikovYch plynu, produkovanych clovekem. 

Pnspevek doplnuje rozsahle souhrnne vYsledky uvedenim tendenci dlouhodobych 
zaznamu velmi kvalitnich pozorovani. Zkouma klimaticke extremy teploty vzduchu 
v jedinecnem, dlouhodobem a souvislem pozorovani na meteorologicke stanici v Postupimi, 
provadenem od ledna 1893 do unora 2008. Prumerna rocni teplota vzduchu zaznamenana 
v Postupimi vykazuje zretelny vzestupny trend. I kdyz rekordni prumerna teplota 
v kalendarnim roce byla dosazena v roce 2000 a nebyla od te doby prekonana, prumerna 
teplota jakehokoliv nasledujiciho dvanactimesicniho obdobi zacinajiciho prvnim dnem 
kterehokoliv mesice (spise nez 1. lednem) je vzdy rekordni. Rekordni dvanactimesicni 
prumerna teplota pred rokem 2007 byla 10,70 'c, ale na konci cervna 2007 dosahla 12,09 'c 
a ryrazne prekonala predchozi hodnotu (0 1,39 'C). 

Jsou prokazany rostouci minimalni denni teploty v zime (prosinec, leden, unor) 
a maximalni denni teploty v lete (cerven, cervenec, srpen), jakoz i rostouci mesicni prumery 
minimalnich dennich teplot v zimnich mesicich a maximalnich dennich teplot v letnich 
mesicich. Rostou take ukazatele extremniho tepla, jako pocet horkych dni (s maximalnimi 
dennimi teplotami prekracujicimi 30 'C) a letnich dni (s maximalnimi dennimi teplotami 
nad 25 'C). V souvislosti se zvysovanim minimalnich zimnich teplot se snizuji indikatory 
extremniho chladu, jako je pocet mrazovYch dni (s minimalnimi dennimi teplotami pod 
bodem mrazu) a ledovYch dill (s maximalnimi dennimi teplotami pod bodem mrazu). 
V urcitych letech se vsak objevuji znacne odchylky od tohoto obecne poklesoveho trendu. 
Napnklad behem poslednich 15 let byly pozorovany jak nejvyssi hodnoty (133 mrazovYch 
dni v roce 1996), tak nejnizsi hodnoty (52 mrazovYch dni v roce 2007). Nizke hodnoty 
korelacniho koeficientu a siroky rozptyl, ktery zastinuje tento signal, svedci 0 silne 
pfirozene variabilite a 0 existenci extremnich odchylek od obecne tendence. 

Pro nejnizsi minimalni denni teploty v zime dosahuje korelacni koeficient ryrazne nizSi 
hodnoty nez pro nejvysSi maximalni denni teploty v lete. Tendence rustu minimalnich 
teplot v zime je silnejSi nez tendence zvysovani maximalnich teplot v lete. Nejen to, ze se 
rozlozeni minimalnich a maximalnich teplot posunulo k vyssim hodnotam, coz svMci 
o globalnim oteplovani, ale i teplota extremnich chladen vzrostla vice nez teplota 
extremniho tepla. Vice teplotnich extremu znamena vysSi frekvenci vlivil horkych vln. 

Klimaticke rady svedci 0 silne pfirozene variabilite (nepravidelne vYkyvy), ktere se 
pfidavaji k postupnemu trendu oteplovani. Jak konstatuje zprava Mezivladniho panelu 
pro klimaticke zmeny (IPCC), extremy se stavaji jeste extremnejsimi. I v minulosti 
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samozrejme dochazelo k extremnimu horku, ale extremni chladna jsou nyni vYrazne mene 
casta, i kdyz se samozrejme mohou objevovat i dnes. Vzhledem k silne nahodne komponente 
nejsou teplotni rekordy prekonavany kazdYm rokem. 

Predlozena prace uvadi, ze tyto globalni a obecne poznatky plati take pro konkretni 
dlouhodoba a vysoce kvalitni pozorovanL Ukazuje se vsak, ze pfirozena variabilita je velice 
silna a ze extremy se mohou v jednotlirych letech velmi odchylovat od prevladajiciho 
trendu. Je jasne videt, ze velice vysoke hodnoty takorychto extremu spojenych s teplotou, 
jako jsou maximalni teploty v lete, minimalni teploty v zime, pocet horkych dni a pocet 
letnich dni, se mohly objevovat i v davne minulosti, kdy tiroveii oteplovani (indikovaneho 
linearni regresi) byla vYrazne nizsi nez dnes. Podobne i navzdory oteplovani se i dnes 
(i kdyz ne pnlis casto) muze objevit vysoky pocet mrazorych a ledorych dni, ktery vysoce 
presahuje nizke hodnoty, ktere plynou z uvedene poklesove tendence. 

Obr. 1- Podil (%) prumerne teploty vzduchu (,C) ve dvanacti po sobe nasledujicich 
mesicich v Postupimi (podle Kundzewicze et aI., 2007). Zkoumana byla vsechna 
dvanactimesicni obdobi od 1. ledna 1893 do 30. cervna 2007. Hodnota 2 
odpovidajici intervalu 7,0-7,25 znamena, ze 2 % vsech hodnot dvanactimesicnich 
prumernych teplot nalezi do tohoto intervalu. 

Obr. 2 - Nejnizsi minimalni denni teploty vzduchu v zime od roku 1893 do roku 2008. 
Obr. 3 - Nejvyssi maximalni denni teploty vzduchu v tete od roku 1893 do roku 2007. 
Obr. 4 - Pocet mrazorych dni behem jednotlirych zim v obdobi 1893-2008. 
Obr. 5 - Pocet ledorych dni behem jednotlirych zim v obdobi 1893-2008. 
Obr. 6 - Pocet horkych dni behemjednotlirych let v obdobi 1893-2007. 
Obr. 7 - Pocet letnich dni behemjednotlirych let v obdobi 1893-2007. 
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PEAT BOGS INFLUENCE ON RUNOFF PROCESS: CASE 
STUDY OF THE VYDRA AND KREMELN.A. RIVER BASINS IN 

THE SUMAVA MOUNTAINS, SOUTHWESTERN CZECHIA 

B. Jan sky, J. K 0 cum: Peat bogs influence on runoff process: case study of the 
Vydra and Kfemelnd. River basins in the Sumava Mountains, southwestern Czechia. 
- Geografie-Sbornik CGS, 113, 4, pp. 383-399 (2008). - Specific part of wide complex of 
preventive measures against floods and extreme droughts could be procedures realized in 
river headstream areas. In order to increase a water retention in headwaters the detailed 
analysis of peat bogs hydrological function needs to be carried out. Suitable conditions for 
the research realization at present is related to an existence of several automatic water 
level gauges and utilization of modern equipment and methods in experimental catchments 
of the Otava River headstream area (Sumava Mts., southwestern Czechia), representing 
the core zone of a number of extreme floods in Central Europe. Thorough analyses of 
extreme runoff phases show more distinct discharge variability of streams draining peat 
land localities. For the retention potential assessment the detailed measurement of 
potential accumulation reservoirs, bathymetric mapping of bog pools and the detailed 
analysis of snow conditions as an important component of a rainfall-runoff process in 
headwaters is being pursued. The final part of the paper is consisted of suggestions of 
several unforceable measures implementation that could contribute to reduction of peak 
flows and to increase of water resources during extreme droughts in future. 
KEY WORDS: retention potential- headstream area - flood protection - upper Otava River 
basin - runoff variability - drought - peat bogs hydrological function. 

The presented research was funded by the project YaY SMl2/57/05 "Long-term Changes of 
River Ecosystems in Floodplains Affected by Extreme Floods", Research Plan MSM 
0021620831 "Geographical Systems and Risk Processes in Context of Global Changes and 
European Integration" of the Czech Ministry of Education and the Charles University 
Grant Agency project No. 237V2007 "Water Retention in River Headstream Areas as an 
Instrument of Integrated Flood Protection and Drought Problem Solving". 

1. Introduction 

In context of catastrophic floods and extreme droughts in recent years there 
is an urgent need of solving of flood protection issues and measures leading to 
discharge increase in dry periods, not using just classical engineering 
methods but also untraditional practices. There is a new strategy focusing on 
gradual increase of river catchment retention capacity including the 
realization of measures as runoff retardation and water retention increase in 
headstream areas. 

In order to enhance the retention potential in headwaters the detailed 
analysis of peat bogs hydrological function needs to be done. The peat bogs 
influence on runoff conditions and other hydrographic and climatic 
characteristics is being assessed by detailed comparison of hydrolOgical 
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regimes in subcatchments with different peat land proportion. The research 
is concentrated to the upper Otava River basin (Vydra and Kfemelna River 
basins) representing a territory with frequent occurrence of flood events and 
with a high heterogeneity in terms of physical-geographic and social-economic 
aspects. We can reason about the peat bogs influence on hydrological process 
also with respect to its affecting of water quality, respectively to ionic 
structure of ~ater in periods of high or low discharges (Novak. 1955, 1959; 
Onden'kova, Sterbova 1956; Oulehle, Jansky 2003). 

The problem of peat bogs hydrological function has not been so far fully 
solved despite a number of domestic and foreign projects and broad debates 
among experts. Opinions on such issues vary as it is evident in the literature 
that has been dealing with these questions already in the second half of the 
19th century. The detailed analysis of various approaches was made by Ferda 
(1960). The so called "theory of sponge", which was in a literature 
acknowledged approximately from the last 60s, supposed the importance of 
peat land for its significant water retention and discharge regulating 
capability during high rainfall totals and its discharge heightening and runoff 
balancing in dry periods. From the last 70s studies that infirm the peat bogs 
retention function appear. They assert that only possible way to increase 
their retention capacity is to lower groundwater level by means of a drainage. 
Then these ameliorative hits were realized in a number of mountainous areas 
in Czechia. Since that time, the problem of drainage, respectively dyking of 
former drainage channels, has become the field for broad debates within 
a literature (Conway, Millar 1960; Burke 1967; McDonald 1973; Moklyak et 
al. 1975; Baird 1997; Holden et al. 2001; etc.). The detailed study of the 
literature representing both opinion poles was carried out by Holden et al. 
(2004). 

Results of studies dealing with this research subject proved that water 
courses draining peat land areas show significant discharge variability and 
that the peat land influence on runoff regime balance had been overestimated 
in the past. It was found out that winter snow precipitations have a relatively 
low influence on discharge increase in summer period while summer 
rainstorms play a very significant role in this sense. While fIlling peat bogs 
up, runoff values increase rapidly. As well, during longer droughts, peat land 
does not play any positive role in hydrological terms, i.e. they do not feed 
water courses draining them. On the contrary, the past research projects 
state the hydrological regime improvement after peat bogs drainage and 
ameliorating. Peat land influence on water quality in water courses is 
assessed as unambiguously negative while intensity of affection is related to 
its area and volume in a catchment. The problem of pollution is further 
intensified in water reservoirs located in former peat land and moor areas. 

