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EDITORIAL
“Geographical Journal” (“Czasopismo Geograficzne”) is a journal that has been
published by the Polish Geographical Society (Polskie Towarzystwo Geograficzne) since
1923. Its scope extends to all spheres of the geographical sciences, though its primary
focus is – not surprisingly – on the geography of Poland.
This volume of the Journal has been prepared specially for the Regional Conference
of the International Geographical Union to be convened in Chile later this year (2011).
The main objective is to present the international community of geographers with the
research issues being dealt with these days by Polish geography. However, an equally
crucial task is to promote the Regional Conference of the IGU that is to be held in Poland in 2014, and is thus now under preparation.
The articles included here are of diverse subject matter, encompassing as they do
matters climatological, geomorphological and hydrological, but also political geography, the geography of towns and cities and of entrepreneurship, and cartography. Most
of these works present concrete research results, though the article by J. Bański sees that
author present the current state of development of Polish geography as a whole, touching upon such issues as the place of the discipline within the system of Polish sciences,
the main thrusts to research and the development of both scientific personnel and the
geographical institutions in which they work.
The issue of climate change is now one of the most important research topics being
addressed by the world’s geographers. Here, R. Przybylak discusses the current state of
knowledge on climate change in Poland over the longer time perspective. With this aim
in mind, the author uses the reconstructions of selected elements of the climate pre-1800
that are accessible in the literature, as well as the existing instrument-based data that
have been accumulating for more than 200 years now. For their part, Z. Michalczyk and
J. Paszczyk analyze component changes to the water balances for Poland’s two largest
rivers – the Vistula and the Odra (Oder) – for the century 1901–2000. Variability and
the dynamics to it are in turn the main subject in the article by J. Matuszkiewicz, who
studies the changes taking place in the forest associations of the Białowieża Primaeval
Forest in the second half of the 20th century. That forest is an exceptional study object
even by the standards of Europe as a whole, its vegetation being treated as natural, and
party even primaeval. In contrast, M. Kasprzak presents the features and regularities to
the occurrence of the geomorphological effects of periods of peak high water in the
watercourses of the Sudetes Mountains. The considerations here centre on the erosion
zones, as well as the zones predisposed to receiving deposits of material transported by
a given river.
The three other texts are concerned with subject matter from socioeconomic geography. The article by P. Eberhardt is devoted to demographic change in Poland over the
last 200 years. On the basis of the statistical documentation collected, the author refers
back to history and identifies successive phases to Poland’s demographic transition.
B. Domański in turn analyses the mechanisms behind the impact of foreign capital on
regional development in Poland, as well as seeking to assess this impact in regard to the
present and future development of different types of region. S. i J. Kaczmarek pose

3

J. Bański

a question regarding the kinds of values that define urban space, as well as asking
whether values are a norm for space or merely a reflection arising in the mind of the
observer who makes use of a city. In seeking answers they run an axiological analysis of
urban space. Bringing the volume to a close is the article from I. Karsznia, who presents
one of the issues studied by Polish cartography, i.e. the automatic generalisation of
small-scale (general geographical) maps.
The articles presented here represent just a single selected fragment of the subject
matter that Polish geography is now engaging with. It is our hope that these are not
merely of general interest, but will also encourage the reader to acquaint him/herself
more widely with the research output of Polish geographers. And the best way of all of
doing this will be to participate at the Regional IGU Conference in Kraków. You will be
very welcome!
Jerzy Bański
Od Redakcji
„Czasopismo Geograficzne” jest pismem wydawanym przez Polskie Towarzystwo
Geograficzne od 1923 roku. Jego tematyka obejmuje wszystkie dziedziny nauk geograficznych i koncentruje się przede wszystkim na geografii Polski.
Niniejszy tom „Czasopisma Geograficznego” został specjalnie przygotowany na Regionalną Konferencję Międzynarodowej Unii Geograficznej (MUG, International Geographical Union), która odbędzie się w Chile w 2011 r. Głównym jego celem jest przedstawienie międzynarodowej społeczności geografów współczesnych problemów badawczych podejmowanych przez geografię w Polsce. Równie ważnym zadaniem jest promocja przygotowywanej Konferencji Regionalnej MUG, która odbędzie się w Polsce
w 2014 roku.
Tematyka artykułów jest zróżnicowana. Obejmują one zagadnienia z klimatologii,
geomorfologii, hydrologii, geoekologii, geografii politycznej, geografii miast, geografii
przedsiębiorczości i kartografii. Większość z nich przedstawia konkretne wyniki badań.
Wyjątek stanowi artykuł J. Bańskiego, w którym autor przedstawił współczesny stan
rozwoju polskiej geografii, w tym: miejsce dyscypliny w systemie polskiej nauki, główne
kierunki badawcze oraz rozwój kadry naukowej i placówek geograficznych.
Problematyka zmian klimatu jest współcześnie jednym z ważniejszych zagadnień badawczych podejmowanych przez geografię światową. Artykuł R. Przybylaka omawia
aktualny stan wiedzy dotyczącej zmian klimatu Polski w długiej perspektywie historycznej. Do tego celu autor wykorzystał dostępne w literaturze przedmiotu rekonstrukcje
wybranych elementów klimatu przed 1800 rokiem oraz istniejące dane instrumentalne
gromadzone od ponad 200 lat. Z kolei Z. Michalczyk, J. Paszczyk analizują zmiany składowych bilansu wodnego największych rzek w Polsce – Wisły i Odry – w stuleciu 1901–
–2000. Zmienność i jej dynamika jest też tematem przewodnim w artykule J. Matuszkiewicza. Autor bada przemiany w zespołach leśnych Puszczy Białowieskiej w drugiej połowie XX wieku. Puszcza Białowieska jest wyjątkowym obiektem przyrodniczym w skali
europejskiej, którego roślinność leśną traktuje się jako naturalną, a w części nawet
pierwotną. Natomiast M. Kasprzak przedstawia cechy i prawidłowości występowania
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geomorfologicznych skutków wezbrań górskich cieków w Sudetach. Rozważania koncentrują się na strefach erozyjnych oraz strefach predysponowanych do depozycji rumowiska rzecznego.
Kolejne trzy teksty dotyczą zagadnień geografii społeczno-ekonomicznej. Artykuł autorstwa P. Eberhardta poświęcony jest przemianom demograficznym Polski w ciągu
ostatnich 200 lat. Na podstawie zebranej dokumentacji statystycznej, w ujęciu historycznym autor określił kolejne fazy przeobrażeń demograficznych Polski. B. Domański podejmuje analizę mechanizmów oddziaływania zagranicznego kapitału na rozwój regionalny w Polsce oraz próbę oceny tego oddziaływania na dzisiejszy i przyszły rozwój
różnych typów regionów. S. Kaczmarek i J. Kaczmarek stawiając pytania: jakie wartości
definiują przestrzeń miejską? oraz czy wartości są normą dla przestrzeni, czy też jedynie
refleksją, która rodzi się w umyśle obserwatora – użytkownika miasta?, podejmują analizę aksjologiczną przestrzeni miejskiej. Na zakończenie I. Karsznia przedstawia jedno
z zagadnień badanych przez polska kartografię tj. problematykę automatowej generalizacji map małoskalowych (ogólnogeograficznych).
Przedstawione artykuły są tylko wybranym fragmentem współczesnej tematyki badawczej w polskiej geografii. Mamy nadzieję, że są one na tyle interesujące, że zachęcą
czytelnika do zapoznania się z dorobkiem badawczym polskich geografów. Najlepszą
okazją do tego będzie uczestnictwo w Konferencji Regionalnej MUG w Krakowie.
Jerzy Bański
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Abstract

This article presents the contemporary state of development of Polish geography as
exemplified by selected aspects, i.e. the place of the discipline within the Polish academic system, the main directions to research, and the development of academic staff and
geography institutions. The text is first and foremost of the review and informational
kind, being primarily targeted at the foreign reader. In connection with this, detailed
analyses have been avoided, while some of the opinions expressed are offered for the
purposes of discussion and are solely the personal reflections of the author.
Polish geography discharges tasks of a cognitive, educational, popularising and applied nature. At present there are 15 research institutions in Poland operating within its
different fields, or else in tourism and spatial management, with 14 of these being active
in higher education with students. The institutions in question together employ 125 Professors, 138 habilitated doctors and 536 staff with doctorates. The scientific research
carried out by these workers embraces all the specialist fields identifiable within geography, though the dominant role is clearly played by what may be broadly termed “physical geography” (including in particular geomorphology, climatology, hydrology and
environmental protection).
The assessment of the current achievements of Polish geography is not an unambiguous one. Indeed, the process of subject fragmentation needs to be looked upon critically,
since it markedly hinders the undertaking of any wider inter-disciplinary studies. Geographers have shut themselves up in their own ”subject circles”, only rarely poking their
heads out beyond their boundaries. However, more recent years have brought an improvement in this situation, which may reflect growth in the significance of practical
studies within Polish geography, as well as influx of young research staff who tend to
perceive space in holistic terms, as well as in relation to a specific problem, rather than
on an object-by-object basis.
Geography in Poland retains its character as one of the classical sciences, though it is
also taking on the features of a practical discipline. Attesting to this is a growing number
of research tasks and projects implemented to meet the needs of practice. An advantage
enjoyed by geography in this type of research is its combining of theory and methodology of the natural and social sciences, as well as its perception of local and regional specifics. It is thanks to this that the research carried out by geographers is competitive.
*

E-mail: jbanski@twarda.pan.pl
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The place of geography in the Polish
scientific system – problems
and challenges

Introduction
Polish geography has age-old traditions, its beginnings stretching back to
the shaping of the country’s statehood.
The first geographical texts penned by
the Polish chroniclers [Gall Anonim and
Wincenty Kadłubek] appeared in the
12th and 13th centuries [Jackowski et al.
2008], while the first regular lectures on
matters geographical began to be given at
the Kraków Academy at the end of the
15th century. In subsequent centuries,
geography in the Polish lands developed
in line with European trends and standards, though the process was not without
its obstacles, not least the 150-year loss
of Polish independence (123 years off the
map of Europe altogether), the heinous
murder of a great many professors during
World War II and the limitation of international contacts enforced during the
communist period. In spite of all that,
Polish geography attained a high level of
development and is currently among the
leading geographies anywhere in Central
and Eastern Europe. Polish geographers
represent a broad spectrum of interests,
carrying out research that taps into all the
main themes present in the geographical
sciences.
This article presents the current state
of development of Polish geography,
discussing the most important issues
where structure, directions to research,
institutions and personnel are concerned.
The text seeks to review and offer basic
information and is thus targeted above all
at the foreign reader. More detailed analysis has been eschewed here in favour of
a broader treatment of the subject matter.
In this regard, certain opinions are included with a view to encouraging debate, and to this extent are solely the
personal reflections of the author.

The classic division of the sciences is
into the formal and real sciences, wherein
the former (notably mathematics and
logic) do not seek to supply answers
regarding the reality around us. In turn,
the real or true sciences, of which geography is a representative, are subject to
a natural/humanist division [Heller
2008]. Thus, under this division, geography is indeed taken to represent the true
sciences.
The particular, non-typical position
the discipline occupies within the empirical sciences reflects the way in which
physical geography is an element of the
natural sciences (studying the products of
nature and employing a precise system of
measurement), while socioeconomic geography is included among the social
sciences (studying what human beings
generate and often substituting measurement with a system of valuation and
qualitative assessment). Physical geography is faithful to a single paradigm, while
socioeconomic geography has a large
number of them. Moreover, socioeconomic geography only more rarely uses
formal models, while the relative ambiguity characterising approaches to both
research and interpretation ensures that
results are of a much more subjective
nature than would be the case in physical
geography.
The subjects of the dual nature of geography and the theoretical and methodological issues arising out of that status
have been under discussion in Poland for
at least 25 years now [Chojnicki 1984.
1985, 2004; Chojnicki and Starkel,
Wróbel 1986; Falkowski 2000; Maik
2004; Matuszczak 2000]. Overall, the
prevalent postulate is that divergence
should not be allowed to proceed further,
or should even be reversed to the point
where a single discipline is re -
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It is also worth emphasising that
physical geography in Poland is a more
mature science than economic geography, having at its disposal a fuller apparatus in terms of both methodology and
instrumentation. Work is engaged in by
a far greater number of researchers, while
the subject matter underpins work done
at the majority of geographical institutions. This is confirmed if we compare
the number of research projects put into
effect in the years 1994–2007 with financial support from the State Committee for
Scientific Research. Only at the Institute
of Geography and Spatial Organization
PAS are the numbers of research projects
being pursued in the two domains relatively even. In remaining geographical
institutions, the prevalence of projects
from physical geography has gone unquestioned (Fig. 1). However, in recent
years it has been possible to observe
growing activity on the part of economic
geographers, this being above all manifested in dynamic growth in the number
of applied projects being put into effect.
Practical evidence of the duality characterising Polish geography may be provided by the system awarding scientific
degrees and titles. While it is true that
doctorates and professorial titles concern
earth sciences within the framework of
geography, applications to have them
awarded are considered by two different
commissions. Within the Central Commission for Degrees and Titles (Centralna Komisja do Spraw Stopni i Tytułów)
there are seven sub-commissions (sections), among which the sub-commission
on the Economic Sciences confers degrees and titles where socioeconomic
geography is concerned, while
the sub-commission on the Mathematical, Physical, Chemical and Earth Sciences performs the same function in
respect of physical geography.
Another effect of the lack of a distinct
determination of the place of geography
in Poland’s scientific system is visible in

established, through the identification
and pursuit of research topics that favour
reunification [Chojnicki 1986; Liszewski
1999; Richling 2000]. In the opinion of
W. Wilczyński [2003], disappointment
with positivism and the excessive specialisation and consequent disintegration
of geography have provoked an integrative reaction within humanist geography.
However, to date the aforementioned
practical programme for the reunification
of the two geographies has not been
devised. They have become separate
research disciplines that at best form
a coalition from time to time in order for
joint research work and resolving of
problems to be engaged in.
The links between the two geographies are weaker than those between each
and other disciplines representing the
natural and social sciences. For example,
climatology has for more in common
with physics, and hydrology with chemistry, than either does with social geography. In turn, of much greater importance
for the economic geographer are the links
with representatives of the economic or
social sciences than those with physical
geographers.
The postulated holistic way of perceiving the humankind/environment system that geography has to offer is a reaction to the split gathering pace between
the two main currents in our scientific
discipline. In fact, there are a number of
positive examples of an integrating discipline. Today’s socioeconomic geography
is very willing to enter into an alliance
with social disciplines, but those studying how socioeconomic phenomena and
processes vary across space and through
time often reach for the knowledge they
possess in physical geography. The reverse also applies, with physical geography creating a community with the physical sciences in drawing upon the
achievements of economic geography
[Bański 2010].
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Fig. 1. Number of research projects grant-aided by the State Committee for Scientific Research put into effect
in the geographical branches in the period 1994–2007, by discipline of geography, Source: The Information
Processing Centre. UW – University of Warsaw, UWr – Uniwersity of Wrocław, JU – Jagiellonian University,
AMU – Adam Mickiewicz University in Poznan, UL – University of Łódź, US – Silesian University,
USz – University of Szczecin, UG – University of Gdańsk, MCSU – Maria-Curie Sklodowska University in
Lublin, NCU – Nicolaus Copernicus University in Torun, UHS – Jan Kochanowski University of Humanities
and Sciences in Kielce, PUC – Pedagogical University of Cracow, PU – Pomeranian University in Slupsk,
IGSO – Institute of Geography and Spatial Organization.
Ryc. 1. Liczba projektów badawczych KBN z zakresu geografii realizowanych w geograficznych placówkach
naukowych w okresie 1994–2007, według dyscypliny geografii, Źródło: Ośrodek Przetwarzania Informacji
(OPI). UW – Uniwersytet Warszawski, UWr – Uniwersytet Wrocławski, JU – Uniwersytet Jagielloński,
AMU – Uniwersytet im. Adama Mickiewicza w Poznaniu, UL – Uniwersytet Łódzki, US – Uniwersytet
Śląski, USz – Uniwersytet Szczeciński, UG – Uniwersytet Gdański, MCSU – Uniwersytet Marii-Curie Skłodowskiej w Lublinie, NCU – Uniwersytet Mikołaja Kopernika w Toruniu, UHS – Uniwersytet Humanistyczno-Przyrodniczy Jana Kochanowskiego w Kielcach, PUC – Uniwersytet Pedagogiczny w Krakowie,
PU – Akademia Pomorska w Słupsku, IGSO – Instytut Geografii i Przestrzennego Zagospodarowania.

the diverse affiliations that different
geographical institutions manifest within
structures of the scientific institutions.
Thus, for example, the Stanisław
Leszczycki Institute of Geography and
Spatial Organization operating within the
Polish Academy of Sciences framework
fell within the Division of Earth and
Mining Sciences 1 , along with – for ex-

ample – the Institute of Geophysics, the
Institute of Geological Sciences and the
Institute of Oceanology. However, from
2011 on it has become incorporated into
the Division of Technical Sciences, along
with, for example, the Institute of Hydroengineering and the Institute of Biocybernetics and Biochemical Engineering
and the Institute of Chemical Engineering. Also operating within the PAS
Framework is the Committee for the
Geographical Sciences, which represents
Polish geography in domestic and inter-

1

The Polish Academy of Sciences is divided into
Divisions, within which there are research institutes
in operation.
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national institutions, as well as shaping
its overall R & D tasks. However, this
Committee belongs to another Division
of the Polish Academy of Sciences, i.e.
the Division of Pure Sciences and of
Earth Sciences.
A second thrust to the division of
Polish geography present today reflects
subject specialisation. On the one hand,
specialised fields within geography are
appearing, e.g. the geography of industry,
of agriculture and of soil, as well as climatology; while on the other there is
a development of interdisciplinary domains that take full advantage of the
output of different geographical specialisations, but also those of other disciplines
(e.g. comprehensive physical geography,
the geography of cities, etc.). The marked
subject-related division of Polish geography in fact reflects the imposition of the
Soviet system in post-War Poland. Indeed, for some time now it has been
possible to observe a gradual departure
from that model in favour of the problem-related research particularly well
visible in younger scientific circles.
Pressure for Polish geography to engage in reunification above all reflects a
perceived common interest in this being
done. Geographers are aware of the
weakness of their discipline as compared
with others (above all in regard to a relatively poor research apparatus and methodological weakness, as well as limited
numbers of researchers), and thus fear
a loss of identity. The two disciplines are
too weak within the Polish scientific
melting pot for them to match up to the
challenges contemporary science is faced
with if they continue to act separately.
There is also a weakening of the role of
geography in the educational system at
primary and secondary level, with a clear
decline in the number of hours of geography teaching in schools.

