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Abstract

This work presents the details of a multidisciplinary palacoecological
and geoarcheological study on the sedimentary sequences, including 2
undisturbed cores of the Little Balaton situated in the western part of
Lake Balaton in Central Europe. The application of Quaternary pa-
lacoecological analysis to peat and lacustrine deposits enables to
identify long-term environmental changes in aquatic and terrestrial
ecosystems. The principal aims were to shed light onto how former
human societies and culture shaped and altered their natural environ-
ment on the one hand. Furthermore, to reconstruct the once existing
environmental conditions within the framework of the natural evolu-
tion of the vegetation, soil, fauna and the catchment basin for the times
preceding written historical records via the application of sedimen-
tological, geochemical, isotope geochemical, palynological, macro-
botanical, malacological and microfaunal analytical methods and
approaches.

INTRODUCTION

This work presents the details of a multidisciplinary
palacoecological and geoarcheological study on the
sedimentary sequences, including 2 undisturbed cores of
the Little Balaton situated in the western part of Lake
Balaton in Central Europe (Fig. 7). The application of
Quaternary palacoecological analysis to peat and lacus-
trine deposits enables to identify long-term environ-
mental changes in aquatic ecosystems. The composition
of aquatic plant and animal communities is largely influ-
enced by the hydrological conditions prevailing in the
basin harboring them.

The principal aims were to shed light onto how
former human societies and culture shaped and altered
their natural environment on the one hand. Furthermore,
to reconstruct the once existing environmental conditions
within the framework of the natural evolution of the
vegetation, soil, fauna and the catchment basin for the
times preceding written historical records via the appli-
cation of sedimentological, geochemical, isotope geo-
chemical, palynological, macrobotanical, malaco-logical
and microfaunal analytical methods and approaches.

In the course of an international archaeological-
research, the cooperation with the Archaeological Insti-
tution of the University of Leipzig and the Institute of
Archeology Hungarian Academy of Sciences opened up
the possibility to implement an environmental historical

study in the western part of the Balaton region in relation
to the Fenékpuszta settlement forming a part of modern
Keszthely.
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Fig. 1. 3D model of the study area with the sampling sites

The entire record goes back in time to the Pleisto-
cene/Holocene transition, but this article mainly focuses
on environmental events and conditions related to the
settlement and its activities in the Migration Period.
Special attention was paid to the records of the 45"
and the 8" centuries AD. This is justified by the fact that
numerous historical interpretations published recently
(Gyorfty — Zolyomi 1996, Racz 2008) presented specu-
lations about draughts and famines leading to a collapse
of the local Avar Empire, based on interpretations of
data from Iceland and Western Europe, but lacking re-
gional environmental historical records from the area of
the Carpathian Basin itself.

MATERIAL AND METHODS

For a complex environmental historical evaluation, the
model and analytical system of Birks and Birks (1980)
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was adopted in our work. (7able 1, Fig. 2). To gain an
overview of the subsurface geology and to highlight sites
for undisturbed core retrieval about 20 probe cores were
taken in the area of Fenékpuszta. This was later on com-
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samples. To gain information on the chronology, 13 sam-
ples of plant macrofossils were subjected to AMS (Accel-
erator Mass Spectrometry) radiocarbon analyses in the
Radiocarbon Lab of Poznan, Poland. In order to allow

Table 1. An overview of the methods of investigations implemented on the two undisturbed cores
(N:46°42.621° and E: 17 ° 14.048) with references describing the methods
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Fig. 2. Palaeoenvironmental analyses of Fenékpuszta (Kis-Balaton) cores

plemented by two parallel cores taken by a modified Rus-
sian head corer (Siimegi 2001) yielding overlapping un-
disturbed core samples from the infilled lacustrine basin of
the Kis-Balaton near Fené¢kpuszta (Fig. 1). After transpor-
tation to the laboratory, the cores were cut lengthwise for
various analyses; the sections for palaecobotanical and
geochemical analyses were stored at 4°C in accordance
with the international standards. The samples submitted to
lithological analyses were identical with the ones used for
the palacobotanical, macrobotanical, malacological and
radiocarbon analyses. For the macroscopic description of
the samples and the preparation of the lithological column
the internationally accepted system of Troels-Smith
(1955) was adopted. The core was divided into 1-4 cm

comparison with other archaeological data, the raw dates
were converted to calendric ages using the CALPAL
calibration programme, and the most recent CALPAL-
2007 HULU calibration curve. The original dates ("C) are
indicated as uncal BP, while the calibrated dates are indi-
cated as cal BC.

The organic and carbonate content of the samples
were determined by Dean’s (1974) LOI method. The
inorganic content was further analyzed using the sequen-
tial extraction method. The so-called sequential extrac-
tion method of Daniel (2004) with a long established
history in the analysis of geochemical composition of
lacustrine sediments was adopted in our work. From the
full procedure the step of water extraction for unsepa-
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rated samples was sufficient to suit our analytical needs
as it was shown by previous works (Daniel 2004), the
most important palacohydrological and palacoecological
data originates from water extraction samples. Elements
of Na, K, Ca, Mg, Fe were determined using a Perkin-
Elmer 100 AAS.

Sediment samples of 1 ¢cm’® were taken from the
core at 1-4cm intervals for pollen and macrobotanical
analysis using a volumetric sampler. For the extraction
and description of macrofossils a modified version of the
QLCMA technique (semi-quantitative quadrat and leaf-
count macrofossil analysis technique) of Jakab et al.
2004 was adopted. For the extraction of pollen grains a
modified version of the method of Stockmarr (1971) was
adopted. A Lycopodium spore tablet of known volume
(13911 spores per tablet) was added to all samples to
give a desirable ratio for pollen to exotic spike to work
out pollen concentrations. A minimum count of 500
grains per sample (excluding exotics) was made in order
to ensure a statistically significant sample size. Charcoal
abundances were determinated using the point count
method (Clark 1982).

Mollusc shells were collected from 2 to 4 cm thick
subsamples taken at regular intervals throughout the core.
Following the palacoecological classifications of Siimegi
(2004), the aquatic malacofauna was divided into two
groups: species demanding steady water inundantion
(ditch group) and species tolerant to periodic water supply
(slum group). Terrestrial fauna was grouped as follows:
water bank (hygrophilous), mesophilous, xerophilous,
cold-resistant, intermediate, thermophilous, open habitat
preferring, ecoton habitat preferring and woodland habitat
preferring species. Malacological record was also classi-
fied according to the recent geographical distribution of
the species, following Siimegi (2001) and on the basis of
palacoclimatological indicator roles. Results from all
analyses are plotted against depth using the PSIMPOLL
programme (Bennett 1992).

THE STUDY SITE

Lake Balaton is the largest lake in Central Europe, with a
modern open water area of 593 km®. The lake basin has a
maximum length of 77 km, and a width of 8-14 km with
a mean water depth of only 3-4 m. The area of the Little
Balaton is located west of the modern open water system
in a separate neotectonic catchment basin forming an
extensive marshland today. Based on historical maps of
the first and second Austrian Military Survey the area of
the Little Balaton used to be a part of the larger unregu-
lated lake system in historical times preceding the 19™
century regulations.

The neotectonic basin of the Little Balaton is lo-
cated between the peninsula of Fenékpuszta, the Zalavar
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geological ridge and Somogy Hills. The Zalavar ridge
and the neck of the Fenékpuszta peninsula are composed
of Pannonian and Pliocene deposits overlain by Late
Pleistocene loess. The area of the referred catchment
basin is about 50 km”. Our samples were taken in a small
embayment located on the northern part of the catchment
basin known as the Fenékpuszta Embayment. This area
was infilled as a result of natural vegetation succession
of peatlands during the Holocene.

This region lies on the boundary of the moderately
cool-moderately wet (Koppens Cf) and the moderately
cool-moderately dry climatic zones (Koppens BS). The
mean annual temperature is 9.8 °C. The mean tempera-
ture of the growth season is around 15.5-16 °C. The rate
of annual precipitation is around 700 mm, 440 mm of
which falls during the growth season. The climatic con-
ditions of the region are favorable for forestry primarily.
Nevertheless, these endowments enable the cultivation
of less heat demanding species.

The region is part of the Saladiense regarding vegeta-
tion geography; the most common forest associations are
oak-hornbeam forests (Querco robori-Carpinetum), ses-
sile oak-hornbeam forests (Querco petraeae-Carpinetum),
oak-ash-elm gallery woods (Querco-Ulmetum), and wil-
low-poplar gallery woods (Salicetum albae-fragilis). The
natural shrub level is dominated by white cinquefoil (Po-
tentilla alba), vetches (Vicia cassubica, V. oroboides),
large red deadnettle (Lamium orvala), cyclamen (Cycla-
men purpurascens), prostrate rock-rose (Fumana procum-
bens), fescues (Festuca vaginata, F. rupicola).

Higher ridges are predominantly covered by brown
forest soils (accounting for about two-thirds of the area),
hosting arables, vineyards and hornbeam-oak forests in
about even proportions. The soils of the catchment basin
areas are hydromphic covered with gallery woods, mead-
ows and pastures. The region is characterized by a flora
typical for the Preillyricum between the Illyricum phyto-
geographical province of the western Balkans and the
Pannonian region covering most of modern-day Hungary.
Numerous Illyric, Submediterranean and Alpine floral
elements thrive in the undergrowth of oak forests. Large
stands of alder trees (Alnus glutinosa) dot the wet mead-
ows with a constantly high water table. The open areas
around the mires are utilised as arables and pastures.

ARCHAEOLOGY OF FENEKPUSZTA

The area is characterised by a mix of cultures from an
archaeological point of view. As shown by the archaco-
logical data, the area was continually inhabited from the
second half of the Neolithic. It is by no means accidental
as the Fenékpuszta Isthmus, just like the Mariaasszony
Island in Vors belonging to the southern part of Lake
Balaton, was the most important crosspoints of Lake
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Balaton between the pointbars of Balatonberény which
could have existed as early as the Antiquity (Sagi 1968,
Miiller 1987). The area was populated during the Neo-
lithic (M. Virag 1996) Copper and Bronze Ages by rep-
resentatives of various cultural groups (see Bondar 1996,
Horvath 1996). The area was also inhabited in the Iron
Age by members of the Halstatt culture of the early Iron
Age as well as the Celts in the late Iron Age.

The Celts managed to survive in the area at the time
of the beginning of the Roman conquest in the 1% cen-
tury AD (Miiller 1996). The Romans appearing in this
area in the Imperial Age thus settled in a highly modified
so-called cultural rather than natural landscape. Based on
archaeological data, a fortress was built where the roads
running from Aquile to Aquincum and to Sirmium and
Augusta Treverorum traversing diagonally Transdanubia
met. The size of the fortress is astonishing with 44 round
towers ranging 377 x 358 m fortress square meters. The
building was constructed of ca. 87 000 m’® stones. The
walls were 2.6 m thick and 10 m high with possibly 4
gates. Traces of 22 edifices have turned-up so far which
adjusted to the by-pass joining the north-southern gates.
Out of these rise the more than 1000m” big horreum and
the building of the Early Christian basilica.

Based on the size and the edifices of the forests, a
significant population engaged in advanced farming
must have inhabited the area of Fenékpuszta in the Impe-
rial Age. According to the archaeological and historical
data gathered until now, the fortress was destroyed by
Ostrogoths in October 455 AD. After its reconstruction,
the fortress might have been the seat of Thiudimer, the
Eastern-Gothic king, as the cemetery of the eastern
Gothic people migrating to the East-Roman Empire was
excavated just south of the fortress (Straub 2002). The
ownership of the examined area is problematic in the
following half century. There was an assumption that it
belonged to Odoaker, the Italian king then the Suebians
of the Danube spread their authority up to this region.
According to another concept, a part of the leaving east-
ern Goths stayed and could have owned the fortress then
the Lombards extended their authority over this area.
Following the pullout of the Lombards in 568, the previ-
ous population could have lived on in Fenékpuszta,
though they might have added new folk elements to their
existed ones as more changes can be examined in the
archaeological material.

Namely, parts of the jewellery, following the Avar
conquest after 568, have no local antecedents and the
new funerary practices and objects were in sharp contrast
with the poor funerary adornments dated before 568.
Parallel with this event, an Early Christian basilica was
erected with three apses. Similar type of construction
works were recorded only in Northern Italy and in the
Balkans for the same period. The leaders of the area
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established their cemetery near the horreum after the
second half of the 6™ century.

The cemeteries, which were not looted, were started
to be used around 568 and funerals took place here up to
630. At present, 460 graves are known from this period
in the locality of Keszthely-Fenékpuszta. Most of the
new findings are related to the Avars. In spite of this
fact, we cannot take the factual Avar population’s pres-
ence into account as probably a mixture of local popula-
tion could have been formed here who paid tax to the
Avars. However, the standpoint of researchers about the
consistency of population is diverse. According to
Karoly Sagi, the population of the fortress consisted of
late antique and western Germanic population. Laszlo
Barkoczi referred to the burying rituals with stones as a
custom of the local survival population. Istvan Bona
assumes the presence of a Byzantine or Lombard ruling
class with Byzantine elements.

There are also theories of Alamans and Franks es-
caping to be under the Avars’ authority. Moreover, the
research has lately started to take the elements of
Romanised Christians into account escaping from the
southern part of Noricum and Pannonia. The research
named this mixed ethnical group as the Keszthely cul-
ture. The ruling class and the followers of Keszthely
culture disappeared after the siege of the fortress in 630,
though burying sparsely happened in the commonality
cemetery until the end of the 7™ century A.D.

Following the decline and fall of the Avar Empire,
the Karoling Age (Széke 1996) came in the life of Fenék-
puszta which existed as long as the Hungarian conquest
and the occupation of the area in Transdanubia, so for a
century or so. Based on the one hand on medieval ar-
chaeological findings, the medieval church and cemetery
of Pusztaszentegyhaz as well as on on its dated bell origi-
nated from 1509, it was the place of a medieval village
called Fenék (= Bottom). This settlement has been noted
first in 1347 and last in 1594 (Vandor 1996). At this time
the fortress might not have been used and by the end of
the Turkish Empire, the area had become deserted.

In the 18" century, the population moved to Kesz-
thely. The land, together with Fenékpuszta, was bought
by the Festetics family in 1739. In the times came, they
influenced the image of the area and established horse-
breeder premises, carpenter and ship building plants.
They have probably used the stones of the Roman for-
tress too, although the walls of it are also marked on an
Austrian military map made in 1782 (Timar et al. 2006).
At the same time, on the maps made in 1792 and in
1805, the fortress is not marked anymore. According to
this, the total demolition of it might have happened be-
tween 1782 and 1792, so at the end of the 18" century.
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RESULTS

Based on the collective evaluation of biotic and abiotic
records a fairly complete history of the geological and
environmental evolution of the area could have been
drawn.

Fluvial sands giving the bedrock of our cores must
have formed about 11 kys ago, at the end of the Pleisto-
cene (Stimegi et al. 2008). This level is characterised by
the presence of Valvata piscinalis, a moving-water gastro-
pod as well as the smallest calcium and magnesium con-
tent and the most essential inorganic material content. The
observed minima of water soluble elements seems to be
congruent with the picture drawn from the evaluation of
other records; i.e. the deposition of fluvial sediments and
non-weathered silicates to the incipient neotectonic basin.
This incipient catchment basin must have been fringed by
pine woodland with stands of birch and reed.

The fluvial deposits are overlain by a slightly lay-
ered, pink lacustrine layer with highly varying carbonate
content and spots of volcanic ash. This horizon marks
the evolution of a larger lake system within the forming
catchment basin as also marked by a maximum of Ca
and Mg in the deposits among water soluble elements.
The inferred 3 m deep, mesotrophic lake rich in carbon-
ate must have existed in the area from the beginning of
the early Holocene until the end of early Bronze Age
(20™-21% century BC). The retrieved lacustrine deposits
yielded a significant amount of stonewort algae as well
as parts of floating read grass and shells of Lymnaea
peregra f. ovate and Valvata piscinalis marking the
presence of a well-lit, deep, calcareous lake in the area
for the referred period.

The former coniferous woodland was replaced by a
deciduous woodland dominated by oak, elm and hazel
during the referred period as seen from the pollen record.
Macrobotanical remains talk about the emergence of a
wide belt of reeds, bulrushes and sedges on the shore
before the gallery woodland.

From a depth of 106 cm up to the surface, repre-
senting the periods of the early Bronze Age to the Mid-
dle Ages a general decrease in the water level is inferred
compared to the previous stage of the lake. Nevertheless,
three distinct periods or cycles could have been identi-
fied when the continuous deposition of organic materials
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in a marshland setting halted and was exchanged by
lacustrine sedimentation within the framework of an
eutrophic lake (Fig. 2). This stage marked the end of the
open lake system, and although these periodic water
level rises significantly influenced the deposition of
calcareous lacustrine muds into the basin, conditions like
in the modern open lake system of Balaton never re-
turned to the area afterwards.

Cycle 1. after the formation of an Early Bronze Age
peat layer, in the period corresponding to the end of the
early Bronze Age, beginning of the middle Bronze Age
(beginning of the 19" century BC), a dynamic but short
rise of the water level occurred in the examined area
based on the macrobotanical and malacological findings
leading to the formation of a shallow eutrophic lake in
the basin (Table 2). At the end of the same period, and in
the second part of the middle Bronze Age peat deposi-
tion resumed leading to the formation of floating marsh
and a closed peat layer at this part of Kis-Balaton. Then
in the late Bronze Age, due to a rise of the water level,
the peat formation halted again resulting in the deposi-
tion of a thin layer of lacustrine marls over the previous
peat sequence.