Mentioned topic is currently studied in the upper Otava River basin 
(Jansky, Kocum 2007a, 2007b and Kocum, Jansky 2007a, 2007b). Outcomes 
of the research is considered to be used within the realization of specific 
effective flood protection measures in cooperation with all concerned 
institutions (including flood warning system, etc.). Assessment of peat bogs 
revitalizing measures influence of chosen localities on its hydrological regime 
change is also one of the project goals. Every single element of rainfall-runoff 
process, especially snow conditions in the study area, needs to be completely 
studied. In order to increase the retention potential in this ar~a a qualified 
reference of measures being implemented at present by the Sumava Mts. 
National Park Management in connection with former ameliorative channels 
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(made during communist regime) dyking needs to be done. The influence of 
peat bog localities on runoff process is assessed by detailed comparison of 
Vydra River and Kfemelna River hydrological regimes (Otava River main 
sources with significantly different peat land proportion in their catchments). 
Profile Otava River - Rejstejn (catchment area 336.5 km2, T. G. Masaryk 
Water Research Institute - WRI GIS layers), long-term mean discharge 
Qa=7.56 m3.s-1 (Czech Hydrometeorological Institute - CHMI data) is the 
closing profile of the study area. 

2. Methodology 

More than 30 years ago the first results related to peat bogs hydrological 
function were presented within the study ofCHMI in Prague (Ferda, Hladny, 
Bubenickova, Pesek, 1971). In this project drainage and ameliorating of peat 
bog beds is recommended with regard to an improvement of their hydrological 
function. According to results from domestic and foreign literature it is stated 
that maximum discharges could be markedly reduced this way as a result of 
groundwater level decrease and consequently of extension the depth of peat 
bog surface layer for capturing causal rainfall totals. It is hereat adverted to 
other positive effects such as increase of forest stand accretion on drained 
areas (Vidal, Schuch 1963; Huikari 1963; Robertson, Nicholsen, Hughes 
1963). This study is so far the last paper dealing with hydrological regime and 
water chemism in the upper Otava River basin focused on peat bog 
habitation. 

In recent years the Otava River headstream area has become the study 
catchment of the research consisting partly in bathymetric mapping of 
organogenous lakes (bog pools, so called Sumava Mts. Moors) including 
specification of their main physical parameters and chemical composition, but 
especially in the initiation of thorough monitoring of Vydra and Kfemelna 
River runoff regimes inclusive of assessment of various measures leading to 
their source areas retention potential increase. Very favourable conditions for 
the realization of this project currently bear on a better accessability to the 
study area and lengthening data time series but also on using quite modern 
equipment and methods. 

At the end of 2005 six water level laths were installed in chosen profiles 
(Roklansky Brook, Modravsky Brook, Filipohufsky Brook, Vchynicko-tetovsky 
Floating Channel - Rechle, Kfemelna River above Prasilsky Brook, Prasilsky 
Brook above Kfemelna River) in order to initiate hydrological observations. 
Till recent years water level values had been read constantly by local observers 
in a one day step (during melting process in spring period twice a day) in these 
profiles. Since summer period 2006 sixteen automatic ultrasound and 
hydrostatic pressure water level gauges with dataloggers for continual 
monitoring of water level fluctuation (11 in Vydra River basin, 5 in Kfemelna 
River basin; Fig. 1) were subsequently installed beyond these profiles. 
Furthermore 4 water stage recorders within the CHMI water stage recorders 
network (Otava River - Rejstejn, Kfemelna River - Stodulky, Vydra River 
- Modrava, Hamersky Brook - Antygl) and two profiles controlled by CEZ 
group (Czech electropower company; Vchynicko-tetovsky Floating Channel 
- Rechle and Mechov) became parts of the research network system. Besides, 
one meteorological station (observing precipitation, air temperature and 
humidity, solar radiation, wind speed and direction and soil temperatures) and 
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Fig. 1 - Localization of the Vydra River and the Kfemelna River study basins with CHMI 
water stage recorders and experimental subcatchments with automatic water level gauges 
and shuttle precipitation gauges within the headstream area of Otava River (Otava 
River-Rejstejn closing profile) 

two other shuttle precipitation gauges measuring in 10 minutes step were 
installed in the upper part of the Vydra River basin (Rokytka Brook; measures 
since 18 September 2006 excepting several months in winter periods) and 
Ki'emelna River basin (ZhUfecky Brook; measures since 29 March 2007). From 
technical reasons the amount of snowfall during winter periods cannot be 
measured meanwhile in mentioned profiles. 

Measuring set from Fiedler-Magr Company including registering and 
controlling unit of M4016 type, ultrasound or pressure sensor and GSM 
module for data transmission by means of GPRS network is used for continual 
water level monitoring in 10 minutes step with 1 mm accuracy. Data 
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transmission in a one day interval or shorter depending on the dynamics of 
hydrological situation allows its operative solution and also regular control of 
whole measuring set function. In given profiles with installed water level 
gauges periodical discharge measurements using hydrometric propeller are 
carried out in order to construct an accurate consumption curves. Meanwhile, 
totally about 250 discharge measurements have been done. 

Analyses of snow conditions, being a very significant element of rainfall
runoff process in Czech headstream areas, were carried out in the last two 
winter periods. Snow cover height and snow water equivalent (SWE) 
monitoring is done by point measurements with specific spatial distribution 
considering altitude, exposition, slope and vegetation cover. Acquired data are 
then digitalized and interpolated using suitable methods in GIS software 
(ArcMap, MapInfo, Surfer) so spatial distribution of snow reserves could be 
assessed. Information about accumulation dynamics is logged on the base of 
several measurements during winter period. Snow cover height and SWE 
measurement is carried out by means of the snow hydrometer SM 150-50 and 
exact position and altitude of measurement points is determined using 
GPS60CSx and GPS Leica. 

The detailed survey of potential spaces for capturing causal rainfall totals 
and runoff retardation and successive assessment of potential accumulation 
reservoirs efficiency is carried out using automatic total geodetic station 
Levica TCRP1202 RI000. 

3. Results 

The main part of the project is the assessment of a hydrological regime in 
the Otava River basin headstream area including an evaluation of various 
measures for its retention potential enhancement and comparison of runoff 
variability in chosen subcatchments with regard to the peat land occurrence. 
In order to reach the goal the assessment and comparison of runoff variability 
partly in the Vydra and Kfemelna River basins state profiles with relatively 
long time series, partly in experimental subcatchments with installed 
automatic ultrasound or hydrostatic pressure water level gauges, is carried 
out. 

3.1. Runoff regime analysis in the Vydra and 
Kremelna River basins 

In order to compare hydrological regimes in basins of Otava River two main 
sources, Vydra and Kfemelna Rivers, from the runoff variability point of view, 
the data of mean daily discharges in water stage recorders within the CHMI 
basic network are used. Two of these profiles are discussed: Vydra River 
- Modrava (catchment area 90.17 km2; WRI GIS layers), long-term mean 
discharge 3.483 m3.s-1 (CHMI data), peat land proportion 38 % (Ferda, 
Hladny, Bubenickova, Pesek 1971) and Kfemelna River - Stodulky 
(134.11 km2, 3.722 m3.s-l, 5 %; Fig. 1). With respect to the fact that time series 
in studied profiles are not of the same length, the time period when both 
water stage recorders were in function is assessed. Accordingly the period 
1 November 1999 - 31 October 2006 was analysed. This relatively short 
period could appear to be non-representative, yet basic statistical analyses of 
daily, monthly and annual time series were made and runoff was on the base 
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Table 1 - Runoff variability characteristics in the Vydra River - Modrava and Kfemelna 
River - Stodulky profiles (1 November 1999 - 31 October 2006 period). 

Profile Vydra R.-Modrava Kfemelna R.-Stodulky 

catchment area (km2) 90.17 134.11 
long-term mean discharge (m3.s-1) 3.483 3.722 
minimum discharge (m3.s-1) 0.763 0.880 
maximum discharge (m3.s-1) 55.100 64.600 
specific runnoff (l.s-1.km-2) 38.5 27.8 
minimum specific runnoff (l.s-1.km-2) 8.5 6.6 
maximum specific runnoff (l.s-1.km-2) 611.0 481.7 
yearly discharge volume (km3) 0.1098 0.1174 
runoff height (mm) 1,218 875 
median 2.030 2.410 
dispersion 15.859 15.153 
mean divergence from mean value 2.471 2.405 
authoritative divergence 3.982 3.893 
decil divergence (Qd) 0.601 0.502 
coefficient of variability Cv (Qd) 1.143 1.046 
coefficient of variability Cm (Qrn) 0.421 0.392 
monthly discharge variability coef. K,. 5.048 3.686 
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5 6 7 8 9 10 11 12 

- Qd Kfemelna River 

-- am Kfemelna River 

Fig. 2 - Long-term mean daily (Qd) and monthly discharges (Qm) in the Vydra 
River-Modrava and Kfemelna River-Stodulky profiles in 1 November 1999 - 31 October 
2006 period. Axis x - months, axis y - discharge (m3.s-1). 

of its variability graphically defined from the daily and monthly discharges 
point of view (Fig. 2) and described by characteristics presented in Table 1. 
On the basis of these outcomes it could be presumed that runoff variability 
appears to be slightly higher in the case of the Vydra River - Modrava profile. 
This fact is demonstrated especially by ~ coefficient used for runoff 
assessment from the monthly discharge variability point of view. Higher 
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Fig. 3 - Outcome from the automatic ultrasound water level gauge and shuttle precipitation 
gauge - runoff reaction to causal amount of precipitation in the Rokytka Brook profile 
(Vydra River headstream area) in 1 October 2006 - 20 May 2007 period (in 
1 January 2007 - 28 March 2007 period precipitation gauge was out of service due to the 
technical reasons). Axis y left - amount of precipitation (mm), axis y right - discharge 
(m 3.s-1) . 

runoff fluctuation is accordingly described in the profile closing the catchment 
with more significant peat land proportion. It is also evident by comparison of 
ratios of the maximum (April) and minimum (December) mean monthly 
discharge in the studied profiles which reach up to 3.83 in the Vydra River 
- Modrava profile, respectively 3.35 in the Kfemelmi River - Stodulky profile. 

3 . 2. Runoff variability in experimental 
sub catchments 

In consequence of present short period of water level fluctuation 
monitoring using automatic water level gauges only partial results are kept 
at disposition. Preview of one of outcomes from the ultrasound water level 
gauge and shuttle precipitation gauge is presented in the Figure 3. It shows 
the discharge fluctuation of Rokytka Brook (Vydra River headstream area; 
catchment area 3.721 km2; WRI GIS layers) in relation to the amount of 
precipitation in 1 October 2006 - 20 May 2007 period. Significant discharge 
increase during spring period as a result of snow melting process in the 
catchment is very distinct. Nevertheless, striking runoff fluctuation (between 
0.2 and 0.5 m3.s-1) was registered also within the day. 

As it was mentioned, in order to assess the peat bog localities and peat 
forming soils influence on the runoff regime variability two sub catchments 
within the upper Otava River study basin with significantly different peat 
land proportion were chosen. In the upper part of the Rokytka Brook 
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Fig. 4 - Comparison of runoff variability in two experimental sub catchments with a 
different peat land proportion (Rokytka Brook, PtaCi Brook) in 1 August 2006 - 31 May 
2007 period. Axis y - Q/Qp. 

catchment closed by the profile with installed automatic water level gauge 
a large complex of so called "Rokytecke Moors" is situated (approximately 55% 
peat land proportion; Fig. 1). Much more sporadic occurrence of peat bog beds 
is fixed to the Ptacl Brook catchment (about 10 % peat land proportion; 
catchment area 4.063 km2; WRI GIS layers). Slightly higher runoff variability 
in the case of Rokytka Brook is quite distinct from Figure 4. In doing so, 
discharge variability is besides absolute value of culmination defined 
especially by a peak flow frequency. Different rate of discharge of both water 
courses in monitored profiles is taken into account using QlQp ratio, where 
Q is actual 10-minutes discharge and QJl is mean discharge from the serie of 
all 10-minutes discharges from the whole monitoring period. 