Principal research directions
Polish geography is characterised by
a broad spectrum of scientific research.
The latter in fact takes in all the most
important spheres of the geographical
sciences, as ranging from geomorphology through to the geography of culture.
A theoretical and methodological current
is also present, if represented by just
a small group of researchers.
A dominant role in Polish geography
is taken by fields falling within what is
broadly termed physical geography.
Work carried out on various spatial
scales is first and foremost concerned
with analysis of the structures and dynamics to environmental change, with
consideration being given to all components of the environment. The greatest
research achievements have been made
by geomorphology, which is represented
by the largest group of researchers. That
said, there is a clear specialisation of
research centres, in association with their
geographical location. For example,
research at the Poznań centre focuses on
contemporary geomorphological processes and morphodynamic functions of
relief in the Pomerania and Wielkopolska
regions. At the University of Silesia,
research is inter alia concerned with
karst phenomena and processes, with
account taken of the evolution of the
associated relief. The Kraków branch of
the Institute of Geography and Spatial
Organization (IGSO) of the PAS is
joined by Wrocław University in focusing first and foremost on geomorphological processes in mountain areas.
Thanks to numerous scientific publications of importance, as well as the
pursuit of research beyond the borders of
Poland, Polish geomorphology does
enjoy international renown. Polar regions
are a source of particular research interest
for our geomorphologists, whose studies
supply valuable information, as well as
making comparisons with palaeogeo-
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part of practitioners in assessments and
expert opinions concerned with social
and economic development and forms of
spatial management and physical development, as well as an inflow of new
methods and concepts from the stillyoung social sciences. Dynamic development of large agglomerations and
metropolitan areas ensures that the leading field of human geography is the geography of towns and cities. Studies
address the whole spectrum of urban
issues, be these social, economic, spatial
or cultural. The largest research teams
active in this field are at the University of
Łódź, the Jagiellonian University in
Kraków and the Adam Mickiewicz University in Poznań, as well as at the Institute of Geography and Spatial Organization (IGSO) of the PAS. Strong linkage
with city-related subject matter are manifested in spatial management, planning or
physical development studies, albeit with
this also treated as an independent academic discipline taught at universities of
technology, agricultural academies and
schools of economics. Planning, spatial
organisation and so on are in fact specialised in by a large group of geographers,
their role in geographical research being
revealed inter alia in the large number of
institutions that have closely relevant
titles (as with the aforesaid Institute of
Geography and Spatial Organization
PAS, the Institute of Social, Economic
and Regional Geography of the University of Warsaw, the Department of Spatial
Management at the Institute of Geography and Regional Development of the
University of Wrocław, the Institute of
Socio-Economic Geography and Spatial
Management at the Adam Mickiewicz
University in Poznań, and so on).
Currently the most fashionable direction to geographical studies is the geography of tourism. This links up with
a dynamic development of tourist services in Poland, as well as growth in the
significance of tourism and recreation

graphical studies of the Pleistocene and
Holocene possible.
An important role within Polish geography is played by climatological research, which is being pursued at most
academic centres, the focus being above
all on the analysis of regional climatic
conditions, as well as contemporary
climate changes and their consequences.
At the IGSO, studies are carried out in
bioclimatology, including in particular on
the influence on health of the climate in
cities, as well as the climatic conditions
holding sway in spa and health resort
areas. Regional specialisation also extends to hydrological studies, key centres
in the south of the country focusing first
and foremost on hydrological phenomena
in mountains and upland areas, while
those more centrally located turn their
attention to the hydrology and ecology of
lakes and other bodies of water. The
study of extreme hydrological processes
is gaining in importance – inevitably so
given the greater intensity at which these
phenomena have been occurring in Poland in the last few years. This is also to
say that many of the studies in question
are of an applied nature, their aim being
to monitor – and if at all possible to limit
– flood phenomena.
The last few decades have brought
a dynamic development of research at the
point where physical geography meets
ecology. Geographers have been pursuing studies in the fields of landscape
ecology, environmental protection and
the protection of geosystems nationally
and regionally, as well as very often
dealing with structures and dynamics
present in the natural environment, and
anthropopressure. In this context, they
enter into close cooperation with biologists and ecologists.
While so far represented by far fewer
workers,
socioeconomic
geography
would seem to be the more intensively
developing field. This probably has two
basic causes, i.e. increased interest on the
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space. As regional monographs are being
compiled, it is usual for teams to be put
together ad hoc, with each member dealing with his/her own subject, linking up
with his/her specialisation. Some kind of
exception is the Institute of Regional and
Global Studies within the Faculty of
Geography and Regional Studies of the
University of Warsaw, this employing
scientific teams that represent a holistic
approach to the study of wider geographical regions (e.g. Latin America, Africa,
Asia and Oceania).
Polish cartography has a rich tradition
associated first and foremost with geographical institutes in which the subject
matter of cartographic methods is addressed, and maps and atlases edited.
Cartography is also taught at higher education establishments of a technical profile, though it is also linked closely with
geodesy. The largest teams of cartographers are gathered together in Departments, or else are associated with centres
in Warsaw, Lublin and Wrocław.
The last two decades have brought
a dynamic development of GIS technology, this initially being spearheaded by the
younger generation of cartographers and
physical geographers. GIS has become
sufficiently universal for most higher
education establishments to have independent teams doing research with the
latest geoinformatic methods, and training geography students in this field.
However, it would seem that Polish geography is still failing to make full and
adequate use of GIS, as regards both new
research and the promotion of the established body of geographical knowledge.
There are also a series of research institutions not linked directly with geography,
but nevertheless making wider use of
geoinformatic methods.

when it comes to regional and local development. Exponents of this part of
geography do their research at all the
academic centres, albeit with most of the
effort being centred on documentation
studies or those of an applied nature.
Theoretical and methodological studies
are thus a rarity, mainly being confined
to the Universities of Łódź and Warsaw.
The interest in tourism and recreation has
now reached such a pitch that Master’s
studies and scientific research including
these elements are also being pursued at
the universities of technology and agricultural academies. Independent higher
education institutions specialising solely
in tourism-related issues have even been
established.
Polish geography shows considerable
interest in political subject matter, though
it is hard to pinpoint lead institutions.
Work here concerns electoral geography,
political boundaries and borders, and the
geopolitical situation. Similar interest is
being show in population studies, including in particular contemporary processes
of depopulation and ageing, as well as
migratory mobility. Other directions to
socioeconomic geography are represented by smaller groups of scientists and are
often a reflection of the specialisation of
the given institution (e.g. the geography
of religion at the Jagiellonian University,
geography of rural areas at IGSO, and the
geography of agriculture at the Adam
Mickiewicz University).
As has been noted already, each academic centre specialises in studies of the
region in which it is located, from the
points of view of both physical and socioeconomic geography. That said, it
would be difficult to use this as a premise
for arguing that there is a strong movement in favour of regional studies within
Polish geography. Indeed, a great many
geographers keep their distance from
regional geography, perhaps because of
the high level of specialisation and difficulties with a comprehensive vision of
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Maria Curie-Skłodowska University in
Lublin and the Nicholas Copernicus
University in Toruń, as well as the Institute of Geography and Spatial Organization PAS. These are generally centres
with a long tradition in geographical
research. The remaining higher education
institutions (the University of Gdańsk,
the Jan Kochanowski University in Kielce, the Pedagogical University in Kraków, the University of Szczecin, the
Pomeranian Academy in Słupsk and the
Kazimierz the Great University in Bydgoszcz) can be considered smaller geographical centres, which do not mean that
they are of lesser importance, however.
This reflects the way that each centre has
its unique research specifics as regards
basic and regional studies. It is worth
adding that the non-public higher education establishments only provide for the
study of geography at one centre, i.e. the
University of Economy in Bydgoszcz (at
the Faculty of Tourism and Geography).
Research specialisations are above all
a throwback to the traditions of the
”schools” taking shape around outstanding individual geographers, or else reflect
location. It would be hard in just a few
sentences to characterise the different
academic centres; hence the need to
restrict consideration to just a couple of
key facts. Most centres have staff engaging in the geomorphological studies that
(as has been noted already) are very
much the ”calling card” of Polish geography. A particularly strong representation of geomorphologists is to be found
at the centres in Poznań, Toruń, Łódź,
Katowice and Wrocław, as well as in the
IGSO, these institutions carrying out
research of local, regional and international profiles. Also widely represented
are studies from other areas of physical
geography, albeit with different centres
showing distinct regional specialisations.
In the case of socioeconomic geography – much less well-represented in
terms of numbers of researchers – it is

Polish geographical institutions
Poland’s first geographical institution
was the Department of Geography established in 1849 at Kraków’s Jagiellonian
University. Only a little later a further
major geographical centre was called into
being at the University in what was then
Lwów (and is now Ukrainian L’viv).
Following Poland’s regaining of independence in 1918, further centres engaging in geographical research were set up
in Warsaw, Poznań and Vilnius (now in
Lithuania). A Polish Geographical Society was also founded. Further institutions
came into existence in successive postWar decades, the youngest of these being
the Institute of Geography at the Kazimierz the Great University in Bydgoszcz
(founded in 2001).
At the present time, Poland has 15
higher education establishments with
geography centres engaging in research
and the training of personnel via Master’s
and doctoral studies, as well as 1 scientific institute operating within the Polish
Academy of Sciences framework
(Fig. 2). Two higher education establishments (the Universities of Warsaw
and Łódź) have separate Faculties devoted to the geographical sciences, while the
other 13 institutions have Earth Sciences
Faculties or else geographical institutes
that represent just part of larger Faculties
in which geographers co-exist alongside
representatives of the geological or biological sciences.
The size of geographical centres as
measured by the number of research
laboratories and the potential of the scientific staff varies markedly (Table 1).
The largest institutions include those at
the Adam Mickiewicz University in
Poznań and the University of Warsaw.
There is somewhat more limited research
potential at the centres within the Jagiellonian University in Kraków, the University of Łódź, the University of Silesia in
Sosnowiec, University of Wrocław, the
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ries and methodologies of geography that
are pursued, along with research on regional development. The Jagiellonian
University in turn deals with globalisation phenomena, as well as issues of
investment and production. However,

easier to point to differences as regards
specialisation. For example, at the University of Łódź, work centres on urban
subject matter, as well as tourism and
recreation, while at the Adam Mickiewicz University it is geographical theo-

Fig. 2. The distribution of geography institutions in Poland: AMU – Adam Mickiewicz University,
UW – University of Warsaw, JU – Jagiellonian University, US – University of Silesia, UL – University of
Łódź, UG – University of Gdańsk, NCU – Nicolaus Copernicus University, MCSU – Maria Curie-Sklodowska
University, UWr – University of Wrocław, USz – University of Szczecin, PUC – Pedagogical University of
Kraków, UHS – Jan Kochanowski University of Humanities and Sciences, PU – Pomerania University,
KWU – the Kazimierz the Great University, IGSO – Institute of Geography and Spatial Organization PAS,
PGS – Polish Geographical Society, UE – University of Economy.
Ryc. 2. Rozmieszczenie ośrodków geograficznych w Polsce: AMU – Uniwersytet im. Adama Mickiewicza,
UW – Uniwersytet Warszawski, JU – Uniwersytet Jagielloński, US – Uniwersytet Śląski, UL – Uniwersytet
Łódzki, UG – Uniwersytet Gdański, NCU – Uniwersytet Mikołaja Kopernika, MCSU – Uniwersytet MariiCurie Skłodowskiej, UWr – Uniwersytet Wrocławski, USz – Uniwersytet Szczeciński, PUC – Uniwersytet
Pedagogiczny w Krakowie, UHS – Uniwersytet Humanistyczno-Przyrodniczy Jana Kochanowskiego,
PU – Akademia Pomorska, KWU – Uniwersytet Kazimierza Wielkiego, IGSO – Instytut Geografii i Przestrzennego Zagospodarowania PAN, PGS – Polskie Towarzystwo Geograficzne,
UE – Uniwersytet Ekonomiczny.
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Table 1. Basic data on centres of geography in Poland in 2008 *.

Abbrev.

University/
Academy

No. of
Depts.
and
Labs.

No.
of
full
profs.

No. of
PhDs
and dr
habs.**

Faculty

Institutes

Faculty of
Geographical
and Geological
Science

Institute of Physical
Geography and Environmental Planning
Institute of SocioEconomic Geography
and Spatial Management
Institute of Geoecology
and Geoinformation

21

35

122

UW

University
of Warsaw

Faculty of
geography and
Regional
Studies

Institute of Physical
Geography
Institute of Socieeconomic Geography
and Spatial Management
Institute of Regional and
Global Studies

18

13

90

JU

Jagiellonian
University

Faculty of
Biology and
Earth Sciences

Institute of Geography
and Spatial Management

13

11

44

US

University
of Silesia

Faculty of Earth
Sciences

–

29

5

66

25

9

No
data

AMU

Adam
Mickiewicz
University
in Poznan

UL

University
of Łódź

Faculty of
Geographical
Sciences

Institute of Urban
Geography and Tourism
Science
Institute of Earth
Sciences
Institute of Socioeconomic Geography

UG

University
of Gdańsk

Faculty of
Oceanography
and Geography

Institute of Geography

10

4

44

NCU

Nicolaus
Copernicus
University
in Toruń

Faculty of
Biology and
Earth Sciences

Institute of Geography

13

7

42

MCSU

Maria
CurieSklodowska
University
in Lublin

Faculty of
Biology and
Earth Sciences

Institute of Earth
Sciences

12

9

63

UWr

University
of Wrocław

Faculty of Earth
Science and
Environmental
Management

Institute of Geography
and Regional
Development

8

3

50

USz

University
of Szczecin

Faculty of
Geosciences

Institute of Marine
Sciences

10

10

32
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No. of
Depts.
and
Labs.

No.
of
full
profs.

No. of
PhDs
and dr
habs.**

Institute of Geography

7

3

34

Faculty of
Mathematics
and Sciences

Institute of Geography

16

4

23

Pomeranian
University
in Słupsk

Faculty of
Mathematics
and Natural
Sciences

Institute of Geography

8

2

27

KWU

Kazimierz
Wielki
Universityin
Bydgoszcz

Faculty of
Natural Sciences

Institute of Geography

No
data

No
data

No
data

IGSO

Polish
Academy
of Sciences

–

6

10

45

Abbrev.

University/
Academy

Faculty

Institutes

PUC

Pedagogical
University
of Kraków

Faculty of
Geography and
Biology

UHS

Jan
Kochanowski
University of
Humanities
and Sciences

PU

Institute of Geography
and Spatial Organization

*

Use was made of the Ekspertyza o stanie nauk geograficznych w Polsce w okresie 1995–2008
(“Expert opinion on the state of the geographical sciences in Poland in the period 1995–2008”),
Committee of Geographical Sciences PAS (authors A. Kostrzewski and E. Roo-Zielińska),
in which no account was taken of the University of Economy in Bydgoszcz.
**

Habilitated.

most competitive. The corollary of that is
that the institutions falling outside these
groups are expected to cope as best they
can to a much greater degree. From the
point of view of a parametric assessment
carried out in 2006, it was possible to
identify three main groups of geographical institution. The unquestioned leaders
are the Adam Mickiewicz University and
the Institute of Geography and Spatial
Organization of the PAS, ahead of
a group of nine Universities of markedly
varied research potential. A third group
comprises higher education institutions
that serve mainly teacher-training functions. The parametric assessment is, for
example, in line with data on the number
of domestic research projects put into
effect. In the years 1994–2007 inclusive
there were 58 such projects at the Adam

this issue requires separate and more indepth approaches if it is to be encompassed properly.
The engagement and quality that
characterise the work done at different
centres varies quite markedly, this being
a truth revealed by assessments carried
out. One of the forms of evaluation of
research units involves the so-called
parametric assessment that takes account
of the results of scientific activity (number of reviewed publications and entitlements to confer degrees and titles), as
well as the practical impacts of research
(implementation, new technologies, patents and other actions in the name of
applied science). The main aim of the
parametric assessment is to ensure that
the institutions being promoted are first
and foremost those that are strongest and
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Mickiewicz University, 50 at the Institute
of Geography and Spatial Organization
PAS. Coming well behind those institutions in third place is the University of
Gdańsk with its 27 projects.
Playing an important role in Polish
geography alongside the research institutions is the Polish Geographical Society
(pol. Polskie Towarzystwo Geograficzne), which has been in operation since
1918. Today’s Society has 1500 members, and there are 19 branches (the Academic branch and those based in
Białystok, Częstochowa, Gdańsk, Katowice, Kielce, Kraków, Lublin, Łódź,
Opole, Poznań, Radom, Rzeszów,
Słupsk, Stalowa Wola, Szczecin, Toruń,
Warsaw and Wrocław). There are also
four subject-related branches (Cartographic, the Polar Club, the Remote
Sensing branch and the Olympic). Research activity is in turn concentrated in
Commissions dealing with the 10 subject
areas of Geographical Education, Hydrology, Communications Geography,
Settlement and Population Geography,
Rural Areas, Industrial Geography, Applications, the History of Geography and
Cartography, the Cultural Landscape and
Tourism). The Society is the initiator and
organiser of many scientific events, as
well as the Publisher of a whole series of
publications embracing the broad spectrum that the geographical sciences represent. The country’s largest number of
geographical conferences and seminars
are organised by the PGS, as well as the
most publications of a scientific and also
popular-science profile. It is at the Society’s initiative that Poland is seeking to
host and organise the 2014 Regional
Conference of the International Geographical Union.

Research personnel
According to the Information Processing Centre (IPC), as of 2011 the
number of research employees declaring
a direct link with geography was 1571,
these being doctors, habilitated doctors
and professors) 2 . The scientific title of
Professor of Geography is held by 247
people in total, while there are also 1324
doctors or habilitated doctors in the
field 3 . A large group of geographers
associated with teaching and training at
tertiary level in fact work at institutions
other than the strictly or obviously geographical (which is to say in universities
of technology, agricultural academies,
schools of economics and different University Faculties). These are above all
implementing tasks associated with the
training of students or research in other
scientific disciplines, with direct research
in geography only involved to a more
limited degree.
The IPC data confirm the dominance
of the natural aspects over the social. The
largest numbers of geographers are dealing with physical geography (246 people), geomorphology (241), climatology
(162), hydrology (118), environmental
protection (81) and ecology (61). Against
this background, the numbers of socioeconomic geographers are modest, economic geography boasting 139 employees, the geography of tourism 74, social
geography 39, and political or urban
geography 26 each. Other specialisations
are generally represented by 10–20 personnel. In turn, relatively large groups of
geographers declare an interest in regional geography (68 people) and spatial
organisation (64).

2

These data need to be treated with some caution,
since they are only rather rarely updated.
3
In formal terms, those representing geography in
Poland receive scientific degrees and titles in the
Earth Sciences context.
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A further measure of how active geographers are is their participation in
domestic and international research programmes, and it is worth stressing at the
outset the fact that this level of participation grows greater with each passing
year. This is above all true of applied
projects (expert opinions, evaluations and
diagnoses) announced by public institutions, as well as international EU projects
(like ESPON, INTERREG and FP7). For
example, 2008 saw 39 EU projects under
implementation in Poland’s geography
institutions.

Of particular importance is the situation as regards research personnel in
geographical institutions that produce
studies within the field of geography. An
expert opinion entitled Ekspertyza
o stanie nauk geograficznych [Kostrzewski and Roo-Zielińska 2010] reveals
that, as of 2008, some 125 Professors
were employed, plus 138 habilitated
doctors and 556 staff with doctorates.
Over the last decade the numbers in the
first two categories have not changed
much (if with a slight upward trend),
while there has been a considerable
(more than 30%) increase in the numbers
of personnel holding doctorates. This is
probably linked with the spread of doctoral studies; in a situation where those
gaining doctorates are very likely to stay
on at higher education establishments,
where they go on pursuing a career in
science.
The most important features of the
scientific staff made subject to periodic
performance assessment are scientific
and organisational activeness. An indicator of levels of scientific activity may be
sought in the number and quality of publications that researchers have to their
name. While it must be stressed that the
quality of published work (or the place in
which work is published) plays a much
greater role here, that assessment is obviously going to be at least somewhat subjective. Favourable assessments are first
and foremost afforded work that can be
found on the ISI Web of Knowledge abstracts base. From this point of view,
geographers only perform moderately
well, or even below average. In turn, all
comparisons made with representatives
of such allied scientific disciplines as
geology, oceanology and geophysics see
geographers come off worse. However,
Poland, like each country, has a group of
geographers publishing the results of
their work in the best journals, this group
happily including more and more young
researchers.