Cycle 2: following the late Bronze Age, in the early
Iron Age, a subsequent peat deposition could have been
inferred (between the 8" and 2™ century BC) followed
by another rise in the water level and the formation of
another short shallow lacustrine phase. The high correla-
tion between the observed concentrations of water solu-
ble Mg, Na, K and the accumulated peat horizons is by
no means surprising, as these elements tend to accumu-
late in aquatic plants. Around the end of the late Bronze
Age, beginning of the Iron Age, besides the remains of
plants and molluscs preferring a lacustrine environment,
a drop in the amount of the referred elements could have
been observed marking a phase of inundation (between
66-62 cm), followed by another stage of peat deposition
between the depth of 62-48 cm. In the Iron Age, between
the 8" and 2™ century B.C., a more pronounced inunda-
tion of the basin could have been inferred from a dy-
namic decrease of water soluble elements. Conversely, at
the beginning of the Imperial Age, peat formation was
dominant as seen from a gradual increase in Mg, Na and
K in the deposits.



Cycle 3: following the deposition of lacustrine
marls in the Late Iron Age another peat formation started
from the Imperial Age. The Imperial Age also marked
the end of these natural cycles of lake-marshland stages
and conditions characteristic of a marshland seem to
have stabilized for the forthcoming periods in the area.
The speed of sediment accumulation also decreased
probably because a part of the surficial peat deposits
suffered incipient pedogenesis. From the shift observable
in the geochemistry a short period of inundation could
have been inferred at the end of the Imperial Age and at
the beginning of the Migration Period. This might have
been the outcome of a general increase in precipitation
on the one hand. But this is not the only factor we must
take into account while finding an explanation to the

Stimegi et al.
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short rise in the water table within the catchment basin.
As shown by written records Romans have devised a
drainpipe system in the 3™ century AD, with which the
level of Lake Balaton was kept artificially low. The rise
in the water level at the time of the Migration Period,
could be attributed to the fact that these drainpipes con-
structed by the Romans might have been clogged in the
lack of general cleaning and maintenance. Nevertheless,
the inferred rise in the water table in our area is congru-
ent with the transformations observed in a more distant
catchment basin of Nagybarkany located in the NE part
of Hungary as well for the same period (Fig. 3). Here a
general increase in the precipitation as inferred from
pollen data and a rise in the water table could have been
postulated (Jakab — Siimegi 2005). Similar changes were

Table 2. Results of radiocarbon analysis

Change
in precipitation

cm BP +/- cal BP +/- cal BC/AD +/- Lab code
20-21 610 30 605 37 1345 AD 37 Poz-20847
22-23 1050 30 966 23 984 AD 23 Poz-20915
25-26 1235 30 1175 61 775 AD 61 Poz-20840
29-30 1355 30 1290 13 660 AD 13 Po0z-20888
30-31 1400 30 1318 18 632 AD 18 Poz-20838
31-32 1480 30 1366 16 584 AD 26 Po0z-28408
34-35 1875 30 1813 48 137 AD 48 Poz-21486
36-37 2110 30 2084 43 134 BC 43 Po0z-20889
40-41 2750 30 2840 35 890 BC 35 Poz-28407
52-53 3050 35 3279 50 1329 BC 50 Poz-20848
76-77 3485 35 3768 61 1818 BC 51 Po0z-20849
96-97 3540 35 3816 61 1866 BC 61 Poz-20850
104-105 3670 35 4008 61 2058 BC 61 P0z-20890
The appearance of pollen of selected plants grown in the core sequence of Fenékpuszta
Grape s Grape ( Vitis)
Cereals I I (‘ereals
Walnut I Walnut (Juglans)
Low 9 Water fluctuations inferred from sedimentology at Fenékpuszta
? N :
Low J Water fluctuations inferred from geochemical data at Fenékpuszta

Rainier than
the average

Change
in temperatue

I

Warmer than
the average

Cooler than

the average

Climatic reconstruction based on the pollen data of the peat-bog at Nagybdrkany (Siimegi et al 2009)

200 400 600 300

1000
AD years

1200 1400 1600 1800 1900 2000

Fig. 3. Comparison of the Fenékpuszta and Nagybarkany (see Siimegi et al. 2009) investigations
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observable on the core section corresponding to the Im-
perial Age from a nearby lacustrine-marshland system at
Lake Balata (Jakab — Siimegi 2007) in the south western
part of Transdanubia, which enjoys similar climatic
endowments as the site of Fenékpuszta. Many historians
put forth numerous postulations about long-lasting
draughts and severe consequences on the population of
the Carpathian Basin for the period of Great Migrations
(Gyorfty — Zolyomi 1996, Racz 2008). Some of them
went as far as stating that the main push factor for migra-
tion of Eastern European tribes was the general aridity of
the climate resulting in long-lasting draughts. The cor-
nerstone of these statements was the observed low water
level of the Caspian Lake during the referred period
followed by a subsequent inundation of the coastal har-
bors (Gyorfty — Zélyomi 1996, Racz 2008). The inferred
paleoclimatological reconstructions of these authors
raise significant problems from several points and are
challenged by modern paleoecological data:

1./ Fluctuations in the water table of the Caspian
Lake are not related to fluctuations in the precipitation to
the Eurasian steppes forest steppe arecas because the
drainage of this lake system is located in the highland
region of the Caucasus and Central Asia on the one
hand, as well as the taiga belt on the north (Rodionov
1994). Thus making inferences about the precipitation of
the steppes based on fluctuations of the water level of the
Caspian Sea is not accurate.

2./ The majority of the harbours, inundated later on
from the end of the Antiquity and the early Migration
Period, are located in a tectonically highly active area in
the northern part of the Caspian Sea. Plus, at the edge of
the Volga delta. Consequently, we have two geological
forces working in the referred area which might have
resulted in an inundation of the coastal areas and har-
bours independently of fluctuations in precipitation
(Aladin — Plotnikov 2000). The continuous sinking of
the northern bed of the Caspian Lake (inland sea) is of
striking importance here (Degens — Paluska 1979). Al-
though this process causes annually only a few millime-
tres of change, within hundreds of years it might have
lead to even a one meter rise of the water level in the
coastal areas. The other force is related to the sediment
carrying capacity of the River Volga leading to a rapid
infilling of the accommodation space in the coastal ar-
eas, which again might be a cause of water level increase
there.

3./ According to the data retrieved by geologists,
climatologists and geographers (Mayev et al. 1983)
working in the area, the water level of the Caspian Sea
was extremely high at the end of the Antiquity and the
beginning of the Migration Period, because the water
balance of this inland sea is influenced by not only the
precipitation coming through the rivers which is a sig-
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nificant factor, but also the temperatures around the
inland sea (Klige — Myagkov 1992). According to the
data we have at hand, the development of a cooler phase
in the Central-Asian area can be inferred at the begin-
ning of the Migration Period. So it is not surprising that a
quite high water level was reconstructed for the Caspian
Lake in this period which is in sharp contrast with the
statement given by the referred Hungarian historians. At
the same time, the data prove that in the course of the
past 2000 years, quite significant changes have happened
in the water level of the Caspian Lake. But these changes
had connections primarily to the development of tem-
perature and only secondly to the precipitation coming
through the rivers (Budyko et al. 1988).

Thus water level changes in the referred lake sys-
tem are related to fluctuations in the precipitation of
Central Asia, the Caucasian highlands and the Eurasian
taiga belt, as well as the temperature fluctuations of
Central Asia. Thus the climatic and demographic models
made by historians for the area of Central Europe for the
period of Great Migrations seem to be in sharp contrast
with the paleoecological information for the area of the
Caspian Sea and those of the Carpathian Basin as well
and as such need adverse correction.

Returning to the environmental history of Keszt-
hely-Fenékpuszta in Kis-Balaton, the beginning of the
Migration Period, which was characterized by a rise in
the water level with highly ambiguous causes, was fol-
lowed by another dynamic increase in the water soluble
elements of Mg, Na, K marking peat formation. Peat
formation initiating during the Imperial Age continued
during the Migration Period as well. Nevertheless pe-
dogenesis was also observable in these peat horizons.
Thus from the period of the Imperial Age and the subse-
quent period of Great Migrations the emergence of a
stable marshland could have been inferred for the north-
ern parts of the Fenékpuszta Isthmus. These conditions
survived until the closure of the Middle Ages in this part
of the Kis-Balaton. This peat formation might have been
continuous from the time of the Great Migrations. But
the element content of the near-surface layers could have
been dynamically modified by hydromorphic soil forma-
tion which took place in the Middle Ages. This ham-
pered the reconstruction of water level fluctuations in the
area from the end of the Migration Period onwards.

Besides precipitation, various forms of agricultural
activities could have been captured in our record as well.
Based on the pollen content a widespread cultivation of
corn and extensive animal husbandry could have been
inferred for the area of the Fenékpuszta Isthmus from the
Middle Bronze Age. Yet, the most powerful human
influences are related to the Imperial Age. From the end
of the Iron Age the proportion of open-area loving
plants, weeds, Gramineae, Artemisia increased signifi-
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cantly, together with numerous plants marking intensive
horticulture such as Juglans, Vitis. As for the pollen
results, cultivation of Juglans, Vitis and Triticum sur-
vived until the 7" century AD based on radiocarbon
dates. On the basis of this, we can conclude that agricul-
tural activities with sub-Mediterranean characteristics of
cereal production and horticulture developed at the end
of the Iron Age and the beginning of the Imperial Age in
this region. Communities having proper production ex-
periences and engaged in the referred form of agriculture
populated the study area until the second half of the 7™
century after the Migration Period (Figs. 2, 3).

The pollen of Juglans and Vitis vanished from the
section while the pollen of cerealia, though in a subordi-
nate ration, but survived from the second half of the 7"
century. According to this, an extremely dynamic change
in the economy of the examined area can be assumed.
The referred communities, having farming experiences
with Submediterranean characteristics, and establishing
quite dynamic environmental changes as well as farming
records in the Imperial Age and operating a well devel-
oped farming system at the end of the late Iron Age,
might have been driven out of the examined area. Based
on radiocarbon data these transformations must have
taken place between 604 and 673 AD (95% probability).

SUMMARY OF FINDINGS

Based on the collective evaluation of biotic and
abiotic records a fairly complete history of the geological
and environmental evolution of the area could have been
drawn (Table 2). In the first phase at about 10-11 kya, a
neo-tectonic basin developed giving the foundation of
the emerging lacustrine system. The infilling of this
catchment basin initiated even at this stage leading to the
deposition of fluvial sands. The juvenile lake was sur-
rounded by a coniferous woodland with stands of birch
on the shores and an extensive reed belt. At around 10 ky
BC a mesotrophic lake emerged and the gallery forest
fringing the lake and dominated by pine, birch and hazel
were replaced by woodlands dominated by hazel, elm
and oak. The rate of silting-up was generally low during
this period enabling the preservation of lacustrine condi-
tions for a long time. The infilling of the basin was more
rapid during the second half of the Neolithic as well as
the Copper Age. This was the period when pollen taxa
marking plant cultivation, stock farming first appeared in
our catchment basin, and fluctuations in the concentra-
tions refer to the emergence of increased agricultural
activities in the surroundings of the Fenékpuszta Isthmus
from this time onwards.

Lacustrine conditions were preserved till the begin-
ning of the Bronze Age yet pronounced transformations
in the surrounding vegetation could have been inferred
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attributable to human activities. Based on the long pres-
ervation of lacustrine conditions we may assume that the
subsidence of the basin and the development of the gen-
eral accommodation space must have kept pace with the
rate of deposition for about 7000 years. This system and
the fragile equilibrium was broken as a consequence of
intensive human activities from the Neolithic onwards.
As a result of these events, three major cycles could have
been identified in the area in the form of alternating
marshland and lacustrine conditions from the Middle
Bronze Age to the Middle Ages. The alternating shifts
among these stages are related to the natural succession
of the marshland and resulted in distinct periods of low-
stand and highstand in the basin. The first lowstand is
observable at the end of the early Bronze Age and at the
beginning of the middle Bronze Age, followed by a
significant rise in the water level during the middle
Bronze Age. The second cycle evolved during the late
Bronze Age and Iron Age also characterized by succes-
sive lowstand and highstand conditions. The third cycle
is connected to the period of the late Iron Age and Impe-
rial Age. This third cycle is of outstanding importance in
understanding the environmental history of the period of
Great Migrations.

In this third cycle peat formation seem to have sta-
bilized following an eutrophic lacustrine stage creating a
stable marshland which survived from the Imperial Age
through the Migration Period up to the Middle Ages.
Besides peat formation, soil formation also took place in
equilibrium creating marshland hydromorphic soils.

At the end of the late Iron Age and the beginning of
the Imperial Era one of the most essential agricultural
economies evolved, a Submediterranean type of crop
cultivation and horticulture of wine and walnut. This
form of agriculture appeared around 0 AD lasted until
the 7" century AD in the area. Thus Roman type Sub-
mediterranean agricultural activities must have charac-
terized the area during the Migration Period as well.

From the 7" century AD onwards there is a marked
change in the pollen record, implying the abandonment
of this former Submediterranean type of agriculture and
the establishment of agricultural activities based on
mainly stock farming during the 8-9™ centuries AD. Data
indicating resumed horticultural activities and crop culti-
vation could be inferred from the 10-11" centuries on-
wards in the area.

TEMPERATURE AND PRECIPITATION CON-
DITIONS OF THE LAST 2000 YEARS

As it can be seen on the climate reconstructions prepared
on the basis of paleoecological data (Fig. 3), the first 400
years following the birth of Christ was characterized by
temperatures above the average values for the past 2000
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years. Then in the 5™ and 6" centuries a pronounced
cooling could have been inferred, which was followed
by a warmer period again with temperatures higher than
the average for about 500 years in the Carpathian Basin.
Fluctuations in precipitation for the same period are
characterized by much higher amplitudes than those
inferred for the temperature. In the first 200 years pre-
cipitation was around the average of the past two millen-
nia. The 3" and 4™ centuries AD are characterized by
higher precipitation values with rates returning to near
average in the 5™ century. Another period of higher pre-
cipitation follows spanning the interval from the 6" to
the 8" centuries.

If we compare these findings with records of grape,
walnut and cereal production characterizing a Sub-
mediterranean type agricultural economies in the area
(Fig. 3), it can be clearly observed that the presence or
absence of these plants in layers from the Middle Ages
and the Migration Period is independent of climatic
fluctuations and are largely related to the production
experiences of the referred societies. Water level fluctua-
tions inferred from sedimentological and geochemical
proxies talk about a different story (Fig. 3) According to
sedimentological results, a highstand characterizing the
Iron Age was followed by a continuous lowstand. The
geochemical data is somewhat congruent with this pic-
ture with some minor differences. The Iron Age high-
stand is clearly observable in both records, but the gen-
eral lowstand following was interrupted by a short phase
of highstand between the 5™ and 7™ centuries AD in
accordance with higher inferred precipitation rates.

According to our findings, lake level fluctuations
inferred for the area of the Kis-Balaton can be correlated
with those of the Alpine lakes (Magny 2003), while the
evolution of the temperature record seems to be corre-
lated with the fluctuations (Holzhauser et al. 2005) of
Alpine glaciers. To sum up in one sentence, the climatic
and environmental evolution of our site seems to follow
that observed in the Eastern Alps for the past 2000 years.
Thus making inferences about the climate of this region
based on data from Central Asia is by no means accu-
rate.
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Abstract

Radiodensity data derived from Norway spruce were studied
from a southern Carpathian site. Maximum density record
showed significant positive relationship (r=0.59) with the
growing season (April-September) air temperature and mini-
mum density (MND) record showed clear and significant
negative response (r=-0.41) to June-July mean air temperature.
This significant MND response to climate is a novel result as
traditionally this densitometric parameter was regarded not to
carry any meaningful climatic signal. Derived temperature
sensitive proxy records were compared to instrumental data of
Sibiu (Nagyszeben/Hermannstadt) the oldest available regional
station. Results of the running window correlation analysis
pointed out notable inhomogeneities in the instrumental data
before 1906. The Sibiu temperature series should be subjected
to scrutiny revision to clean it from inhomogeneities.

Key words: maximum latewood density, minimum earlywood
density, Picea abies, inhomogeneous instrumental temperature,
dendroclimatology, Romania

INTRODUCTION

Norway spruce (Picea abies (L.) Karst.) is the main
species of the Carpathian coniferous belt. Its longevity is
documented to reach 576 years (Schweingruber F. H. —
Wirth C. 2009). Norway spruce deserves special atten-
tion in the regional tree-ring research due to its impor-
tance from viewpoints of silviculture, dendroclimatology
and dendroarchaeology. Several studies have been al-
ready conducted to decipher climatic information pre-
served in ring width variability of spruce in the Carpa-
thians (e.g. Bednarz Z. et al. 1998-99, Szychowska-
Krapiec E. 1998, Popa 1. 2003, 2004, 2005, Savva Y. et
al. 2006, Kaczka R. — Biintgen U. 2007, Kern Z. — Popa
1. 2007, Popa 1. — Kern Z. 2007, Bouriaud O. — Popa 1.
2009), while other parameters were analysed solely in
the Tatras (Biintgen U. et al, 2007). However, wood
density data from spruce are also available from three
eastern and the southern Carpathian sites. These sites
were sampled in the frame of a global dendrochronologi-
cal sampling campaign. These southern Carpathian
stands were used to assess spatial teleconnections in the

network (Schweingruber F. H. 1985) and in a broad
scale dendroclimatological comparison (Schweingruber
F. H. et al. 1987). Nevertheless, the climatic signal pre-
served in the radiodensity data has never ever been ex-
plored separately. The fact that Schweingruber F. H.
(1985) defined an individual densitometric zone in the
European coniferous belt centred on the southern Carpa-
thians gives even further interest for the climatic inter-
pretation of the southern Carpathian archive wood den-
sity data.