Through the exact study of runoff ascending and descending phases, 
concretely through the analysis of runoff reaction to causal rainfall (interval 
between maximum 10-minutes amount of precipitation and corresponding 
peak flow) during several rainfall situations within the monitoring period, 
more significant peak flow retardation in the ZhUfecky Brook profile (Fig. 1; 
about 4:40 hours in average; catchment area 13.946 km2; WRI GIS layers) 
compared to the Rokytka Brook profile (about 3:20 hours) was determined. It 
signifies higher water retention potency in the catchment with distinctively 
lower peat land proportion. Mentioned claims necessarily demand stronger 
reliance in terms of longer data time series and detailed analyses of a larger 
number of namely extreme rainfall situations. 

To sum it up, detailed analyses of extreme runoff phases show higher 
frequency of peak flows and their shorter reaction to causal rainfall in case of 
highly peaty areas, therefore more distinct runoff variability of streams 
draining peat land localities and peat forming soils. Continuously much more 
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Fig. 5 - Water level fluctuation in three model subcatchments with different peat land 
proportion during the extreme flood situation in March 2008. Axis y - water level (mm). 

detailed studies of hydrological and climatic data time series need to be done, 
especially reaction analyses of runoff from several peat bog localities in 
relation to rainfall duration, intensity and spatial distribution in monitored 
catchments by means of thorough study of its ascending and descending 
phases. 

Hydrological monitoring in above mentioned watercourses is completed by 
the ionic balance including carbon and oxygen isotopes balance observing in 
2008 hydrological year (cooperation with Czech Geological Survey) in order to 
make the precise separation of runoff phases by means of anion deficiency. 
Twice a month the atmospheric deposition samples and water samples are 
subscribed in relation to the monitored discharges. 

3.3. Extreme flood event analysis in model 
sub catchments 

In order to compare the runoff conditions of areas with different physical
geographic parameters during an extreme runoff situation, flood event at the 
beginning of March 2008 was partly analysed in three experimental 
subcatchments. Their choice was concentrated mainly on the peat land 
proportion in their territories. To reach the goal, within these three localities 
one catchment with very high proportion of peaty areas (Rokytka Brook; 
approx. 55 %) and one with very low value (mineral Cerny Brook catchment; 
about 5 % proportion of peat land; catchment area 2.419 km2; WRI GIS layers) 
were chosen. The distribution of moor areas within the catchment of Ptacl 
Brook is also quite low (see Fig. 1). 
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The extreme amount of precipitation which affected a large territory of 
Europe early in the year 2008, known as Emma atmospheric low pressure, 
became very intensive especially in this study area. The runoff reaction on 
such an extreme rainfall totals in headwaters is generally very rapid and is 
demonstrated even by the graph in Figure 5. Water level fluctuation in three 
study profiles with installed automatic gauges for discharge monitoring quite 
apparently show very similar references mentioned above in the paper -
higher runoff variability in the case of a highly peaty area, even during such 
an extrem hydrological situation. Corresponding discharge values calculated 
using consumption curves (Fig. 6) in two out of three observed profiles are 
even more evident (see Fig. 7). Consumption curves are described by 
considerably high reliability values. The existence of periods with missing 
discharge data is caused by an enormous extremity of this event. 

3.4. Snow conditions analysis 

Even snow conditions in a catchment, as it was already mentioned, form 
very important phenomenon in our mountainous river headstream areas. 
Their detailed analysis represents a necessary basis for correct assessment of 
runoff formation in these areas and for truthful integration of this intricately 
quantificating element into hydrological processes modelling. 

In February 2007 and February and March 2008 the detailed snow survey 
in the experimental subcatchments closed by pr,9files with automatic water 
level gauges (Rokytka Brook, Ptacl Brook and Cerny Brook catchments) in 
the upper part of the Vydra River and Kfemelna River basins, was carried 
out. Using snow laths and snow hydrometers the snow cover height and SWE 
was mapped in order to describe conditions for snow accumulation dynamics 
in this territory. For example, in the Ptacl Brook catchment with an area of 
4.063 km2 44 point measurements were done (it corresponds to the 
measurement density of approximately 11 points/km2 of an area). Character 
of snow cover occurrence is characteristic by a very significant time and 
spatial variability (Fig. 8). For the process of point data interpolation the IDW 
(Inverse Distance Weighted) method, where various values of input 
parameters were tested, was used. While the snow cover height in February 
2007 in the lowest part of the Vydra River catchment (Modrava - 980 m a.s.l.) 
reached up to about 30 centimetres, values in the highest parts of the 
catchment (1,330 m a.s.l.) were oscillating around 90 cm. CHMI station 
ChurMiov (1,118 m a.s.l.) was measuring in the time of a field survey around 
30 cm of the snow cover. The situation one year later (February 2008) was 
even more variable. While the snow cover thickness was moving around 30 to 
50 cm in the lowest parts of the above mentioned catchment, values measured 
in the source area close to the border with Germany were reaching up to about 
150 cm (Kocum, Jansky 2008). 

Snow conditions survey in experimental subcatchments confirmed the 
existence of a considerable difference in the amount of accumulated snow 
storage not just in relation to an altitude but also to a vegetation cover, 
especially between open and forest areas. It indicates the circumstance which 
is difficult to be amicted by measurements carried out usually on state 
meteorolOgical stations. Along with this fact, very significant variability of 
snow storages on different localities of a similar character and altitude was 
proved. It gives an evidence about a considerable complexity of the snow cover 
accumulation process and its significant dependance on a number of factors. 
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Fig. 8 - Spatial distribution of snow cover height (top, in cm) and snow water equivalent 
(down, in mm) ~n the Ptaci Br90k catchment on the 13 February 2007 (M. Jenicek). Data: 
Database DMU25 - VGHMUf (ht tp ://geoportal.cenia.cz), DIBAVOD WRI. Coordinate 
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On the base of the runoff analysis in the Rokytka Brook profile it could be 
stated that 2007 hydrological year was very specific from the occurrence and 
amount of snow storages point of view, in the same way as the snow melting 
runoff. Above-average air temperatures, especially in January 2007, did not 
make the creation of usual amount of snow storages possible and represented 
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the cause of markedly above-average runoff in this month. Year 2008 was 
from the character of winter and spring runoff point of view much closer to an 
average. Because of the fact that last two winter periods were in term of snow 
storages below the average and therefore inconvenient to detailed analyses 
and qualified conclusions the thorough field survey and monitoring of snow 
cover and its evolution dynamics in following snow period, especially during 
the process of snow melting in spring months, is considered to be continuing. 
In following years remote sensing methods for snow cover estimation is 
planned to be used. 

The above described facts are the most important aspects that are 
necessary to be taken into account within the process of calculating the total 
water volume retained in snow storages. It is needed to consider the fact that 
on the base of data from CHMI climatic stations it is not possible to assess the 
real state of snow conditions in the study catchment in order to determinate 
the most accurate prognosis of runoff from snow cover. Partial analyses of 
correlation between a snow cover height, respectively SWE and altitude 
together with other physical-geographic factors acknowledge our hypothesis 
that spatial distribution of a snow cover including all its parameters is very 
variable, especially in mountainous basins. 

4. Conclusions 

All of the issues related to various possibilities and measures leading to 
river headstream areas retention capacity increase should be discussed by 
experts in various fields taking into account objectives and priorities of 
a regional and local significance (Bucek, 1998; Knapp, 2000; Kolejka, 2003). 
Such a discussion could result for example in the introduction of suitable 
landscape elements or gradual modification of land use in areas playing 
various roles within the flood control (Kovar, Sklenicka, Kfovak, 2002). 
However, this cannot be applied to national nature reserves that should be 
left free of any human interventions. 

Present outcomes from automatic water level gauges installed in the study 
basin of upper Otava River persuade us of the fact that data measured this 
way make it possible to assess peat bogs hydrological function very in detail. 
Especially comparison of those parts of catchment where revitalizing 
measures took place, respectively other parts where ameliorative 
adjustments of mountainous peat bogs were implemented in the last 70s, 
needs to be carried out. Continual records of water level and corresponding 
discharge values offer an extraordinary database for detailed analyses of flood 
waves ascending and descending phases, respectively for assessment of peat 
bogs and peat forming soils influence on runoff process during dry periods. 
Qualified conclusions from field survey can be formulated after analyses of 
longer data time series. Nevertheless, partial outcomes from present studies 
quite conclusively present more distinct runoff variability in profiles closing 
catchments with very significant peat land proportion mainly with respect to 
higher frequency of peak flows. Negative effect of peat bog localities on river 
headstream area hydrological regime was confirmed by thorough study and 
comparison of runoff reaction to causal rainfall totals in experimental 
catchments as well. Longer reaction interval adverting to more Significant 
causal rainfall amount retention in the catchment was determined in the case 
of the catchment with less peat land proportion. 
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The problem of peat bogs hydrological function depends on a number of 
factors, especially on its type, health state, rate of anthropogenic impact, etc. 
The assessment of peat land hydrological regime and considering the 
influence of chosen physical-geographic factors is currently being carried out. 
At present the determination of peat bog revitalizing measures influence on 
their runoff regime is in process. The peat land influence on hydrological 
regime is being considered also with respect to the ionic content and carbon 
and oxygen isotopes balance of water in periods of low or high discharges. 
First results support above mentioned claims and outcomes. In addition to 
considering dyking of former drainage channels and focusing on recovery of 
vegetation health state having a positive influence on retention capability in 
a catchment the possible former accumulation reservoirs (used for wood 
floating in the past) restoration with potential function as dry polders is in the 
process of evaluating (Jansky 2006; Jansky, Kocum 2008). Using complex 
system of hydrological models with semi-distributed approach the simulation 
of runoff process and the assessment of the effectiveness of these reservoirs 
could be made. Implementation of such unforceable measures could 
contribute to reduction of peak flows and to increase of water resources 
during extreme droughts in future. In addition, the running of mentioned 
profiles with installed automatic gauges within the flood warning system in 
cooperation with CHMI is cogitated. 

Partial results from the snow conditions survey in representative 
subcatchments confirmed the existence of a considerable variability in the amount 
of accumulated snow storage not just in relation to an altitude but also to 
a vegetation cover and other factors. Along with this fact, acquired data in the 
form of graphical outcomes prove very significant variability of snow storages on 
different localities of a similar altitude and character which gives an evidence 
about a high complexity of the snow cover accumulation process and its significant 
dependance on a number of physical-geographic factors. The above described facts 
represent the most important aspects that are necessary to be taken into account 
within the calculating of the total water volume retained in snow storages. 
Detailed field survey and monitoring of snow conditions including remote sensing 
methods are planned to be continuing during the next winter period. 
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Shrnuti 

VLIV RASELINI8T NA ODTOKOvY PROCES: PR!PADOVA STUDIE POVOD! VYDRY 
A KREMELNE NA 8UMAvE (JIHOzApADN! CESKO) 

V souvislosti s vjskytem katastrofalnich povodni v povodi Odry a Moravy v roce 1997 
a v povodi Labe v letech 2002 a 2006 se objevuje nalehava potfoeba feseni sirokeho komplexu 
otazek protipovodnove ochrany, a to nejen klasickYmi imenYrskYmi metodami, ale 
i netradicnimi postupy. V popfedi z8jmu spolecnosti se objevuje nova strategie ochrany pfed 
povodnemi zamefena na postupne zvysovani retencni kapacity povodi vcetne jeho 
pramennych oblasti. Vsechny otazky souvisejici s rozmanitYmi moznostmi a opatfoenimi 
k dosaZeni tohoto cile by mely bYt posouzeny na zaklade kvaliflkovane diskuze odborni'ku 
rUzneho zamefeni vzhledem k cilum a prioritam, ktere maji vjznam nadregionalni, mistni 
Ci lokalni (napf. Bucek 1998, Knapp 2000, Kolejka 2003). Pfirozeny odtokovj proces je 
ovliviiovan clovekem jiz u sameho jeho zrodu, tedy v pramennych oblastech toku, kde lze 
realizovat cetne postupy souvisejici se zpomalovanim odtoku a zvysovanim retence vody 
v uzemi (Jansky 2006; Jansky, Kocum 2008). 