Contemporary trends in Polish
geography – a summary
In the public imagination – in Poland
at least – the usual associations with
“geography” are of an encyclopaedic
knowledge on the one hand, and one of
the main subjects taught at different
levels of education on the other. In contrast, those operating in scientific circles
are much less inclined to voice homogeneous opinions regarding geography and
its place in the system of science. Geographers themselves see their discipline as
located in the zone where the natural and
social sciences meet. This is a state of
affairs that poses serious problems and
challenges associated with determining
the fundamental research paradigms and
assessing geography as a scientific discipline. An additional problem is the departure from interdisciplinary studies that
bring together elements of physical and
socioeconomic geography, in favour of
detailed studies that help promote the
already distinct division present. Progressive research specialisation is probably
the most important cause of cracks in
Polish geography’s substantive cohesion
(though the same situation may equally
well characterise geography in the world
as a whole). Where stronger links between geographers do exist, they are of

19

J. Bański

phenomena), as well as the evaluation of
how assistance funding is being used and
of the strategies and plans for local and
regional development that have been
drawn up. An advantage enjoyed by
geography in applied research is the way
in which it links the theories and methodologies from the natural and social
sciences, as well as “spatial vision” in
respect of local and regional specifics.
These attributes gain a positive assessment from those commissioning projects
either public or private, thanks to the
research carried out by geographers being competitive with analogous tasks
carried out by the researchers and institutions active in other disciplines.
Where the development of personnel
and institutions is concerned, the condition Polish geography finds itself in today would have to be assessed positively.
A small increase in numbers of professors and habilitated doctors has been
accompanied by a major increase in
numbers of staff with doctorates. This
attests to the development of potential
within the discipline and to a “breath of
fresh air” being provided by a younger
cadre that can bring into geography the
new ideas and solutions and a different
way of looking at the world. The increased staffing levels have gone hand in
hand with the development of the scientific institutions for which and in which
they work. This mainly concerns the
splitting off of certain units as independent entities, as well as the creation of
some completely new ones, and of course
increases in the numbers of identifiable
sub-units within different well-established institutions. That said, institutional
breakups continuing to the point where
”fragmentation” can be said to be occurring obviously have the attendant problems looked at in more detail above.
Polish geography is faced with several important choices that will be of significance in determining its future development. This is especially true of re-

a social and organisational nature, and
they are, it seems, undergoing gradual
degradation.
The circles inhabited by geographers
are fully aware of the subject-related
schism that is taking place, and indeed of
other problems too. Discussion on these
matters is underway, and concrete action
being taken to improve the situation. The
latter centres around the country search
for large, joint research themes of domestic or international reach, as well as striving to strengthen the positions of the
leading geographical journals, and to
ensure that interdisciplinary organisational undertakings are pursued (e.g. the
regional conference to be held in Kraków
in 2014). There is an ever fuller awareness of the need to depart from objectrelated in the direction of problemrelated studies (e.g. challenges associated
with globalisation processes, the natural
and socioeconomic consequences of
climate change, the development of nonconventional energy sources, and so on).
Also of considerable importance is the
activity seeking to popularise the attainments of geography with the public, and
likewise with those working in other
areas of science and academe.
The fact that today’s Polish geography has its problems should not be allowed to obscure the fact that it has
a string of achievements to its name. The
most important of these relate to growth
in the importance of applied research.
Geography in Poland continues as before
as the classical (cognitive and descriptive) discipline, but it is also taking on
the features of a practical science – as is
attested to by the increase in the number
of research tasks and projects being
commissioned to meet the needs of practice. The work in question is first and
foremost in the form of diagnoses, forecasts and expert opinions, mostly concerned with the balanced or sustainable
management of space (and hence the
avoidance and prevention of extreme
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important role is played by experimentation and the conclusions arising out of
developments in world geography.

search directions and the nature thereof,
as well as organisational forms. When it
comes to the right choice being made, an
References
Bański J., 2010, Stan krytyczny polskiej
geografii – krytyka stanu, Przegląd
Geogr., 82, 3, pp. 319–333.
Chojnicki Z., 1984, Dylematy metodologiczne geografii, Przegląd Geogr., 56,
3–4, pp. 3–18.
Chojnicki Z., 1985, Orientacje filozoficzno-metodologiczne geografii – ich
koncepcje i modele, Przegląd Geogr,,
57, 3, pp. 255–281.
Chojnicki Z., 1986, Refleksje dotyczące
teraźniejszości i przyszłości geografii
polskiej, Przegląd Geogr., 58, 3, pp.
357–377.
Chojnicki Z. (red.), 2004, Geografia
wobec problemów teraźniejszości
i przyszłości, Bogucki Wydawnictwo
Naukowe, Poznań.
Chojnicki Z., Starkel L., Wróbel A.,
1986, Główne kierunki rozwoju polskiej geografii, Przegląd Geogr., 58,
3, pp. 323–337.
Heller M., 2008, Filozofia nauki. Wprowadzenie, Wyd. Petrus, Kraków.
Kostrzewski A., Roo-Zielińska E., 2010,
Ekspertyza o stanie nauk geograficznych w Polsce w okresie 1995–2008,
Committee of the Geographical
Sciences of the PAS, Warszawa (manuscript).
Falkowski J., 2000, Refleksje nad stanem
obecnym i przyszłością geografii,
[in:] B. Kortus, A. Jackowski,
K. Krzemień (eds.), Nauki geograficzne w poszukiwaniu prawdy o Ziemi i człowieku, 5, Institute of Geography of the Jagiellonian University,
Kraków, pp. 169–176.

Jackowski A., Liszewski S., Richling A.
(eds.), 2008, Historia geografii polskiej, Wyd. Naukowe PWN, Warszawa.
Liszewski S., 1999, Czy i co łączy współczesne nauki geograficzne. Refleksje
osobiste nad stanem polskiej geografii, [in:] A. Lisowski (ed.), Geografia
na przełomie wieków – jedność
w różnorodności, WGiSR UW, Warszawa, pp. 82–89.
Maik W., 2004, Główne płaszczyzny
relacji między geografią fizyczną
a geografią społeczno-ekonomiczną,
[in:] Z. Chojnicki (ed.), Geografia
wobec problemów teraźniejszości
i przyszłości, Bogucki Wyd. Naukowe, Poznań, pp. 9–24.
Maruszczak H., 2000, O paradygmatach
w geografii fizycznej, [in:] B. Kortus,
A. Jackowski, K. Krzemień (eds.),
Nauki geograficzne w poszukiwaniu
prawdy o Ziemi i człowieku, 5, Institute of Geography of the Jagiellonian
University, Kraków, pp. 183–186.
Richling A., 2000, Wpływ zintegrowanych badań nad środowiskiem przyrodniczym na rozwój nauk geograficznych, [in:] B. Kortus, A. Jackowski, K. Krzemień (eds.), Nauki geograficzne w poszukiwaniu prawdy
o ziemi i człowieku, 5, Institute of
Geography of the Jagiellonian University, Kraków, pp. 163–168.
Wilczyński W., 2003, Autonomia i jedność geografii. Studium metodologiczne, Łódź Scientific Society.

21

J. Bański

Streszczenie
Diagnoza współczesnej geografii w Polsce – wybrane zagadnienia
Artykuł przedstawia współczesny stan rozwoju polskiej geografii na przykładzie wybranych zagadnień: miejsca dyscypliny w systemie polskiej nauki, głównych kierunków
badawczych oraz rozwoju kadry naukowej i placówek geograficznych. Tekst ma przede
wszystkim charakter przeglądowo-informacyjny, bo przeznaczony jest głównie dla czytelnika zagranicznego; w związku z tym zrezygnowano ze szczegółowych analiz. Niektóre opinie mają charakter dyskusyjny i są wyłącznie osobistą refleksją autora tego
tekstu.
Polska geografia spełnia zadania poznawcze, edukacyjne i popularyzacyjne oraz
aplikacyjne. Współcześnie działa 15 placówek naukowo-badawczych, w tym 14 z nich
to uczelnie wyższe kształcące studentów w zakresie geografii oraz turystyki i gospodarki
przestrzennej. Pracuje w nich 125 profesorów, 138 doktorów habilitowanych i 536 doktorów. W badaniach naukowych podejmowana jest tematyka wszystkich specjalności
geograficznych, z tym, że dominującą rolę odgrywa szeroko rozumiana geografia fizyczna (w tym zwłaszcza geomorfologia, klimatologia, hydrologia i ochrona środowiska).
Ocena aktualnych dokonań polskiej geografii nie jest jednoznaczna. Raczej krytycznie należy podchodzić do procesu fragmentacji przedmiotowej, co wyraźnie utrudnia
realizację szerszych badań interdyscyplinarnych. Geografowie zamknęli się we własnych „przedmiotowych kręgach” i rzadko wystawiają głowy poza ich granice. Jednakże
ostatnie lata przynoszą poprawę tej sytuacji, co może wynikać ze wzrostu znaczenia
badań praktycznych w polskiej geografii oraz napływu młodej kadry naukowej postrzegającej przestrzeń holistycznie i problemowo, a nie przedmiotowo.
Geografia w Polsce oprócz dotychczasowego charakteru nauki klasycznej przyjmuje
cechy nauki praktycznej. Świadczy o tym rosnąca liczba zadań i projektów badawczych
realizowanych na zamówienie praktyki. Zaletą geografii w tego typu badaniach jest
łączenie teorii i metodologii nauk przyrodniczych i społecznych oraz dostrzeganie specyfiki lokalnej i regionalnej. Dzięki temu badania realizowane przez geografów są konkurencyjne.
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Abstract

This article presents the current state of knowledge on climate change in Poland
over the last millennium. In so doing, it makes use of available reconstructions for the
pre-instrumental period in respect of air temperature and ground-surface temperature, as
well as precipitation. Available instrumental data are in turn used to address changes in
climate post 1800. This dual approach to the analysis of climate-change history in Poland over the last millennium alows for the identification of 3 characteristic periods long
since advocated in descriptions of the climate, i.e. the Mediaeval Warm Period (up to the
mid 15th century), the Little Ice Age (from the mid 16th century to the second half of the
19th century) and the Contemporary Warm Period. The latter period’s impact in Poland
has entailed climatic warming of about 1oC on average, as confirmed by thermometer
readings, but also visible in reconstructions using geothermal and dendrochronological
methods. The present warming has not yet been asscociated with significant changes in
seasonal or annual totals for precipitation.
Nevertheless, as palaeoclimatic studies make clear, changes in and variability
to climate on all temporal and spatial
scales are a universal feature of the climate system. Indeed, they may regarded
as an inherent (immanent) property of
them. Why then has it only been in the
last 20–30 years that such an explosion
of work on climate change has taken
place? The reason, as studies (like the
reports from the IPCC from 1990, 1996,
2001 and 2007) make clear, is that the
rate of change is far greater now than in
the last several centuries, or even ten or

Introduction
In recent years, the issues of climate
change and variability, and their consequences for the environment (be it natural or social) have become dominant
themes in research above all espoused by
climatologists and meteorologists. The
direct cause of this is global climatic
warming observable since the second
half of the 1970s, and constituting the socalled second phase to contemporary
warming, the first having taken place in
the years 1920–1940.
*
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regarding stationarity over longer periods
of time (via the so-called principle of
geological uniformitarianism).
As sources of “indirect data”, the natural systems referred to above have inscribed in them a “climatic signal” that
may be more or less distinct. The aim of
palaeoclimatological investigations lies
in the skillful uncovering of this signal,
most often by way of a process of calibration (determination of the statistical
links between defined natural systems
and contemporary meteorological data)
and verification (checking if links established by way of calibration allow for the
statistically precise reconstruction of
climatic data from a period of instrumental observation other than that used in
calibration). If the calibration and verification processes point to the existence of
durable and statistically significant linkage between a given natural system and
a defined meteorological element (e.g. air
temperature), then it is possible to apply
it to a period for which measurementbased observations are not available,
while knowledge of the natural system
back then is adequate.
More details relating to the palaeoclimatic methods that have gained application are to be found in the book by
Bradley [1999], the review publication
by Brázdil et al. [2005], and also several
publications appearing at the Toruń centre [Majorowicz et al. 2001, 2004;
Przybylak et al. 2004, 2005].
When it comes to possibilities for reconstructing climate over the last millennium, Europe (including Poland) is in
a privileged situation compared with
most other areas, due to the fact that
there are written sources relating to the
entire period, which are very much capable of being augmented by the climatic
information obtainable from so-called
”natural archives”. For this reason, we
now have at our disposal many reconstructions of different climatic elements
(mainly air temperature, precipitation and

more centuries. The climatic models
widely applied for several decades now
in simulating future climate change are
almost unanimous in stating that a further
rise in emissions of greenhouse gases
will intensify the rate of climate change,
with air temperature anticipated to have
been elevated by around 3oC [IPCC
2007] in a second half of 21st-century
world in which carbon dioxide concentrations are up to twice the historical
levels.
While palaeoclimatic research is carried out for different geological epochs
and periods, both the assessment of the
causes of the contemporary climate
change referred to, and the formulation
of future climate scenarios (mainly for
the 21st century), are most dependent on
a detailed understanding of the climate
over the last millennium. This reflects the
need for the scope of the so-called “natural variability” of climate to be established. And this of course requires climatic information collected in the preindustrial period (from before 1850), the
influence of anthropogenic factors on the
climate back then being limited enough
to ignore.
A full familiarity with the climate in
recent centuries is also essential if climatic models used most often in determining
future climate-change scenarios are to be
verified. If the model is well reconstructed in respect of the climate of past periods, there is a higher probability that
these will simulate the future climate
correctly.
How then to gain insights into past
climates when instrument-based observations of different meteorological elements only cover the globe satisfactorily
in the case of the last 100–200 years? In
general, widespread use has been made
of relationships between different natural
phenomena (systems) (e.g. annual increments in the girth of trees, stalagmites
and stalactites, as well as of coral reefs)
and climate, as well as an assumption
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wicz 2010; Przybylak and Marciniak
2010; Zielski et al. 2010].
Indirect data generally do not allow
for the reconstruction of all meteorological elements typically used in describing
the climate of a given area. Overall, it is
possible to regenerate with almost full
continuity the main characteristics
(monthly, seasonal and annual means or
totals) for only (or as many as) three key
elements, i.e. air temperature and groundsurface temperature and precipitation.
Information on the remaining elements
(e.g. on wind, cloud cover and atmospheric phenomena) are only to be found
in historical sources, mostly just those
with entries concerning particular days.
There are unfortunately very few such
sources, and they mostly concern short
periods from the last millennium.
It is worth noting that the amount and
quality of information concerning the
aforementioned three first elements is
varied, which has the effect that the recconstructions obtained on the basis of
them also differ from one another. Dendrochronological and historical data may
yield broad-spectrum information on air
temperature, but reconstruction of precipitation data using them is much more
difficult, or else simply impossible. In
turn, geothermal data allow for nothing
more than the reconstruction of groundsurface temperatures, and since these are
correlated in a statistically significant
way with air temperatures, they can be
recreated by indirect means anyway. The
methods of reconstruction in the case of
these elements are described in detail in
more recent literature [Majorowicz et al.
2001, 2004; Przybylak et al. 2001, 2004,
2005], and so are not discussed more
fully here.
Readers of this article should also recall that, the further back in time we go,
the lower the reliability of the presented
reconstructions of climate, and the more
generalised the reconstructions themselves (especially when based around

atmospheric pressure), as well as elements of the atmospheric circulation for
Europe [e.g. Luterbacher et al. 2002,
2004; Brázdil et al. 2005; Pauling et al.
2006; Casty et al. 2007; IPCC 2007;
Glaser 2008; Przybylak 2008; Dobrovolný et al. 2009; Klimenko and Solomina 2010; Majorowicz 2010]. Progress is
also clearly visible in the case of the
reconstruction of the Northern Hemisphere climate, or indeed that of the
world as a whole [e.g. Mann et al. 1999,
2008; Jones et al. 2001; Moberg et al.
2005; IPCC 2007; Juckes et al. 2007].
For obvious reasons, knowledge on
climate change in Poland over the last
millennium is fullest in respect of the
period of instrumental observations. In
the last 20 years it has been possible for
various workers to compile, and then
engage in the homogenisation of, ten or
more air temperature series for Poland
[Górski and Marciniak 1992; Miętus
1996, 1998; Trepińska 1997; Głowicki
1998; Lorenc 2000; Vizi et al. 2000,
2000/2001; Bryś and Bryś 2010]. The
most important of these are the longest
series, which relate to Warsaw (from
1779 on) and Cracow (from 1792). Furthermore, high levels of correlation observed for air temperatures across the
country allow for the use of these temperature series in characterising thermal
conditions throughout Poland [Kożuchowski and Żmudzka 2003].
In the last several decades there has
also been a marked increase in the level
of knowledge on the Polish climate from
the so-called pre-instrumental period.
Nonetheless, this does not extend back
before the start of the last millennium
[i.a. Maruszczak 1988, 1991; Sadowski
1991; Wójcik et al. 2000; Bokwa et al.
2001; Limanówka 2001; Majorowicz et
al. 2001, 2004; Kotarba 2004; Niedźwiedź 2004, 2010; Przybylak et al. 2004,
2005, 2008, 2010a; Filipiak 2007;
Przybylak 2007; Filipiak and Miętus
2010; Luterbacher et al. 2010; Majoro-
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historical and geothermal sources). This
remark is not true of reconstructions
based on dendrochronological data, however, assuming that there is stationarity in
the studied relationship between climatic
conditions and annual ring increments.
The main aim of this review article is
thus to sum up the current state of
knowledge on changes and variability in
Poland’s climate over the last millennium.

reconstruction of mean values for air
temperature, specifically for the January–
April and February–March periods.
Thus in practice the number of indirect data items concerning the climate in
the first two centuries of the millennium
is vanishingly small, this fact necessitating attempts to reconstruct the history of
changes in air temperature in Poland by
reference to available data for other areas
[Maruszczak 1991]. The reliability of
such analogies is limited, since work
relates to the UK, Greenland and California, i.e. very distant areas that differ
from Poland in often showing different
rhythms to changes in air temperature
(see e.g. Fig. 34.2 in Bradley and Jones
(eds.) 1995, in which reconstructions of
air temperature for Europe and North
America are presented).
Also long known is the phenomenon
of the simultaneous occurrence of “positive and negative” anomalies of air temperature (i.e. departures from norms)
across Europe (including Poland) and
over Greenland [Kosiba 1949], especially
in winter. Contemporary climatology
explains such phenomena by reference to
a differential influence on thermal conditions in Europe and Greenland due to
atmospheric circulation – as described
with the aid of the index for the North
Atlantic Oscillation (NAO) – [Hurrell
1995, 1996].
Bearing in mind the reservations referred to above, but not having other
reconstructions at our disposal, we cite
here the results of the work by
Maruszczak [1991]. According to him,
the 11th century was probably warmer
than the norm determined for the period
he studied, while the 12th century (especially the second half) was the warmest
of the entire millennium. The reconstructed mean temperature for the months
from January to April was one of the
higher ones in the case of the years
1170–1200, albeit not the highest
(Fig. 1). In southern Poland, the tempera-