An additional motivation of this study was to test
the earliest instrumental temperature record of the region
(Ro-Sibiu/H-Nagyszeben/G-Hermannstadt) in order to
see if its known inhomogeneities might be tracked com-
paring with climate sensitive proxy records. Curiosity
emerged as proxy/data comparisons suggested biased
early instrumental data for many sites in Europe (e.g.
Moberg A. et al. 2003, Frank D. et al. 2007a, Winkler P.
2009), and corrections were recommended for some
temperature data even before the 1900s.

MATERIAL AND METHODS
Radiodensity data

Wood density data originated from ITRDB database
(Schweingruber F. H. 2000, NOAA 2009), from which
database a southern Carpathian timberline site (45.30N,
23.67E, 1650 ma.s.l.) near Novaci in the Parang Mts
(Fig. 1) was selected for this study. Sampled species was
Norway spruce. The archive dataset contains 30 series of
maximum and minimum density from 15 trees (each tree
represented by two series). The wood density data were
developed by the X-ray densitometric technique (Polge H.
1970, Schweingruber F. H. et al. 1978) in the framework
of a global dendrochronological sampling network of
conifers (Schweingruber F. H. 1985). Maximum and
minimum density values are the characteristic parameters
of the radial wood density structure. In a given tree ring
the density maximum is linked to latewood and minimum
is linked to earlywood (Schweingruber F. H. et al. 1978).

The Novaci dataset covers a 178-years long period,
1804-1981 AD, so despite its almost tridecadal antiquity it
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Fig. 1 Location of the sample site (filled square) and Sibiu (filled triangle) the earliest meteorological station of the region of southern
Carpathians. Right corner: Location of Romania shown by black shading. Left corner: Black rectangle shows the location of the site in
the southern Carpathians

is still the longest wood densitometric record from the
entire eastern and southern Carpathian domain. Mean tree
age is 88 years and ranges from 35 to 178 years. Replica-
tion decays before AD 1944 down to 4 at AD 1827
(Fig. 2). A sole series dates before AD 1821. Average
maximum and minimum density of the population is
0.769 and 0.256 g/cm’, respectively. Average maximum
density value fits nicely in the range found for Norway
spruce in the Tatras (Biintgen U. et al. 2007), but lower
than the value reported from a Slovenian alpine spruce
stand (Levani¢ T. et al. 2009). Average minimum density
fits similarly well in the range presented for spruce in the
Alps (Schweingruber F. H. et al. 1978).

Standardization, Index calculation

Raw density data were subjected to standardization
procedure to eliminate non-climatic trends and empha-
size climatic signal (Cook E. R. et al. 1990). A relatively
stiff cubic spline function (50% frequency cut-off at
300yrs) was fitted to each individual series (Cook E. R. —
Peters K. 1981). Raw density data were converted into
index values as ratio between measured and modelled
values. Final population indices for maximum density
(MXD) and minimum density (MND) were computed as
biweigth robust mean (Cook E. R. 1985). Variance of
derived MXD and MND chronologies was adjusted to

minimize bias due to changing sample replication
(Osborn T. J. et al. 1997, Frank D. et al. 2007b). Stability
of climate related signal preserved in the index series
was controlled by the Expressed Population Signal
(EPS) statistics applying the standard acceptance thresh-
old of 0.85 (Wigley T. et al. 1984). Mean interseries
correlation (Rbar) and EPS were calculated for 40 yrs
moving window with 20 yrs steps. Standardization and
index calculation procedure was carried out using the
ARSTAN software (Cook E. R. — Krusic K. J. 2006).

Instrumental data

For climate response analysis monthly temperature
means of grid-box enclosing the Novaci tree-ring site
(Fig. 1) were extracted from the CRU TS2.1 database
(Mitchell T. D. — Jones P. D. 2005) from 1901 to 1981.

The longest instrumental temperature record of the
southern Carpathian region originates from Sibiu a
prominent town of Transylvanian Saxons (Fig. /). Ob-
servations at Sibiu began in 1851. Monthly mean tem-
perature data since 1851 are available via the Climate
Explorer (van Oldenborg G. J. et al. 2005). Sibiu is re-
garded as the most precise and most reliable temperature
record in the region (Tistea D. at al. 1966). However,
location of observation as well as termini and calculation
method of daily mean temperature had changed a couple
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southern Carpathians

Table 1 Recorded changes of observation conditions of the Sibiu/Nagyszeben/Hermanstadt station (source: Tistea D. et al.
1966). Row-head codes: A: date of change; B: location of observation; C: Termini (time of regular thermometer readings) and
calculation method of daily mean temperature. Note the width of cell is not proportional with the duration of the represented

period!
1851 1887 1897 1900 1905 1940 1947

A January 1861 1880 May August July October 1921 September August
g | Weinanger S:si_e Elisabeth- E:l}:rli_l Lang- | Reisbach- Weber- Rsigﬁﬂas Dimitri
platz 14 gl 5 gasse 9 3 gasse 5 gasse 9 gasse 6 Anghel 3

C 6-14-22 7-14-21 7-14-2%21 I§-614-621§)
arithmetic mean arithmetic mean Kaemtz-method ppen-
formula

of times during the station’s history (Table I). For in-
stance, daily and inherently monthly mean temperatures
are positively biased by the (T7+T14+T21)/3 calculation
method compared to (T7+T14+2*T21)/4, the so-called
Kaemtz-method (see Dall’Amico M. — Hornsteiner M.
2006). Nevertheless mean temperatures are obviously
suffering negative bias due to the earlier morning (6 vs.
7 a.m.) and the later evening (22 vs. 21 p.m.) readings
before 1880.

Climatic signal analysis

Pearson’s correlation coefficients have been com-
puted between MXD, MND and gridded monthly mean
air temperature to assess the temperature effect of each
month on the annual radiodensitometric characteristics
of spruce. Months from the June of the previous year to
October of current year of tree-ring formation were in-
volved in the analysis. After the first trial, bimonthly
means of August-September (AS) for MXD and June-
July (JJ) for MND were also invoked. In addition, the
April-September (AMJJAS) mean temperature was also
included into the MXD comparison. Correlation coeffi-
cients were compared to 95% significance level derived
from Student’s t-test to evaluate their importance. Inves-
tigation was restricted to the period after 1906, because
the first five years were designated as biased instrumen-
tal data (see later).

Temporal stability of relation between MXD/MND
and Sibiu record was investigated by running correlation
computed in 21-year moving windows. Moving window
correlation technique is a standard tool to trace temporal
stability in proxy-climate correlations (Aykroyd R. G. et
al. 2001). The choice of any window width is somewhat
arbitrary but the applied 21-year window over the
screened 130-year long period is an acceptable compro-
mise between a very narrow window (with a higher
sampling error) and boarder window (which approximate
the behaviour of the full dataset) (Aykroyd R. G. et al.
2001) and it is in conformity with choice of similar den-
droecological studies (e.g. Carrer M. et al. 2007, Frie-

drichs D. A. et al. 2009). Timing of detected unusual
shifts was compared to events in station history.

RESULTS AND DISCUSSION
Novaci spruce MXD and MND record

Both density indices (Fig. 2a) preserve quite strong
common signal as evidenced by the high and stable signal
strength statistics. Mean Rbar (EPS) is 0.44 (0.95) and
0.27 (0.91) for MXD and MND, respectively. Same statis-
tics calculated in moving windows (Fig. 2b,c) showed
exceptional signal stability and present that the relatively
higher values found in mean values for MXD is perma-
nently valid through the entire studied period. EPS values
exceed the 0.85 threshold level suggesting robust chronol-
ogy for both radiodensitometric parameters. The correla-
tion between MXD and MND is 0.02, indicating that
independent environmental information is preserved in the
proxies. Wimmer R. and Grabner M. (2000) also found
that in a spruce stand the density measured in earlywood
(e.g. MND) were widely independent from latewood,
suggesting that they are not under the same control.

Relationship between temperature and maxi-
mum/minimum density of spruce wood

In the case of MXD, August and September yielded
the largest coefficients among monthly means 0.56 and
0.39, respectively (Fig. 3a). These findings broadly
agree with the previous observations carried out at vari-
ous sites in the Carpathians (Schweingruber F. H. et al.
1987). However, comparison with April, May and June
showed also significant positive coefficients. The coeffi-
cient of July has not reached the 95% significance level
but still positive and exceeds the other monthly re-
sponses. Regarding AS bimonthly mean temperature the
coefficient slightly improved, and the multi-monthly
AMIJJAS presented even bit higher coefficient (0.59).
The latter one was found as the optimal target season
corresponding to the climate information of spruce MXD
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in the Tatras (Biintgen U. et al. 2007) and in the Alps
(Frank D. — Esper J. 2005). The weakened mid-summer
temperature response seems to be a characteristic pattern
of the spruce MXD response. Both for the Alps and
Tatras June coefficient dropped below 95% significance

Calendar year

JOEG 1I/3-4

level (Frank D. — Esper J. 2005, Biintgen U. et al. 2007).
In the case of the southern Carpathian spruce MXD
chronology a bit different pattern was found. June coef-
ficient is significant while for July it showed low values.
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Interesting to note that in a recent study on two
Slovenian spruce stands reported September mean tem-
perature as the main climatic driver of cell wall thicken-
ing (Levani¢ T. et al. 2009). This discrepancy between
the Slovenian and south Carpathian spruce MXD re-
sponses, however, can be easily explained as the grow-
ing season at the more temperate Slovenian sites is
longer compared to the more continental southern Carpa-
thian timberline. The shorter vegetation period means
earlier cell maturation as well.

None months from the year before tree-ring growth
showed significant effect on cell wall thickening during
the subsequent year. This lack of responses from the year
preceding the growth is normal for the MXD (Schwein-
gruber F. H. et al. 1987).

In the case of MND June and July showed the
strongest results -0.33 and -0.34, respectively (Fig. 3b).
Regarding JJ bimonthly mean temperature the correla-

tion further improved (-0.41). May mean temperature
yielded similarly negative coefficient albeit it slightly
lags behind the 95% significance level. This response is
especially exciting as the pioneer milestone study of
radiodensitometric dendroclimatology conducted in the
Alps (Schweingruber F. H. et al. 1978) experienced no
any clear relationship between this densitometric pa-
rameter of spruce and climate variables, consequently
MND was usually neglected in later researches. A sole
exception is the study of Wimmer R. and Grabner M.
(2000) from the following 30 years. They analysed 16
anatomical variables (including also MND and MXD)
averaged from 20 Norway spruce trees over a relatively
short, 40-year long, tree-ring sequence. They found poor
climatic response in MND.

However the neglected potential of MND as climate
archive can be emphasized referring to a very recent
study. Grabner M. et al. (2009) investigated MND record
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density vs. JJ. Dashed horizontal lines denote the 95% significance levels



20

in a dataset of juvenile spruce stands. Surprisingly they
found stronger correlation between MND and climate
variables than with MXD.

Statistical results suggest that dominantly June-July
thermal conditions determine the minimum earlywood
density of spruce tree ring in the southern Carpathians.
Higher June-July air temperature seems to retain cell
wall thickening and/or to produce larger lumen diameter
in the earlywood. May also has some minor role in this
process. We propose that only the late half of May pre-
ceding June affects the process, and the corresponding
coefficient become non-significant as the monthly means
integrates also the daily temperatures from the early half
of the month.

The relatively high positive coefficient of October
lacks explanation as cell maturation in the earlywood
section is probably ceased for mid-autumn. Even more, it
might be a fake response due to biased instrumental
reference (see later).

Comparison with the earliest local instrumental
temperature record

For the sake of brevity out of the many prepared
moving window correlation (hereafter MWC) analyses
only a few arbitrary selected graphs are presented. They
were chosen to best illustrate our conclusion.

Fig. 4 shows the temporal fluctuation of the correla-
tion coefficient calculated with the optimal bimonthly
mean temperature target of both radiodensitometric pa-
rameters (i.e. AS vs. MXD; JJ vs. MND). Although
MND lost significance in the last decade, coefficients
generally exceed the significance levels over the last
seven decades. In contrast, coefficients of both densi-
tometric parameters drop below significance level at
1905-1906. The coefficients reach significance level
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JOEG 1I/3-4

again before 1896 and 1880 for MXD and MND, respec-
tively. Each date can be found in the station movement
history. This suggests that between 1880 and 1905, when
the location of observation frequently changed settling in
one place, as short as 3 to 9 years homogeneity of obser-
vation conditions were failed to maintain. As gridded
temperature data largely relies on Sibiu record before
1920 in the region, this is the reason why the
proxy/climate relationship was finally analysed on the
truncated record from 1906.

Coefficients of MWC calculated between MXD and
April monthly mean temperature are presented in
Fig. 5a. Coefficients are well above significance level
during the early decades, they start to decline from 1880,
and sink permanently below significance level from
1886. They fluctuate around zero level over few decades,
afterwards abruptly increase from 1922, and exceed the
significance level from 1924. The period of weakened
even more non-significant coefficients coincide with the
era of TO7-T12-T21 readings, but also include the hectic
station movements. The date of sudden recovery of posi-
tive correlation relationship coincides with the introduc-
tion of Kaemtz-method. The last sudden drop from 1943
to 1944 is a sole event which is not mirrored in station
history. However, its time is equally near to a station
movement (i.e. 1940) and a methodological change (in-
troduction of Kdppen-formula) which was accompanied
with station movement, as well.

MWOCs calculated between MND and May and Oc-
tober monthly mean temperatures are presented in
Fig. 5b. Temporal evolution of MWC coefficients show
strange shifts again. May coefficients fluctuate slightly
below the 95% significance level through the main part
of the studied period. Some decline can be seen during
the last decade but a very unusual drift appears at the
carliest time. Coefficients steadily increase before 1883,
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Fig. 5 Fluctuation of coefficients of 21yrs moving window correlation computed between radiodensitometric indices of Novaci spruce
samples, and a few arbitrary chosen monthly mean temperature targets from the Sibiu record. a: maximum density vs. April, b: mini-
mum density vs. May (open squares) and October (filled squares). Dashed horizontal lines denote the 95% significance levels
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change sign at 1881, and become significant before
1878. The period of unusual positive coefficients broadly
coincides with the era of T06-T12-T22 readings. October
coefficients show more sudden changes. The first from
1886 to 1887 when coefficients change from negative to
positive, and the second after 1906 when swap sign
again. Both date link to station movement. The coeffi-
cients are close to zero for a decade, then start a gradu-
ally rise from 1921, and abruptly jump to significance
level after 1925. Coefficients fluctuate around signifi-
cance level until 1946, after drop suddenly to zero level.
The period of positive, occasionally even significant,
MWC coefficients of October coincides with the utiliza-
tion of the aforementioned Kaemtz-method. We suspect
that the found positive response to October mean tem-
perature might be the effect of the Kaemtz-method.

CONCLUSIONS

Climatic information was evaluated for archive
Norway spruce maximum and minimum radiodensity
data from a southern Carpathian location. Spruce MXD
record showed significant positive relationship with the
growing season (May-September) air temperature. Simi-
lar response was found for the same species in the Tatras
and the Alps. However, some characteristic discrepancy
was also experienced (i.e. July vs. June signal weaken-
ing). The southern Carpathian MXD response showed
distinct difference compared to the Slovenian one, too
(i.e. strongest reaction for August vs. September). These
small differences compared to surrounding areas could
plausibly explain the existence of the individual densi-
tometric provenance defined by Schweingruber F. H.
(1985) for the southern Carpathians.

Spruce MND record showed clear and significant
negative response to June-July mean air temperature.
This is a novel result as traditionally this densitometric
parameter was regarded not to carry any meaningful
temperature signal.

Hitherto dendroclimatological research focused ex-
clusively on radial growth properties in the southern
Carpathians (e.g. Soran V. et al. 1981, Popa 1. — Cheval
S. 2007, Kaczka R. — Biintgen U. 2007). In the present
study, however, we point out that densitometric proper-
ties have also great potential both in ecological and pa-
laeoclimate reconstructions, and future researches are
recommended in this field.

Derived temperature sensitive proxy records were
compared to instrumental data of the oldest available
regional station. Results of the moving window correla-
tion analysis showed strange shifts coinciding with
changes in station history. Considerable inhomogeneities
can be suspected in the instrumental data before 1906.