Pro zvjseni retencniho potencialu zdrojovjch casU povodi je tfeba podrobne analyzovat 
hydrologickou funkci horskych vrchovisf spoCivajici v detailnim porovnani odtokovjch 
rezimu v povodich s rozdilnYm stupnem zraselineni a kvalifIkovane posoudit vjznam 
opatfoeni souvisejicich s hrazenim puvodnich melioracnich kanalu. VEtlmi dobre podminky 
ero realizaci tohoto vjzkumu poskytuji povodi Vydry a Kfemelne na Sumave (jihozapadni 
Cesko), kde byly instalovany automaticke ultrazvukove a tlakove hladinomery a klimaticke 
stanice s telemetrickYm pfenosem dat (obr. 3). Otazka vlivu raselinisf na odtokovj proces, 
pfedevSim pak vlivu revitalizacnich opatfeni raselinistnich lokalit na hydrologicky rezim 
toku, ktere je odvodnuji, neni pfes fadu tuzemskych i zahranicnich projektu a mnohe spory 
vedene v odbornych kruzich doposud uspokojive vyfesena. Tzv. "houbova teorie", ktera byla 
v domaci i svetove literature uznavana pfiblizne do 60. let 20. stoleti, pfedpokladala, ze 
raseliniste zadrzuji vodu pfi vysokych srazkach (povodnovjch prutocich) a naopak v obdobi 
sucha prutoky nadlepsuji a podileji se tak na vyrovnavani odtoku. Od 70. let 20. stol. se 
objevuji prace, ktere retencni funkci raselinisf zpochybnuji a za jedinou moznost zvjseni 
jejich retencni kapacity doporucuji snizeni hladiny podzemni vody pOUloci odvodneni. Tyto 
melioracni zasahy byly pote provedeny v fade horskych oblasti Ceska. Problematika 
odvodneni, resp. hrazeni puvodnich melioracnich kanalu odvodnujicich raseliniste, se od te 
doby stala podnetem pro siroke diskuse v ramci zahranicni i tuzemske odborne literatury 
(Holden et al. 2004). 

Na podklade dosavadnich vjsledku, graflckych vjstupu i statistickych analyz, lze 
usoudit, ze variabilita odtoku je vyssi v pnpade profilu uzavirajicich povodi s vjznamnYm 
podI1em zraselinelych a raselinistnich pud nez zaverovjch profilu povodi s minimalnim 
zraselinenim. Fakt, ze existence raselinisf rna negativni vliv na odtokovj proces, zvlaste 
behem extremnich hydrologickych situaci jako jsou povodne a obdobi sucha, byl dokazan 
jednak detailni statistickou analyzou prUmernych dennich a mesicnich prutoku ve statnich 
profilech Vydra-Modrava a Kfemelna-Stodulky (obr. 1, 2 a tab. 1), a jednak porovnanim 
odpovidajicich si vzestupnych a poklesovjch fazi odtoku v experimentalnich profilech 
s rUznYm stupnem zraselineni (obr. 4). Variabilita odtoku je pfitom krome absolutni 
hodnoty kulminace definovana pfedevsim cetnosti vjskytu kulminacnich prutoku. Rozdilna 
vodnost toku ve sledovanych profilech je zohlednena pouzitim pomeru QlQp' pficeffiZ Q je 
okaffiZity desetiminutovj prutok a Qp' je aritmeticky prumer z fady desetiminutovjch 
prutoku za cele sledovane obdobi. PodrobnYm rozboremjednotlivjch fazi odtoku, konkretne 
analyzou reakce odtoku na pncinnou srazku (doba mezi vjskytem max. desetiminutoveho 
uhrnu srazek a odpovidajicim kulminacnim prutokem) behem nekolika srazkovjch situaci 
v ramci sledovaneho obdobi, bylo zjisteno vjznamnejsi zpoZdeni kulminace odtoku a tedy 
vyssi schopnost retence vody v povodi s yfrazne nizsim zastoupenim raselinisf. Podobnych 
vjsledku bylo dosazeno pfi analyze pncinnych srazek a odtokove odezvy u nekolika epizod 
povodnovjch prutoku ve tfech dilCich experimentalnich povodich - Rokytky, Ptacrno potoka 
a Cerneho potoka (obr. 5 a 7). Extremita odtoku byla i zde pnmo zavisla na stupni 
zraselineni daneho povodi. Hydrologicky monitoring v modelovjch povodich je doplnen 
i sledovanim iontove bilance raselinisf vcetne bilance uhliku a izotopu kysliku za ucelem 
detailni separace jednotkoveho hydrogramu pomoci aniontove deficience. 

DwezitYm fenomenem tvorby odtoku v pramennych oblastech ceskych toku je v celkove 
rocni bilanci sez6nni snehova pokrYvka, ktera pfedstavuje v prostoru a case pomerne tezko 
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kvantifikovatelny prvek. Charakter jejilio vYskytu se vyznacuje vysokou mirou casove 
a prostorove variability (obr. 8). Snehomerna pozorovani v experimentalnich povodich 
potvrdila existenci vYznamneho rozdHu v mnozstvi akumulovaneho snehu nejen 
v zavislosti na nadmorske vYsce, ale rovnez na vegetacnim pokryvu, zejmena mezi 
otevtenYmi plochami a lesem. Jedna se 0 okolnost, kterou lze jen obtizne postihnout 
pouzitim vYsledku mereni provadenych hezne na meteorologickych stanicich. Zaroven byla 
dokazana i velmi ryrazna variabilita v mnozstvi snehu na roznych stanovistich obdobneho 
charakteru ve srovnatelne nadmorske vYsce, coz svedci 0 znacne slozitosti procesu 
akumulace snehove pokryvky a jejim vYznamnem ovlivneni znacnYm mnozstvim faktoro. 
Z analyzy odtoku v promu Rokytka-pod Rokyteckou slati vyplYva, ze hydrologicky rok 2007 
byl z hlediska vYskytu a mnozstvi snehove pokryvky znacne specificky, stejne jako odtok 
z nasledneho jarnilio tani. Nadpromerne teploty vzduchu zejmena v lednu 2007 neumoznily 
tvorbu obvykleho mnozstvi zasob snehu a byly pticinou ryrazne nadprumerneho odtoku 
v tomto mesfci. Rok 2008 se z pohledu chodu odtoku hehem zimmno ajarnilio obdobi daleko 
vice bHzil promernemu stavu. Vysledky snehovYch kampani by mely ryrazne pomoci pti 
zpresneni odhadu zasob vody vyskytujicich se ve snehove pokryvce a pro nasledne simulace 
odtoku z nf za licelem precizace hydrologickych predpovedi. 

Obr. 1 - Lokalizace povodi Vydry a Ki'emelne se statnimi profily CHMU 
a experimentalnfch povodi s instalovanYmi automatickYmi hladinomernYmi 
a srazkomernYmi zatizenimi v ramci pramenne oblasti Otavy (zaverovY prom 
Otava;-Rejstejn). V legende shora: hladinomer PtF UK, limnigraficka stanice 
CHMU, srazkomer PtF UK, sidlo, vodnf tok, hranice hlavniho povodi, hranice 
experimentalniho povodi. 

Obr. 2 - Dlouhodobe promerne dennf (Qd) a mesicnf protoky (Qm) v promech 
Vydra-Modrava a Ki'emelna-StodUlky v obdobi 1.11.1999-31.10.2006 Osa 
x - mesice, osa y - protok (m3.s-1). 

Obr. 3 - Vystup z automatickeho ultrazvukoveho hladinomeru a clunkoveho srazkomeru 
- reakce odtoku na pticinnou srazku v promu Rokytka (pramenna oblast Vydry) 
v obdobi 1.10.2006-20.5.2007 (v obdobi 1.1.2007-28.3.2007 byl srazkomer 
z technickych duvodu mimo provoz). Osa y vlevo -lihrn srazek (mm), osa y vpravo 
- protok (m3 .S-l). 

Obr. 4 - Porovnani variability odtoku ve dvou experimentalnich povodich s rozdHnYm 
stupnem zraselineni (Rokytka, Ptaci potok) v obdobi 1.8.2006-31.5.2007. Osa 
y-QlQ. 

Obr. 5 - KoHsani hladiny toku ve trech modelovYch povodich s rozdilnYm stupnem 
zraselinenf hehem extremni povodnove situace v breznu 2008. Osa y - vodni stav 
(mm). 

Obr. 6 - Konzumpcnf ktivka v promu Rokytka. Osa x - protok (m3.s-1), axis y - vodni stav 
(mm). 

Obr. 7 - Desetiminutove protoky ve dvou modelovYch povodich s odlisnYm stupnem 
zraselinenf behem extremni povodnove udalosti v breznu 2008 (vysoce zraselinene 
povodi je reprezentovano povodim Rokytky). Osa y - protok (m3.s-1). 

Obr. 8 - Prostorove rozlozenf vYsky snehove pokryvky (nahore, v cm) a vodnf hodnoty snehu 
(v mm) v povodi PtaCiflo potoka dne 13.2.2007 (autor: Michal Jenicek). Homi 
mapa: v legende shora: vYska snehove pokryvky v povodi Ptacilio potoka, vodni 
tok, vrstevnice po 5 m, hranice povodi, vYska snehove pokryvky (cm). Dolnf mapa, 
v legende shora: vodni hodnota snehu v povodi Ptacilio potoka, vodni tok, 
vrs~vnice po 5 m, hranice povodi, vodni hodnota snehu (mm). Data: Databaze 
DMU25 Vojensky geograficky, a hydrometeorologicky urad 
(http://geoportal.cenia.cz), DIBAVOD (VUV T.G.M.). SouradnicovY system: 
S-JTSK 
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GEOGRAFIE - SBORNIK CESKE GEOGRAFICKE SPOLECNOSTI 
ROK 2008 • CISLO 4 • ROCNIK 113 

PIOTRMIGON 

MAIN FEATURES OF GEOMORPHOLOGY OF THE SUDETES 
RE·ASSESSED IN THE LIGHT OF DIGITAL ELEVATION 

MODEL 

P. Mig 0 Ii: Main features of geomorphology of the Sudetes re-assessed in the light of 
digital elevation model. - Geografie-Sbornfk CGS, 113, 4, pp. 400-416 (2008). - The 
Sudetes as a geomorphological region are distinguished by complicated spatial pattern of 
high- and low-altitude terrains and variable mean slope gradients across the range. Several 
conceptual models have been proposed to account for this variability, emphasizing the 
significance of planation surfaces, intramontane basins, climate-controlled landform 
generations, or differential uplift and subsidence. An analysis of a digital elevation model 
and maps derived from the model have allowed for re-assessment of some of those 
hypotheses and concepts. It confirms that differential tectonics explains best the 
morphological layout of the Sudetes, but its effects are superimposed on a variety of rock 
- landform relationships. Neither the model emphasizing the occurrence of tiered levels of 
relict planation surfaces, nor one assuming the widespread existence of distinctive 
landforms of tropical morphogenesis find support in the light of region-wide DEM analysis. 
The general landform pattern of the western part of the Sudetes differs from the one in the 
eastern part, the difference being the abundance of intramontane basins in the former. 
KEY WORDS: mountain geomorphology - DEM - geodynamics - the Sudetes. 