Air temperature and ground-surface
temperature
Air temperature to 1800
In the temperate latitudes at which
Poland lies, air temperature is undoubtedly the most important meteorological
element conditioning the development of
the biosphere. It is thus no coincidence
that people since the earliest times have
noted different temperature situations,
but most often of all those departing
markedly from the norm, and hence exerting a significant disruptive effect on
life. In Poland, therefore (as in many
other parts of the globe), there is most
information from historical sources regarding air temperature.
Nevertheless, even in regard to temperature the amount of information is
highly inadequate when set against the
task of reconstructing courses over the
first 500 years of the last millennium
[Rojecki (ed.) 1965]. The reliability of
historical sources from this period is also
very limited, as was already being noted
as far back as in 1922 by Semkowicz,
and is confirmed by today’s historians
[Oliński, pers. comm.].
Equally, the dendrochronological data
collected thus far extend back to 1170 in
the case of northern Poland [Zielski
1997], or to 1091 in the case of the south
[Szychowska-Krąpiec 2010]. In any case,
these allow for nothing more than the
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half of the 15th century. According to the
research by Sadowski [1991], the 13th
century was a time of both the least severe winters and the least hot summers to
a greater extent than at any other time
throughout the nearly 800-year period
under study. That would mean in turn
that the period was one of the greatest
oceanicity of climate (see Fig. 6 in Sadowski 1991). As Fig. 1 shows, mean
January–April values of air temperature
were relatively high, and varied only
little in the 13th century, with only slightly lowered values in the first half.
A similar course was characteristic for
the 14th century. Research by Sadowski
[1991] also gives no indication of greater
changes in air temperature during that
century. There is thus no confirmation of
the occurrence of the cooling of climate
in the second half of the 14th century that
Maruszczak [1991] wrote about.

ture in February and March was high at
the beginning and end of the 12th century. In contrast, it was very low in midcentury [Szychowska-Krąpiec 2010].
For the period 1201–1500 we now
have slightly more information, thanks to
the availability of the work by Sadowski
[1991], albeit a study drawing on limited
and low-reliability historical sources. It
was within the framework of a research
project under the Ministry of Science and
Higher Education (N306 018 32/1027)
that a new reconstruction of air temperature for the 15th century (Fig. 2)
[Przybylak et al. 2010c] came into being,
if still with many gaps.
Thus, according to Maruszczak
[1991], mean annual values for air temperature were above the norm in the 13th
century and first half of the 14th, only to
give way to around 100 years of cooling.
A warmer climate returned in the second

Fig. 1. A reconstruction of mean January–April air temperature in Poland for the period 1170–1994 using
a standardised chronology of tree-ring widths for Scots pine (Pinus sylvestris L.) (after Przybylak et al. 2001,
modified). Key: Rek-11, Rek-50 – 11- and 50-year running means; reconstruction using areally-averaged air
temperatures from Warsaw, Bydgoszcz and Gdańsk for calibration, Obs – mean January–April areallyaveraged air temperature from Warsaw, Bydgoszcz and Gdańsk.
Ryc. 1. Rekonstrukcja średniej temperatury powietrza w okresie od stycznia do kwietnia w Polsce w latach
1170–1994 na podstawie standaryzowanej chronologii szerokości pierścieni drzew sosny zwyczajnej (Pinus
sylvestris L.) (Przybylak i in. 2001, zmienione). Objaśnienia: Rek-11, Rek-50 – odpowiednio średnie ruchome
11- i 50-letnie; rekonstrukcja oparta na kalibracji wykonanej na podstawie serii temperatury obszarowej obliczonej z danych z Warszawy, Bydgoszczy i Gdańska, Obs – średnia temperatura obszarowa od stycznia do
kwietnia obliczona z danych z Warszawy, Bydgoszczy i Gdańska.
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Fig. 2. Reconstructions of mean 10-year air temperatures (oC) in Poland from 1401 to 1800: a) winter (DJF)
and b) summer (JJA). 1 and 2 – anomalies with respect to 1901–1960 and 1789–1850 means, respectively
[after Przybylak et al. 2010c].
Ryc. 2. Rekonstrukcje średnich sezonowych (DJF – zima, JJA – lato) dekadowych wartości temperatury
powietrza w Polsce w okresie 1401–1800. 1 i 2 – anomalie w stosunku do odpowiednich średnich z okresów
1901–1960 i 1789–1850 [za Przybylak i in. 2010c].

In turn, the newest reconstructions of
mean temperature in late winter and early
spring (the February–March period)
show clearly how the whole 13th century
and beginning of the 14th century were
cool, while a marked warming kicked in
from the 3rd decade onwards [Koprowski
et al. 2010; Szychowska-Krąpiec 2010].
According to Sadowski, the 15th century

was characterised by the greatest degree
of climatic continentality at any time in
the years 1201–1980. At this time, there
was an abrupt increase in the number of
severe winters to as many as 6 in the
decade 1451–1460. The same result was
also obtained by Przybylak et al. [2010c].
Sadowski [1991] also reported the occurrence of a large number of hot summers
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overall periods of just a couple of decades [e.g. Bokwa et al. 2001; Limanówka
2001; Nowosad et al. 2007; Niedźwiedź
2010; Pospieszyńska and Przybylak
2010; Przybylak and Marciniak 2010;
Przybylak et al. 2010b; Przybylak and
Pospieszyńska 2010].
In relation to the 18th, and additionally also the 15th, centuries, the widening
of the historical databases in the context
of the study project referred to above has
markedly increased the level of completeness and reliability to reconstructions of air temperature in Poland. This
can be discerned when old reconstructions of air temperature [after Przybylak
et al. 2004, 2005] are compared with the
new ones presented in Fig. 2. The analysis of these reveals that the coldest winters in the period 1501–1800 (as judged
in terms of departures from the 1901–
–1960 mean in the range –3.5 to –3.4oC)
occurred in the decades 1511–1520,
1541–1550, 1571–1580, 1701–1710 and
1741–1750. Other than in the decade
1521–1530, all of these runs of winters
were cooler than in the period 1901–1960
(black bars). On average, the coldest
winters were those of the 16th century
(an anomaly then of –2.4oC), while the
warmest characterised the 17th century
(anomaly –2.2oC). The differences between the secular means are thus very
small.
Within the period under study, winters worthy of the description extremely
cold (being 2 standard deviations below
the long-term mean for the period 1901–
–1960) occurred most often in the 16th
century (32 cases) and the 17th (21)
(Fig. 3). There were fewest of these (18)
in the 18th century. It was in the decade
1641–1650 that the greatest number of
very severe winters (6) was recorded
(these having indices of –2 and –3).
There were also a number of examples of
this category of winter (i.e. 5) in both the
1511–1520 and 1731–1740 periods.

(2–5 per decade) in the period from 1470.
In line with the results obtained from
historical sources [Maruszczak 1991;
Sadowski 1991; Przybylak et al. 2010c],
the last 30 years of the 15th century were
apparently either within – or rather
warmer than – the norm, most especially
in summer. On the other hand, reconstructed mean values for air temperature
for the January–April period, as based on
the width of tree rings, point to the occurrence of a period of cooling at this time
(Fig. 1). More in line with the results of
the reconstruction based on historical
sources are the newest reconstructions of
mean temperatures in February and
March obtained on the basis of dendrochronological data from northern Poland
[Koprowski et al. 2010], as well as
southern Poland [Szychowska-Krąpiec
2010].
As can be seen from this brief summary, the state of knowledge concerning
changes in air temperature in the period
1001–1500 is very limited indeed, existing reconstructions being very uncertain.
In some periods there are even cases in
which opposing trends for the course of
air temperature are presented.
Knowledge
concerning
climate
change in Poland is much fuller from the
16th century onwards, hence the several
successful attempts at the reconstruction
of air temperatures in this period carried
out on the basis of historical sources
brought together [Maruszczak 1991;
Sadowski 1991; Przybylak et al. 2004,
2005, 2010c], or else dendrochronological data [e.g. Bednarz 1996; Wójcik et al.
1999, 2000; Przybylak et al. 2001, 2005;
Kaczka 2004; Niedźwiedź 2004;
Koprowski et al. 2010; SzychowskaKrąpiec 2010].
Certain reconstructions of air temperature on the basis of historical sources
that are characterised by a higher (daily)
level of detail have also been generated,
though obviously these deal with shorter
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Fig. 3. Decadal frequencies of occurrence: a) of extreme cold and very cold winters (DJF, indices –3 and –2)
and b) of extreme warm and very warm summers (JJA, indices 3 and 2) [after Przybylak et al. 2010c]. Key:
indices –3 and +3 denote that temperature in winter and summer, respectively is lower (higher) than 2σ from
reference period 1901–1960 mean. Indices –2 and +2 denote smaller deviations varying between
1.41 and 2.0σ.
Ryc. 3. Częstość występowania (n – liczba przypadków na 10 lat) skrajnie chłodnych i bardzo chłodnych zim
(DJF, indeksy –3 i –2) i skrajnie ciepłych i bardzo ciepłych sezonów letnich (JJA, indeksy +3 i +2) [za Przybylak i in. 2010c]. Objaśnienia: indeksy –3 i +3 oznaczają, iż temperatura odpowiednio w zimie i w lecie jest
niższa (wyższa) niż 2σ od średniej wieloletniej z okresu 1901–1960. Indeksy –2 i +2 są zastosowane do mniejszych odchyleń wahających się w przedziale 1,41–2,0σ.

Very warm winters were also noted
most often (8 times) in the 16th century,
while they were not noted at all in the
18th. The reliability of this assessment is
much lower, however, on account of the
fact that those keeping notes always paid
greater attention to severe winters than to

mild ones or very warm ones that were
less burdensome.
Comparison of the reconstruction for
temperatures in winter (Fig. 2) with that
involving temperature in the Jan–Apr
period (Fig. 1) indicates rather good
concordance in the 18th century, as well
as disparities in the 16th and 17th. Ac-
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cording to Przybylak et al. [2004], the
probable reason for the lack of accord in
the results obtained may be: not fullycomparable data (mean temperature for
different periods of the year overlapping
only partly), as well as imperfections in
the reconstructed air temperature values.
Fig. 1.3 in the work by Luterbacher et
al. [2010] reveals the existence of
a strong correlation for the period of the
last 500 years between averaged temperature in winter from the area of Poland and the temperatures in almost all
regions of Europe. At the same time, the
coefficient for the correlation between
reconstructed values for air temperature
in winter in the Czech Republic [Przybylak et al. 2004, 2005] and in Poland
(Fig. 2) in the 1501–1800 study period
has a value of zero. Particular subperiods do in fact display weak or moderate correlations, but these change sign.
In the 16th century, a strong positive
correlation (r = 0.58) was obtained, while
in the 17th and 18th centuries, the correlations were inverse (respective r values
of –0.27 and –0.43). It is this radical
change in the nature of the link (which
most probably arose in the late 16th and
early 17th centuries) that is responsible
for the lack of correlation in the period as
a whole.
For the above reason, the correlations
calculated for particular centuries would
seem to be more reliable, even if they are
not statistically significant. Certain disparities between the studied reconstructions of winter temperatures for the
Czech Republic and Poland may also
result from different methods applied in
the reconstruction. These include:

Republic 1500–1509, Poland 1501–
–1510).
The greater concordance and stability
to the courses for the two air temperature
series in the summer months probably
result from the far lesser variability from
day to day and year to year than is to be
found for winter temperatures. This
should favour the making of fewer errors
in the course of the reconstruction of air
temperatures for summer as opposed to
winter, even where the number of indirect data is much smaller.
Comparisons between reconstructed
thermal conditions for Poland in the
winter period and analogous ones for
Latvia [Jevrejeva 2001] and Estonia
[Tarand and Nordli 2001] point to weaker connections than in the case of the
Czech lands. However, it should be recalled that recreations of air temperature
in the Baltic States have made use of
long-term observations of the ice cover at
the ports of Riga and Tallinn, this giving
good insight into the severity of winters,
but obviously offering lesser comparability.
The reconstruction of air temperature
for the summer season on the basis of
historical data is mardkedly less complete than that for winter (Fig. 2). This is
linked to the fact that less information is
accessible, but it does not prevent general
outlines from looking quite legible. The
summers in the studied period of several
centuries extending from 1501 to 1800
were primarily warmer than in the reference period (Fig. 2). However, the positive departures are markedly smaller than
the negative ones characterising winter.
The greatest mean decadal values for
these, not exceeding 1oC, were mainly
reported in the second half of the 16th
century. The coolest summers (0.5oC
down on the mean for 1901–1960, on
average) were noted in the decade 1731–
–1740. Moreover, in periods of study
involving five different decades (1521–
–1530, 1591–1600, 1671–1680, 1691–

1. availability of historical source materials, greater for the Czech Republic, and
allowing for a thermal (indexing) assessment of different months, as opposed
to seasons only in the case of Poland;
2. rather different selections of years
included within decades (e.g. Czech
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(Fig. 2) and the Czech Republic
[Przybylak et al. 2004], it is necessary to
note (perhaps not surprisingly) the greater concordance with the Czech series.
The coefficient of correlation (r) for the
reconstructed values for summer-season
temperature in the Czech lands (1500–
–1799) as opposed to lowland Poland
(1501–1800, new reconstruction) assumes a value of 0.29. The lowest value
is that for 17th-century data (r = 0.27),
and the highest for the 18th century
(r = 0.66). Nevertheless, in no period are
the links between the series analysed
statistically sgnificant.
In summarising, it needs to be noted
how our knowledge of Poland’s climate
over the 300-year period analysed has
increased greatly in the last few years,
albeit still being very limited, especially
when it comes to summer. However, the
quality is sufficient to support the contention that the period 1501–1800 saw Poland’s climate subject to greater thermal
continentality than is noted these days.
The result of that was far colder winters
and rather warmer summers than could
be noted in the years 1901–1960.

–1700 and 1761–1770), they were slightly (on average 0.1oC) cooler than contemporary ones. The centuries’ mean
departures noted for temperature were
always somewhat positive, ranging from
0.1oC in the 18th century to 0.3oC in the
16th.
During the summers, in turn, it was
far more usual for hot (often also very
dry) summers to be noted, than cool and
wet ones. Very hot or extremely hot
summers were most often noted in the
17th century (15 cases) and the 16th (14
cases) (Fig. 3). In turn, there were far
fewer of them in the 18th century. Very
cool or extremely cool summers were not
noted more than 3 times in any century.
The above reconstruction of mean
temperatures in the summer season is in
essence concerned with lowland Poland.
However, Niedźwiedź [2004] recently
reconstructed mean summer-season temperatures for the Tatra Mountains in the
post-1550 period (Fig. 4), identifying two
warm phases (1550–1575 and 1676–
–1792), two cool phases (1576–1675 and
1793–1895), as well as a (more) contemporary period extending from 1896 to
2004 and characterised pre-1990 by
a decided prevalence of negative anomalies.
Under the latter reconstruction, the
warmest summer seasons are seen to
have arisen in the period 1676–1688,
with a culmination in 1687 (2.1oC above
the long-term norm from 1927–2004). It
was only warmer than that in 1992, when
the anomaly was of +2.4oC. In contrast,
the coolest summer seasons in the Tatra
Mountains were those occurring in the
periods 1580–1595, 1830–1850, 1910–
–1925 and 1970–1985. The coolest
summer of all came in 1913, when the
mean temperature was 2.5oC below the
long-term norm.
When comparing the reconstruction
for summer-season air temperatures in
the Tatra Mountains (Fig. 4) with those
presented previously for lowland Poland

Post-1800 air temperatures
Recently, Przybylak [2010] offered
a synthetic presentation of existing
knowledge on changes in Poland’s air
temperature in the period over which
observations using instruments have been
possible, and carried out. For this reason,
the present sub-chapter deals only with
the key results concerning mean annual
and seasonal values for air temperature.
The mean annual temperatures in Warsaw and in Cracow rose between 1801 to
almost the end of the 20th century – by
more than 1oC (Fig. 5). The trends to
changes in air temperature are upward at
a rate in excess of 0.5oC per 100 years,
and are statistically sgnificant [Trepińska
and Kowanetz 1997; Lorenc 2000]. Such
significant increases also characterise the
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Fig. 4. Mean summer (Jun–Aug) temperature variations in the Tatra Mountains (Hala Gąsienicowa, 1520 m
a.s.l.) from 1550 to 2004 (after Niedźwiedź 2004). Key: z – standardised values, average = 0.0, standard deviation = 1.0; solid line – year-on-year course, heavy line – 11-year running means.
Ryc. 4. Zmienność temperatury powietrza w sezonie letnim (VI–VIII) w Tatrach (Hala Gąsienicowa 1520 m
n.p.m.) w latach 1550–2004 (wartości standaryzowane „z”: średnia = 0,0; odchylenie standardowe = 1,0)
(Niedźwiedź 2004).

relation to Cracow, Warsaw and the
Baltic coast [Fig. 5.6 in Przybylak 2010].
Indeed, all four studied seasons of the
year feature a distinct increase in air
temperature over the last 200 years. Furthermore, most of the trends for air temperature are statistically signficiant –
other than those for the summer in Kraków, Warsaw and the Bałtic coast, as
well as winter temperatures for Poland as
a whole.

series for the Baltic coast involving the
period 1836–1990 [Miętus 1996], as well
as that for Poland as a whole extending
between 1901 and 2000 [Kożuchowski
and Żmudzka 2003] (Fig. 5).
It has emerged that the areally averaged temperature for Poland as a whole
is exceptionally strongly correlated with
temperatures noted for Cracow and Warsaw, with the effect that the thermal
series of the two stations may indeed be
used to characterise this element of the
country’s climate in relation to the whole
of Poland, of course leaving aside the
distinctive mountain areas of the far
south.
In line with expectations, the greatest
increases in air temperature are those
reported for winter, which exceed 2 oC in

Ground-surface temperature
Climatic studies first turned to the reconstruction of mean annual temperatures of
the ground surface in the work of
Čermak [1971], and later Lachenbruch
and Marshall [1986]. Elsewhere in the
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Fig. 5. Long-term courses of 11-year running mean annual air temperatures in Poland during the period of
instrument-based observation [after Przybylak 2010, modified]. Key: Data for Cracow after Trepińska [1971]
and Matuszko [2007, ed.], for Warsaw after Lorenc [2000], for the Baltic coast after Miętus [1996],
and for Poland as a whole after Żmudzka [2008].
Ryc. 5. Wieloletni przebieg 11-letnich ruchomych średnich rocznych wartości temperatury powietrza w okresie obserwacji instrumentalnych [za Przybylak 2010, zmienione]. Objaśnienia: Dane z Krakowa za Trepińska
[1971] i Matuszko [2007, red.], z Warszawy za Lorenc [2000], z wybrzeża Bałtyku za Miętus [1996]
oraz z Polski [za Żmudzka 2008].