The Sibiu temperature record would have eminent im-
portance in the regional historical climatology due to its
completeness and exceptional length. Nevertheless, this
prominent secular record is hardly usable as temperature
target in regional proxy paleoclimatological research
until a scrutiny revision is done.
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Abstract

In the last decades, climate variabilites of the fourteenth century gained
great interest and became a subject of numerous research papers. Due
to the relative lack of sources referring to the climate of the Carpathian
Basin, merely based on written evidences continuous climate recon-
struction of the period is not possible. Nevertheless, there are cases
when, due to available contemporary evidence, still some conclusions
can be drawn. In this paper an investigation is carried out on one
specific environmental crisis characterized by several flood events of
European rivers caused by repeated abundant rainfalls; moreover,
summer and winter temperatures were lower than the average of the
preceding century. As a result of unfavorable environmental and
economic conditions, a great number of Western and Central European
sources reported on famines caused by the destruction of cereals.
Mainly based on Austrian and Czech narratives as well as Hungarian
charters, in the present paper an attempt was made to collect all the
available sources on prevailing weather conditions and their possible
effects in the Hungarian Kingdom mainly referring to the period of
1315-1317.

Key words: climate variability, environmental crisis, weather
events, floods, documentary evidence

WEATHER CONDITIONS IN THE 14TH CEN-
TURY

Climatic conditions of the Middle Ages is a subject of
several research papers, either as long-term investiga-
tions (e.g. Brazdil R. — Kotyza O. 1995, Pfister C. et al.
1998, Glaser R. 2001, Shabalova M. V. — Van Engelen
A. F. V.2003) or in the form of case studies on extremes
events (e.g. Kiss A. 2003, Rohr C. 2005). Being already
a part of the Little Ice Age, the 14th century is still con-
sidered as a transitional period between the Medieval
Warm Epoch and the Little Ice Age, and this period
poses several questions concerning variabilities of cli-
mate. A number of investigations pointed out that during
this century temperatures in Western and Central Europe
started to decrease (e.g. Lamb H. H. 1988, Pfister C. et
al. 1996, Pfister C. et al. 1998, Yan Z. et al. 1999). In the
Alps, the Aletsch Glacier started to advance from the
1120s and reached its maxima at around 1350 (Holz-
hauser H. 1997) which can be related to the decrease of
temperature in the Alps from the second half of the 12th
century to the 14th century. Climatic changes in the
Czech lands are more questionable, since it is not possi-

ble to provide clear evidence on such phenomena in the
first decades of the century (Brazdil R. — Kotyza O.
1995).

In this period temperature decreased and also wet
years became more frequent, especially in the Western
European territories. In Central and Eastern Europe there
is no definite evidence for precipitation increase. For
example, climate research of the Czech lands did not
show an increase of precipitation during the 14th century
(Brazdil R. — Kotyza O. 1995). Nevertheless, water-level
increase was detected in the mines of Goslar (in Ger-
many) and Iglau (today Jihlava in Czech Republic)
(Steensburg A. 1951). Investigations on the Great East-
ern European Plain pointed out a drier period (Lamb H.
H. 1982). However, the water level of the Caspian Sea
was several meters higher than nowadays (Gumilév L.
N. 1968), which does not reinforce the theory of a drier
period in Eastern Europe.

From the 13th century the number of climatic ex-
tremes increased in Western Europe and so did the num-
ber of sea floods in the Northwestern European region
(Lamb H. H. 1995). On the other hand, Central European
investigations do not provide evidence on an increasing
number of climatic extremes in the first half of the 14th
century (Brazdil R. — Kotyza O. 1995).

Therefore, the weather of Western Europe was
cooler and wetter than in the previous centuries. Weather
conditions of Europe started to change and it had an
effect on the food supply of the European population.
During the 14th century crop prices increased (Le Roy
Ladurie E. 2004, Pustil’nik L. A. — Yom-Din G. 2004)
and in the years of the famine (1315-1317) the price of
cereals were extremely high (Lucas H. 1930).

CONSEQUENCES OF EXTREME WEATHER IN
EUROPE BETWEEN 1315 AND 1317

The second decade of the 14th century gained special
attention among climate scientists. The 1310s was the
decade in which “years without summer” occurred (Pfis-
ter C. 1992). In the mid-1310s a serious famine took
place all over Europe (Jordan W. C. 1996). In England,
for example, unfavorable weather conditions started
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from 1314 with precipitation increase and temperature
decrease, whereas prices were so high that in 1315 the
king had to fix the maximum price of ale and meat (Ker-
shaw 1. 1973). In France, continuous rains started in May
1315. Due to great abundance of rains, cereals could not
come to maturity and food shortage caused serious fam-
ine. There was no vintage in 1315, and the price of wine
was high in 1316 (Alexandre P. 1987). According to
Emmanuel Le Roy Ladurie (2004), in 1316 three million
people died partly because of the lack of food. Same
weather conditions and problems occurred in the Nether-
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lands: the years of 1315-1317 were wet and serious fam-
ine occurred in Ypres and Bruges (Le Roy Ladurie E.
2004, 2006).

In the Mediterranean, historical records also indi-
cate floods mainly in Northern Italy, in the area of Parma
and Modena (Alexandre P. 1987). Historical records of
the Iberian Peninsula are not yet published, but a den-
droclimatological research indicates warmer period in
the first half of the 14th century than in the preceding
decades (Biintgen U. at al. 2008).

Table 1 Floods of rivers in the surroundings of Hungary between 1315 and 1317

Year Month Source Place Flood of River
1315 September Chron. de gest. prin. MGH SS rer. - rivers in Austria
Germ. Vol. 19. 84.

1315 After 25 July Chron. Aul. Reg. 365. Czech Kingdom Rivers in Bohemia and Moravia
1316 23,24, 28 June Cont. Canon. S. Rud. Salis. 822. - Triplex flood of the Danube
1316 28 June Ann. Burgh. MGH SS Vol. 24. 62. - Danube
1316 - Anon. Leob. Chron. 33-34. Austria, Danube and Mura rivers

Hungary
1316 - Anon. Leob. Chron. 33. Werfen, Austria Salzach river
1316 - Chron. Austr. 241. - Danube
1316 - Ann. Mellic. Cont. Zwetl. Ter. 659. - Danube and its tributaries
1316 - Mart. Meist. Ann. Gorl. 8. Neisse river
1316 - Chron. Aul. Reg. 379. Czech Kingdom, Floods

Austria
1317 - Ann. Zwetl. 681. - Danube and its tributaries
1317 - Ann. Mellic. Cont. Zwetl. Ter. 666. Czech Kingdom, Danube

Austria, Hungary

Records are as well available related to the German
territories: annals and other narrative sources inform
about flood events and extreme weather conditions from
Bavaria to Estonia (Glaser R. 2001, Alexandre P. 1987).
Besides the historical records dendroclimatologic data
from the valley of the Rhine also supports the theory of
the consecutive wet years (Le Roy Ladurie E. 2003).

EVIDENCE REFERRING TO SURROUNDING
AREAS

Historical records from Austria and the other neighbor-
ing territories of the Carpathian Basin are very important
in the light of the fact that narrative sources and annals
from the Hungarian Kingdom are rare in the Middle
Ages. In Austria, investigations were carried out based
on historical records (Pautsch E. 1953, Rohr C. 2005,
2007), which provide further evidence to a possible
comparison. It is interesting to note that according to
some investigations based on O;g content of stalagmite
records, summer temperatures in this period (Mangini A.
et al. 2005) were not lower than in the preceding centu-

ries. Nevertheless, according to Pfister (1996) winter
temperatures were in the decade of the famine 1.7°C
lower in the region of the Alpes than nowadays. More-
over, a number of annals and chronicles mention floods
on the rivers of Austria in 1315, 1316 and 1317 (Table
1). From the Czech lands data are available on dry
weather conditions before 25 July 1315; however, after
this time chroniclers reported on great floods and famine
(Chron. Aul. Reg. 365.) which continued in 1316. The
same chronicle mentions bad harvest in 1317.

In the western neighborhood of Hungary, in Austria
and the Czech lands these three years were rich in flood
events. Record on famine is as well available referring to
Austria, the Czech Kingdom and as well to Poland (Ann.
Cist. in Hein. 546.). Fluctuation of crop prices in the
1310s also reflects unfavorable weather conditions
(Table 2).

As a conclusion we can say that, similarly to West-
ern Europe, in the neighbouring countries west and north
to Hungary, presumably connected to weather condi-
tions, floods and famine occurred, negatively affecting
local population occurred in 1315-1317.
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Table 2 Corn prices in the 1310s in the countries surrounding Hungary

Documentary Evidence on Weather Conditions and a Possible Crisis in 1315-1317: Case Study from the Carpathian Basin
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Barley Wheat Wheat Oat .
Date Place (hordeum) (triticum) (siligineus) (avena) Conditions Source
1312 Zwetl 70 denarius 14 talentum 3 solidus ja.nd 60 Qe— On the 26th Cont. Zwetl.
15 denarius narius of March. Ter.
1312 Morvavia _ 30 grossi of _ _ After bad Chron. Aul.
Prague harvest Reg.
1312 Zwetl - 10 talentum - - Around Ann. Zwetl.
Easter
1312 Mattsee - - 3 solidus 60 (_le- Serlqus fam- Ann. Mat.
narius ine
1312 Austria 60 denarius 4 solidus 3 solidus 60 Qe- Famine Chron.
narius Austr.
1313 Zwetl -- 6 denarius 4 denarius -- Good harvest | Ann. Zwetl.
1313 Zwetl 4 denarius 6 denarius 4 denarius 4 dp- Good harvest, | Cont. Zwetl.
narius cheapness Ter.
3 solidus and Cont. Can. S.
1313 Salzburg B 2 denarius B B At Easter Rud. Salis.
. . Cont. Can. S.
1317 Salzburg - -- 5 denarius -- Famine Rud. Salis.
1317 | Burghausen -- -- -- -- Great famine | Ann. Burgh.
. Low prices
1319 Prague - -- ! Ig;; ZSSleOf -- after good Chrg;’ Aul.
st harvest, &

INFORMATION ON CLIMATE OF HUNGARY
IN THE EARLY 14TH CENTURY

Referring either historical or present Hungary, due to
relative scarcity of available contemporary written evi-
dence, research on climatic conditions as well have to
rely ont he results of natural scientific research and ar-
chaeological investigations. Some studies in the field of
archaeological research suggest that a drier period pre-
vailed in the 13th century. However, it is very probable
that the climatic conditions of Hungary started to change
in the beginning of the 14th century and the climate
became wetter in these decades (Racz L. 20006).

It is, however, a general problem of natural scientific and
archaeological research that in most cases changes can
be detected, but it is difficult to differentiate the main
reasons: it is uncertain whether mainly human impact or
a possible climate change is more responsible for the
changes. This question arises, for example, in current
results of sand-dune research or waterlevel-change in-
vestigations of larger lakes of the Carpathian Basin.
Sand-dune studies, for example, referring to the Danube-
Tisza Interfluve indicate sand-movement in the first half
of the 14th century (Kiss T. et al. 2005). Investigations
on the main water-level tendencies of Lake Balaton
pointed out that the water level had an increasing trend
during the 14th century (Sagi K. 1968, Kiss A. 1999b).
Geoarchaeological investigations show a cooling period
in the 14th century (Siimegi P. et al. 2005). A 1000-year

dendroclimatological reconstruction is as well available
on summer temperatures, referring to the Eastern Carpa-
thians (Romania), which show cool years around 1300;
however, this research points out hot summers in the
1310s (Popa I. — Kern Z. 2008). Nevertheless, due to the
location of sample site, this reconstruction might not
completely refer to the conditions of the Carpathian
Basin in general, and the influence of more easterly areas
should be as well considered. Thus, based on the pres-
ently available information, only a rather mosiac picture
can be drawn. It is, however, appear rather clearly that a
general change in environmental conditions can be de-
tected in the early 14th century Hungary.

Concerning contemporary documentary evidence of
Hungary, some investigations were already carried out
referring to weather conditions of the 1310s in Hungary
(Kiss A. 1999a). Moreover, a case study on the compari-
son of conditions between western Europe and Hungary
in the mid-1310s suggested that, unlike west and north to
us, no traces of a major crisis in 1315-1317 occurred in
the Hungarian kingdom (Szant6 R. 2005). Nevertheless,
according to our opinion a deeper comparison of con-
temporary evidence of the neighbouring areas, as well as
some additional, newly investigated domestic evidence
can provide a not only slightly different, but clearly more
detailed picture of what happened in the Carpathian
Basin in the years of 1315-1317.
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WEATHER-RELATED DOCUMENTARY EVI-
DENCE IN HUNGARY: 1315-1317

Largest number of contemporary evidence can be inves-
tigated first in the summary (regesta) collection of the
Angevin Chartulary (An. Okl. Vol. I-XIV.), in which all
presently available charter evidence of the reference
period in Hungary are listed. Thus, the basis of our in-
vestigation was not only the years of 1315-1317, but a
wider time-scale, namely the period of 1301-1330. it is
due to the fact that, as we will see, clear evidence refer-
ring to the investigated period is available in charters
issued after 1317. Apart from Hungarian charters, annals
and chronicles of neighbouring countries were also ex-
amined (Table III and Fig 1). Despite the fact that only a
low number of weather-related data is available concern-
ing the first decades of the 14th century, some of the
evidence provide interesting information. For example,
one charter evidence (DL 63093) dated to 1309, refer-
ring to the village of Lehatha (today Hornd Micina in
Slovakia), reports on frequent previous flood events of
the Garam (today Hron in Slovakia) river, which might
show some connections to the increase of flood fre-
quency in the period around 1300 occurred in Western
Europe.

A charter from 1343 (DL 71639), transcribes an-
other document from 1312 that is important for high-
lighting the food supply in the 1310s. The charter is
seemingly a simple document which puts an issue in the
sale of an estate on paper. The estate which is sold in this
charter is called Pethunye (Petenia, Romania), but what
has to be emphasized here is that the reason for selling
one sixth of this estate complex was supposed shortages

JOEG I/3-4

in the near future. The charter was issued on 25 June,
1312, exactly the period of the usual date of the grain
harvest, which indicates that the harvest was very poor.
It does not mean that the harvest was poor over a broader
region as the charter does not specify the reason for the
supposed shortage or food supply in the coming year, but
it is possible that it was due to weather conditions.

A chronicle on the history of Szepesség (today
Spis-region in Slovakia) compiled in the 17th century by
Caspar Hain (Hain G. 1910-1913), partly based on the
local archival evidence, indicates a famine during three
years around 1312 and mentions that cannibalism might
have been present among the population. According to,
for example, Lucas (1930) this phenomenon was not
unique in time of famines but in this case it could as well
be the vivid imagination of a 17th century author. In
spite of probable exaggerations and the fact that it is not
a contemporary source, this chronicle can have a great
importance from our point of view. The author of this
chronicle was the mayor of Ldcse/Leutscha (today
Levoca in Slovakia) and thus, had an easy access to the
town archives. Some of his reference suggest that he was
familiar with, by now lost, medieval narratives, and thus,
his descriptions about medieval period should be as well
have to be considered (Hain G. 1910-1913). Thus, it is
quite probable that Caspar Hain had access to reports
referring to the early 14th-century famine. Thus, it is
quite probable that some time in the early or mid-1310s a
famine took place in Hungary. Although Hain dates this
event to three years around and after 1312, but he also
adds that the exact date is not sure (Hain G. 1910-1913).

Table 3 Weather related events in Hungary 1315-1317

No. Year Day, Month Source Place Event

1 1309 - DL 63903. Lehotka (Slovakia) Frequent floods of river

Garam
25 June . . Presumed food shortage in the
2 1312 | oo of ssue) DL 71639 Petenia (Romania) s &
3 1312 - Hain G. 13 Szepesség (Slovakia) Serious famine in Hungary,
cannibalism
4 1316 - Anon. Leob. Chron. 33-34 Hungary Serious floods
5 1316 - Chron. Aul. Reg. 379 Hungary Serious floods caused by
continuous rains, unusual

weather

6 1317 24 February DL 1884. Sava valley (Croatia) Hard conditions because of

(date of issue) winter
7 1317 - Ann. Mellic. 511. Hungary Floods of rivers
8 1318 - DL 50333 Keserii (Romania) Serious famine in the past

Concerning 1315, no direct evidence is available related
to weather events of the Hungarian Kingdom. Thus, it is
yet uncertain whether or not abundant precipitation and
floods, occurred from England through France to Aus-

tria, reached the Carpathian Basin. However, contrary to
1315, some source evidence is available about the next
year, 1316. The Anonymus Leobiensis Chronicon in-
forms about serious floods destroying villages along the
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Danube in Austria and Hungary. The Chronicon Aulae
Regiae (Bohemia) reports on succeeding unusual
weather events, and floods caused by continuous rains.
Thus, in this year not only the precipitation was greater
than usual, but the number of weather extremes as well
increased in the areas west to us.

Serious flood of River Mura was reported in 1316,
which probably as well reached Hungary (Anon. Leob.
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Chron. 33-34). In the same period, King Charles Robert
passed the Drava river (takes the water of river Mura)
with his army and we do not have any source reporting
on difficulties. Based on this we cannot state that this
flood undoubtedly reached and caused problems in Hun-

gary.

1. Horna Miéina (Lehotka)

2. Petenia (Pethunye)

3. Spissky Region (Szepesség)
4-5. Danube

6. Sava valley

7. Chesereu (Keser()

. Transylvania

Fig. 1 Geographic names in medieval Hungary, referred in the article

A charter written in 1323 (DL 1884) transcripts the text
of another charter dating back to 24 February 1317 pro-
vide evidence on the great difficulties of the royal army
when, caused by hard winter conditions, they crossed the
Sava river. As no more details are available, no clear
statement can be provided on the actual weather condi-
tions disturbing the army from crossing the Sava river.
Nevertheless, the winter of 1317 was, according to the
Chronicon Aulae Regiae, extremely long and cold
(lasted until 28 March) in the Czech lands. Thus, there is
a high probability that the winter of 1317 was also colder
than usual in Hungary. However, a deeply frozen Sava

river in itself would have allowed an easier pass to the
king’s army.