Introduction 

The Sudetes (Fig. 1) constitute the north-eastern rim of the Bohemian 
Massif and attain the highest elevation (1,603 m a.s.l.) within it, surpassing 
the other marginal mountain ranges of Krusne hory Mts. and Sumava Mts. 
by 150-350 m. They are also distinguished by their internal differentiation 
into a number of separate geomorphological units, rising to contrasting 
altitudes and very much different from each other in terms of landform 
inventories and morphometric parameters of relief. For example, a high
altitude plateau of vast extent which typifies Krusne hory Mts. and continues 
uninterrupted for many kilometres along the main water divide is missing in 
the Sudetes. On the other hand, deep intramontane baSins, often elongated or 
rhomboidal in outline, are a very specific feature of geomorphology of the 
Sudetes, which hardly has an equivalent in other mountain terrains of the 
Bohemian Massif. Differences in height between the basin floors and summit 
surfaces of the surrounding ranges not uncommonly approach 1 000 m, which 
almost equals the relative relief of the Sudetes as a whole, as related to the 
lowlands to the north and south of the mountains. 

Numerous attempts have been made to explain this peculiar large-scale 
geomorphology and to decipher the long-term evolution of landscape of the 
Sudetes. Several conceptual models have been presented by Polish (Jahn 
1953, 1980; Klimaszewski 1958; Walczak 1968) and Czech researchers 
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High : 1600 m a.s.1. - - - - lstorder 

- • - • - •• 2nd order 
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Fig. 1 - General hypsometry of the Sudetes, generated from the digital elevation model 

(Czudek, Demek 1970; Kopecky 1972; Demek 1975,1982), although the latter 
were devised for the Bohemian Massif as a whole, and these provided 
a framework adopted by subsequent workers in detailed studies in specific 
parts of the Sudetes. However, limited trans-boundary cooperation existed 
until the early 1990s and particular geomorphic models have been proposed 
using the evidence from either Polish or Czech side of the Sudetes, but hardly 
from both sides of the state border at the same time. 

In the last 20 years or so an interest in gross geomorphology of the Sudetes 
diminished, as reflected in the decreasing number of publications addressing 
the issues of general geomorphology and the long-term landform evolution. 
Research efforts have been shifted to medium and minor landforms such as 
structural landforms or the geomorphic legacy of cold climate conditions, to 
small-scale indicators of neotectonics, or to detailed studies of late 
Quaternary history, chiefly of mountain glaciation. Perhaps the growing 
realization of insufficient database, subjectivity and over-reliance of the 
validity of initial assumptions have all contributed to this declining interest 
in region-wide geomorphology (see Migon 1998). However, progress in 
research on Cainozoic deposits around the Sudetes and the advent of digital 
elevation models allows for the return to the 'classic' subject and for re
visiting of certain concepts and models. This paper aims to offer a new look at 
the gross pattern oflandforms within the Sudetes, using mainly the results of 
recent studies of a digital elevation model built for the entire Sudetes, across 
the state boundary. As a result ofthis exercise, a few well-embedded concepts 
of long-term landform evolution have been challenged. At the same time it 
needs to be emphasized that the approach presented here is insufficient to 
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fully explain the origin of the landforms considered, although the role of 
differential tectonics appears more than likely. Likewise, it is beyond any 
DEM-based study to arrive at an adequate chronological framework. 
Inevitably, therefore, this paper will leave several questions unanswered and 
may be used as a starting point for future research. 

Previous concepts 

For long, the gross geomorphology of the Sudetes has been considered a key 
to the recognition of an evolutionary pathway this mountain range has 
followed in the Cainozoic, after the last phase of widespread sedimentation in 
the Late Cretaceous came to an end. Unfortunately, these conceptual models 
were based on a rather intuitive identification of major landforms and 
landscape facets, hardly supplemented by a more objective morphometric 
analysis. 

Since the interest in the general geomorphology of the Sudetes had been 
rather limited among the German researchers in the pre-1945 period, the first 
major conceptual model for the northern part of the area was developed only 
in the 1950s and early 1960s. It is best described as 'cyclic', as the major 
emphasis was on the repetition of periods of uplift and periods of stability 
(Klimaszewski 1958, Walczak 1968), hence clearly in line with the dominant 
paradigm in the world geomorphology at that time (cf. King 1953). The 
geomorphological legacy of the upliftistability cycles should have been relicts 
of planation surfaces of different ages at different altitudes. According to the 
model, a relict Palaeogene surface exists along the water divides, whereas 
younger, Miocene and Pliocene surfaces occur at lower altitudes. Indeed, 
tiered planation surfaces were claimed to be present in all geomorphic units 
in the Polish Sudetes. They were deemed to be the most important landscape 
facets of the Sudetes, which can be identified in each morphotectonic unit and 
correlated across the entire range. 

A different approach was presented by Jahn (1980), who highlighted the 
role of changing climates throughout the Cainozoic and saw their legacy in 
the occurrence of a distinctive generation of palaeo-tropical landforms in the 
Sudetes. Although he continued to interpret the Sudetes in terms of 
progressive development of 'relief horizons' (= equivalents of planation 
surfaces from the earlier model, but evidently of higher relief), the emphasis 
shifted towards geomorphic features which were considered consistent with 
tropical relief of the present-day. Among them, intermontane basins acquired 
the major importance and were explained as products of concentrated deep 
weathering (etching) in initial topographic depressions. A notable comment 
was offered in this context: 'The Sudetic basins being the most important 
forms in the morphology of the mountains were formed in intertropical 
conditions. Their dependence on tectonics and lithology is indirect' (Jahn 
1980: 21; italics from the present author). Step-like long profiles of rivers, tors 
and shield inselbergs, and sandstone plateaux would have been further 
geomorphic features inherited from Palaeogene to Miocene times and 
contemporaneous tropical and subtropical climates. Likewise, Czudek (1977) 
related to the concept of relief generations as advocated by J. Biidel and 
interpreted the watershed plains of Nizky Jesenik Mts. as mid-Cainozoic 
basal surfaces of weathering (etchsurfaces), inherited from warm and humid 
morphoclimatic conditions. 
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Rather surprisingly, neither the proponents of the cyclic model of the 
1950s and 1960s nor Jahn later, attempted to decipher the morphotectonic 
structure of the Sudetes. Differential tectonics in the Tertiary was invoked by 
Klimaszewski (1958) and Walczak (1968), but no details were given and its 
spatial pattern remained unclear. This apparent neglect of endogenic factors 
stayed at odds with the parallel approach to the geomorphology of the Sudetes 
among the Czech researchers. Kopecky (1972) and then Demek (1975) 
strongly emphasized unequal uplift of the Sudetes towards the end of the 
Tertiary and correlated the most elevated mountain ranges with the most 
uplifted blocks. The view of Kopecky (1972, 1986), who argued for fold-like 
deformation of the Palaeogene surface and its survival almost intact, was 
heavily criticised (Ivan 1990) and largely abandoned. However, the concept by 
Demek (1975), in which fragmentation of the Sudetes into separate blocks, 
up- and down-faulted, is a key ingredient, has been adopted as a general 
framework to analyse the geomorphology of the Sudetes, although 'mega
folding' is not completely ruled out, particularly with regard to the southern 
foreland of the mountains (Demek 2004). 

Somewhat parallel, an inquiry into the nature of the early Tertiary to 
Miocene surfaces followed. In their seminal paper, Czudek and Demek (1970) 
demolished the idea of 'peneplain' survival in the Bohemian Massif, including 
the Sudetes, arguing for the existence of an etchplain instead. Relicts of 
a surface moulded by deep weathering in the Tertiary and subsequent 
stripping have been described from the rolling to hilly terrain of vNizky 
Jesem'k Mts. (Czudek 1977, 1995), the granite inselberg area around Zulova 
in the Sudetic Foreland (Demek 1976), numerous parts of the Sudetic 
Foreland in Poland (Migon 1997), and their more problematic counterparts 
from the more elevated massifs, including the summit parts of Krkonose Mts. 
(see Migon, Pilous 2007). 

Back to the geomorphic research in Poland, studies carried out in the 
1990s largely disassociated from the former views and interpreted several 
individual mountain massifs as block-faulted terrain units, broken into 
arrays of tectonic steps and half-grabens (Migon 1991; Krzyszkowski, Pijet 
1993; Migon, Potocki 1996; Sroka 1997). A similar line ofinquiry was followed 
by Ivan (1997, 1999). Results of morpho tectonic analysis from these different 
massifs, taken together, have strongly suggested that the Sudetes are indeed 
a horst-and-graben type of relief, thus confirming the rather general view by 
Demek (1975), but remained to be integrated range-wide. 

The very last developments concern the re-assessment of the role of 
lithology and variable rock resistance as factors contributing to the 
geomorphological diversity of the Sudetes. An independent evaluation of rock 
resistance, based on measurements of rock strength of representative rock 
complexes, indicates clearly that many facets of the present-day geomorphic 
landscape of the Sudetes may be satisfactorily explained by rock resistance 
contrasts but these seem to be subordinate to the more general relief pattern 
(Placek, Migon 2007, Placek 2007). 

Digital Elevation Model 

Geomorphometric studies have long been considered as an important 
component of geomorphology, its main advantage being the ability to show 
landforms more objectively, via different primary and derived morphometric 
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characteristics, and to pursue comparative analysis. Digital Elevation Models 
(DEM) are now standard tools in geomorphological research but their use in 
the Sudetes has been limited so far. One of the early examples was the 
geomorphological analysis of Luzicke hory Mts. by Chvatalova (2000). Badura 
and Przybylski (2005) analysed shaded 3-D relief models of the Sudetes 
derived from a 1:50,000 DEM and highlighted several intriguing features of 
highly problematic origin, including possible meteoritic impacts (Przybylski, 
Badura 2004). In another study, the 3-D images assisted the morphotectonic 
analysis of the mountain front related to the Sudetic Marginal (Boundary) 
Fault (Badura et al. 2003), and later to delimit triangular facets along the 
mountain front (Badura et al. 2007). Likewise, Wojewoda (2007) employed 
DEM analysis in the morphotectonic studies of the central part of the Middle 
Sudetes. However, until recently DEMs have not been used to analyse the 
Sudetes as a whole, except for a recently published study of the distribution 
of low-gradient surfaces (Placek et al. 2007). This is in contrast to the wide 
use of DEMs in geomorphological studies elsewhere, where they proved 
extremely helpful in highlighting landscape features previously unaccounted 
for (e.g. Kuhlemann et al. 2005, Miliaresis 2006) or in supporting comparable 
quantitative analysis of large-scale landforms (e.g. Matmon et al. 2002). 