[Wójcik et al. 1999]. In subsequent
years, further such reconstructions arose,
albeit using varying methodologies, i.a.
for northern Poland [Wójcik et al. 2000]
and finally for the country as a whole
beyond the mountains [Majorowicz et al.
2001, 2004; Przybylak et al. 2005].
The works in question dealt with the
geothermal reconstruction methods in
detail, as well as application of the research results. Thus the present study
only addresses selected, most important
results from the earlier research.
Fig. 6 presents four reconstructions
(curves 1–3 and 5) for changes over time
in mean annual ground-surface temperatures in Poland, as obtained using the
functional space inversion methodology
proposed by Shen and Beck [1991]. These are shown against the background of
the course obtained for Warsaw mean
temperatures (curve 4); and the courses

world, such data only began to become
used more widely in the 1990s, in which
period a number of reconstructions of
temperature of this kind appeared around
the world [e.g. Shen and Beck 1991;
Shen et al. 1995; Majorowicz 1996;
Šafanda et al. 1997; Majorowicz and
Šafanda 1998; Huang et al. 2000; Pollack
and Huang 2000].
In Poland, it was thanks to a research
project supported by the Committee for
Scientific Research (KBN) that work of
the above kind came to be undertaken,
under the heading of: Reconstruction of
climate in the Polish lands in the 16th–
19th century period, on the basis of historical, dendroclimatological, geophysical and instrumental sources. This project got underway in 1999, and that same
year brought the first reconstruction of
temperatures at the land surface over the
last 500 years in south-west Poland
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Fig. 6. Reconstructions of the ground-surface temperature history in Poland (curves 1–3) and their comparison
with the analogical reconstruction (curve 5) based on the deepest point temperature profile with depth in the
Grodziec borehole, as well as with air temperature (curve 4) [after Majorowicz et al. 2001].
Key: curve 1 – reconstruction from the continuous temperature logs which indicate minor ground-surface
temperature warming, curve 2 – reconstruction derived from continuous temperature logs indicative of major
warming, curve 3 – average based on the above two groups, curve 4 – homogeneous air temperature series
from Warsaw (11–year running mean) [Lorenc 2000].
Ryc. 6. Rekonstrukcje historii zmian temperatury powierzchni gruntu dla Polski (krzywe 1–3 ) i ich porównanie z analogiczną rekonstrukcją (krzywa 5) opartą na najgłębszym punktowym profilowaniu temperatury
w otworze Grodziec oraz z temperaturą powietrza (krzywa 4) [Majorowicz i in. 2001].
Objaśnienia: krzywa 1 – rekonstrukcja na podstawie ciągłych profilowań temperatury, które wykazują małe
ocieplenie, krzywa 2 – rekonstrukcja na podstawie ciągłych profilowań temperatury, które wykazują duże
ocieplenie, krzywa 3 – średnia dla otworów z obu powyższych grup, krzywa 4 – homogeniczna seria temperatury powietrza z Warszawy (11-letnie ruchome średnie roczne) [Lorenc 2000].

the assumed level of conductivity, the
error for the reconstruction adopted, and
the groups of boreholes chosen for analysis. Most reconstructions from deepdrilled sites with measurements maintained at constant depths also point to
a local maximum around 1700–1720,
preceding a 19th-century minimum.
A similar course to ground-surface temperatures was inter alia reported from
central Czech Republic [Šafanda et al.,

of all curves make clear the existence of
a period of cooling from 1700, with
a minimum being reached in the early
19th century. Warming commenced from
around the 1800–1850 period, this lasting
up to the beginning of the second half of
the 20th century, with only a slight cooling in that second half, prior to a return to
an upward trend. The increase in temperature over the last 500 years in Poland is
in the range 0.5–0.95oC, depending on
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method, Przybylak et al. (2001) calculated that the increase in the ground-surface
temperature between the pre-instrumental
and current periods was of c. 1.5oC, and
hence 0.5–0.6oC more than was calculated with the aid of the first method. In
their view, one of the reasons for disparities in the results obtained may lie with
differences in the assumptions underpinning the two methods.

1997] as well as western Canada and the
USA [Skinner and Majorowicz, 1999].
The amplitude to the changes in Poland
is nevertheless seen to be smaller than in
the North American case.
Majorowicz et al. [2001] showed how
reconstructed ground-surface temperature
values for Poland are highly correlated
with the mean annual values for air temperature that have been obtained for
Warsaw. The coefficient for the correlation between the series obtained from
boreholes (all holes; curve 3 – Fig. 6) and
the aforementioned Warsaw series (curve
4 – Fig. 6) is of r = 0.79. A still stronger
correlation occurred between the series
obtained from inversion of thermal profiling with holes showing marked nearsurface warming on measuring curves
(Fig. 6 – curve 2) and the instrumentbased Warsaw series (r = 0.89). It is
worth adding that such values for correlation coefficients obtained are markedly
higher than those calculated between
series for annual tree growth and air
temperature.
Harris and Chapman [1998] modified
the method of functional space inversion,
bearing in mind the most realistic possibility of it being applied to establish the
mean ground-surface temperature within
the time interval preceding instrumental
data. The result is the POM (preobservational mean temperature) approach. The
model the authors referred to adopted
proceeds on the assumption that – in the
period of instrumental measurements –
the reconstructed ground-surface temperature is the same as the air temperature
measured at a standard meteorological
station.
On the other hand, in the period prior
to the first measurement in a measured
air temperature series, what is sought is
the mean temperature value that bests
approximates the course to anomalies of
temperature of rocks, together with the
depth denotes for thermal profiles obtained in the case of holes. Using this

Precipitation
The 1001–1800 period
The reconstruction of atmospheric
precipitation has met with far greater
problems than in the case of air temperature, this mainly reflecting the more
limited influence of the former on natural
phenomena [e.g. tree rings, Zielski
1997], as well as on the life and activity
of people in the temperate zone (hence
the far fewer references in historical
sources to precipitation conditions as
opposed to thermal conditions). It is also
for this reason that work to describe
precipitation in Poland in the preinstrumental period is a rarity. There are
two studies [Matuszczak 1991; Przybylak et al. 2004] in which this issue is
addressed in the case of periods lasting
several hundred years, along with several
[Bokwa et al. 2001; Limanówka 2001;
Nowosad et al. 2007; Filipiak 2007;
Przybylak et al. 2008; Przybylak and
Marciniak 2010] that only address periods of 10–20 years or else a couple of
decades.
Another significant hindrance met
with in the reconstruction of precipitation
is the fact that this is the most temporally
and spatially variable of all the climatic
elements. Maruszczak [1991] offers only
very general information on (what the
author judges to be) average annual humidity conditions – in a period the work
does not define precisely, these being
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understood to be precipitation conditions.
These were average in the 11th century,
while the 12th century was the wettest at
any point in the whole millennium. The
beginning of the 13th century was
marked by a decline in precipitation, to
the point where this was below the norm
in that century’s second half. In the 14th
century, quantities of precipitation increased, to the point where they were
variable but close to the norm from the
middle part of the 14th century through
to the mid 15th century. In the subsequent 100 years there were considerable
changes in humidity relations, though the
author does not indicate in what direction. However, it can be judged from the
context that the climate became wetter, in
the years 1480–1520 at least. A hypothesis of this kind is supported in data published by Przybylak et al. [2004] (see
Fig. 7).
In contrast, on the basis of an analysis
of numbers of days with precipitation,
Limanówka [2001] declared that the first
half of the 16th century had far less precipitation than do contemporary times.
However, it would seem that the notes
compiled by the Professors of the Cracow University did not take account of
the lightest precipitation, which they may
well have missed altogether. A similar
problem for the first two years of Chrapowicki’s diaries (i.e. 1656 and 1657)
was reported by Nowosad et al. [2007]. It
therefore seems likely that the number of
days with precipitation given by Limanówka [2001] should also be increased
by a similar error.
The years from the mid 16th to mid
17th centuries brought a preponderance of
average conditions where humidity was
concerned [Maruszczak 1991]. Similar
results were also obtained by Przybylak
et al. [2004] (i.a. see Fig. 7).
The second half of the 17th century
was, according to the reconstruction by
Maruszczak [1991] a time of belowaverage precipitation. However, it is

probable that the first two decades of the
period had annual precipitation within
the norm, albeit with more summer rain
than now, but also more limited winter
precipitation (Fig. 8). High precipitation
totals for June and July in this period are
also documented by the reconstruction
performed on the basis of dendrochronological data [see Fig. 2 in Przybylak et al.
2001]. This is also confirmed by an analysis of the number of days with precipitation in the years 1656–1685 [Przybylak
and Marciniak 2010]. From Fig. 21.10
presented in this work, it can be concluded that the period 1677–1685 was also
humid.
From the 18th century onwards there
was a prevalence of within-the-norm
precipitation, except in the late 18th and
early 19th-century periods, when there
was less [Matuszczak 1991]. In principle,
the results obtained by Przybylak et al.
[2004] confirm this, with the possible
exception of the 1731–1750 period,
which was most likely wetter than the
norm (Fig. 7).
Reconstructions of summer and winter precipitation totals from the area of
the Czech Republic [see for example Fig.
2 in Brázdil 1994] are similar to those
obtained for Poland (see Table 1 and Fig.
4 in Przybylak et al. 2004). The most
reliable results on precipitation amount
over a major part of that century (years
1739–1770) come from direct measurement made in Gdańsk [Filipiak 2007].
This reveals that the first years of the
period (up to 1750) were wetter, as is
confirmed by results Przybylak et al.
[2004] were able to compile for Poland
as a whole. Between 1751 and 1766 there
was in turn a dry period with annual
precipitation in 13 years below the longterm norm calculated for the study period
as a whole. However, it is noteworthy
that it was at this time that there occurred
the year (1755) that is considered to have
been the wettest in the entire analysed
period, with annual precipitation at 140%
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Fig. 7. Decadal frequencies of occurrence of summers (JJA) that were: a) extremely wet and very wet (indices
3 and 2) and b) extremely dry and very dry (indices –3 and –2) in Poland between 1501 and 1840
[after Przybylak et al. 2004].
Ryc. 7. Częstość występowania (n – liczba przypadków na 10 lat) sezonów letnich (VI–VIII): a) skrajnie
wilgotnych i bardzo wilgotnych (indeksy 3 i 2) i b) skrajnie suchych i bardzo suchych (indeksy –3 i –2)
w Polsce w okresie 1501–1840 [Przybylak i in. 2004].

The post-1800 period

of the norm. Interestingly, the driest year
of all came in 1762, reporting just 63%
of the norm).

Przybylak [2010] summarised the state of
knowledge of courses for precipitation in
Poland during the instrumental-observation period. Thus, all that are present-

38

Changes in Poland’s climate over the last millennium

Fig. 8. Differences in numbers of days with precipitation (a) and with snowfall (b) in Poland between periods
that are historical (1657–1667, J.A. Chrapowicki’s diary) and modern (1961–1990, selected meteorological
stations) [after Nowosad et al. 2007].
Ryc. 8. Różnice liczby dni z opadami (a) i ze śniegiem (b) w Polsce między okresami: historycznym
(1656–1667, diariusz J. A. Chrapowickiego) i współczesnym (1961–1990, wybrane stacje meteorologiczne)
[Nowosad i in. 2007].

ed here in this sub-chapter are selected
most important results from that earlier
work. Most publications concerning
variability to precipitation in Poland
relate to small areas only, or even to
a single station [e.g. Gorczyński 1912;

Trepińska 1969; Hohendorf 1970; Kożuchowski 1985; Twardosz 1999, 2007;
Twardosz and Niedźwiedź 2001]. A large
number of studies also discuss variability
using data from across Poland, or certain
regions thereof [e.g. Kaczorowska 1962;
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has been up by 23 mm per 100 years, but
this does not attain statistical significance. Similarly non-significant changes
over the years 1867–2007 characterise
seasonal totals, other than for winters, in
which the increase in the amount of precipitation has been signficant [Przybylak
2010; Twardosz, Cebulska 2010].
Courses for total precipitation similar
to those recorded for Cracow are present
in other precipitation series presented in
Fig. 9. Particular good concordance is
present between the Cracow series and
the averaged series obtained for the Baltic coast, or for Poland as a whole.
A good spatial correlation for precipitation in Poland was noted by Kożuchowski and Żmudzka [2003], on the
basis of data for 1951–2000 (coefficients
for the correlation between the averaged
precipitation series for Poland and the
series from particular stations assume

Kożuchowski 1985; Miętus 1996; Kożuchowski and Żmudzka 2003; Twardosz
and Cebulska 2010].
Thus far, the longest series of measured precipitation totals is that available
for Cracow (post 1812). That for Warsaw
is just slightly shorter, having begun in
1813 (Fig. 9). Przybylak [2010] in turn
stated that the precipitation totals for the
years to the end of the 1820s are of limited reliability, reconstructed as they
were on the basis of numbers of days
with precipitation. If these are excluded
from the analyses then the annual precipitation totals for Cracow do not show
any more major changes over the twocentury study period. It is nevertheless
possible to distinguish wetter times like
1830–1860, 1900–1920 and 1960–1972,
as well as the years since 1996 (Fig. 9;
Twardosz 2007). The trend for annual
totals in Cracow in the years 1812–2007

Fig. 9. Long-term courses of 11-year running mean annual precipitation in Poland during the period of instrumental observations (after Przybylak 2010, modified). Key: Data for Warsaw after Kożuchowski (ed.) (1990),
for Cracow after Twardosz (1999, updated), for the Baltic coast after Miętus (1996), and for Poland
[after Kożuchowski and Żmudzka 2003].
Ryc. 9. Wieloletni przebieg średnich 11-letnich ruchomych sum rocznych opadów atmosferycznych w okresie
obserwacji instrumentalnych (za Przybylak 2010, zmienione). Objaśnienia: Dane z Warszawy za Kożuchowski
(1990. red.), z Krakowa za Twardosz (1999, uaktualnione), z wybrzeża Bałtyku za Miętus (1996) oraz z Polski
[za Kożuchowski i Żmudzka 2003].
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for air and ground-surface temperatures
were most probably lower than current
ones by some 0.9–1.5oC. At this point it
is possible to distinguish the so-called
Little Ice Age, which began more distinctly around the middle of the 16th
century and most probably ended in the
second half of the 19th century.

values ranging from 0.6 do 0.8). The
research done by many Polish climatologists also reveals that precipitation in
Poland displays short-period oscillations
over intervals of 2–4 years [Kożuchowski 1985; Miętus 1996; Kożuchowski and Żmudzka 2003].
In conclusion, it should be noted that,
over the last 200 years, Poland has not
witnessed any more significant change in
amounts of precipitation.

3. The reconstruction of precipitation (the
most temporally and spatially variable of
the meteorological elements) is burdened
with much greater uncertainty than the
process involving air temperature. More
precipitation than average was probably
present in the 12th century (especially its
second half), in the first half of the 16th
century, and in the first half of the 18th
century. In turn, precipitation below the
norm probably characterised the second
half of the 13th century and the first half
of the 19th century, while remaining
periods probably had conditions close to
average.

Conclusions and final remarks
1. The existing incomplete and not fully
reliable reconstructions of climate in
Poland over the last millennium indicate
that the first 500-year period was warmer
than the second (especially as regards the
first 300 years). It was mainly the warmer winters that gave this effect, since
summers could even be cooler at times, if
the index adopted here is the frequency
of occurrence of hot summers [see Fig. 1
in Sadowski, 1991]. This was thus
a period of major (and according to Sadowski [1991] even the greatest) oceanicity of the Polish climate. Thus, the
history of Poland’s climate needs to
recognise the so-called Mediaeval Warm
Period, most probably persisting through
to the early 14th century [according to
data from Maruszczak 1991] or the beginning of the 15th century [according to
data from Sadowski 1991]. The mean air
temperature then was probably higher by
0.5–1.0oC than what we experience now.

4. The short presented synthesis of
knowledge on Poland’s climate over the
last millennium reveals that – despite the
considerable progress made with research
over the last 20–30 years – the situation
remains inadequate and by no means
fully certain.
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2. Beginning with the 15th century, the
continentality of climate was maintained
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through to the early the 19th century. As
a result, this period brought winters that
were markedly cooler (by c. 1.5–3.0oC in
comparison with the 1901–1960 period),
but also summers that were warmer (by
c. 0.5oC on average). Mean annual values
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Streszczenie

Zmiany klimatu Polski w ostatnim tysiącleciu
W artykule przedstawiono aktualny stan wiedzy dotyczącej zmian klimatu Polski
w ostatnim tysiącleciu. Do tego celu dla okresu przedinstrumentalnego zostały wykorzystane dostępne w literaturze przedmiotu rekonstrukcje trzech elementów klimatu: temperatury powietrza i powierzchni gruntu oraz opadów atmosferycznych. Natomiast zmiany
klimatu po 1800 r. zostały przedstawione na podstawie dostępnych danych instrumentalnych. Analiza historii zmian klimatu w Polsce w ostatnim tysiącleciu pozwala wydzielić
3 charakterystyczne okresy, od dawna proponowane do opisu klimatu w tym czasie:
Średniowieczny Okres Ciepły (do początku XV wieku), Małą Epokę Lodową (od połowy XVI wieku do drugiej połowy XIX wieku) i Współczesny Okres Ciepły. Ocieplenie
klimatu w Polsce (o ok. 1oC) w ostatnim wymienionym okresie jest potwierdzone pomiarami termometrycznymi, jak również jest widoczne w rekonstrukcjach wykorzystujących metody geotermiczne i dendrochronologiczne. Ociepleniu nie towarzyszą istotne
zmiany sum sezonowych i rocznych opadów atmosferycznych.
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Abstract

The work presented here has sought to track the dynamics to primary components to
the water balance in the basins of the Vistula and Odra through the 20th century. Considerable note has been taken of analysis of the periodic trends where the courses of the
studied characteristics are concerned, as well as the identification of the extreme states to
the balance, indicative of excesses or shortages of water in a given basin. The work has
been methodological in character, and a new approach to balance calculations is proposed, this making use of an original digital program. Equations for the water balances
in the two basins have been compiled on the basis of monthly precipitation totals,
monthly mean values for air temperature and characteristic discharges.
Introduction
The global transformations of climate
brought about by the enhanced greenhouse effect and in turn resulting from
discharged ”greenhouse gases” [IPCC
1995] are capable of effecting steady
change in the way many natural processes and phenomena are interlinked, as
well as in the intensity at which these
operate. There can, for example, be an
influence on both dynamics and mechanisms where the cycling of water over
various temporal and spatial scales is
concerned [Gutry-Korycka 1996]. A measurable expression of what is taking
*
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place would be expected to lie in compilations of water balance and water management data existing and available for
various areas, as well as estimates of
areas’ real and potential water resources
[Gleick 1987].
Thus, in the work described by this
paper, water balance equations for a full
century were compiled, with account
being taken of key Polish drainage basins
of the River Vistula at Tczew and the
River Odra (Oder) at Gozdowice. In such
a way, consideration was given to almost
90% of Poland’s area, and hence to geographical conditions representative of the
country as a whole. In the circumstances
of Poland being a zone in which features
of the oceanic and continental climates

Z. Michalczyk, J. Paszczyk

of 0.5o x 0.5o of latitude and longitude.
Identified from within the base, and in
relation to the analysed century 1901–
–2000, were data on points covering to
excess the watersheds of the Vistula and
Odra.
In the face of a lack of information on
mean subterranean flows in the early
years of the studied series, attempts were
made to simplify the genetic breakdown
for total flow. To this end, use was made
of the digital filter method [Arnold et al.
1995], as defined by the formula:

meet, the equations point to there being
rather different climatic conditions in the
two basins, in addition to differences
significant from the hydrological point of
view when it comes to morphology and
geological structure. Equally, the Vistula
and Odra are characterised by marked
hydrographic similarities. They flow in
line with a south-north downward slope
of the land, being fed by mountain and
upland brooks and streams in their upper
courses, as well as lakelands in the lower.
It is along their middle courses (within
the zone of the Polish Lowland) that the
two rivers are joined by their most major
tributaries, the Narew and Warta (respectively). Left-bank parts of the basins are
smaller than right-bank in line with a 3:7
ratio.
The analysed data show that – during
the study period – the Vistula basin had
greater resources of water than that of the
Odra (respective figures being 5.35 and
4.83 dm3s–1km–2), though it was also
characterised by greater variability of
flow (Vistula Cv>0.26, cf. Odra
Cv<0.22).