The last data to be discussed here is a, dated to 1318
(DL 50333). The charter mentions a certain Stephen who
gave proof of his charity when he helped his family
during a time of serious famine. This is the only unques-
tionable contemporary written evidence from the Carpa-
thian Basin which refers to famine in the preceding pe-
riod. It does not specify when the famine took place, but
the charter is a continuation of another document dating
back to 1311, which means the famine mentioned in the
charter took place some time between 1311 and 1318.
The charter from 1318 was issued by the monastery of
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Varad (Oradea, Romania) concerning an estate called
Keserii (Chesereu, Romania). Seemingly, there was a
famine in that region, which does not mean that it
touched the whole country. However, the fact that the
scribe did not specify which famine the charter refers to
may indicate that it was a well known event and affected
a broader geographical area.

Even if only a few written evidence is available re-
lated to a famine and possible environmental crisis of the
mid-1310s (see Fig I), these sources provide clear evi-
dence that the crisis, mainly in the form of high prices
and famine indeed reached Hungary.

CONCLUSION

Great parts of Europe were clearly affected by the
weather anomaly of the mid-1310s. As a result, great
famine occurred in western and central Europe. Crisis
clearly affected territories in the immediate neghbour-
hood: unfavourable weather conditions and famine oc-
curred in Austria, the Czech lands and Poland. Whereas
some case studies suggested that no contemporary in-
formation can support the idea that crisis also reached
Hungary in 1315-1317, it seems that some contemporary
charters indeed suggest that signs of the same crisis and
famine were present and caused problems in different
parts of contemporary Hungary.
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ABBREVIATIONS OF PRIMARY SOURCES

An. Okl. = Anjou-kori oklevéltar. Documenta res Hungaricas
tempore regnum Andegavensium I[llustrantia. Vol. [-XIV.
Ed.: Almasi T. — Blazovich L. — Géczi L. — Kéfalvi T. —
Kristé Gy. Szeged — Budapest: JATE, 1990-2004

Ann. Burgh. = Annales Burghausenses. In: Pertz G. H. (ed.)
Monumenta Germaniae Historica. Scriptores. XXIV. Han-
noverae: Hahn, 1866. pp. 61-62

Ann. Cist. in Hein. = Annales Cisterciensium in Heinrichow.
In: Pertz G. H. (ed.) Monumenta Germaniae Historica. Scrip-
tores. XIX. Hannoverae: Hahn, 1866. pp. 543-547

Ann. Mat. = Annales Matseenses. In: Pertz, G. H.: Monumenta
Germaniae Historica. Scriptores. IX. Hannoverae: Hahn,
1851. pp. 823-835

Annales Mellic. = Annales Mellicenses. In: Pertz G. H.:
Monumenta Germaniae Historica. Scriptores. IX. Han-
noverae: Hahn, 1851. pp. 480-501

Ann. Mellic. Cont. Zwetl. Ter. = Annales Mellicenses
Continuatio Zwetlensis Tertia. In: Pertz G. H.: Monumenta
Germaniae Historica. Scriptores. IX. Hannoverae: Hahn,
1851. pp. 654-669
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Ann. Zwetl. = Annales Zwetlenses. In: In: Pertz G. H.: Monu-
menta Germaniae Historica. Scriptores. 1X. Hannoverae:
Hahn, 1851. pp. 677-684

Anon. Leob. Chron. = Anonymus Leobiensis chronicon. Ed.:
Zahn J. Graz: Leuschner & Lubensky, 1865

Chron. Aul. Reg. = Chronicon Aulae Regiae. In: Loserth J.:
Fontes Rerum Austriacarum. Vol. 1. 8. Wien: In commission
bei K. Gerold’s Sohn Buchhéndler der Kaiser Akademie der
Wissenschaften, 1875

Chron. Austr. = Chronica Austriae. In: Lhotsky A.: Monu-
menta Germaniae Historica. Scriptores Rerum
Germanicarum Nova Series. XIII. Berlolini, Turici:
Weidmann, 1967

Chron. de gest. prin. = Chronica de gestis principum. In: In:
Pertz G. H.: Monumenta Germaniae Historica. Scriptores
rerum Germanicarum. XIX. Hannoverae: Hahn, 1866. pp.
47-106

Cont. Canon. S. Rud. Salis. = Continuatio Canonicorum S.
Rudberti Salisburgensis. In: Wattenbach W..: Monumenta
Germaniae Historica. Scriptores. IX. Hannoverae: Hahn,
1851. pp. 819-823

DL = Archives of Diplomatics (Hungarian National Archives,
Collection of medieval charters)

Hain G. = Hain Géspar 16csei kronikaja. Ed. Bal J. — Forster J.
— Kauffmann A. Ldécse [Levoca]: Reiss Ny., 1910-1913.

Mart. Meist. Ann. Gorl. = Martinus Meisterus. Annales Goerli-
censes. In: Hoffmann C. G.: Scriptores Rerum Lusaticarum
antiqui et recentiores. 1. /2. Lipsiae — Budissae: David Rich-
ter, 1719
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Abstract

The largest blown-sand area of Hungary is located on the Danube-
Tisza Interfluve. Here the most significant aeolian activity took place
during the Pleistocene, however the aeolian transformation of the
landscape occurred also in the Holocene and even in historical times.
The aims of the study were (1) to reconstruct the relief at different
historical periods; (2) to determine the periods of sand remobilisation
during historical times; (3) to identify the changing of climatic condi-
tions and possible types of human activities enabling aeolian activity
and (4) to specify the spatial extension of sand movements. To recon-
struct the spatial characteristic of sand and palaeosoil layers a 3D-
model of the deposits at the archaeological site was created using total
station measurements and Surfer 8.0 software. In order to determine
the exact time of blown-sand movement optically stimulated lumines-
cence (OSL) measurements (6) were applied. Based on the results, the
lowermost sandy-loess layer had a late Pleistocene age, on which
sequences of palaeosoils and blown-sand layers were formed during
the Holocene. The spatial extension of the palacosoils and sandy layers
suggest that the relief has changed significantly over historical times.
The former Pleistocene blowout depression has altered because of both
the climatic conditions and the human impact on the environment.
Blown-sand movements in historical times filled up the blowout de-
pression. The sand sheets reshaped the original morphology and soil
properties. Today the surface is more elevated and even, the site is
covered by dry and slightly humic sandy soils.

Keywords: environmental changes, Holocene, blown sand,
OSL dating, archaeology, human impact

INTRODUCTION

The population, the development of agricultural tech-
niques and the changes in land use caused human induced
environmental changes, which became increasingly sig-
nificant in history. Good examples can be found on the
Danube-Tisza Interfluve where the change in climatic
conditions and the anthropogenic disturbance together
caused aeolian activity during historical times. Therefore,
the original geomorphological setting of the area trans-
formed, and Pleistocene forms were reshaped by Holo-
cene sand-movements.

The earliest blown sand movements on the Danube-
Tisza Interfluve took place in the Inter Pleniglacial of the
Pleistocene (Stimegi P. — Loki J. 1990, Siimegi P. 2005)
and subsequently there was aeolian activity during the
Middle Pleniglacial of the Pleistocene after 25 200 + 300
year ago (Krolopp E. et al. 1995, Stimegi P. 2005). Ac-
cording to earlier researches on the Danube-Tisza Inter-
fluve the most significant aeolian activity occurred during
the Upper Pleniglacial (Borsy Z. 1977ab, 1987, 1989,

1991, Siimegi P. et al. 1992, Stimegi P. — Loki J. 1990,
Siimegi P. 2005). Later, the two cold and dry periods, the
Older Dryas and Younger Dryas in the Pleistocene were
convenient for aeolian rework (Borsy Z. et al. 1991,
Hertelendi E. et al. 1993) which is supported by radiomet-
ric, optical and thermo-luminescence measurements too
(Gébris Gy. et al. 2000, 2002, Gabris Gy. 2003, Ujhazy K.
2002, Ujhazi K. et al. 2003).

Sand dunes, formed under cold and dry climate in the
Pleistocene, were gradually fixed as the climate changed to
warm and humid during the Holocene. However, research-
ers draw attention to the possibility of sand movement in
the Holocene too. The warmest and driest Holocene phase
(Boreal Phase) was the most adequate for dune formation
(Borsy Z. 1977a and b, 1987, 1991, Gabris Gy. 2003, Kadar
L. 1956, Marosi S. 1967, Ujhazy K. et al. 2003), though,
certain investigations claim that the second half of the At-
lantic Phase could also be dry enough for the remobilisation
of sand (Borsy Z-né — Borsy Z. 1955, Borsy Z. 1977a and
b, Gabris Gy. 2003, Ujhazy K. et al. 2003). Nevertheless,
the latest, usually local signs of aeolian activity can be
related to various types of human impact. Former investiga-
tions consider that sand movement could occur during the
Turkish occupation (16th-17th century AD) and subse-
quently in the 18th -19th century AD due to deforestation
(Borsy Z. 1977a and b, 1987, 1991, Marosi S. 1967).

Based on archaeological investigations and OSL
measurements on the Danube-Tisza Interfluve aeolian
activity occured in the Bronze Age (Gabris Gy. 2003,
Ujhazi K. et al. 2003, Nyari D. — Kiss T. 2005a and b, Kiss
T. et al. 2006, 2008, Nyari D. et al. 2006a and b, 2007a and
b, Sipos Gy. et al. 2006), then the surface became stable for
a long period, until the 3rd-4th centuries AD. As later the
climate turned dry (Racz L. 2006, Persaits G. et al. 2008)
and the anthropogenic disturbance became more significant
conditions became suitable for aeolian activity, which is
proved by several researchers (Loki J. — Schweitzer F.
2001, Kiss T. et al. 2006, 2008, Nyari D. et al. 2006a and b,
2007a and b, Sipos Gy. et al. 2006, Knipl 1. et al. 2007).
Sand movement was also characteristic in the Migration
Period, especially during the 6th-8th century AD, which
was the realm of the Avars (Nyari D. — Kiss T. 2005a and b,
Kiss T. et al. 2006, 2008, Nyari D. et al. 2006a and b, 2007a
and b, Sipos Gy. et al. 2006) Subsequent aeolian activity
occurred also in the high medieval period (11th-13th centu-
ries AD, Loki J. — Schweitzer F. 2001, Gabris Gy. 2003,
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Ujhazy K. et al. 2003, Nyari D. et al. 2006a and b, Knipl 1.
et al. 2007, Kiss T. et al. 2008) and when the Cumans in-
habited the territory (13th century AD, Siimegi P. 2001,
Kiss T. et al. 2006, 2008, Nyari D. et al. 2006a and b, 2007a
and b, Sipos et al. 2006). The latest aeolian activity oc-
curred in the 15th century BC (Nyari D. et al. 2007a, Kiss
T. et al. 2008).

The present research provides evidence on sand
movements in historical times caused by changing in
climatic conditions and human impact on the environ-
ment. The aims of the study were (1) to reconstruct the
relief at different historical periods; (2) to determine the
periods of sand remobilisation during historical times; (3)
to identify the changes of climatic conditions and possible
types of human activities enabling aeolian activity and (4)
to specify the spatial extension of sand accumulation.

STUDY AREA

The 9 km? large blown sand covered study area is situ-
ated on the southern part of the Danube-Tisza Interfluve,
northeast from Kiskunhalas (Fig. ). The altitude of the
area varies between 122 and 138 m a.s.l. Low-lying flat
areas dominate the southern part, where greater depres-
sions are situated. On the northern part, a higher sandy
area characterises the landscape. The forms stretch from
NW to SE, and clearly mark the direction of prevailing
winds during acolian periods (Fig. 2).
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The 550 m long and 6 m wide, 1.2-2.5 m deep excavated
site was located along a future pipeline on the middle of
the study area in a blowout depression, providing an
exceptionally good example on Holocene aeolian reshap-
ing (Fig. 2).

METHODS
OSL measurements

The optically stimulated luminescence (OSL) determines
the last exposure of sediments to sunlight. Therefore, the
method is especially suitable for identifying the deposi-
tional age of wind-blown sands (Aitken M. J. 1998).
Altogether six samples were collected from three pro-
files. Measurements were made on an automated RISOE
TL/OSL-DA-15 type luminescence reader at the De-
partment of Physical Geography and Geoinformatics,
University of Szeged. Laboratory techniques and meas-
urement protocols can be found (Sipos Gy. et al. 2009).

Investigation of archaeological findings

By investigating the findings of the site the activities and
environment of earlier inhabitants of the area can be
reconstructed. Previous archaeological analyses (Wicker
E. 2000, Rosta Sz. 2007) allowed us to study the mor-
phological situation of findings and to couple historical
settlement pattern with landforms. This analysis enabled
us to reconstruct the type, intensity and the geomor-
phological results of human impact.

Geomorphological mapping

The relief and geomorphological map of the investigated
area were compiled on the basis of field measurements
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and 1:10,000 scale topographic maps. First the major
aeolian morphological units: erosion-transportation and
accumulation zones, the basic morphological features:
blowout depressions, blowout ridges, blowout dunes or
hummocks, parabolic dunes, sand sheets, deflation areas
and the brink lines of dunes were identified.

3D-modelling

To model the landscape at different historical periods a
3D terrain model was created on the basis of layers along
the archaeological excavation using total station meas-
urements and Surfer 8.0 software.

RESULTS

Based on the geomorphological map of the area, the
northern part of the investigated area represents an ac-
cumulation zone, where the most typical forms are
blowout depressions, blowout ridges and blowout dunes
(hummocks). On the southern part the erosion and trans-
portation zones are situated with unclear boundaries and
covered by less of forms, which are predominantly defla-
tion areas, blowout depressions, blowout ridges and sand
sheets (Fig. 3).

Accumulational zone (A)

N | Lo sportational
\ L aone (E-T)

] Blowout depression

Blowout ridge
Blowout duse. parbolic dune

B oetnonaren

Sand sheet
Brink line of dune T
N

@  Sequence deseription

Sampling place
00 m

O The archacalogical site pay— wr—mm

Fig. 3 Geomorphological setting of the study area

Samples for OSL dating were collected from three
profiles along the excavated site. Based on the results the
lowermost sandy-loess layer was formed at 12.7 +£ 1.2 ka
in the Pleistocene, on which a 35-110 cm thick soil
evolved during 9000 years in the Holocene.

According to the OSL measurements subsequent
aeolian reactivations took place 2.9 + 0.3, 1.74 £ 0.2,
1.59 £0.2 and 1.2 + 0.19 ka and resulted a 30-180 cm
thick layer consisted of sand and poorly developed soil
layers. Sequences of blown-sand layers and soils suggest
that the relief of the surface during different historical
times was not the same as today. The wind continuously
filled up the former blowout depression. Later, as the
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surface was stabilised again, a relatively thick and dark
soil layer could develop.

ey I OSL (ka)  (em) 1. OSL (ka) (em) UL OSL (ka)
" . I . I
[——]

a0 40 40

0.590,07 - s
oo [ 60 50 A
80 8 80
wo | 100 1,5940,2 100

12,712
120 120 120
20403

140 | 140

n Recent soil - Arpad Age layer

160 160

o i Bipwnsand [ Patcosoil
200 200 Bl;:;;;ﬁ;;!f'ﬂ Sandy - loess
0 0
240

Humic sand

Fig. 4 Profiles, depositions and the OSL data

However, according to the OSL measurements, around
0.59 + 0.07 year ago aeolian activity restarted and cre-
ated a 30-100 cm sandy deposit on the top of the layers
(Fig. 4).

DISCUSSION

The age and depositional data of the profiles were com-
pared to archaeological evidence on the site and in the
region (Wicker E. 2000, Rosta Sz. 2007). For the recon-
struction of spatial characteristic of land surfaces at dif-
ferent historical periods a 3D model of the layers was
created. All these enabled the reconstruction of the type,
intensity and the results of human impact on the envi-
ronment in different historical periods.

Until the 9th centuries BC a blowout depression
was located at the excavated area. Its altitude varied
between 122-124 m a.s.l. and a very thick soil was de-
veloped on the surface (Fig. 5). Southeast from the
blowout depression a higher sand dune was situated,
which is still visible today.
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Fig. 5 Surface profile: before the 9th century BC

As the result of several sand movements, 30-180 cm
thick sand layer was deposited (Fig. 6). In the 9th cen-
tury BC (OSL: 2.9 + 0.3 ka) a thin sand layer covered
the deepest part of the depression. Since then sand
movement took place in the Subboreal Phase, which was



34 D. Nyari — T. Kiss

cool and wet (Jarainé K. M. 1966, 1969), the role of
climatic controls on the remobilisation of sand is cer-
tainly insignificant. On the other hand the findings
around Kiskunhalas from the 9th century BC (Wicker E.
2000) provide an evidence for the presence of a dense
result of human disturbance at this time. Subsequently,
until the 2nd century BC soil development occurred.
During the 2nd-5th century AD Sarmatians inhabited the
territory (Rosta Sz. 2007), who were engaged in agricul-
ture and kept large livestock on the pastures. The exca-
vated Sarmatian trenches and wells were found on the
elevated surface of the paleosoil, while marks of live-
stock treading in the deepest part (Fig. 6).