Re-assessment of the large-scale morphology of the Sudetes offered in this 
paper is based on a DEM purposefully created in the Department of 
Geography and Regional Development, UniverSity ofWroclaw1• The scale and 
spatial resolution were dictated by the aims of the study and the intention to 
identify landform patterns which would be significant regionally rather than 
locally. For the Polish side of the Sudetes, the DEM has been generated using 
the ArcMap software, from analogue topographic maps in 1:25,000 scale using 
manual vectorization method. The contour lines, with 25 m spacing, 
important elevation points and all drainage lines have been digitized. 
Subsequently, vectors were interpolated by the Topo-to-Raster tool to create 
a 50 m resolution raster. Then, the model has been supplemented for the 
Czech and German side by data from the DTED (Digital Terrain Elevation 
Data), available in 30 m resolution. The resolution and geographic coordinate 
system have been standardized and both models have been merged. The 
50 m resolution and 25 m contour line have been chosen as sufficient and 
appropriate for further analysis at a regional scale. Gradient maps have been 
derived automatically, using the Spatial Analyst procedure (Surface Analysis 
tool in ArcGIS). 

Main features of relief 

Although geographical and geomorphological regionalization traditionally 
divides the Sudetes into a great number of smaller units and subunits 
(Czudek et al. 1972; Gilewska 1991; Kondracki 1994; Balatka, Kalvoda 2006), 
the regional DEM suggests a basic, bipartite division ofthe north-eastern rim 
of the Bohemian Massif. The western part includes an area from the Labe 
River in the west, through Luzicke hory Mts., Krkonose - Jizerske hory block 

1 DEM for the Sudetes was prepared by Wieslawa Zyszkowska and Agnieszka Placek, 
within a project "Main features of geomorphology of the Sudetes in the light of 
geomorphometry and rock resistance, using GIS", coordinated by the present author and 
supported by the Ministry of Science and Higher Education through a research grant no. 
3 P04E 021 23. 
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into the middle part of the range, as far as the mountain front separating the 
Nysa Graben and Kralicky Sneznik Mts. (Fig. 1). The eastern part includes 
the Kralicky Sneznik Mts., Hruby Jesenik Mts., and continues to the 
Moravska brana Gate. The main differences between these two major units 
are the general style of relief and the percentage of low-altitude terrain 
within and around the most elevated blocks. 

The West Sudetes (in the sense of the subdivision introduced above) are 
composed of a number of isolated elevated massifs of different size, separated 
by basins and intramontane troughs. The Krkonose - Jizerske hory Massif 
and the massif of Orlicke hory Mts. - Bystrzyckie Mts. stand out as the 
largest, compact blocks of roughly rectangular shape (Fig. 1). Evident 
mountain fronts provide geomorphic boundaries to these units, particularly 
on the northern side of the former and the eastern side of the latter. Across 
these lines, altitudes decrease from 900-1,100 m a.s.l. to as low as 
350-450 m a.s.l. The respective southern and western boundaries of these two 
massifs are less clear, but associated with long stretches of deeply incised 
valleys, largely absent on the opposite sides. Several other massifs in the 
West Sudetes rise to 900-1,000 m a.s.l., but their spatial extent is much 
smaller and the outline less regular. A very specific and unique type of 
geomorphology is presented by the Luzicke hory Mts. in the extreme west. 
Here, the relief is dominated by isolated hills and their clusters rising above 
the surroundings by as much as 300-400 m. 

In between the elevated massifs numerous basins of different size occur. 
The largest of them is located in the eastern part oJ the unit. Traditionally, 
Kladska kotlina Basin, the Nysa Graben, and the Scinawka Depression are 
distinguished here, but the relief map shows that they merge into one major 
topographic depression of triangular shape, pointing towards NE. In the 
western direction, more basins can be identified, including the distinctive 
rhomboidal Jelenia G6ra Basin and the triangular Liberec Basin. However, 
other basins, such as the low-lying terrain around Kamienna G6ra, are highly 
irregular in outline. Finally, the West Sudetes distinguish themselves by 
a wide belt of marginal uplands at 300-500 m a.s.l., particularly in the NW 
part. It is only the NE part where, along the mountain front related to the 
Sudetic Marginal Fault, the mountainous terrain of the Sowie Mts. falls down 
steeply to the Sudetic Foreland. In the remaining area the very location of the 
boundary of the Sudetes as geomorphological unit is problematic and 
somewhat arbitrary. 

The geomorphological style of the East Sudetes (again, in the sense of the 
above subdivision) is very much different. Intramontane basins, which are so 
abundant in the west, largely disappear and those very few which exist (e.g. 
triangular basin around the town of Jesenik) are less distinctive. 
Consequently, the elevated terrain is much more close together and the 
passes separating individual massifs are located above 700 m a.s.l. At the 
same time, all these massifs are considerably dissected, with individual 
valleys reaching far into the cores of the mountains (e.g. in Kralicky Sneznik 
Mts. and along the eastern side of Hruby Jesenik Mts.). Major topographic 
boundaries appear to strike N-S to NNE-SSW and delimit rectangular 
blocks. 

Nizky Jesenik Mts. represents a geomorphological landscape in its own, 
without parallels elsewhere in the Sudetes. It is typified by an extensive, 
gently rolling plateau rising to 600-800 m a.s.l. Fluvial dissection does occur 
and clearly proceeds from the topographic margins of the area inward, but so 
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High : 1600 m a.s.1. 

Low : 27 

Fig. 2 - Main geological boundaries within the Sudetes superimposed onto the digital 
elevation model. The thick line indicates the boundary between the West Sudetic and East 
Sudetic terranes (after Zelazniewicz 2005), broken lines mean an onlapping cover of 
Cainozoic sediments. Only major geological units are explained. LM - Lausitz Massif, KIM 
- Karkonosze-Izera Metamorphic Massif, KG - Karkonosze-Izera Granite Massif, NT -
North-Sudetic Trough, KM - Kaczawa Metamorphic Unit, IT - Intra-Sudetic Trough, SM 
- Sowie, Mts. Massif, OM - Orlica Metamorphic Unit, UNG - Upper Nysa Graben, LSM -
Llldek-Snieznik Metamorphic Units, ESS - East Sudetic sedimentary Fold-and-thrust Belt. 

far it failed to transform the plateau into a ridge-and-valley topography. 
Another feature of the East Sudetes is the rather limited extent of low
altitude (<400 m a.s.l.) uplands and foothills. 

Interestingly, the above subdivision into two major units mirrors the 
general geological subdivision of the Sudetes, although the boundary between 
the two compartments is not identical (Fig. 2). The geological boundary 
between the West and East Sudetes, made by the Stare Mesto Zone, is located 
more to the east (2elazniewicz 2005) and goes through the mountainous 
terrain. Several SSW-NNE trending valleys roughly follow this structural 
line, but overall this important geological boundary is poorly revealed in the 
regional morphology and crosses water divides in many sections. Likewise, 
the prolongation of this zone in the northern foreland of the Sudetes does not 
correspond with any general change in morphology. 

In addition to the division of the Sudetes as presented above, the existence 
offurther morphological entities oflower order may be inferred from the relief 
and altitude map (Fig. 1). The West Sudetes appear to have a higher, inner 
part and a lower, outer part, facing the Silesian and Lusatian Lowland. Within 
the former, the proportion of high-altitude terrain is much higher, whereas in 
the latter it is only the Sowie Mts. where elevation exceeds 1,000 m a.s.l., and 
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Fig, 3 - Spatial distribution of low-gradient slopes in the Sudetes and their surroundings, 
Mean slope angle calculated for 50x50 m squares, 

even this only by 15 m, The dividing line may be traced along the western 
shoulder ofthe Nysa Graben, north-eastern scarp of the Cretaceous sandstone 
plateau (Stolove hory Hill country and Broumovske steny Hill country), into 
the Kamienna G6ra Basin, along the northern margin of the Krkonose -
Jizerske hory Massif and towards the western tip of Jested, Most of large 
intramontane troughs and depressions occur east and north of this line. 

The East Sudetes in turn can be further subdivided into a major high in the 
north-west and an extensive low in the south-east, The boundary between the 
two runs roughly SW-NE, along the eastern footslope of Hruby Jesenik Mts, 
and Zlatohorska vrchovina Hill country, 

High-gradient and low-gradient areas 

The potential of slope gradient maps in geomorphology is manifold, In the 
context of the large-scale geomorphology of the Sudetes, they have been used 
mainly to delimit objectively the extent oflandforms which have been claimed 
highly significant for the entire area: planation surfaces and fault-generated 
escarpments. 

The problem of the so-called planation surfaces in the Sudetes has been 
discussed at length elsewhere (Placek et al. 2007), Hence, only a summary of 
the main findings is presented here. Perhaps the most important observation 
derived from a partial map of slope gradients within the range 0_5 0 (Fig. 3) is 
the very limited extent of low-gradient surfaces at high elevation. Their 
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Fig_ 4 - Spatial distribution of high-gradient slopes in the Sudetes and their surroundings_ 
Mean slope angle calculated for 50x50 m squares, 

absence is particularly pronounced in the most elevated part of the East 
Sudetes, from Kralicky Sneznik Mts. in the west to the Hruby Jesenik Mts. In 
the West Sudetes the extent of 0-2° surfaces within the high altitude terrain is 
also small, but if the 0--5° is considered, then certain areas begin to show up. 
These include the Jizerske hory Mts., Stolove hory Hill country and, especially, 
Bystrzyckie Mts. Rather surprisingly, at the resolution of the DEM used, the 
visually impressive summit plains of Krkonose Mts. almost fail to be revealed. 

By contrast, low-gradient surfaces appear distinctively at low elevations, 
within intramontane basins, along some of the major rivers, and across 
marginal uplands. Altogether, they occupy c. 15 per cent of the Sudetes. The 
most extensive area of their occurrence is in the north-west. However, this is 
also the least elevated part ofthe Sudetes, with indistinct northern boundary, 
which has been the area of net deposition rather than erosion since the 
Miocene. Therefore, much of the observed flatness of the terrain is due to 
deposition of fluvial , lacustrine, glacial and outwash sediments, and less 
because of long-term denudation of the solid rock. Further areas with 
widespread occurrence of low-gradient watershed surfaces are the 
transitional uplands between the Krkonose - Jizerske hory Massif and the 
Bohemian Cretaceous Basin, although these level terrain units are s~parated 
by deeply incised valleys of various tributaries of Jizera, Labe, Upa and 
Orlice, and the upland of Nizky Jesenik Mts. The latter constitutes the most 
extensive area of low gradient in watershed position in the entire Sudetes. 

Steep slopes (>15°) occur in different parts of the Sudetes, but with varying 
abundance (Fig. 4). To some extent, the >15° gradient map is a negative image 
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of the 0_50 map, in the sense that the Krkonose Mts. and the area from 
Kralicky Sneznik Mts. in the west to the Hruby Jesenik Mts. in the east are 
revealed as belonging mostly to this class of slope gradient. Hence, in the 
Sudetes the highest altitudes coincide with the steepest average gradients. 
A few smaller areas scattered across the Sudetes show up in a similar way 
(e.g. Jestedsky hfbet Ridge, Kamienne Mts. and Sowie Mts.). 