Qt  q t  q t 1 
(t= 1..N),

(1   )
Qt  Qt 1 ,
2
[1]

Where  is an equation parameter, qt
the mean monthly level of direct runoff,
and Qt total runoff. The difference Qt – qt
thus denotes an approximate magnitude
for the mean monthly runoff underground.
It is clear that the filter method applied – with monthly rather than 24-hour
data – required appropriate determining
of the equation parameter . Following
the principles applied in the method from
Wundt [1953], the good-fit criterion was
taken to be the significance of the correlation between theoretical values and the
Qmin minimal monthly flows in the
Vistula and Odra, as documented for the
period 1981–2006 (Fig.1).
The calculation program for water
balances prepared in this study distinguishes between two zones of water
circulation in the basin, i.e. the superficial (aeration) zone and the subterranean
(saturation) zone. Beyond that, the following main assumptions were taken into
account:

Source materials and methods
of calculation
The Internet was the source for most
of the data needed for calculations, concerning precipitation, air temperature and
the discharge of the Vistula in Tczew and
the Odra at Gozdowice. These were
augmented by archival data for the period
1981–2006 obtained from the Institute of
Meteorology and Water Management.
Monthly precipitation totals and mean
monthly air temperatures, as made available for Europe by the Climatic Research
Unit of the UK’s University of East Anglia, were taken directly from its CRU
TS 2.1 climatic database [Mitchell and
Jones 2005]. They take in the period
1901–2002 and are ordered by reference
to coordinates, with a spatial resolution

1 – monthly totals for real precipitation
[Ps] were assumed to be equal to the
totals for measured precipitation [Pz],
corrected by the size of the correction
value [], as adopted in line with the
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specifically the method of successive
approximation;

determinations of Kowalczyk and Ujda
[Byczkowski 1966]:
Ps = Pz (1+ );

5 – water from the near-surface horizon
can take the form of direct flow [Hp],
real evapotranspiration [Er], or sometimes also infiltration into the deeper
layers of the saturation zone [I];

[2]

2 – in months with a negative temperature <–1.0 0C, it is assumed that part of
the precipitation fallen is retained for a
period at the surface, and as an input into
the balance (increasing precipitation Ps)
it is mobilised in warm periods with plus
temperatures;

6 – direct flow is the overall alimentation
of river waters by precipitation, rapid
slope flow and runoff within the soil
cover;
7 – saturation-zone initial and final retention [Wp and Wk], as well as alimentation, shape the processes of: infiltration
[I] (the soaking-in of balance surpluses
from the shallower surface zone) and loss
[Hg], this being the effect of natural
drainage plus the artificial abstraction of
groundwater;

3 – initial retention [Rp] and ultimate
retention [Rk] in the near-surface zone
comprise water resources present at the
topographic surface in the basin and in
the soil cover;
4 – maximum [Vmax] and minimum
[Vmin = 0.4 Vmax] volumes of water in
the aforementioned zone are designated
by the ranges of variability Rp and Rk. It
is assumed that this is capable of being
established by means of optimisation,

8 – all balance characteristics are expressed as indices in mm.

Fig. 1. Compilation of real and calculated minimum monthly flows Qmin applying sorting of outflow using
the digital filter method.
Ryc. 1. Zestawienie rzeczywistych i obliczonych miesięcznych przepływów minimalnych Qmin
z zastosowaniem rozdziału odpływu metodą numerycznej filtracji.
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A=0.492 + 1.79 · 10–2 · B – 7.71 · 10–5 ·
[11]
· B2 + 6.75 · 10–7 · B2;

It is worth stressing that the consequence of the identification of separate
zones in which water cycles within the
basin is the existence of two interconnected balance equations relating to:
 the near-surface zone, where
Rp + Ps = Hp + E + I + Rk

1.514

12  T 
B    ;
1  5 
A
 10 
C  1.62  ,
B

[3]

and
 the saturation zone, where
Wp + I = Hg +Wk.

[4]

(Rp – Vmin) + Ps < Hp + Ep  Er =
= Ep –[(Hp + E p) – (Rp – Vmin) + Ps)],
[5]
(Rp – Vmin) + Ps >= Hp + Ep 
 Er = Ep,
[6]

[7]

In these equations, the symbol Ep denotes potential evapotranspiration as
determined, for the months of the balance
period, using the classic method from
Thornthwaite and Mather [Thornthwaite
and Mather 1955, Wojciechowski 1964].
The applied calculation procedure for
Ep entails the use of the following set of
equations:
Ep = Ep’ K;

[8]

K= F(, )

[9]

Ep = 10 · C · TA;

[10]

[13]

where: Ep’ designates potential evapotranspiration for a standard month lasting
30 days, in which each day is characterised by 12 hours of light. T denotes the
mean monthly temperature (T > 00 C),
while symbols A and C are parameters of
the calculation equation. B is the socalled annual warmth index, while K is
a correction coefficient calculated as
a function of the latitude of the place of
observation (, in this case the geometric
centre of the basin) and the duration of
sunshine in the given month ( )
The equation [7] provided above, which
sets out the bases for the digital calculations made, offers an indirect determination of conditions for the “closure” of the
balance equations. These entail an equalisation of the retention states at the beginning and end of the analysed multiannual balancing period, as well as assumed concordance between the level of
alimentation and balance losses in the
saturation zone:

The supplied balance formulae are
augmented by additional sets of conditional equations (5, 6 and 7). The first of
these set out the principles by which the
level of real evapotranspiration and infiltration into the saturation zone may be
estimated, as follows:

Rk > Vmax  I =
= (Rp + Ps) – ( Hp + Ep),
Rk <=Vmax  I =0.

[12]

Wp = Wk and I = Hg.

[14]

It should be noted how the conditions
given in the equations [14] may only be
met where the optimal level for the basin
parameter Vmax has been adjusted. This
value is determined empirically, appropriate selection resting upon successive
attempts at the iterative narrowing of the
interval for the divergence of retention
states Wp and Wk, as contained within
a defined range of mutual differences
positive and negative (Fig. 2). Similarly,
Vmax may be determined for different
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sub-periods of the studied series for
which agreement between the initial and
final states of groundwater is characteristic. In such a case it is the mean value
that should be adopted as the appropriate
one in the case of the aforementioned
volume.

differences

t





S (t )   Qi  Q t ,
i 1

while

the abscissae are designated by the time
axis.
An important valuable feature of the
adopted procedure is the way it allows
for a qualitative and visual assessment of
uniformity and synchronicity to the
courses of balance components. It also
facilitates the identification of local extremes, highlighting trends to changes
and the limits of the dominance of negative, as opposed to positive, departures
from long-term means. Also of major
significance in the analysis are the locations of the coordinates on an integral
curve in relation to the zero level. For if
a whole curve or the greater part thereof
lies above the zero level then there is
a clear downward trend, and vice versa.
In advance of any cursory analysis of
the integral curves (Fig. 3), we need to be
clear that the general review offers what
are complex and hard-to-interpret depictions of the structure to the water balance
and the dynamics to change in its main

The dynamic and trends to changes in
components of the water balance in the
basins of the Vistula and Odra
The overall analysis of the dynamics
to the water balances in the Vistula and
Odra (and the facilitation of comparisons
of variation in the considered balance
characteristics) made use of a method
known from hydrology involving socalled “reduced integral curves” [OzgaZielińska and Brzeziński 1994]. These
entail a modification of the total flow
curve, presenting cumulative deviations
of variable Q i from its mean value Q .
The ordinates to the curves constructed in
this way are equal to the sums of the

Fig. 2. Scheme presenting the selection of the proper value for Rmax – the maximum retention volume
for a basin in the near-surface (aeration) zone.
Ryc. 2. Schemat doboru właściwej wielkości Rmax – maksymalnej pojemności retencyjnej zlewni
w strefie przypowierzchniowej (aeracji).
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Fig. 3. Skewed summary curves for elements to the water balance in the Vistula and Odra basins, 1901-2000.
Ryc. 3. Krzywe sumowe w układzie skośnym wybranych elementów bilansu wodnego dorzeczy
Wisły i Odry w okresie 1901–2000.

components. On account of the intensity
of the short-period (seasonal) fluctuations
among the elements considered, the diagrams for potential and real evapotranspiration stand out markedly. To a lesser
extent, changes of this kind also make
themselves felt in the depictions of
curves for precipitation, direct flow and
retention in the aeration zone. In contrast,
trends towards long-term fluctuations are

to be made out most clearly in the courses noted for precipitation, as well as flow
and its genetic components.
The overall scheme whereby the turning points to identified long-term trends
are located along the time axis is not
fully legible (Fig. 3). Greater concentrations of distinct breaks in curves may be
located within the five-year periods
1921–1925, 1941–1945, 1961–1965,
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courses for balance components in the
Vistula and Odra basins (Table 1). The
strongest correlation is to be seen for the
genetic components of flow and potential
evaporation (r ≥ 0.80). Much more limited synchronicity (0.67 < r < 0.72) is
shown by the courses for precipitation,
real evaporation and surface retention in
the aeration zone. A relatively limited
correlation (r = 0.58), albeit one achieving statistical significance at α =0.001,
concerns variations in time taken for
infiltration, this representing the balance
surplus soaking from the shallower surface zone into the saturation zone, exerting a decisive impact on underground
water resources in the basin. This is inter
alia supported by the striking similarity
to the shapes of the integral-differential
curves for infiltration [I] as well as real
states of retention [Wk] in the saturation
zone (Fig. 4).

1981–1985 and 1991–1995. In turn, to be
made out as ”depressions” in the configurations for almost all of the components
taken account of are the five-year periods
1961–1965 and 1991–1995. In turn,
culminations appear in the periods 1941–
–1945 and 1981–1985. The longest series
of years with flows lower than the multiannual mean is that extending from 1925
to 1965. In turn, a distinctly increased
flow was detectable in the period 1966–
–1981.
The between-basin synchronicity to fluctuations in the main water balance components – as assessed by correlation
coefficients [r] – must be seen as relatively very weak in most cases (Table 1),
albeit achieving statistical significance
with a large number of courses (r≥0.08,
α=0.01). In contrast, much more distinct
similarities are manifested when direct
comparisons are made between the

Table 1. Correlation [ r ] matrix for components to the water balance
in the Vistula and Odra basins.
Vistula/Odra
Balance component
Ps
Hp
Rk
I
Ep
Er
Hg
Vk
Vistula – Odra
Mutual correlation

Ps

Hp

Rk

I

Ep

Er

Hg

Wk

1.00
0.02
0.01
0.01
0.65
0.71
0.13
0.04

0.18
1.00
0.40
0.20
–0.26
–0.21
0.17
0.07

–0.03
0.52
1.00
0.53
–0.55
–0.43
0.15
0.06

0.38
0.42
0.45
1.00
–0.43
–0.40
–0.03
0.08

0.39
–0.30
–0.66
–0.35
1.00
0.97
0.13
0.01

0.48
–0.22
–0.53
–0.33
0.94
1.00
0.19
0.01

0.12
0.23
0.16
0.03
0.10
0.18
1.00
0.25

0.04
0.01
0.03
0.04
0.01
0.03
0.09
1.00

Ps
0.68

Hp
0.80

Rk
0.67

I
0.58

Ep
0.83

Er
0.67

Hg
0.89

Wk
0.67

Bold print denotes the levels of correlation of components to the balance for the Vistula basin,
non-bolded for the basin of the Odra.
r ≥ 0.08 is significant at α = 0.01
Abbreviations are as follows: Ps – real precipitation, Hp – direct runoff, Rk – retention in the
aeration zone, I – infiltration, Ep – potential evapotranspiration, Er – evaporation,
Hg – subterranean runoff , Wk – retention in the saturation zone.
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Fig. 4. Comparison of the courses for summary curves presenting retention in the saturation zone (Wk)
and filtration (I) in the basins of the Vistula and Odra in the years 1901–2000.
Ryc. 4. Porównanie przebiegu krzywych sumowych retencji w strefie saturacji (Wk) i infiltracji (I)
w dorzeczach Wisły oraz Odry w latach 1901–2000.

parametric Kruskal-Wallis χ2 test [Ozga–
Zieliński 1999]. Determinations were
also made in respect of the conditions
capable of sustaining the test hypotheses,
the existence or non-existence of trends
and the lack of uniformity-stationarity to
series, all at the significance level α=0.05
(yes or no). Calculations took account of
the full, half-year and seasonal observational series, as well as the versions ”divided up” into 12 subsets corresponding
to single-name months. The results are as
presented in Tables 3a, 3b and 4.

It is important to note that the statistical breakdowns for most of the analysed
balance components do not meet requirements as regards normality of distribution, as is i.a. confirmed by the calculated coefficients of kurtosis and
skewness (Table 2). In connection with
this (and in the face of the substantive
limitations arising), the study confined
itself to determining linear equations for
trends and to establishing the directions
[+/–] to changes in selected balance
characteristics, as well as to assessments
of stationarity with the aid of the non-
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Period
1901––1950
1901–2000

1951–2000

Vistula
Odra

1901–2000

Basin

Table 2. Elements to the water balances for the Vistula and Odra basins – features
of the breakdown and statistical characteristics.

Characteristic

Mean
Coefficient of variability
Coefficient of asymmetry
Coefficient of kurtosis
Minimum
Maximum
Sign of trend
Significance of trend
χ2 test
Mean
Coefficient of variability
Coefficient of asymmetry
Coefficient of kurtosis
Minimum
Maximum
Sign of trend
Significance of trend
χ2 test
Mean
Coefficient of variability
Coefficient of asymmetry
Coefficient of kurtosis
Minimum
Maximum
Sign of trend
Significance of trend
χ2 test
Mean
Coefficient of variability
Coefficient of asymmetry
Coefficient of kurtosis
Minimum
Maximum
Sign of trend
Significance of trend
χ2 test

Ps

Hp

I

Ep

Er

Hg

59.4
0.54
1.06
1.27
1.9
221.8
–
no
no
61.4
0.53
0.97
0.68
9.3
191.0
+
no
yes
57.4
0.54
1.11
1.69
1.9
221.9
–
no
yes
58.3
0.51
0.92
1.12
6.0
195.9
–
no
no

5.3
1.21
2.04
5.32
0.0
48.3
–
no
no
6.0
1.20
1.98
5.26
0.0
48.3
–
no
no
4.7
1.21
2.11
5.46
0.0
40.4
–
no
no
4.9
1.13
1.89
5.02
0.0
38.9
–
yes
no

7.9
1.66
1.78
3.17
0.0
95.8
–
no
no
8.5
1.61
1.64
2.45
0.0
88.2
–
no
yes
7.3
1.71
1.92
3.78
0.0
95.8
–
no
no
8.0
2.62
3.64
14.72
0.0
144.5
–
yes
no

51.1
0.91
0.37
–1.37
0.0
143.4
+
no
no
50.1
0.93
0.36
–1.40
0.0
139.1
+
no
no
52.2
0.90
0.36
–1.36
0.0
143.4
+
no
no
52.1
0.88
0.35
–1.37
0.0
154.5
+
no
no

46.2
0.94
0.48
–1.20
0.0
143.4
+
no
yes
46.9
0.95
0.47
–1.24
0.0
139.1
+
no
yes
45.5
0.92
0.49
–1.17
0.0
143.4
+
no
yes
45.5
0.90
0.52
–1.09
0.0
138.6
+
no
yes

8.0
0.29
0.70
0.61
3.3
18.7
+
yes
no
7.9
0.28
0.42
–0.24
3.3
14.9
+
yes
no
8.1
0.29
0.83
0.71
4.2
18.7
+
yes
no
8.0
0.30
0.69
0.35
3.2
17.7
+
yes
no
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Characteristic

Mean
Coefficient of variability
Coefficient of asymmetry
Coefficient of kurtosis
Minimum
Maximum
Sign of trend
Significance of trend
χ2 test
Mean
Coefficient of variability
Coefficient of asymmetry
Coefficient of kurtosis
Minimum
Maximum
Sign of trend
Significance of trend
χ2 test

Ps

Hp

I

Ep

Er

Hg

59.6
0.49
1.03
1.52
8.2
195.9
–
no
yes
56.9
0.53
0.86
0.79
5.9
190.3
–
no
no

5.2
1.17
2.01
5.45
0.0
38.9
+
no
no
4.6
1.07
1.48
2.21
0.0
25.4
–
no
no

9.4
2.51
3.42
12.54
0.0
144.5
–
no
yes
6.5
2.72
3.74
15.87
0.0
128.5
–
yes
no

51.7
0.89
0.35
–1.40
0.0
138.6
+
no
no
52.4
0.87
0.36
–1.34
0.0
154.5
+
no
no

45.1
0.91
0.52
–1.12
0.0
138.6
+
no
yes
45.9
0.89
0.53
–1.06
0.0
138.4
+
no
yes

7.7
0.32
0.92
1.11
3.2
17.8
+
yes
yes
8.3
0.27
0.45
–0.42
4.0
15.3
+
yes
no

Symbols denoted as in Table 1.
Note: significance of trend at a = 0.05 defined as “yes” or “no”. A similar approach was taken to
the assessment of results using the χ2 test: “yes” refers to homogeneity and uniformity, “no” to the
lack of same at the given significance level.

Element
to the
balance

Table 3a. Monthly features to breakdowns and statistical characteristics of elements to the water
balance in the Vistula basin (1901–2000).