Fig. 6 Animal foot prints (foto: Istvan Knipl)

These indicate that the low-lying, wet area of the
blowout depression was used for watering, while the
higher surfaces were pastures or plough-fields. Sarma-
tian animal breeders and farmers with large population
meant an intensive burden on the environment, thus the
chance for wind erosion increased on bare surfaces
caused by over-grazing or ploughing. Due to these rea-
sons aeolian activity appeared on the territory in the 3rd
and 5th century AD (OSL: 1.74 £ 0.2, 1.59 = 0.2 ka) and
the area of the blowout depression was covered by a
sandsheet. However, in this case the role of climatic
control could be more significant, as this was the time of
the “Roman Warm Period”, which generally character-
ised by warmer and drier weather conditions (Réacz L.
2006). In the 8th century AD (OSL: 1.2 + 0.2 ka) aeolian
activity was possibly induced by the Avars (Wicker E.
2000). At this time the climate was cold and dry (Récz
L. 2006), being ideal for sand movement especially
when anthropogenic impact was superimposed. As a
consequence of the sand movement between the 9th
century BC and the 8th century AD, the blowout depres-
sion was filled up, thus a more homogenous surface
developed at a higher elevation (Fig. 7).
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Fig. 7 Surface profile: 8th century BC

Subsequently, a longer stable period came without
sand movement, which coincides with the generally
more warm and wet “Medieval Warm Period” (Réacz L.
2006). During this time the surface was stabilized and a
humic sandy soil developed (Fig. §).
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Fig. 8 Surface profile: 13th century BC

People settled down in this area in the Arpadian Pe-
riod, between the 13-14th century AD. Based on plough
marks stretching, from north to south along a 60 m long
section (Fig. 9), the area functioned as a plowland in the
13th century when a 20-30 cm anthropogenic layer was
formed (Fig. 10). Based on the stockyards, house re-
mains, potteries and bones later it might have been used
for animal husbandry as well as for settling down from
the turning of 13-14th centuries (Rosta Sz. 2007).

Fig. 9 Plough marks stretching from north to south (foto:
Szabolcs Rosta)
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On this palaeosoil, another sand layer can be found
(Fig. 11), which was formed in the 15th century AD
(OSL: 596468 y). The sand movement is probably also
the result of human disturbance as a well was found
indicating inhabitance. At this time the climate was gen-
erally unfavourable for aeolian activity as it belongs to
the “Little Ice Age”.
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Fig. 11 Surface profile: the 15th century BC

Thus, the aeolian activity levelled the surface even
more on the altitude of 124 m a.s.l., which can be seen
today. Now the area functions as a plough land and the
modern ploughing techniques destroyed the former lay-
ers (Fig. 12).
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Fig. 12 The surface in 2007
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CONCLUSION

The Holocene morphological evolution of the investi-
gated area is complex. The Pleistocene forms were re-
shaped and transformed, thus at certain locations the
original morphology can hardly be identified. Remobili-
sation and reshaping were especially intensive during
historical times (Fig. 13). The former landscape changed
mostly because of the combined effects of climate and
human impact on the environment. Blown-sand move-
ments in historical times filled up the blowout depres-
sion.
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Fig 13 The OSL ages and the archaeological relicts of the area

Sand sheets reshaped the original morphology covered
several generations of palaeosoils. Today the surface is
higher and more even; a dry and slightly humic sandy
soil covers the area of the former low-lying and wet
blowout depression which was filled up by thick organic
sediment and soil.
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Abstract

Concerning weather, weather-related extremes anthstoaphic

consequences, 1342 was an extraordinary year ihpads of Central
Europe, even in such an extraordinary decade ak3#h@s. Accounting
with the seven flood events (including one Danubed) mainly of

great magnitude, at present 1342 is the most impbknown flood

year of medieval Hungary. Moreover, in this yeattraordinary

weather conditions, such as a mid-autumn snowcavere also

reported. However, in the eastern parts of the &hign basin not only
1342 but also 1343 was a significant flood yeatvéix reports on
flood events occurred in the upper and upper midélgions of the
Tisza catchment.

In the present study, an overview of these evenpsdvided, based on
the information preserved in the most typical corgerary, well-dated
source type of medieval Hungary, namely chartetee @&m of the

study is, on the one hand, to draw attention tofithed and weather-
related evidence found in charters, and to proddaethodological
background for further evaluation and utilisatidrtlos source type in
historical weather and flood research, throughvirg typical example
of the years of 1342 and 1343. On the other handthar aim is to
discuss and analyse the unique nature of theseyéars in medieval
Hungary, and (beyond the well-known year of 1342fitaw attention

to the, up to now somewhat neglected, year of 1343.

DEEP SNOW, ICE FLOOD, EXTREME
RAINFALL AND A DEVASTATING
MILLENNIAL SUMMER FLOOD EVENT: 1342
(AND 1343) IN (WEST) CENTRAL EUROPE

Brazdil and Kotyza (1995). Another, detailed ovewi
of the 1342 events, from various viewpoints inchgdi
causes, damages and other consequences, was grovide
by Rohr (2007), as well as by Glaser (2008). Lasggle
geomorphological and landscape-change consequences
of the disasterous summer flood event were stubied
Bork and his colleagues (e.g. 1998). In contrash wie
great attention turning towards the events of teary
1342, there is not much available about 1343 in the
scientific literature. Almost all information abouhe
somewhat special, unusually wet character of tleiary
and its possibly also hard consequences were only
detected in Germany. In this case, together wita th
catastrophic events of the previous vyear, the
unfavourable weather conditions were also blamed fo
the famine concerning the southern German areas
(Glaser R. 2008). Some other evidence, howeverhimig
suggest that the Danube in Bavaria caused prold¢sos
in other times during these two years, since flood
damages were reported at the monastery of Obefaltai
concerning autumn 1342 and spring 1343 (Rohr Ch.
2007).

What happenned in the Carpathian basin in the
same time? The special character of the 1340s a4d 1
in the Carpathian basin was partly emphasised Isg Ki
(1996, 1999). Nevertheless, on the basis of anrgadia
database of legal documentary evidence (charters),

1342 became famous for its hard winter with abuhdan new, more complete overview and analysis can be
snow and very rainy summer as well as autumn inpresented.
Central Europe and beyond. These weather conditions

caused in large parts of (Central) Europe threenmai

flood waves: one in February, a second one in Agprd
a third one in July. Out of these three flood wathes

summer flood happenned to be an extreme, millennial

CHARTERS: AN UNIQUE WELL-DATED
MEDIEVAL LEGAL EVIDENCE

flood event with disasterous consequences which,Concerning these two extraordinary years, inforomati

together with the next year's unfavourable wet \veat

about the events occurring in the Hungarian kingdom

conditions (mild winter, cool and wet spring, wet which covered almost the entire Carpathian basin —

summer), caused great hunger and famine in mas$teof

including the present-day areas of Hungary, Slaaki

German areas by 1343 and 1344 (Glaser R. 2008)and parts of Ukraine, Romania, Serbia, CroatiaveSim

Although two of the flood waves, namely the Febyuar

and Austria — is mainly available in legal docunagioin,

and April floods caused great damages in the Czechnamely charters (see Kiss A. 1996, 1999). Chariatiter
areas, there is no report available about any dasiag advantages and disadvantages of this type of weattie

concerning the summer of 1342 (Brazdil R. — Kot@za
1995). Moreover, in the area of the eastern Alpsenof
the three floods had so disasterous effects ashiaro
parts of West Central Europe (Rohr Ch. 2007).

flood documentation lie in their legal charactéie main
aim of preparing these documents was to documedht an
preserve the most important points, objectives haf t
legal process as a proof of ownership patternstter

About the 1342 weather and floods a concise future (often for centuries). Consequently, flood o

overview of the international literature was presdrby

weather circumstances are mentioned only if they
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obstructed the completion of the legal procedunéndu
field survey. In other (less frequent) cases, flasdther
circumstances obstructed travel and thus
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consequences. Similarly, the area a charter ustefitys
to is often restricted to a small location and thosthe

legal majority of cases little is known about medium{ange-

procedure/trial had to be postponed and this factscale patterns.

(together with circumstances) had to be reportethéo
higher authorities or

Except for one case (town burning down in 1342),

permission to be asked for all weather- and flood-related information concegni

postponing/prolongation of procedure. Occasionally, the years of 1342 and 1343 has survived in charféms

weather-related information (e.g. proof of a lateviest)
can be detected in other cases, such as witneltsgal i
harvesting or using force during (well-dated) hatirey
time etc.

spatial distribution of reported weather and fl@ants

of 1342 and 1343 is presented Rig. 1. The present
analysis provides us with fragmentary picture oratvh
happenned in 1342-1343 in the Carpathian basin, not

Clear advantages of charter evidence are, comparednly related to weather, but also flood events:adat
to most types of medieval documentary evidencdr the available only for those dates and in those cemess

exact and highly reliable dating (legal-administrat

when and where legal procedure took place and later

documentation), the punctuality of location and the weather- and/or flood-related information was ided

several elements, main environmental conditionshef
area, often described in the main text
Disadvantages are that the date(s) of observasiarot
necessarily the date of the beginning and the atel af
the flood event, but only a day or days of the amgo
flood and weather events. Moreover, the beginning) a

in the charter. Thus, we can presume that largke-sca

body. patterns would have shown a certainly more complex,

and possibly even more ’serious’ picture, espegciall
concerning flood events.

end dates of flood events/weather phenomena amd the A FRAGMENTARY PICTURE? WEATHER
main (e.g. material, human) consequences are maiNREPORTS FROM 1342 AND 1343

unknown. In this sense, a major difference fromsfem
or other) narrative evidence is that in chartersniya

Only sporadic information is directly available

flood appears as a natural hazard while in naeativ concerning the weather of 1342: these data presemve
flood is mainly reported because of its catastrophi charter evidence. Amongst this evidence, a refereaa

weather(-related) events N
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& . ~3 o o
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& . %
o Kmld - . 4 o Levoca R
Hggﬁiﬁ ;f:atw:li:;here i * 1342 L= 0 50 100 150 km
Were.1ep o, burnt down X
prese.nt country b(?rders > A &
“~ medieval borderline |"15.00132  Q (Marsza) o kay
idee{:'sn-ow‘) ™ &@j’@” / Emd@sﬁ‘?@@@ﬂém@
', Bého d"q s o (Déta, g ezSladany
2= (Z&moly) " epoing Oha] /0 *Korh) Bsi
."’ Besefiov Kerencs _Borkesr
(Szentalbert)
: Kémls o
Cenalog
&
] & °26.05.1342
Ajkarendek v@ rainy weather
11.08.1342 ) (&\/
harvested grain S
N
2 §
P
2, R
Vajszl6
Luzsok g Hirics
o(Aranyan)
\ Prhls -~
v £
[ 4
I
S RS - - 4
¢ = »
Spetf her S g

Fig. 1 Floods and weather events (or related informatitmtumented in 1342-1343 in the Hungarian kingddes¢ribed
here together with the Croatian kingdoms). Deses&tlements are determined with brackets
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be found in a charter concerning rainy weathet @uia
eadem die pluuiosum tempus asseruigsetported on
26 May in 1342 (Nagy I. 1884), due to which reatmn
field survey of Chalanus located in historical Bihar
county (today Cenafoin Romania), could not be carried
out on that day (seEig. 1).

On 11 August in 1342 during the perambulation of
Rendec (today Ajkarendek) landed posession at the
boundries of Ayca (Ajka) and Louuld (today
Kisléd/Varosbd), located in the central Transdanubia
along the Torna river (DL 66126; Piti F. 2007a; Bégp
1), the owners of some arable lands prohibited sther
take the harvests from their arable lands andtalsake
the already harvested shooks of graide(’quindecim
iugeriis  fruguum  quindecim capecias  similiter
prohibuissent quas in eadem terra seminatas
inuenisseri}. Although no medieval harvest date series
are yet available for this region or for Hungary, a
significant amount of data can be found for thelyear

Floods and weather in 1342 and 134BérCarpathian Basin
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different (much earlier or later) dating is possibAs
such, we can presume that in the areas of pressiem
Slovakia the perambulators witnessed in a lowlamd a
(ca. 150-180 m a.s.l.) extraordinary weather caomkt
with a significant amount of snow at a very earjte]
namely in mid-September.

According to the (contemporarygeorgenberger
Chronik, referring to the town ofLewtscha (today
Levoca in Northeast-Slovakia) one of greatest reported
(medieval) fires occurred in 1342 (Szentpétery938&:
"Anno dni MCCCXLII .... Czu der selbin czeit ist dt st
Lewtscha verprant, vnd also sein auch dy altinepdés
lanids des meiste teil verprait. Although applying
different words, the same information was included
Caspar Hain’s 17th-century regional chronicle (Baét
al. 1910-1913), based on (local) archival evide&iace
no more data is available (e.g. in which part & year
the fire occurred), even if it is clear that weathe
conditions had to be at least partly responsibtettics

modern period in the somewhat cooler and wetter disasterous event (e.g. strong wind, drought and/or

Szombathely (ca. 205 m a.s.l.), located approxin&e
km west to Rendek (ca. 250-280 m a.s.l.). In thth 17
and 18th centuries, the share of harvesters, fixedrds
the end of the harvest (of mainly wheat and rysjally
occurred around mid- and late July, sometimes ezarli
(Szombathely town council protocols, Vas county
archives V/102a). Late harvest(-ending)s could pdcu
early August (e.g. 5 August in 1675 and 1696, 6 ustg
in 1700, 7 August in 1697, 9 August in 1705), timoour
present mid-14th century case, by 11 August onegfar
the crops have been already harvested, but spll &e
the field, while another part was still waiting for
harvesting. Even if harvesting lasted probably &mnig
the 14th century than in the 17th century (see fBelsy

hot/very frosty, cold weather), no firm conclusioren
be drawn on prevailing weather conditions.

The scarcity of known weather events, remained to
us reported in the Carpathian basin, does not aligwo
draw further conclusions. Nevertheless, the reparta
potentially quite late harvest in the Mid-Transdaiay
and the extraordinary mid-September deep snowen th
lowland areas of present western Slovakia suggest
generally preavailing cool conditions for late sgFi
summer and around early-mid autumn in 1342. No
weather-related reports are yet known concernimt313
What makes these two years really special is the
unusually great amount of flood reports, reflectimgthe
possibly extraordinary (wet) weather conditions and

M. 1956), this means a rather late harvest time especially intensive large-scale cyclonic activity.

(especially if taking the 10-day difference between
Julian and Gregorian calendars also into accowtich
presumably refers to cool late spring, early andl-mi
summer conditions.

On 15 September in 1342 (Nagy |. 1884, Piti F.

1342: THE MOST IMPORTANT FLOOD YEAR
IN MEDIEVAL HUNGARY?

2007a) a perambulation of the doubted boundary-line Due to its flood events of great magnitude (e.girser),

betweernpossessio Bahuftoday Bahd in Slovakia) and
possessio Zamul(later deserted land) took place
(medieval Pozsony county; see Hazi J. 2000).
Nevertheless, because of the hard times (or tHieudif
weather conditions) and the magnitude of snowit!),

the year of 1342 is accounted for in most of the
contemporary European narratives. Up to date, no
European narrative is known to mention that theseny
other flood events in 1342 would have as well apga

in Hungary. The seven reported flood events of ybe,

was not possible to perambulate the boundaries, and’résented here concerning Hungary, can be detected

measure the area of lands prPpter temporis
gravitudinem et nivei magnitudinem reambulantes
determinative mensurare non potuisgentOriginal
dating of the perambulation is clearly definedh ('
predictis octavis festi Nativitatis beate virgihisand
based on the earlier course of the legal debatyigars
meeting: 1 August; later meeting: 8 November) noyve

merely in domestic legal documentation: only charte
preserved their memory (for locations, ség. 2).