Another distinctive spatial pattern of steep slopes is that of rather narrow 
elongated zones, which in some instances can be traced over tens of 
kilometres. These indicate two different landscape elements. Some are 
sinuous escarpments supported by gently dipping sedimentary rocks and are 
best seen in the central part of the Sudetes. Others are associated with 
plateau margins and are steep segments connecting the plateaux with the 
floors of intra montane basins. The northern margin of Jizerske hory Mts. and 
the western boundary of the Nysa Graben provide instructive examples. 
Interestingly, the north-eastern mountain front associated with the Sudetic 
Marginal Fault is not as evident on the gradient map as might be expected. 
In particular, the visibility of its north-western sector is very poor, indicating 
a much subdued escarpment and hence, probably little ongoing uplift. This, 
however, stands in contrast to the very low sinuosity (Krzyszkowski et al. 
1995; Badura et al. 2003, 2007), typically taken as a proxy of very active 
tectonics along the mountain front (Bull, McFadden 1977). 

Yet another setting in which considerable gradients occur is along fluvial 
valleys incised into the plateaux or sloping surfaces. These are most evident 
in the Czech part of the Sudetes, chiefly along the foot of Orlicke hory Mts. 
and inward from the mountain fronts of the Nizky Jesenik Mts. Steep valley 
sides may line the valley floors by as long as 15-20 km. 

Tectonic, lithologic and climatic influences: discussion based on 
DEM analysis 

The present-day morphology of the Sudetes is a transient product of 
protracted geomorphological evolution, the onset of which is usually placed at 
the Cretaceous/Palaeogene boundary and related to the ultimate withdrawal 
of the Cretaceous sea (Klimaszewski 1958, Walczak 1968, Demek 1975, Jahn 
1980). During the ensuing 65 or so million years the area experienced changes 
in stress field and tectonic regime, as well as multiple changes of climatic 
conditions, from warm and humid to very cold in the Pleistocene. Hence, the 
contemporary landform pattern is assumed to reflect tectonic, lihologic and 
climatic influences. This general assumption has never been challenged, but 
there have been widely divergent opinions expressed as to which controlling 
factors have been dominant and which have been rather subordinate. 

The analysis of gross topography of the Sudetes strongly suggests that the 
prime control on the landform pattern is tectonic. Several points can be made 
here. First, the regional pattern of high altitude and low altitude areas is 
poorly correlated with lithological boundaries and variable rock resistance, 
although exceptions do exist (Placek et al. 2007). The most notable one is the 
presence of the residual volcanic range of the Kamienne Mts. in the central 
part of the Sudetes which creates local relief up to 400-500 m in the apparent 
absence of differential uplift and subsidence. On the other hand, the Krkonose 
- Jizera a granite massif is divided into a low altitude area in the north-east 
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and an elevated plateau in the south-west, with the relative relief well in 
excess of 500 m. Second, there is a correlation between altitude and the 
degree of dissection, which is consistent with a general rule that more uplift 
(in terms of both amplitude and rate) enhances erosion, which, followed by 
mass movement, leads to the steady-state mountainous landscape with little 
previous topography preserved (e.g. Adams 1985). All areas in the Sudetes 
rising above 1,200 m a.s.l. may be interpreted in this way. The best preserved 
planation surfaces in the mountain-top setting are associated with less 
elevation, from 600-800 m a.s.l. (Nizky Jesenik Mts.) to 1,000 m a.s.l. 
(Jizerske hory Mts., Bystrzyckie Mts.). Third, in the spatial distribution 
pattern of steep slopes large rectangular or rhomboidal structures are seen, 
which strengthens their interpretation as uplifted blocks delimited by fault 
zones. DEM analysis gives little support to the 'cyclic' concept of relief 
development of the Sudetes which relied on the alleged step-like occurrence 
of planation surfaces at different elevations. 

Referring to the division of the Sudetes into the eastern and western part, 
introduced earlier in this paper, again tectonics is suspected to be the factor 
behind it. However, why grabens and other subsidence basins are fairly 
abundant in the West Sudetes and so scarce in the East Sudetes cannot be 
answered satisfactorily here. One possible reason is the decreasing strength 
of the lithosphere in the West Sudetes, related to regional variations in the 
heat flow. In the west it is by c. 20 mW/m2 higher than in the eastern part of 
the Sudetes (Jarosiriski, pers.comm.). Lithology may be an additional factor 
and several basins in the West Sudetes, particularly the smaller ones, have 
formed in weaker bedrock (Placek et al. 2007). Likewise, considerable 
lithological contrasts between adjacent geological units may bear on the 
mechanical heterogeneity of the area, which has been revealed in the 
'neotectonic' period. The elevated and only marginally dissected terrain of 
Nizky Jesenik Mts. is puzzling, given its predominant lithology which is 
rather weak slate. No parallel landscape exists elsewhere in the Sudetes. Its 
relatively high altitude may be related to the forebulge position in respect to 
the Carpathians, although it is hardly consistent with the magnitude of 
lithospheric flexure actually decreasing westwards. On the other hand, as 
a lithologically homogeneous unit (broadly speaking) this crustal block may 
have been less prone to localized differential uplift and subsidence. 

It remains an open question whether the observed topographic pattern does 
have any cause-and-effect relationship to the pre-Variscan and Variscan 
tectonic history, and to the terrane distribution in the Sudetes, as argued for 
Demek (2004). One problem here is that terrane boundaries, particularly in 
the West Sudetes, are poorly agreed (Aleksandrowski 2003, Zelazniewicz 
2005) and hence, difficult to correlate with morphology. In addition, the 
patterns of post-Variscan (late Carboniferous - Cretaceous) sedimentation 
and tectonic history in the intramontane troughs of the Sudetes apparently 
disregard the supposed terrane boundaries. Consequently, it remains unclear 
why should they not have been active in the late Palaeozoic and active again 
in the late Cainozoic. Thus, the influence ofthe very ancient tectonic features 
is, at best, indirect and secondary. 

Lithology and local structure play an important, but rather subordinate 
part, accounting for second-order geomorphic features such as volcanic 
residual hills, inselbergs in the Sudetic Foreland, cuesta escarpments and 
numerous river gorges (Placek, Migori 2007). It is also worth noting that the 
most elevated parts of the Sudetes are mainly supported by rocks which are 
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mechanically strong. It is thus probable that higher rock strength is crucial in 
sustaining high relief and delaying erosional dissection, particularly in the 
granite area of Jizerske hory Mts. 

The presence of climate-controlled relief generations is difficult to confirm 
or reject through an analysis of DEM alone. However, if the strong case for 
the role of differential tectonics is taken into account (also Sroka 1997; 
Badura et al. 2007), coupled with the results of other studies emphasizing the 
role of variable rock resistance at the medium scale (Placek, Migon 2007), 
then the relevance of the climatic geomorphology framework to explain the 
present-day geomorphology of the Sudetes becomes highly dubious. The 
consequence of the scarcity of pre-Quaternary weathering residuals and 
deposits in the Sudetes and the uncertainties associated with dating of those 
which occur (Jahn et al. 2000), is our highly limited ability to verify and/or 
falsify the hypotheses of tropical inheritance. 

The former emphasis on intramontane basins due to tropical deep 
weathering and their alleged NW -SE alignment to form the morphological 
axis of the Sudetes (Jahn 1980) is justified only for the West Sudetes. In the 
East Sudetes, no comparative features exist and the presence of inherited, 
palaeo-tropical landforms is uncertain2• In addition, the basins likely have 
more than one origin. The floor of the Jelenia G6ra Basin has indeed formed 
with a substantial contribution from deep weathering (also Migon 1992, 
1999), but straight courses of topographic boundaries of the basin strongly 
point to the relative subsidence. Basins in the central part of the Sudetes, 
including the Kladska kotlina Basin and connected troughs to the south and 
north-west, do not bear any clear evidence for deep weathering. 
Rock-landform relationships suggest long-term rock-controlled denudation 
(Placek et al. 2007), superimposed on the more general pattern of uplift and 
subsidence. The best example of a basin due to subsidence is the Nysa Graben 
(Ranoszek 1999). One common evolutionary scheme for intramontane basins 
may simply not exist. The retrospective analysis of Jahn's (1980) paper shows 
how questionable conclusions can be reached if the transboundary position of 
the Sudetes is forgotten. 

Conclusions 

Geomorphology, as any other science, to maintain its status and scientific 
nature needs constant updating, critical testing and revisions of previously 
proposed concepts and models, however well they are embedded in the 
literature and minds of the geomorphologists. Revisions and re-assessments 
are usually done after new discoveries have been made, new paradigms have 
emerged, or new tools supporting research have been made available. This 
paper has offered an assessment of but one aspect of the geomorphology of the 
Sudetes, which is the general landform pattern within its geographical limits. 
The critical re-appraisal of previous concepts has been prompted by two 
circumstances: one is the increasing availability of digital elevation models 
and software used to work with them; another one is the strong personal 
feeling of the author that geomorphological research of the Sudetes can only 

2 Granite inselbergs around Zulova, considered as landforms belonging to the tropical 
generation of Palaeogene age (Dernek 1976) are located in the Sudetic Foreland, not in 
the Sudetes proper. 
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advance if the mountains are considered as one entity stretching across the 
territory of Czechia, Poland, and Germany. Much of the research in the past 
was sadly restricted to an area on just one side of the border. 

The DEM-based analysis of the large-scale geomorphology of the Sudetes 
allowed for a new look at the old problems as well as for a more objective test 
of certain concepts introduced in the past. The main conclusions from this 
exercise are the following: 

The general landform pattern of the Sudetes appears related to differential 
uplift and subsidence, as assumed by Czech geomorphologists already a few 
decades ago, however superimposed on a variety of rock - landform 
relationships arising from variable rock strength and resistance. 

- The geomorphological styles of western and eastern part of the Sudetes 
differ from each other, the primary difference being the abundance of 
intramontane basins in the former. This may point to more effective 
Cainozoic extension in the western part, but reasons for this remain 
obscure. 
The most elevated (>1,000 m a.s.l.) massifs within the Sudetes are 
associated with the highest mean slope gradients. They are likely to be the 
loci of surface uplift, within the regional horst-and-graben structure of the 
Sudetes. 
Neither the model emphasizing the occurrence of tiered levels of relict 
planation surfaces, nor one assuming the widespread existence of 
distinctive landforms of tropical morphogenesis find support in the light of 
region-wide DEM analysis. 
Low-gradient surfaces at high elevation are of very limited extent in the 
Sudetes. However, they are considerably more widespread at 
600-1,000 m a.s.l., particularly in Nizky Jesem'k Mts., located in the 
Carpathians forebulge zone. 
Straight mountain fronts, usually taken as a proxy of active tectonics, are 
not necessarily associated with high slope gradients. Reasons for this 
apparent anomaly may reside in mechanical weakness of the footwall and 
its susceptibility to denudation and erosion, or in relatively low intensity of 
contemporary uplift. 
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Shrnuti 

HLAVNI RYSY GEOMORFOLOGIE SUDET PREHODNOCENE PODLE DIGITALNIHO 
ELEVACNIHO MODELU 

Sudety jako geomorfologicka oblast Ceskeho masivu se vyznacuji komplikovanYm pros
torovYm usporlidanim reliefu 0 vysoke a nizke nadmorske vYsce a riiznYmi prUmernYmi 
sklony svahu v celem rozsahu. V minulosti bylo navrzeno nekolik konceptualnich modelu 
k vyhodnoceni teto rozmanitosti se zd1lraznenim vYznamu zarovnanych povrchu 
a cyklickeho yYvoje reliefu, mezihorskYch panvi jako pozustatku tropicke morfogeneze, 
vzniku tvarii reliefu nasledkem klimatu ci riiznych zdvihu a poklesu v neotektonickem ob
dobi. Lze konstatovat, ze v minulosti bylo ucineno jen velice malo pokusu 0 vytvoreni uce
leneho modelu geomorfologickeho yYvoje Sudet jako celku. Ramce pouzivane ceskYmi 
a polskYmi gemorfology se lisi, coz vede k rozdilne interpretaci na pohled podobnych tvarii 
reliefu. 