Ps

Statistical
characteristic
Mean
Coefficient
of variability
Coefficient
of asymmetry
Coefficient
of kurtosis
Minimum
Maximum
Sign of trend
Significance
of trend
χ2 test

I

II

III

IV

V

VI

VII

VIII

IX

X

XI

XII

36.6

34.3

36.8

51.4

69.9

94.9

108.9

91.1

61.3

53.3

49.4

44.7

0.38

0.37

0.42

0.33

0.30

0.30

0.35

0.31

0.38

0.55

0.36

0.38

0.48

0.11

0.34

0.31

0.25

0.51

0.23

0.28

0.84

1.01

0.31

0.39

–0.24

–0.14

–0.34

–0.23

1.25

0.52

0.30

0.06

0.32

2.24

–0.37

–0.37

9.2
73.2

2.0
64.1

5.8
79.3

16.2
96.0

16.7
150.9

36.3
191.0

23.9
221.9

26.2
169.6

22.8
134.1

6.3
178.4

9.8
94.5

8.5
84.8

–

+

+

–

+

–

–

–

+

–

+

+

no

no

no

no

no

no

no

no

no

no

no

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes
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Hp

Hg

Er

Rk

Statistical
characteristic
Mean
Coefficient
of variability
Coefficient
of asymmetry
Coefficient
of kurtosis
Minimum
Maximum
Sign of trend
Significance
of trend
χ2 test
Mean
Coefficient
of variability
Coefficient
of asymmetry
Coefficient
of kurtosis
Minimum
Maximum
Sign of trend
Significance
of trend
χ2 test
Mean
Coefficient
of variability
Coefficient
of asymmetry
Coefficient
of kurtosis
Minimum
Maximum
Sign of trend
Significance
of trend
χ2 test
Mean
Coefficient
of variability
Coefficient
of asymmetry
Coefficient
of kurtosis
Minimum
Maximum
Sign of trend
Significance
of trend
χ2 test

I

II

III

IV

V

VI

VII

VIII

IX

X

XI

XII

5.1

5.7

13.2

16.0

6.6

3.1

3.4

3.5

2.1

2.7

3.9

4.6

1.05

0.86

0.59

0.64

0.83

1.33

1.49

1.62

1.53

1.50

1.27

0.92

2.56

0.94

0.79

1.03

1.58

3.22

1.88

2.43

2.15

2.75

3.03

1.15

9.53

0.13

0.24

0.97

4.28

16.94

3.34

6.65

4.96

8.84

12.45

1.00

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

34.0
–

19.8
+

36.9
–

48.3
–

31.6
–

30.1
–

24.0
–

29.6
–

16.7
–

20.5
+

32.5
–

19.2
+

no

no

no

no

no

no

no

no

no

yes

no

yes

yes
8.0

yes
7.4

yes
8.7

yes
9.2

yes
10.0

yes
9.2

yes
9.1

yes
8.5

yes
7.9

yes
7.9

no
7.7

yes
8.1

0.31

0.31

0.29

0.27

0.25

0.24

0.27

0.30

0.31

0.30

0.30

0.30

1.16

1.16

1.12

1.12

0.87

0.49

0.48

0.32

0.42

0.55

0.78

0.89

1.83

2.23

1.97

1.66

0.57

0.28

0.00

–0.18

–0.32

0.08

0.61

1.11

3.8
17.5
+

3.3
16.3
+

4.1
18.7
+

5.2
18.6
+

5.5
17.1
+

4.8
15.8
+

4.4
15.4
+

3.6
15.5
+

3.4
14.7
+

3.5
15.4
+

3.4
15.7
+

3.6
17.0
+

yes

yes

yes

yes

yes

yes

yes

no

no

no

yes

yes

yes
0.7

yes
1.4

yes
8.4

yes
28.4

yes
67.8

no
93.7

no
119.8

yes
110.4

yes
71.5

yes
42.6

no
14.1

no
1.8

2.94

2.49

0.85

0.22

0.11

0.08

0.11

0.15

0.30

0.33

0.68

2.03

3.34

2.97

0.41

0.22

0.07

0.03

–2.73

–1.25

–0.51

–0.56

0.19

2.40

11.26

9.09

–0.86

0.74

–0.66

–0.12

13.35

0.90

–0.83

–0.08

–0.84

5.58

0.0
11.4

0.0
18.8

0.0
28.0

10.1
46.4

51.8
86.4

73.9
112.9

45.4
143.4

61.0
133.6

22.0
107.3

6.1
68.2

0.0
39.6

0.0
17.8

+

+

+

+

–

+

–

+

–

–

+

+

no

no

no

no

no

no

no

yes

no

no

no

no

yes
147.2

yes
149.3

yes
147.6

yes
143.9

yes
134.3

yes
126.2

yes
108.5

yes
85.4

yes
73.1

yes
80.7

yes
110.1

yes
138.0

8.39

3.90

5.74

9.65

19.17

25.96

31.97

27.77

21.16

25.78

25.38

17.35

0.06

0.03

0.04

0.07

0.14

0.21

0.29

0.33

0.29

0.32

0.23

0.13

–4.20

–6.45

–2.70

–1.74

–1.14

–1.05

–0.19

0.80

1.81

1.09

0.00

–1.39

21.03
91.6
150.0

44.38
118.6
150.0

6.78
124.7
150.0

2.62
108.2
150.0

0.25
77.9
150.0

0.23
60.0
150.0

–1.41
60.0
150.0

–0.57
60.0
150.0

2.97
60.0
150.0

0.17
60.0
150.0

–1.07
60.0
150.0

1.03
82.5
150.0

no

no

no

no

no

no

no

no

yes

no

no

no

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes
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Wk

Statistical
characteristic
Mean
Coefficient
of variability
Coefficient
of asymmetry
Coefficient
of kurtosis
Minimum
Maximum
Sign of trend
Significance
of trend
χ2 test

I

II

III

IV

V

VI

VII

VIII

IX

X

XI

XII

803

821

829

830

826

823

817

809

801

793

788

790

0.27

0.27

0.26

0.26

0.26

0.26

0.27

0.27

0.27

0.27

0.27

0.28

0.90

0.89

0.85

0.88

0.89

0.91

0.90

0.91

0.90

0.91

0.90

0.92

–0.35

–0.37

–0.45

–0.40

–0.40

–0.37

–0.39

–0.37

–0.37

–0.35

–0.34

–0.31

522

539

557

558

548

572

563

555

548

541

534

536

1312
+

1328
+

1330
+

1326
+

1311
+

1318
+

1306
+

1303
+

1296
+

1289
+

1291
+

1305
+

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

no

no

no

no

no

no

no

no

no

no

no

no

Remarks as for Table 2.

Element
to the
balance

Table 3b. Monthly features to breakdowns and statistical characteristics of elements to the water
balance in the Odra basin (1901–2000).

Ps

Hp

Statistical
characteristic

I

II

III

IV

V

VI

VII

VIII

IX

X

XI

XII

Mean

39.5

47.9

60.0

56.0

62.8

73.8

86.9

78.3

53.1

45.9

46.4

47.5

Coefficient
of variability

0.59

0.72

0.67

0.47

0.34

0.32

0.38

0.30

0.43

0.53

0.38

0.49

Coefficient
of asymmetry

2.06

1.16

1.20

2.19

0.23

0.60

0.41

0.59

0.56

0.79

0.49

0.75

Coefficient
of kurtosis

6.47

0.36

0.73

8.10

–0.19

1.23

0.40

0.14

0.00

1.37

0.19

0.26

Minimum

6.0

7.3

9.5

14.5

17.5

21.5

25.9

35.6

8.4

8.2

11.4

9.7

Maximum

157.5

143.0

172.6

195.9

114.7

160.2

190.3

144.1

119.7

142.3

98.4

121.2

Sign of trend

–

–

–

–

+

–

–

–

+

–

+

–

Significance
of trend

no

no

no

no

no

no

no

yes

no

no

no

no

χ2 test

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

Mean

6.5

6.7

10.1

9.8

5.1

2.3

2.1

2.5

2.0

2.3

3.5

5.2

0.83

0.76

0.61

0.69

0.83

1.62

1.90

1.73

1.78

1.36

1.32

0.86

1.57

0.99

1.65

1.48

0.95

3.07

3.09

2.70

3.87

2.48

4.26

1.83

3.05

0.84

4.51

3.08

0.68

11.95

10.42

9.10

19.63

7.35

26.50

4.04

0.0

0.0

0.3

0.6

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

28.2

24.9

37.8

38.9

19.8

21.3

22.1

25.4

25.0

16.9

36.3

23.1

Coefficient
of variability
Coefficient
of asymmetry
Coefficient
of kurtosis
Minimum
Maximum
Sign of trend

–

–

–

–

–

–

–

+

–

–

–

–

Significance
of trend

no

no

no

no

no

no

yes

no

yes

no

no

no

χ2 test

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

no

yes
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Statistical
characteristic
Mean

Hg

Coefficient
of variability
Coefficient
of asymmetry
Coefficient
of kurtosis
Minimum
Maximum

Er

III

IV

V

VI

VII

VIII

IX

X

XI

XII

7.8

7.3

8.6

8.8

9.4

8.6

8.2

7.7

7.1

7.3

7.2

7.7

0.31

0.30

0.29

0.28

0.27

0.28

0.28

0.31

0.31

0.31

0.30

0.30

0.85

0.68

0.61

0.64

0.68

0.74

0.60

0.81

0.68

0.75

0.80

0.81

0.56

0.27

0.18

0.27

0.43

0.97

0.24

0.94

–0.06

0.21

0.34

0.40

4.0

3.7

4.5

4.7

5.1

3.9

4.0

3.3

3.2

3.3

3.4

3.9

14.7

13.5

15.7

16.5

17.7

17.2

16.3

16.3

13.0

13.5

13.4

14.2

+

+

+

+

+

+

+

+

+

+

+

+

Significance
of trend

yes

yes

yes

yes

no

yes

yes

no

no

yes

yes

yes

χ2 test

yes

yes

yes

yes

yes

yes

no

no

yes

yes

yes

yes

Mean

1.5

3.4

16.3

42.8

88.5

107.1

105.4

82.2

50.2

32.8

11.2

3.0

Coefficient
of variability

2.08

1.57

0.68

0.21

0.11

0.11

0.24

0.26

0.33

0.31

0.55

1.25

Coefficient
of asymmetry

2.25

1.80

0.05

0.15

–0.14

–1.51

–1.06

–0.14

–0.46

–0.62

–0.11

1.04

Coefficient
of kurtosis

4.26

2.70

–1.07

0.47

–0.36

4.27

0.70

–1.14

–0.53

–0.18

–0.54

0.06

Minimum

0.0

0.0

0.0

19.6

63.7

55.8

33.6

33.0

8.4

7.7

0.0

0.0

Maximum

13.9

24.1

41.2

66.1

111.6

128.5

138.6

119.3

75.1

53.8

24.2

14.1

Significance
of trend
χ2 test
Mean
Coefficient
of variability
Coefficient of
asymmetry
Coefficient
of kurtosis
Minimum

+

+

+

+

–

+

+

–

+

+

+

+

no

no

no

no

no

no

yes

yes

no

no

no

no

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

171.5

178.4

177.6

171.2

139.5

103.9

83.3

77.0

77.8

88.7

120.2

155.1

0.09

0.04

0.04

0.08

0.18

0.27

0.24

0.17

0.17

0.23

0.20

0.15

–2.30

–3.95

–2.93

–1.50

–0.40

0.89

2.22

3.73

2.92

1.64

0.48

–0.71

5.77

15.36

8.17

1.62

–0.31

0.30

5.53

15.90

8.96

3.35

–0.39

–0.48

93.9

143.3

142.7

126.1

76.3

72.2

72.2

72.2

72.2

72.2

75.7

87.9

180.5

180.5

180.5

180.5

180.5

180.5

180.5

149.8

136.0

180.5

180.5

180.5

Sign of trend

–

–

–

–

+

–

–

–

+

–

–

–

Significance
of trend

nie

nie

nie

nie

nie

nie

nie

nie

nie

nie

nie

nie

Maximum

2

Wk

II

Sign of trend

Sign of trend

Rk

I

χ test

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

Mean

1201

1225

1251

1252

1243

1235

1227

1219

1212

1204

1197

1194

Coefficient of
variability

0.26

0.25

0.25

0.25

0.25

0.25

0.26

0.26

0.26

0.26

0.26

0.26

Coefficient
of asymmetry

–0.63

–0.60

–0.62

–0.62

–0.62

–0.61

–0.62

–0.62

–0.62

–0.62

–0.62

–0.61

Coefficient
of kurtosis

–0.68

–0.71

–0.74

–0.74

–0.75

–0.74

–0.74

–0.73

–0.73

–0.73

–0.72

–0.72

Minimum

515

528

574

580

571

563

554

544

535

525

514

513

Maximum

1636

1648

1677

1668

1660

1653

1647

1641

1636

1632

1627

1623

+
yes

+
yes

+
yes

+
yes

+
yes

+
yes

+
yes

+
yes

+
yes

+
yes

+
yes

+
yes

Sign of trend
Signif. of trend
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Statistical
characteristic
χ2 test

I

II

III

IV

V

VI

VII

VIII

IX

X

XI

XII

nie

nie

nie

nie

nie

nie

nie

nie

nie

nie

nie

nie

Remarks as for Table 2.

VISTULA
VII–XII

Winter

Spring

Summer

Autumn

I–VI

VII–XII

Winter

Spring

Summer

Autumn

Statistical
characteristic

54.0

71.4

35.9

72.1

87.1

49.1

56.7

62.6

49.2

64.2

72.8

46.6

0.14

0.49

0.24

0.18

0.21

0.27

0.16

0.50

0.33

0.19

0.22

0.27

0.60

8.49

0.41

0.21

0.17

0.76

0.47

8.38

–0.04

0.44

–0.16

0.47

0.26

80.33

–0.56

–0.15

–0.04

1.67

0.17

79.11

–0.76

0.07

0.21

2.49

40.3

39.7

19.7

41.9

46.7

21.4

35.2

32.8

14.1

37.0

31.8

17.3

Maximum

76.6

400.6

55.9

106.3

132.3

100.2

83.8

356.1

86.4

95.2

115.9

100.6

Sign of trend

+

–

+

+

–

–

–

–

–

+

–

–

Significance
of trend

no

no

no

no

no

no

yes

no

yes

no

no

no

χ test

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

Mean

8.2

3.4

8.0

8.5

3.0

3.7

6.7

3.0

7.7

5.7

2.2

3.6

Coefficient
of variability

0.37

0.92

0.51

0.60

1.25

0.99

0.42

0.89

0.53

0.67

1.34

0.94

Coefficient
of asymmetry

0.50

2.06

0.76

1.08

2.14

2.48

0.41

1.68

0.77

1.15

2.36

2.69

Coefficient
of kurtosis

0.04

5.05

0.75

1.50

5.08

8.94

–0.12

2.95

0.22

1.00

6.62

10.88

Minimum

2.6

0.1

0.6

0.8

0.0

0.0

1.6

0.2

1.0

0.3

0.0

0.0

Maximum

16.9

16.6

21.5

27.2

18.8

23.6

15.5

13.5

20.4

17.5

16.5

23.2

Sign of trend

–

–

–

–

–

–

–

–

–

–

+

–

Significance
of trend

no

no

no

no

no

yes

no

no

no

no

no

no

yes
8.7

yes
8.6

yes
8.0

yes
9.4

yes
8.5

yes
7.8

yes
8.4

yes
7.8

yes
7.9

yes
8.9

no
7.6

yes
7.4

0.27

0.50

0.30

0.24

0.27

0.30

0.28

0.41

0.30

0.27

0.29

0.30

1.03

6.27

1.15

0.86

0.34

0.76

0.67

4.19

0.68

0.69

0.64

0.80

1.39

52.68

2.06

0.67

–0.28

0.66

0.41

28.87

0.24

0.63

0.20

0.35

4.8

3.8

3.8

5.6

3.8

3.5

4.6

3.6

4.0

4.9

3.6

3.5

17.2

45.2

17.5

16.8

15.2

16.0

15.9

31.4

14.6

17.1

14.4

13.7

Mean

Ps

Coefficient
of variability
Coefficient
of asymmetry
Coefficient
of kurtosis
Minimum

2

Hp

2

χ test
Mean

Hg

ODRA

I–VI

Element
to the balance

Table 4. Seasonal statistical characteristics of elements to the water balance in the Vistula and
Odra basins (1901–2000).

Coefficient
of variability
Coefficient
of asymmetry
Coefficient
of kurtosis
Minimum
Maximum
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Autumn

Summer

Spring

Winter

VII–XII

I–VI

Autumn

+

+

+

+

+

+

+

+

+

+

+

yes

yes

yes

yes

yes

yes

no

yes

no

no

no

no

χ test

yes

no

yes

yes

no

no

yes

yes

yes

yes

yes

yes

Mean

33.4

62.9

3.5

63.2

100.6

19.5

43.3

49.4

7.1

79.5

79.2

15.6

Coefficient
of variability

0.08

0.46

0.96

0.06

0.11

0.30

0.09

0.40

0.71

0.07

0.18

0.28

Coefficient
of asymmetry

0.02

9.25

1.32

–0.11

–0.93

–0.04

–0.34

7.85

0.51

–0.58

–0.61

–0.44

Coefficient
of kurtosis

–0.40

90.35

2.95

–0.71

0.62

–0.13

1.14

72.71

0.39

1.66

0.70

0.26

Minimum

28.0

42.3

0.0

55.5

62.4

4.6

28.8

25.9

0.0

57.5

35.5

3.9

Maximum

40.5

344.0

17.8

71.6

120.1

35.0

53.4

231.7

24.7

90.0

106.2

26.6

Sign of trend

+

–

+

+

–

+

+

+

+

+

+

+

no

no

no

yes

no

no

no

no

no

yes

no

no

yes

yes

no

yes

yes

yes

yes

yes

no

yes

yes

yes

Mean

141.4

103.6

148.0

134.8

89.0

109.6

157.0

105.2

175.8

138.2

79.4

121.3

Coefficient
of variability

0.05

0.44

0.03

0.11

0.25

0.18

0.06

0.48

0.05

0.13

0.15

0.16

–1.21

7.91

–5.02

–1.34

0.53

0.18

–0.24

9.10

–2.95

–0.14

3.25

0.39

0.73

72.78

33.32

0.99

–0.52

–0.83

–0.38

88.02

10.51

–0.35

15.71

–0.23

Coefficient
of asymmetry
Coefficient
of kurtosis
Minimum

119.4

68.5

112.2

91.6

60.0

67.5

130.3

82.6

128.0

95.9

72.2

81.5

Maximum

150.0

523.4

150.0

150.0

146.3

150.0

177.7

587.6

180.5

176.9

154.7

180.5

Sign of trend

+

–

–

+

–

–

–

–

–

+

+

–

Significance
of trend

no

no

no

no

no

no

no

no

no

no

no

no

χ test

yes

yes

no

yes

yes

yes

yes

yes

yes

yes

yes

yes

Mean

822

827

817

826

809

790

1234

1236

1225

1243

1219

1198

Coefficient
of variability

0.26

0.40

0.27

0.26

0.27

0.27

0.25

0.30

0.25

0.25

0.26

0.26

Coefficient
of asymmetry

0.89

4.50

0.88

0.90

0.90

0.91

–0.62

1.32

–0.62

–0.62

–0.62

–0.62

Coefficient
of kurtosis

–0.40

31.32

–0.40

–0.39

–0.37

–0.33

–0.73

8.59

–0.72

–0.74

–0.73

–0.72

Minimum

563

559

546

566

555

544

560

531

543

571

544

517

Maximum

1319

3298

1320

1318

1299

1289

1654

3316

1652

1660

1641

1627

Sign of trend

+

+

+

+

+

+

+

+

+

+

+

+

Significance
of trend

yes

yes

yes

yes

yes

yes

no

no

no

no

no

no

χ2 test

no

no

no

no

no

no

no

no

no

no

no

no

2

Wk

Spring

+

Significance
of trend

Significance
of trend
χ2 test

Rk

Winter

Sign of trend

2

Er

VII–XII

Statistical
characteristic

ODRA
Summer

VISTULA

I–VI

Element
to the balance

Changes in components to the water balance in the basins of the Vistula and Odra…