The great winter flood in a broader context

The first known flood event of 1342 occurred in
early February. At the (former) lower course of Heo
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Fig. 2Flood reports in the year of 1342 in the Hungakismydom. Note that the medieval borderline, runratang the ridge
of the Carpathians, also defines a geographicahgdrblogical boundary line (of major catchment area.g. Tisza). Deserted
settlements are signed with brackets

and Szinva waterflows, close to the Saj6 river, the 1875; for the analysis of Vitava, Elbe and Upperrdd@
perambulation of the formebeta and Korh landed flood events, see Brazdil R. — Kotyza O. 1995).
possessions (both were deserted later: Gyorffyl887) According to the Swiss Johann von Winterthur, flood
in Borsod county was obstructed by a great flooenev flashed through the upper, alpine sections of thaube
('nimia aquarum inundacip A speciality of the on 2 February, and in the same time sea surge c¢ause
description is that on 9 and 10 February perambrdat damages in Venice (Baethgen F. 1924).
could not even approach the areas, although thdy di
make attempts. On the next day, on 11 Februaryether
was already no problem with reaching and survetfieg
area, but still they could not measure the deblateded On 6 March, the division of the landed possessimins
portion, they could only estimate the size of #ed (DL Berkesz, Bodony and Harabur, located in historical
75835, 3448, 40902; see also Piti F. 2007a). Szabolcs county along the Tisza river (Csanki (8
For the February events good parallel can be theNémeth P. 1997), was obstructed by the great fiafod
description ofFranciscus Pragensiswho dedicated a  waters, which occurred in those areasnfia aquarum
long description for the great flood event: frors hbtes  inundacid) (DL 31242; see also Piti F. 2007a). Since
we can learn that on 1 February warm air massegedrr  Bodony was located at the Upper-Tisza, the gresudfl
which were followed by rains. This mild weatherteaf  of waters could most probably refer to the Tisza an
the preceding hard winter conditions, melted thewsn  partly to its upper tributaries.
broke up the ice, and caused great ice flood (ltbskr

Spring floods



JOEG II/3-4 Floods and weather in 1342 and 134BérCarpathian Basin 41
On 11 April great extent of waters was observed, atamount of waters [ropter paludes et terras
this time during the perambulation of Aranyan lathde inhabitabiles propter multitudinem aquargm is

possession (today deserted land in Serbia close tanentioned as an obstructing environmental circuntgta
Apatin; see Gyorffy Gy. 1987), in historical Bodrog which did not allow perambulators to proceed witle t
county (Nagy |. 1884). In the text not the usual survey (DL 105741; see also Piti F. 2007a). Theldan

'inundacidneg aquarumaque appeared, but a broader
information, namely the great amount and magnitoide
waters, in the extensive floodplain of the Danube
("abundancia et multitudo aquardnwhere the lands of
Aranyan were located. The mentioned great watetsema
it probable that it was not the mere result of dined
(mainly of the Danube), but we might have to cowith
more than one flood waves, culminating in this low-
lying, extensive floodplain, and probably also witte
influence of the Drava river whose inflow is locdhte
south to the study area. Additionally, the appeceaof
inland excess waters, which in wet years often pccu
parallel or after flood events, is also quite ptiba
Moreover, as a factor obstructing the legal proctss
great extent of waters probably also means a leteger
inundation in the area. The charter itself is int@or
since the hydrological conditions of the area carb®
separated from that of the Danube (and also pé#rdy
Drava) and thus, the high water level, or floodelewf
the Danube.

Dated to the beginning of April flood, caused bg th
melting of great amount of snow, is mentioned bg th
Cistercian monk, Johann von Viktring, which affette
the waterflows of Europe, and according to the
description, the result was catastrophic (Schnefder
1910; for more analysis, see: Rohr Ch. 2007). Hawnev
due to the little difference in time, the Danubeofi in
South-Hungary cannot be the continuation of the tWes
Central European flood event. As there is no siggaift
waterflow coming to the Danube between its uppel an
lower Carpathian-basin sections, there should Heesn
at least one flood event of the Danube in Marclhat
upper sections of the Carpathian basin. Theregeaal
possiblity that a flood wave at that time was aliea

possession of.adan mentioned in the charter, is the
present-day Medadany (Németh P. 1997), located at
the main course of the Tisza river in historicahl$alcs
county. Since Me#dadany is located in the immediate
neighbourhood of the river, partly surrounded by
wetlands  (oxbows:  former  Tisza-beds), the
documentation of such wetlands in itself does not
necessarily mean current hydrological problems, i.e
unusually much water in the area. The fact thatesom
the lands, exactly because of the great extentabéns,
could not be reached (or even occupied by wated) an
some of the lands could not be measured suggesial ac
problems. Namely that the extent of waters was
presumably (much) larger than usual in the areaat\h
more, lands were mentioned to be uninhabited becaus
of the great extent of waters, which — similar ke t
Danube case in April — might easily also mean theg-
lasting) presence of inland excess waters in tea.ar

Summer signal: missing or not?

As we could see already at the beginning of theepap
perhaps the greatest flood event of the Middle Ages
with immense magnitude and damages, occurred i® som
parts of Europe. This, however, does not seem peap

in medieval Hungarian documentary evidence. One
likely reason, as always, can be that it was sinmay
documented in the charter materials due to the tfaatt

no legal procedure took place at that time in the
problematic areas or documentation disappeared with
time. Nevertheless, the lack of documentation dan a
mean that there was in fact no such significantraem
flood event in the Carpathian basin at all. In West
Central Europe one of the greatest known floodeseri

coming from the west; this case shows parallels tooccured around 21-24 July (Brazdil R. — Kotyza O.

another (waves of) flood event, occurred in Jung&4tf2
(see 27 June in Hungary: DL 78505; 29 June in Aaustr
Pertz G. H. 1851).

Still in the same month, at the end of April in 234
another flood event ifilundacio aqu® obstructed

1995; Rohr Ch. 2007; Glaser R. 2008). This, however
was less characteristic in the eastern alpine negroin
the Czech lands (Brazdil R. — Kotyza O. 1995; Rohr
2007).

As appears in the next case, even if the mid-summer

perambulation and land measurements along theaZsitv signal is missing, a wet late summer-early autuenop

river (Zitava in Slovakia). On 25 April the

may be responsible for a flood event reported i th

perambulation of a land portion between the landed southwestern part of the Carpathian basin.

possessions of Ohaj and Beséryoday BeSgov and
Dolny Ohaj in Slovakia) had to be stopped clos¢h®
river due to the flood (Nagy |. 1884).

During a perambulation, taking place on 3 May at

Autumn flood(s)?

The early autumn (15 September) flood observation,

the northeastern sections of the Middle-Tisza, theclose to the Drava river at the landed possessifns
swamps and the uninhabited lands caused by thé greavajszlo, Hirics and Luzsok, can be taken as ancatdr
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of a late summer or early autumn flood. The debatedsecondary (autumn) precipitation and flood maxinism
landed portion among the above-mentioned villagas w especially important (Hajosy F. 1954), there istea
inundated, and due to the swampiness and flood ofgood chance that the waters in flood were bothrikea
waters (propter paludinositatem et inundacionem and the Latorica, and maybe also other waterflowthé
aquarum) — although the perambulation could be area.

carried out —, exact land measurements had to be Mid- or late-autumn flood events are usually
replaced by simple estimation (Nagy |. 1887). The connected to the arrival of warm air masses rich in

summer origin of this flood event is even more pitdb,
counting with Central and Western European pagllel
especially if we presume that this inundation oftexs
was in direct connection with the Drave river ahdst its
alpine catchment. However, the flood also could(dte
least partly or entirely) the result of inland esseavaters.
The rest of the autumn did not pass away without a
flood event either. On 11 November along the Tisza
river (again at the northeastern part of the middle
section), in medieval Zemplén county, a land

precipitation, driven by southern, southwestern dsin
from the Mediterrannean. It is interesting to memtihat
great flood damages in Padova and other parts of
Lombardia were documented by the contemporary
chronicler Johann von Winterthur, which floods were
caused by great November rains, accompanied by
lightenings and thunders (Baethgen F. 1924).

ANOTHER IMPORTANT FLOOD YEAR: 1343

measurement could not take place because of the

ongoing floods (ropter aquarum inundaciones
mensurare nequivissénbr an inundation as a result of
series of flood events (Nagy |. 1887). Areas of the
medieval Maraza landed possession (Maraza: later
deserted, see Csanki D. 1890) are today locatetein
neighbourhood of Vel'ké Trakany andierna (in
Slovakia) along the Tisza but also close to theotied
river. Since in the catchment area of the Latorigar

While in most of the western literature 1342 is
emphasised as a major year of floods, 1343 gaiped u
now very little attention, even if contemporarytauts of
western narratives, for example Johann von Winberth
did spend quite much space to describe floods igf th
year. The year of 1343, apart from its special
geographical extension (described below), showserat
interesting characteristics in the Carpathian basin

Sajé - river/catchments flooded

@ Koml: 08.05: flood -
location, date (day.month): of flood(s)

present country borders

gy

“*~medieval borderline
Seasonality of flood events:
@winter; @spring; @®summer; @ autumn
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Fig. 3 Floods in the year of 1343. Green arrow showsgptksumabl

e connection between the two, early Magsahe Upper-Tisza

flood waves reported on the Middle-Tisza (as oned) with ca. one week delay
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In medieval Hungary, the testimony of as many as start the perambulation or settle any of the lamitma
six flood reports remained to us: all occurred et and thus, measurements of debated lands couldaket t
northeastern parts of the Carpathian basin, inufsyger place either (Nagy |. 1884).
and upper-middle parts of the Tisza catchment (for As a parallel it has to be mentioned that, for
locations, se€ig. 3). As we will see, in the flood history example, Johann von Winterthur did mention conecgyni
of the Tisza catchment, the year of 1343 has rajteat 1343 that there were great rains around Easter. time

importance. These great rains caused flood, and problems dicelis
continue in summer when, for example, the Rheio als
Winter flood of the Tisza river flooded. Moreover, series of flood events, causgd b

. _ rainfall, continued in September. Much rain and bad
The first winter case was observed on 11 Februamyd ( harvests, accompanied by floods and other problems,
the days after) at the Tisza river. The perambutati  caused several problems: especially in the Germeasa

taking place around the medieval landed possession high prices and hunger developed (Baethgen F. 1924)
Endes (as the northern neighbour of the above-

mentioned Me&ladény) _Iocated in historical Szabolcs  gymmer and autumn floods

county along the Tisza river (Csanki D. 1890; togayt

of Mezsladany: Németh P. 1997), had to be stopped at aThe only known, clearly summer flood event occuraed
fishing place caused by the fact that perambulatordd ~ the Sajo river, only some kilometers from the place
not cross due to a flood of watersaquarum where the river enters the Tisza. The unsuccessful
inundacic). Therefore, areas of the last sections of the perambulation process of Szentalbert and Kerencs
planned perambulation were only estimated by 'eye-landed possessions in Borsod county was due tood fl

observation’ (DF 209593; see also Piti F. 2007b). event (Inundacio aqug, observed on 13 July (Dedek L.
C. 1924). Since the area where the flood was regadst

located at the Sajo river, but very close to thHéown of
the Herndad river, and also close to the Tiszaether
The next spring flood case was observed at theoénd good possibility that the Hernad, but probably alse
March and beginning of April, when, in order to Tisza were in flood or had high water levels insho
introduce into the possession of a land in the &rm days.
Gelenes (Gelénes; for location: Csanki D. 1890) in Although it is not a direct flood evidence, it idlls
historical Szatmar county, not all the interestedtips worth mentioning that, related to a land purchaseb
could reach the area because of an ongoing gmad fl September a number of old charters were transciilyed
event (himia aquarum inundacip Those, who were the convent of Kolozsmonostor (Clujavstur; today
able to attend the legal process were waiting Far t part of Cluj Napoca in Romania) caused by the fiaat
others between 30 March and 2 April, yet withouy an the owner Pethew from Neema today Nima in
success (DL 85252; Piti F. 2007b). Romania) of the landed possessiBeékeor Bech¢ did
Another spring flood was observed on 1 May and not dare to carry the originals with him. Among the
the following four days, during the perambulation reasons the dangers of roads and obstructive waters
process oZaloukaand Esen(Csanki D. 1890, Németh  ('propter viarum discrimina, aquarum impedimenta et
P. 1997; today Solovka and Esen in Ukraine) located hospitiorum incendia were mentioned (DL 27829; see
historical Szabolcs county close to the Tisza rividre also Piti 2007b). The above-mentioned settlemergs a
debated land portion at theomudZomauawaterflow all located in Central Transylvania, in the vicynior
could not be surveyed due to floods of waters along the Kis-Szamos river (today Sawle Mic in
('inundaciones aquaruip and thus, the size of the land Romania).
was only estimated (DF 233635, 233634; see al$d-Pit On 6 October at the landed possessions of Homok
2007b). The affected lands are located in the iniated and Ketergény (today Holmok and Rozivka in Ukraine)
vicinity of the Tisza, so the waterflows and theaawere  in historical Ung county a debated land portionldawt

Spring floods

clearly under the direct influence of the river. be measured, only estimated, due to a flood ev@ht (
Perhaps the same flood event on the Tisza river69670; see also Piti F. 2007b). The mentioned lamds

reached the landed possessionkaimleu (Kémlg) in located in the catchment area of the Ung (today Uz)

historical Hevesujvar county in some days time tim, river, in which area October as a secondary flood

maybe the effects of the same flood or those of amaximum is rather pronounced in the 20th centung a
previous flood wave was reported. On 8 May, calsed clearly shows the arrival of Mediterranean humid ai
the flood of water and great difficulties ptopter masses (see e.g. Hajosy F. 1954).

inundacionem aque et densitatem gravaminum The spatial and seasonal distributions of the 1343
reambulare nequivissgt it was not possible even to flood events suggest that we talk about an espgcial
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important flood year when ongoing flood events were took place in 1342, and another (great) one in A&t
observed in each season, at the upper and uppédiemid 4a). Typically, almost all great flood events occukri@
parts of the Tisza catchment. Whereas floods 02134 the more continental eastern river catchment of the
affected both main catchment areas, namely thoskeeof Tisza. Seasonality patterns are also interesting an
Danube and the Tisza rivers, all six reports rafgrto typical: in this case the overwhelming importande o
1343 reflect on the flood events of the (upper apper (great) spring flood events have to be emphasised.
middle sections) of the Tisza catchment. Thus, Winter floods were reported in every second, tlyedr;
concerning the eastern parts of the Carpathiannbasi every year between 1342-1344. Interesting is th fa
1343 has at least the same or even more importhace  that only one summer flood is known from the whole

1342. decadekig. 4b).

HOW SPECIAL WERE THESE TWO YEARS As we could see, accounting with numbers of the
AMIDST THE KNOWN FLOOD RECORDS OF two years subject to discussion, floods were regbrt
MEDIEVAL HUNGARY? seven times in 1342, while six floods in differgdces

were witnessed in 1343. As such, 1342 and 1343hare
most prominent flood years known in the later Méald|
Ages. Other 'famous’ flood years, according to our
present knowledge, were with four-four mentionimgs
1399 and presumably in 1440, three-three in 1338 an
probably also in 1346, 1454 and 1499, respectijste
Fig. 5).

In 1342, one winter flood (Tisza catchment), four
individual spring floods (two-two in both catchment
and two autumn floods (one-one in both catchments)
were reported, and there is a complete lack of seimm
floods documented={gs. 2and®6). Therefore, except for
winter when flood event was reported only in theZzai
catchment and summer when flood signal is lackiag a
such, spring and autumn flood events affected btin
catchment areas of the Carpathian basin. Both thiemw
and two spring floods were great in magnitude, evhil
both the Danube in early April and the (Upper-)aisa
early May were surrounded by a large extent of
inundated areas, in which case not only flood bsb a
the appearance and negative effects of inland exces
: . . waters were rendered.

(a Number of flood events Concerning numbers, 1343 is a flood year of
upmost importance in the Tisza catchment and the
eastern part of the Carpathian basin. Floods oedurr
all seasons, but reported exclusively in the Tisza
catchment: one-one in winter, summer and autumn;
while three separate reports are available fongpFisza
floods. Out of the three spring floods two refeolpably

In late medieval Hungary the decade of the 13405 wa
rather special: far the greatest amount of flooenév is
known from this decade. Out of the twenty one
presently-known flood events, thirteen occurredhiese
two years of 1342 and 134Bi¢. 4). In general, most of
the flood events, for which we have reports, ocdiin

the Tisza catchment or on the Tisza river itselft of

the five Danube-catchment flood events of the 1340s
three were witnessed in 1342; out of the two Danube
floods of the decade one with a great extent ofergat

1341
1342
1343
1344
1345
1346
1347
1348
1349
1350

E Danube
Danube-catchment
W Tisza

Tisza-catchment

1341
1342
1343
1344
1345
1346

great great

Ewinter

17 M spring to the same flood wave(s) on different sectionshef
1248 M summer river, with approximately one week difference. 18438
1349 Bautumn (only) one event was reported as a great (Tiszadfl

(seeFigs. 3and6). Similarly 1342 and also to the whole
- ' - ' ; ' ; ' ' 1340s, Tisza floods in 1343 were exclusively repddn
®) ° ! 2 b ddadens ! 8 the lower parts of the Upper-Tisza and the uppetmos
Fig. 4 Floods reported in the 1340s according to major sections of the Middle-Tisza, and thus, no evideisce

catchment areasy, and seasonality of flood eventy (for ava'!able ;e:]em.ng to dm.OSt ththe middle and lower
detailed information, see Kiss 2010; submitted) sections of the river and Its catchment area.