Cilem teto prace je poskytnout novY pohled na formy reliefu Sudet, zejmena za pouziti 
vYsledku poslednich studii digitalniho elevacniho modelu vytvoreneho pro cele Sudety 
z obou stran statnich hranic. Pro polskou stranu Sudet byl vytvoren digitalni vYskovY 
model (DEM) za pomoci software ArcMap na zaklade analogovYch topografickych map 
o mentku 1:25 000 pomoci rucni vektorizacni metody. Byly digitalizovany vrstevnice po 
25 m, vYznamne vYskove body a vsechny vodni tokyo Pote byly vektory interpolovany po
moci Topo-to-Raster a byl vytvoren rastr 0 rozliseni 50 m. Potom byly do modelu pro ces
kou a nemeckou stranu pftdany udaje z digitalnich modelu terenu (DTED) 0 rozliseni 
30 m. Zvolene rozliseni a system geografickych souradnic byly standardizovany a oba mo
dely byly slouceny. Jako dostacujici a vhodne pro naslednou analyzu na Urovni regionu by-
10 zvoleno rozliseni 50 m a vrstevnice po 25 m. Mapy sklonu byly odvozeny automaticky 
s vyuzitim postupu Spatial Analyst (Surface Analysis v ArcGIS). Vysledkem tohoto po
stupu je moznost vyuziti vhodnych konceptu dlouhodobeho yYvoje reliefu. 

illavni druhy reliefu Sudetjsoujasne spojeny s odlisnYm zdvihem a poklesem, coz tvrdili 
cesti geomorfologove jiz pred nekolika desitkami let. Analyza digitalniho elevacniho mod
elu pro cely region nepodpoftla ani zd1lraznovani vYskytu usporadanych urovni reliktnich 
zarovnanych povrchu, ani tvrzeni 0 hojnem vYskytu zretelnych forem reliefu tropicke mor
fogeneze. Navic analyza na zaklade digitalniho elevacniho modelu ukazuje, ze geomorfo
logicke slozeni zapadni a vYchodni casti Sudet se navzajem liBi, pftcemz zakladnim 
rozdilem je hojnost mezihorskych panvi v zapadni casti. Mohou svedcit 0 ucinnejsi 
tretihorni extenzi zapadni casti. Nejvyssi masivy Sudet (presahujici nadmorskou vYsku 
1 000 m) vykazuji nejvyssi prUmerne sklony svahu a jsou pravdepodobne misty vYzdvihu 
povrchu uvnitr regionalni hrasiove a ph'kopove stavby Sudet. Existuje tedy korelace mezi 
nadmorskou vYskou a stupnem disekce, ktera odpovida obecnemu pravidlu, ze vetsi 
vYzdvih (iak rozsahem tak stupnem) posiluje erozi, po ktere nasleduji svahove pohyby, coz 
vede k vytvoreni staleho stavu horske krajiny, ktera si zachovalajen malo ze sve predchozi 
topografie. Timto zpusobem mohou bjt vysvetleny vsechny casti Sudet nad 1 200 m n. m. 
Naopak mirne svazite povrchy jsou daleko castejsi v nadmorskych vYskach 600-1 000 m, 
zejmena v Nizkem Jeseniku v predhUfi Karpat. 

Na zaver je treba zduraznit, ze tento pnstup nemuze pIne objasnit puvod studovanych 
forem reliefu ci zjistit jejich stan. Otevira vsak nove cesty vYzkumu a predklada pracovni 
hypotezy k dalsimu overeni. PresvedcivYm zpusobem zejmena ukazuje, ze geomorfologicky 
vYzkum Sudet muze pokrocit pouze tehdy, kdyz tato pohon budou brana jako jeden celek 
prostirajici se na uzemi Ceska, Polska a Nemecka. 

Obr. 1 - Celkova hypsometrie Sudet vytvorena z digitalniho elevacni'ho modelu. Navrzene 
rozdeleni Sudet. 

Obr. 2 - illavni geologicke hranice v Sudetech superponovane na digitalni elevacni model. 
Tlusta cara C!znacuje hranice mezi zapadosudetskYmi a vYchodosudetskYmi 
terany (podle Zelazniewicze 2005), prerusovane cary oznacuji presahujici ph'krov 
tretihornich sedimentu. Vysvetleny jsou pouze hlavni geologicke jednotky. LM
Luzicky masiv, KIM - Krkonossko-jizersky metamorfni masiv, KG - Krkonossko
jizersky granitovY masiv, NT - Severosudetska brazda, KM - Kaczawska meta
morfni jednotka, IT - Vnitrosudetska brazda, SM - masiv Sovich hor, OM - Or
licka metamOIfni jednotka, UNG - Hornoniska snizenina, LSM - metamorfni jed
notka Lfldek-Snieznik, ESS - Vychodosudetsky sedimentarni vrasno-presmykovY 
pas. 
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Obr. 3 - Prostorove rozlozenf svahu s nizkjrn sklonem v Sudetech ajejich okoli. PrUmerny 
sklon svahu je pocrtlin pro Ctverce 0 strane 50 m. 

Obr. 4 - Prostorove rozlozenf svahu s vysokjrn sklonem v Sudetech a jejich okoli. 
PrUmerny sklon svahu je pocrtlin pro I!tverce 0 strane 50 m. 

Author is with University of Wroclaw, Department of Geography and Regional 
Development, pl. Uniwersytecki 1, 50-137 Wroclaw, Poland; e-mail: 
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POKYNY PRO AUTORY 

Rukopis pnspevkti pi'edklada autor v origina
Ie a v elektronicke podobe (Word), vecne a ja
zykove spnivny. Rukopis musi by-t uplny, tj . se 
seznamem literatury (viz nize), obn:izky, texty 
pod obrazky, u hlavnich clankti a rozhledti 
s anglickYm abstraktem a shrnutim. Zverej
neni v jinem jazyce nez ceskem podIeha schva
leni redakcni rady. 

Rozsah kompletniho rukopisu je u hlavnich 
ciankti a rozhledti maximaIne 15-20 normo
stran (1 normostrana = 1800 znakti) vcetne 
ph1oh, jen vYjimecne mtize by-t se souhlasem 
redakcni rady vetsi. Pro ostatni rubriky se pn
jimaji pnspevky v rozsilhu do 3 stran, vYji
meene ve zdtivodnenych pnpadech do 5 stran 
rukopisu. 

Shrnuti a abstrakt (vcetne klicovYch slov) 
v angliCtine pnpoji autor k pnspevktim pro rub
riku Hlavni clanky a Rozhledy. Abstrakt rna 
celkovY rozsah max. 10 radek (eca 600 znakti), 
shrnuti minimalne 1,5 strany, maximalne 
3 strany vcetne prekladti textti pod obrazky. 
Text abstraktu a shrnut! doda autor soucasne 
s rukopisem, a to v anglickem i ceskem zneni. 
Redakce si vyhrazuje pravo podrob· anglicke 
texty jazykove revizi. 

Seznam literatury musi by-t pnpojen k pti
vodnim i referativnim pnspevktim. Pouzite 
prameny serazene abecedne podle pnjmeni 
autorti musi by-t uplne a presne. Bibliograficke 
citace musi odpovidat nasiedujicim vzortim: 
Citace z casopisu: 
RASMUSSEN, T. F. (1994): Zkusenosti a poje

ti uzemniho a regionalniho planovani 
v Norsku. Sbornik eGS, 99, c. 1, s. 1- 13. 

Citace knihy: 
GREGORY, K., J . (2000): The changing natu

re of physical geography. Arnold, London, 
368 s. 

Citace kapitoly z knihy: 
MARCOU, G. (1993): New tendencies of local 

government development in Europe. In: 
Bennet, R. J . (ed.): Local government in the 
new Europe. Belhaven Press, London, New 
York, s. 51~6. 

Odkaz v textu na jinou praci se provede uve
denim autora a v zavorce roku, kdy byla pub
likovana. Napr.: Vymezovanim migracnich re
gionti se zabYval Korcak (1961), pozdeji na ne
ho navazali jini (Hampl a kol. 1978). 

Obrazky zpracovane v digitaIni podobe je nut
ne dodat (soubezne s vytistenYm originaIem) 
i v elektronicke podobe (format .tif, .wmf, .eps, 
.ai, .cdr, .jpg). Predlohy vetsich formatti nez A4 
redakce nepnjima. Xeroxove kopie lze pouzit 
jen pn zachovani zcela ostre cerne kresby. 

Fotografie zpracovane v digitaIni podobe musi 
mit dostateCne rozliseni (minimaIne 300 dpi). 
Fotografie odevzdane v analogove podobe for
matu min. 13x18 cm a max. 18x24 cm musi by-t 
technicky dokonale a reprodukovatelne v cerno
biIem provedeni. 

Texty pod obrazky musi obsahovat jejich 
ptivod (jmeno autora, pramen, pnp. odkud by
iy prevzaty apod.). 

Udaje 0 autorovi (event. spoluautorech), ktere 
autor Enpoji k rukopisu: adresa pracoviste, veet
ne PSC, e-mailova adresa. 

Vsecbny pnspevky prochazeji recenznim 
nzenim. Recenzenti jsou anonymni, redakce 
jejich posudky autortim neposkytuje, autor ob
drli vYsledek recenzniho nzeni, kde je uvedeno, 
zda byl Cianek pnjat bez uprav, odmitnut nebo 
jake jsou k nemu pnpominky (v takovem pn
pade jsou pnpojeny pozadavky na konkretni 
upravy). 

Hononife autorske ani recenzni nejsou vypla
ceny. 

Podekovani autora Cianku za financni podpo
ru grantove agenture bude zverejneno jen po 
zaslani financniho prispevku na redakcni 
zpracovani ve vYsi minimaIne 5000,- Kc na 
konto vydavatele. 

Autorsky vYtisk se posila autortim hlavnich 
clankti a rozhledti po vyjiti pnslusneho cisla. 

Separaty se zhotovuji jen z hlavnich clankti 
a rozhledti pouze v elektronicke podobe (sou
bor .pdf). Redakcni rada si vyhrazuje pravo na 
vyzadani poskytnout publikovany pnspevek 
v elektronicke podobe (soubor.pdf), a to cle
ntim CGS pro studijni ucely. 

Piispevky se zasilaji na adresu : Redakce 
Geografie - Sbornik CGS, katedra sociaIni 
geografie a regionalniho rozvoje Pnrodove
decke fakulty UK, Albertov 6, 128 43 Praha 2, 
e-mail: jancak@natur.cuni.cz. 

Piispevky, ktere neodpovidaji uvedenym po
kyntim, redakce nepn jima. 

Submission guidelines and other information in English are available at 
http://www.geography.czlsbornik.php 
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