1350
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Fig. 5 Annual distribution of known flood reports in lateedieval Hungary (a developing database — Kis® 20prep.). Note the
outstanding amount of flood events reported in 1F32nd 1343 (6)
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Fig. 6 Seasonal distribution of 1342-1343 flood eventoating to rivers and catchments (Dc=Danube catabe=Tisza
catchment). For locations and areas affectedi-gge 13 above

Typical common characteristics of the two years are important other difference is that most of the fieo
the unusually great number of flood events, both reported in 1342 were marked as great or exterisive
separated and spreaded in space and time, andhalso magnitude: it is true for all winter and spring dtis

great importance of spring floods, in both yearthea
evenly distributed in time. Another similarity isat the
flood events in most cases occurred on or in theest
vicinity of the two (or three: also accounting withe
Drava river) major rivers of the Carpathian bagingd
only in two-two cases medium- or small-size rivevetr
catchments were affecteBig. 6).

detected in this year, either occurred on the Taszthe
Danube catchments. Whereas in 1342, both in case of
the Danube (early April) and in case of the (Upper-
)Tisza in early May, the extent water surfaces migh
suggest the existence of inland excess waters, thely
word ‘inundatic was used in 1343 in the flood cases
mentioned related to the Tisza catchment. Nevezsisel

Comparing the two greatest flood years, apart fromin the number of flood events reported, in the evast
the clear difference concerning the catchment areagarts of the Carpathian basin, namely in the cagctim

affected (1342: Danube and Tisza; 1343: only Tisaa)
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area of the Tisza river, 1343 has at least the garegen another relevant task could be to detect possidet-s
more importance than the year of 1342. and medium-term economic and social effects of this
anomaly in the Hungarian kingdom.
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Abstract

Regional climate changes are still one of the most difficult problems of
the climate change issue. Results by three scientific approaches, the
raw General Circulation Models (GCM), the mesoscale models, com-
piled from the PRUDENCE project, and an empirical method, called
Natural experiment are compared. The latter approach provides estima-
tions of the future changes based on regression coefficients between
the local and global variables in the monotonously warming 1976-2007
period. The global model results comprise results of 9 AOGCMs,
whereas in the PRUDENCE set of 5 model outputs are analysed. The
listed results start with changes in the seasonal temperature and pre-
cipitation averages. Here the signs and the magnitudes are similar
according to all approaches: Faster than global mean temperature
increases in all seasons, with strongly decreasing precipitation in
summer and autumn but increased amounts in winter and spring. There
is also a fair agreement of the three approaches in the temperature
extremes of the warm half-year in Hungary, with much less unequivo-
cal picture in the frequency of frozen days in the cold half of the year.
For precipitation, again, the summer maxima of diurnal totals behave
similarly according to the three approaches in all regions of the coun-
try. Namely, they exhibit unequivocal increase, whereas no clear
picture is seen for frequency of wet/dry days.

Key words: climate change, GCM; mesoscale modelling;
statistical downscaling; Hungary

1. INTRODUCTION

Despite the recent significant improvement in regional
climate modelling (RCM, see e.g. in Christensen et al.,
2007), regional impacts of the ongoing and projected
global climate change are more difficult to estimate than
the global effects. Current global climate models still do
not incorporate important scales of physical processes
that are significant in formulating regional and local
climate. Another problem for the impact community is
the lack of comparison between the different regional
scenarios prepared by different methodologies in the
past.

Present GCMs are too coarse to yield regional de-
tails of climate change, especially in the case of the ex-
tremes. Combination of a GCM and a regional model
may promise better results, but one should not forget the
governing role of the applied mainframe GCM, which
determines the boundary conditions for the regional
model. This role is clearly demonstrated in Fig. 11.6 of
the IPCC (2007) Scientific Report, where two different
mainframe models (Hadley Centre of the British MetOf-

fice and Max Planck Institute for Meteorology, Ham-
burg) led to different response of the same regional
model (Rossby Centre, Stockholm).

Despite these shortcomings of the regional model-
ing the authors do not question that meso-scale modeling
is the most perspective way to obtain valid and physi-
cally plausible projections of future climate states, espe-
cially if considering short life-time and extreme weather
events. Moreover, we recommend a set of state of the art
European model studies, including those by Csima G.
and Horanyi A. (2008); Szépsz6 G. and Horanyi A.
(2008) and Torma Cs. et al. (2008) presenting the newest
generation of the RCMs run in Hungary. Besides these
papers two further papers can be recommended from the
same special issue, complied from the results of Euro-
pean PRUDENCE project by Bartholy J. et al. (2008)
and Szépszo G. (2008). Some results of the latter study,
provided by Szépszd G. (2008), will also be reflected
here in our comparison.

The aim of the present paper is to compare selected
scenarios with respect to four precipitation and tempera-
ture extremities. They are dry/wet days, precipitation,
frost and heat-wave. The changes are investigated by
three parallel methods:

e average changes in 9 coupled AOGCMs, di-

rectly derived from Tebaldi C. et al (2006);

e changes in 5 models of the PRUDENCE Pro-
ject, provided by both B2 and A2 scenarios
(Christensen J. H. — Christensen O. B. 2007),
specially elaborated for Hungary;

e ecmpirical linear trends in the monotonously
warming 1976-2007 period.

The applied precipitation extreme indices (follow-

ing Frich P. et al. (2002, later F02) are:

1. Maximum number of consecutive dry days (dry days,
or CDD in F02).

2. Frequency of dry days (R < 0.1 mm or 1.0 mm)

3. Number of days with precipitation higher than 10 mm
(precip> 10 or 20; R10, R20 in F02).

The applied indices to describe temperature-related ex-
tremes:

4. Total number of frost days, defined as the annual total
number of days with absolute minimum temperature
below 0 °C (frost days, or Fd in F02).
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5. Heat wave duration index, defined as the maximum
period of at least 5 consecutive days with maximum tem-
perature higher by at least 5 °C than the climate normal
for the same calendar day (heat-waves, or HWDI in F02).

JOEG I/3-4

6. Frequency of hot days (T .y > 30 °C).
Summary of the compared indices are displayed in 7able 1.

Table 1. Model-related frequency (e.g. R > 0.1 mm) of the given event. CDD is for the maximum number of consecutive dry days,
HWDI means heat wave duration index, i.e. maximum number of consecutive days with T >Trom™3°C, where Tpom is the climate

normal for the given calendar day

Model Wet (dry) days Precipitation Frost Heat-wave
GCM CDD R>10 mm Tpmin <0 °C HWDI
PRUDENCE R>0.1 mm R>20 mm Toin <0 °C Tax > 30 °C
Empirical R>1.0 mm R>20 mm Tmin <0 °C Tiax > 30 °C

2. METHODS PROVIDING EXTREME INDEX
SCENARIOS

2.1 General Circulation Models

In the recent IPCC (2007) Report (Meehl G. A. et al.
2007) displays maps of extreme indices with reference on
Tebaldi C. et al. (2006). We simply downloaded four
graphical maps of the indices from
www.cgd.ucar.edu/ccr/publications/tebaldi-extremes.html.
Three maps are as in Fig. 10.18-19 of the Report (i.e.
those, normalized against standard deviations by the
IPCC), but for precipitation we used R10 instead of the
mean intensity. The models used by Tebaldi C. et al.
(2006) are the DOE/NCAR Parallel Climate Model
(PCM; Washington W. et al. 2000) and Coupled Climate
System Model (CCSM3), the CCSR MIROC medium and
high resolution models (Hasumi H. — Emori S. 2004),
INM-CM3 (Diansky N. A. — Volodin E. M. 2002),
CNRM-CM3,6 GFDL-CM2.0 and 2.1 (Delworth T. L. et
al. 2002, Dixon K. W. et al. 2003) and MRI-CGCM2
(Yukimoto S. et al. 2001). The model grid resolutions
vary from 5°%x4° to 1.125°. Model simulations are used
from the A1B (mid-range) SRES scenarios (Nakicenovic
N. — Swart R. 2000). The projected and control periods are
2080-2099 and 1980-1999, respectively.

2.2 Mesoscale models

Results of two times 5 RCM experiments, carried out in
the framework of PRUDENCE Project (Christensen et
al., 2007), which provided both A2 and B2 runs for
2071-2100 are further analysed. These models are:
HIRHAM (DMI), RegCM (ITCP), HadRM3P (HC),
RCAO (SMHI), PROMES (UCM).

The main objective of the PRUDENCE project was
to provide high resolution climate change scenarios for
Europe at the end of the 21™ century by dynamical
downscaling of global climate simulations. A total of 9
RCMs were used at a spatial resolution of roughly 50 km
x 50 km for the time windows 1961-1990 and 2071-

2100. More than 30 experiments were conducted with
respect to the A2 and B2 SRES emission scenarios. Fur-
ther details concerning the experimental setup are given
in Christensen J. H. and Christensen O. B. (2007).

2.3 Empirical regression

Linear trend estimations of the local extreme indices are
performed for the 1976-2007 period which is monoto-
nously warming at the Northern Hemisphere. We may call
it “natural experiment”, hence these three decades are
mainly driven by anthropogenic greenhouse gas forcing,
similarly to that one should expect in the following dec-
ades, at least. 15 temperature stations and 58 precipitation
stations of Hungary are used to estimate the trends (re-
gression coefficients). Since the precipitation results were
quite different in their signs and significance, the 58 sta-
tions were sorted into 6 groups, according to the adminis-
trative numbers to ensure regionality of this amalgama-
tion. The derived trend values (°C/yr) are then multiplied
by 110 years, which is the span of the PRUDENCE re-
sults. (The GCM-based changes correspond to 100 years,
see 2.1.) Before the extreme index calculations, the daily
time series were homogenised with the MASHv3.01 pro-
cedure (Szentimrey T. 1999, 2006).

Before we provide the results of this comparison,
we hereby include the results of the similar analysis for
seasonal maxima and minima.

3. COMPARISON OF CHANGES IN THE LO-
CAL AVERAGES

In this Section some earlier results (Mika J. 1988, 2006)
are compared to more recent approaches of the IPCC AR4
(2007) and the PRUDENCE results. In Table 2 there are
the expected changes for 2030 in the order of the three
above approaches. More specifically, the first line (IPCC,
2007) contains the GCM-based results from the maps
published in the Report and the Supplementary Materials
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ti the Chapter 10. The number of available models is 22.
The second line (PRUDENCE) contains mean regional
estimates from 25 different experiments. The gridpoint
distance of the RCMs is ca. 50 km, which is much better
than the ca. 200 km in case of the given GCM-s. The third
line averages two simple statistical approaches (Mika J.
1988, 2006) and three paleoclimate analogies, i.e. 6 thou-
sand, 122 thousand and 4 million years BP, (Mika J.
1991), i.e. five calculations. In majority of the results,
when the experiment or the analogy did not refer to ex-
actly 1 K global change, linear interpolation of the results
were performed to obtain the scenario for 2030, when 1 K
global warming is expected in majority of the global ex-
pectations comparing to 1961-1990.
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Temperature exhibits higher changes in Hungary
than the global averages (Table 2), though the three ap-
proaches give different orders of the seasons in this re-
spect. The annual totals of precipitation do not change
substantially, but its values decrease with the global
warming in summer and autumn, whereas increased pre-
cipitation is expected in winter and spring.

The coincidence among the above changes means,
that considering the 25, 21 and 5 individual scientific
approaches, the similarity of the changes of the methods
concerning their sign and order of magnitude can be seen
as robust consequences of the anthropogenic global warm-
ing at least for the annual and seasonal averages of tem-
perature and precipitation.

Table 2 Changes of annual and seasonal means of temperature and precipitation in Hungary for 2030 compared to 1961-1990. The
average changes represent 25, 21 and 5 approaches. The global mean change is ca. 1.0 K according to the IPCC (2007) A2 projec-

tions
A2 scenario Global change = 1.0 K for 2030
Approach Temperature change (K) Annual DJF MAM JJA SON
IPCC 2007 Mean 0.9 1.0 1.3
PRUDENCE Mean 1.4 1.3 1.1 1.7 1.5
EMPIRICAL Mean 1.6 2.0 1.1
A2 scenario Global change = 1.0 K for 2030
Approach Precipitation change (%) Annual DJF MAM JJA SON
IPCC 2007 Total -0.7 1.9 -3.7
PRUDENCE Total -0.3 9.0 0.9 -8.2 -1.9
EMPIRICAL Total -2.2 7.6 -19.7

4. COMPARISON OF SELECTED WEATHER
EXTREMES

Weather extremes are even more problematic compo-
nents of the projected regional climate changes, since, as
our analysis demonstrates below, for them no unequivo-
cal similarity exists. The four different extreme events
are briefly analised in the following pages, where the
maps and figures are found. Here, as general experience,
we can conclude that two global and the regional models
give fairly similar results for Hungary, despite the fact
that the former source is used in average of the 9 models,
whereas the PRUDENCE set is analised model-by-
model.

Contrary to the similarity of the behaviour in the
two modeling approaches, the empirical analyses differ
from the model results in some respects. Frequency of
dry days clearly increases according to the modeling
approaches, but no clear trends appear empirically. The
more frequent occurrence of heavy precipitation seems
to be a common feature of climate in all approaches.
Frequency of frost days should decrease according to
both modeling tools, but the empirical analysis, again,

does not support this consequence. For the hot extremes,
however, all the three approaches give substantial in-
crease of such days or events.

To assess significance of the empirical trends, one
should know that only the frequency trends of hot days
are significant at the 95 % level for all the 15 stations,
compared to the inter-annual variability, with respect to
the t-test. Contrary to this, frost days did not show sig-
nificant trend in any station. Precipitation and extremity
(R>20 mm/day) trends were also rare, 10 and 26 %,
respectively. This is why we applied the sub-regional
averages.

In the case of the diverging results, we need further
investigations to explore the origin of these differences.
One reason may be the remaining inhomogeneity in the
diurnal series. Another reason for the deviations may be
that statistical extrapolation of the trends presumes that
the established relations remain unchanged in the future.
However, the different forcing factors of various time
periods may cause different regional changes. Hence, the
results of the various approaches should ideally be inter-
compared for identical time periods.
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4.1 Precipitation existence

Frequency of dry days increases in both modeling ap-
proaches. In the “natural experiment”, the results are less
unequivocal and just in 10 % of the stations significant.
In 3 regions the wet days became more frequent, in 2
regions less frequent and 1 region showed no trend.
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Domain: Hungary
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Change in wet days for 110 years (%)

Fig. I Changes in the precipitation frequency, based on annual
maxima of dry days in 9 GCMs for 2080-2099 vs. 1980-1999
(upper panel), frequency of wet days (R > 0.1 mm/day) in
coupled meso-scale PRUDENCE simulations for 2071-2100
vs. 1961-1990 (middle); and of R > 1.0 mm/day for 110 years
extrapolated from the trend analysis of 1976-2007 (lower)
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4.2 Precipitation extremes

Frequency of heavy precipitation substantially increases
according to all approaches. The empirical trends, sig-
nificant in 26 % of the stations, yield even stronger in-
crease than meso-scale modeling. In both cases there are
strong inter-model and inter-region differences, respec-
tively. The R>10 mm threshold and weaker GCM reso-
lution mean clear but smaller changes.
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Fig. 2 Same as Fig. 1, but for the frequency of heavy precipita-
tion, based on R>10 mm/day threshold (upper) and on R>20
mm/day threshold (middle and lower)
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4.3 Low temperature extremes

Frequency of frost days substantially decreases accord-
ing to both model approaches. But, 7 of the 15 stations
involved into the trend analysis, however, indicate in-
crease of the frost day frequency. But, none of the
changes are significant at any individual station!
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Domain: Hungary
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Fig. 3 Same as Fig. 1, but for changes in the number of frost
(Tmin <0 °C) days (all panels)
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4.4 High temperature extremes

Frequency of heat waves or hot days increases dramati-
cally by all methods. The empirical approach gives even
stronger changes than the PRUDENCE models. The
GCM experiments yield very strong changes, indicating
that not resolved meso-scale processes do not strongly
contribute to the positive temperature anomalies.
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Fig. 4 Same as Fig. 1, but for changes in frequency of heat-

waves based on frequency of the events when at least 5 con-

secutive days with T, higher than the climate normal of the

same day by at least 5 °C (upper); on frequency of hot days
(Tax>30 °C) (middle and lower).
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5 DISCUSSION

Changes in seasonal averages and in daily extremities of
temperature and precipitation were analised parallel to
the past and future global warming tendencies in three
different methodologies. The changes in the seasonal and
annual averages behave similarly according to these
approaches. This means faster than global mean tem-
perature increases in all seasons, with strongly decreas-
ing precipitation in summer and autumn, but with in-
creased amounts in winter and spring.

There is also a fair agreement among the ap-
proaches in the frequency of high temperature extremes
and in the maxima of diurnal precipitation totals in all
regions of the country. For these regional changes one
may conclude that even if the applied individual meth-
odologies are not absolutely exact (see below), the simi-
larity of the results is convincing.

No ideal coincidence is established, however, in
frequency of the frozen days and in frequency of the wet
days. The two modeling approaches indicate decrease in
both variables, but the empirical analysis yields cracked
spatial picture with areas of both increasing and decreas-
ing frequencies within the country.

In these two cases one should analise the shortcom-
ings of the approaches before the particular conclusion.
The shortcomings of the GCM modeling approaches are
the coarse resolution with the lack of significant physical
processes, especially of those driving the occurrence of
the extremes. For the RCM modeling, the still insuffi-
cient (ca. 50 km) grid resolution should be mentioned,
which is bounded by single mainframe models, not re-
flecting the full variability of the projections at the
boundary of the imbedded model. The Natural Experi-
ment empirical approach is based on observed data
which are homogenised on monthly basis, hence one
may not be sure that the inhomogeneities of the observa-
tions, that may be enhanced in extreme circumstances,
did not influence the observed trend too strongly. In case
of all investigations based on past data, one may also
doubt that the difference in the causes among the two
time sequences did not affect the result also in case of
the diurnal extremes.

At present, the authors have no definite answer on
the question if one should believe the majority of the
results, i.e. one should accept that both the wet and the
frozen days become less frequent with the global warm-
ing. A better strategy is to develop for all the approaches.
This means that a new post-AR4 generation of the
GCMs will gradually be available. The RCMs are even
now much better resolved even in Hungary (their valida-
tion is already presented in the papers published in 2008,
as referred in Section 1. Finally, the homogeneity of the
diurnal series should specially be checked for the behav-
iour of the extremities.
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Before these steps one can only make a practical,
but not a scientific conclusion about the sign of the
changes in case of these extremities.
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