Remarks as for Table 2.
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The two intermediate situations arise in
the case of the augmentation of resources, where Ps > Ep i RkVmax, as
well as when a drying out or depletion of
resources occurs, under the circumstances of Ps<Ep and RkVmin. An indicator
of overall water deficits may be provided
by summing the Ep – Er differences, as
calculated with account taken of all
months in a freely selected balance period. In turn, water surpluses for the same
period may be recognised by reference to
the summed level of infiltration. Another
characteristic of the balance may be
frequencies of noting, and hence the
periods over which described situations
persist.
Synthetic compilations of the aforementioned balance characteristics for the
Vistula and Odra basins show a prevalence of surpluses over deficits (Table 5).
However, the two basins are characterised by different rhythmicity to the longterm changes (Table 6). Harmonic analysis carried out using mean annual values
reveals that the 10 most significant
among the 50 components of the trigonometric polynomial explain 45–59% of
the variance for both surpluses and deficits. The most important cycles to fluctuations – generated by a specific (random)
system of the Odra basin – are of durations 3–6 years. Of greatest significance
in the Vistula basin is the variability with
a shorter repeat interval of 2–4 years. The
remaining components taken into account
in Table 6 mostly represent several (3–7)
year fluctuations. Rhythms of lower
frequency are only noted more rarely,
albeit with the long-term fluctuations
making themselves more distinct in the
case of surpluses than deficits. When it
comes to balance excesses in the Vistula
and Odra, the compilation of periodic
components displaying the greatest percentage explanation of variance reveals
a component with a period close in
length to that of the three-year Brückner
sunspot cycle. The variation in balance

In the case of the analysis of full series, an unexpected result was the positive sign obtained with trends for underground flow and retention, alongside
a negative trend for rainfall and a positive one for evapotranspiration. This type
of situation, noted earlier by Jokiel
[2004] in an analysis of the state and
variability of water resources in central
Poland, may reflect economic factors,
especially more limited abstraction, and
regulatory measures helping to retain
water introduced in river valleys.
Positive changes for underground retention and flow are also confirmed by
the results of analyses for particular
months, half-years and seasons (Tables
3a, 3b and 4). A review of these supports
the notion that there is benefit in breaking down full series into more genetically-uniform time series. This reflects the
way in which most of these – as regards
precipitation, evapotranspiration and
flow at least – do not manifest significant
temporal changes, fulfilling the condition
of stationarity in Kruskal-Wallis χ2 test
results.
Characteristic indices and balance
periods
Analysis of the variation and interrelatedness characterising the different
elements to the water balance over time
makes it possible to identify characteristic situations linking up with directions to
the transfer of water in a basin, mainly in
the near-surface zone. Corresponding
with these are extreme periods and
events, like the occurrence of water surpluses and deficits, as well as periods of
the depletion or augmentation of water
resources.
The conditions under which surpluses
of water may arise are met where
Rk=Vmax and Ps>Hp+E, while deficits
manifest themselves in the period of
Hp+Ep>Ps, as well as where Rk=Vmin.
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basins (which is a modification of the
calculation methods proposed by Jokiel
[2002]) inter alia allows for the determination by means of optimisation of the
maximal volume of water in the basin
Vmax, as well as the dynamics to a basin’s moisture content in the near-surface zone. It is the moisture parameter for
a basin Vmax which conditions correct
resolution of the equation for the water
balance in the conceptualisation arrived
at by Thornthwaite and Mather [1955].
The applied method was used to
compile equations for the water balances
of the Vistula at Tczew and the Odra at
Gozdowice, in relation to the longer
period 1901–2000; as well as to compare
the balance situations in the two basins in
the periods 1901–1950 and 1950–2000.
In the face of non-compliance with the
condition of normality in the case of the
distributions for most balance characteristics and water deficits and surpluses,
the results obtained may only be interpreted rather approximately. These indicate that significant trends to changes in
mean values for the two half-centuries
and basins concern characteristics that

surpluses for the Vistula basin also reveals a period 11 years long.
Data in Table 7 show the frequency
of occurrence of characteristic balance
situations within the annual cycle. Deficits are seen to be confined to the June–
November period, albeit noted most
frequently in August and September,
while surpluses of water usually appear
in the winter months (January–March), or
at times in late autumn (October–
December). However, the Vistula basin
may also achieve surpluses in spring and
summer (June–July). Furthermore, intermediate situations are liable to arise in
the Vistula and Odra basins in almost
every month of the year, these representing episodes of either recession or the
augmentation of resources. The former
kind of event is as a rule noted in late
spring or early summer, while the latter
follows maximal deficits in the autumn
and early winter months.
Concluding remarks
The presented digital means of estimating water balance equations for river

Table 5. A statistical characterisation of balance surpluses and deficits in the drainage basins
of the Vistula and Odra.

Statistical characterisation
Mean
Coefficient of variability
Coefficient of asymmetry
Coefficient of kurtosis
Minimum
Maximum
Sign of trend
Significance of trend
χ2 test

VISTULA
1901–2000
Surpluses
Deficits
101.8
44.4
0.42
1.00
0.79
0.68
0.51
–0.63
35.2
0.0
234.4
155.4
–
+
no
no
no
no

Notes: as in Table 2.
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ODRA
1901–2000
Surpluses
Deficits
96.7
79.7
0.54
0.66
0.16
0.63
–0.05
0.03
0.0
0.0
250.2
220.4
–
+
yes
no
no
yes
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Table 6. Compilation of Fourier analysis results for the variability to water balance surpluses and
deficits in the basins of the Vistula and Odra between 1901 and 2000 (taking account
of the first 10 (most significant) harmonic components).
VISTULA
Surpluses
B_sin
5.26
13.98
8.63
–13.50
0.00
4.48
–11.97
–4.88
11.16
1.19
Total

Period
3.57
2.04
33.33
4.76
2.00
2.27
2.08
100.00
11.11
4.55

A_cos
–18.34
–8.56
12.06
–4.09
9.89
–12.58
–3.35
–11.27
–5.00
–10.83

Period
5.88
100.00
33.33
4.76
2.27
2.38
2.94
3.23
20.00
2.13

Surpluses
A_cos
B_sin
9.43
–18.85
–6.91
18.17
–2.19
18.72
–9.00
–16.39
–14.97
–10.36
12.06
12.68
17.08
–0.26
–7.33
–12.83
3.32
14.31
8.12
11.99
Total

% of variance
10.2
7.5
6.1
5.6
5.5
5.0
4.3
4.2
4.2
3.3
55.8

Period
2.50
2.00
2.27
2.08
2.94
4.17
2.70
5.88
50.00
6.67

A_cos
–16.01
–11.53
–4.13
–0.30
10.07
11.83
–11.51
6.97
11.53
–4.21

Deficits
B_sin
–9.29
0.00
12.27
12.80
–7.68
3.09
–2.17
–9.38
0.36
10.61
Total

% of variance
8.7
6.8
4.3
4.2
4.1
3.8
3.5
3.5
3.4
3.3
45.6

A_cos
–22.20
18.18
–13.71
–9.25
13.99
15.90
8.80
–12.38
6.09
–1.66

Deficits
B_sin
15.76
–8.55
13.71
15.01
9.76
–0.47
13.12
–9.32
–13.05
–14.00
Total

% of variance
13.2
7.2
6.7
5.5
5.2
4.5
4.4
4.3
3.7
3.5
58.3

ODRA
% of variance
8.1
6.9
6.5
6.4
6.1
5.6
5.3
4.0
3.9
3.8
56.6

Period
3.23
5.88
6.67
3.85
3.57
50.00
10.00
2.50
4.35
5.00

geosystems, as well as management
activity engaged in. These may determine
to a significant degree the initial state as
regards retention, the process by which
retained resources are augmented, and
the speed of reaction to intensity of runoff and the alimentation of aquifers. At
the same time, the situation depicted does
not confirm unequivocally that climatic
change has been exerting any distinct
influence on river flows.

are typically hydrological – genetic components of outflow, runoff and infiltration, and water surpluses and deficits.
Following consideration of all possible
comparisons of the periods and basins
identified, the climatic elements to the
balances, precipitation as well as evapotranspiration, do not display any significant differences in mean values or the
level of variance. This type of situation
would seem to emphasise the overriding
significance of field conditions in basin
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Table 7. Monthly frequencies with which characteristic states to the water balances in the basins
of the Vistula and Odra occurred in the years 1901–2000.
VISTULA
Surpluses
Depletion
(drying out)
Shortages
Augmentation

ODRA
Surpluses
Depletion
(drying out)
Shortages
Augmentation

XII

% of
incidences

0.25 0.65 3.51

29.57

0.25 2.29 4.33 5.39 5.23 5.07 3.51 1.23 0.25 0.08 0.08

27.70

0.41 1.80 3.76 5.23 4.33 0.82
2.86 0.90 0.57 0.90 1.31 1.06 0.98 0.90 1.88 3.51 6.78 4.74

16.34
26.39

I

II

III

IV

V

VI

VII VIII

IX

5.47 7.19 5.47 3.10 1.63 1.63 0.49 0.16

I

II

III

IV

V

VI

VII VIII

5.23 7.03 6.62 3.84 0.49 0.16 0.08

IX

X

XI

XII

% of
incidences

0.08 0.16 1.88

25.57

X

0.33 0.65 4.08 7.35 6.05 2.70 1.72 1.31 0.08

XI

0.08

24.35

1.47 5.23 6.21 5.96 3.10
3.10 0.98 1.06 0.41 0.49 0.65 0.33 0.41 1.06 5.07 8.17 6.37

21.98
28.10
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Streszczenie
Zmiany składowych bilansu wodnego dorzeczy Wisły i Odry w stuleciu 1901–2000
W opracowaniu wykorzystano numeryczny sposób szacowania równań bilansu wodnego, zaprezentowany dla zlewni Wisły w Tczewie i Odry w Gozdowicach w stuleciu
1901–2000, oparty na modyfikacji algorytmu podanego przez Jokiela [2002]. Zestawiono także roczne i sezonowe oceny zmienności składowych w obu dorzeczach w latach
1901–1950 i 1950–2000. Uzyskane wyniki dają się – wobec nie spełnienia warunku
normalności rozkładów większości składowych oraz deficytów i nadwyżek bilansowych
– interpretować jedynie z pewnym przybliżeniem. Praca ma charakter metodyczny,
proponuje nowy sposób podejścia do obliczeń bilansowych, pozwalający między innymi
na ustalenie, drogą optymalizacji, maksymalnej pojemności wodnej zlewni oraz na rozpoznanie dynamiki jej uwilgotnienia w strefie przypowierzchniowej. Równania bilansu
wodnego zestawia na podstawie miesięcznych danych o sumach opadu, średnich temperaturach oraz o wielkościach spływu powierzchniowego i odpływu podziemnego. Wyróżnia dwie strefy bilansowania obiegu wody w zlewni – przypowierzchniową (aeracji) i
podziemną (saturacji). Uwzględnia uwarunkowania, wyznaczające zasady szacowania
wielkości ewapotranspiracji rzeczywistej i przesiąkania do strefy saturacji. Dodatkowa
formuła warunkowa pozwala, drogą optymalizacji, wyznaczyć przybliżoną wielkości
maksymalnej pojemności wodnej gleby oraz rozpoznać dynamikę uwilgotnienia zlewni
w strefie przypowierzchniowej.
Do ogólnej analizy dynamiki bilansu wodnego Wisły i Odry wykorzystano metodę
krzywych całkowych odchyleń od średniej [Ozga-Zielińska, Brzeziński 1994]. Metoda
ta posłużyła do oceny jednorodności danych oraz ułatwiła identyfikację ekstremów lokalnych, wyznaczających zmiany kierunków tendencji w przebiegu poszczególnych
składowych bilansowych oraz granic podokresów z dominacją ujemnych, względnie
dodatnich odchyleń od średnich wieloletnich. Elementy klimatyczne bilansu, opady oraz
ewapotranspracja – przy uwzględnieniu wszystkich możliwych porównań wyróżnionych
okresów i dorzeczy – nie wykazują istotnych różnic w wartościach średnich oraz w poziomie wariancji. Ta sytuacja wskazuje na sterujące znaczenie warunków terenowych
geosystemu zlewni i gospodarczej działalności człowieka, a jednocześnie nie pozwala na
jednoznaczne stwierdzenie wyraźnego wpływu zmian klimatycznych na odpływ rzeczny.
Poziom synchronizacji wahań głównych zmiennych bilansu wodnego, mierzony
współczynnikami korelacji wzajemnej, w większości przypadków jest bardzo słaby.
W obu dorzeczach deficyty i nadwyżki wody wykazują różną rytmikę zmian wieloletnich. Analiza fourierowska, dokonana z wykorzystaniem średnich wartości rocznych,
wskazuje, że 10 najistotniejszych składowych harmonicznych wyjaśnia ok. 50% ich
wariancji. Najważniejszymi cyklami wahań – wygenerowanymi przez swoisty (losowy)
system przyrodniczy dorzecza Odry – są cykle 3–6 letnie. W dorzeczu Wisły największe
znaczenie ma zmienność o krótszym okresie powtarzalności, co 2–4 lata. Pozostałe
uwzględnione składowe reprezentują w przewadze wahania krótkookresowe – kilkuletnie (od 3 do 7). Cykle o niższej częstotliwości notowane się rzadziej, przy czym wahania
kilkudziesięcioletnie zaznaczają się wyraźniej w przypadku deficytów. Częstotliwość
wystąpień charakterystycznych sytuacji bilansowych w poszczególnych miesiącach roku
wskazuje, że deficyty zdarzają się wyłącznie w okresie od VI do XI, przy czym najczęściej notowane są w VIII–IX. Natomiast nadmiary wody pojawiają się z reguły w miesiącach zimowych (I–III) i niekiedy późnojesiennych (X–XII). W dorzeczu Wisły zdarzają się również w okresach wiosennych i letnich (IV–VII).
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Abstract

This work presents elements of more wide-ranging research carried out to investigate
changes ongoing in Poland’s forests over the last 50 years. Specifically, it focuses on
work done within Białowieża Primaeval Forest (NE Poland), as a natural object exceptional even on a Europe-wide scale in that its forest vegetation is treated as if it were
natural, or even primaeval. The study was on the floristic composition of the phytocoenoses in three forest associations, i.e. moderately acidophilous pine-spruce-oak forest
(Serratulo-Pinetum), eutrophic oak-lime-hornbeam forest (Tilio-Carpinetum) and moist
alder-ash forest (Fraxino-Alnetum). These forest communities were made subject to
a comparison between descriptions from the late 1940s and after, and the situation as it
appeared in the 1990s.
The results of the study reveal limited changes where moist and fertile habitats are
concerned, along with much more distinct changes in poorer habitats (Serratulo-Pinetum
and in part also Tilio-Carpinetum). The most significant of these changes entail the disappearance of shade-intolerant species associated with sparse woodlands, or else with
open communities of meadows and grasslands, as associated with the spread of species
characteristic of dark, heavily-shaded forests. Changes in the stand are also visible in
some communities. A consequence of what has happened is a progress of pine-spruceoak forest from the floristically-rich Serratulo-Pinetum association through to the much
poorer Querco roboris-Pinetum. The attendant changes mainly took place in the 1950s
and 1960s.
The main trend reported for forest communities in Białowieża Primaeval Forest sustains the hypothesis that regeneration has been taking place for some decades following
release from the very intensive pressure game animals imposed on forests in the 19th
century.
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[1986, 1995] and A.W. Sokołowski
[1993] for Poland’s Białowieża National
Park have made it clear that, even such
a study object that appears to alter little
and has been protected for a long time
now is subject to identifiable changes in
the characteristics of communities. In this
respect, particular importance might be
attached to work by J. JakubowskaGabara [1993], who was able to furnish
unambiguous evidence that Poland’s
well-illuminated oak forests are disappearing.
The author’s review study of the detailed characteristics of forest associations in Poland [Matuszkiewicz, J.M.
2001] points to many associations having
been characterised on the basis of historical materials. This means that there are in
fact many regions in which the descriptions of communities known from the
literature do not now correspond with
their current state. Indeed, it is commonly
now impossible to find communities in
the form in which they were described
some years ago in the field. At best they
are found to be characterisable in a different way. At the same time, there are
premises for believing that certain associations have been expanding their ranges and role at the whole-landscape level.
It is very likely that the changes actually or potentially observable in forest
communities over the last few years have
their origin in modified forms and intensities of anthropopressure being exerted.
An obvious – if not in fact fully understood – influence is that of industrial
emissions on forest communities. In
addition, many communities (e.g. marshy
coniferous forest) have undergone modification as a result of a steadily lowering
water table, while others like willowpoplar and ash-elm riparian forest have
been affected by the regulation of rivers.
At the other extreme, the disappearance of certain forms of human impact
on forests may also herald major changes
in forest cover. For example, the disap-

An introduction to the subject matter
General premises underpinning
the work
The development of phytosociology
over the last 100 years or so, as associated with an invariability of methods used
to describe plant communities (i.e. phytosociological relevés produced using
methodology from Braun-Blanquet
[1964]), allows analyses of long-term
changes affecting plant cover to be undertaken. In fact, around 90 years have
now passed since the first descriptions of
communities capable of being invoked in
scientific research, as well as some 50–
–60 years since numerous materials from
various regions of Poland began to be
assembled and published. In many cases,
data from the subject literature or from
archives make it possible to find old
descriptions of communities, or at least
similar communities today existing in the
same vicinity. And the aforementioned
constancy to methods of description
allows former and current states to be
compared.
Various aspects to changes in communities can be considered. Particularly
well known in this respect are studies on
directional changes within phytocoenoses
carried out on permanent plots. Equally,
it is possible for changes at the level of
the phytocoenosis type to be analysed,
the work in this case focusing on plant
associations and regional assemblages
thereof within the landscape. The area of
phytosociology dealing with this kind of
issue is syndynamics.
The need to tackle the issue of change
in forest-association characteristics over
the last century, or even over most recent
decades, has been indicated by what are
now a large number of observations and
regional studies pointing to transformations in the plant communities present
in defined places or regions. For example, data presented by J.B. Faliński
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ity of climatic change occurring as
a consequence of an enhanced ”greenhouse effect” that must inevitably give
rise to changes in forest vegetation.
Leaving aside for now whether climatic
warming is in fact occurring or not, it is
clear that there is a need to look for this
possibility where activity to renaturalise
forests is planned on the large scale. It is
quite possible that the forecast natural
state will be different from the current
natural state, for example, with both
differing from what we might term the
original state. These issues need to be
thought through properly and carefully, if
we are to ensure that the very favourable
idea of renaturalising forests does not in
reality yield results different from what
was expected.
This paper presents selected results of
a project aiming to recognise developmental trends ongoing in the forest communities of Poland, as carried out at 47
sites distributed across different Polish
regions [Matuszkiewicz, J.M. et al.
2007]. In this case, the goal was less to
determine how particular patches of
communities have been changing under
the influence of processes of succession,
degeneration or other phytocoenotic
processes, and more to consider changes
in the characteristics of communities
(associations), which is to say changes in
phytocoenosis type (modified floristic
composition,
impoverishment,
encroachment by new species, etc.), or else
in assemblages of communities in different regions (the disappearance of individual associations or appearance of
others). The results presented here concern the study of three research objects
located within Białowieża Primaeval
Forest [Matuszkiewicz, J.M. 2007].

pearance of well-illuminated oak forest
referred to above would seem to have
been induced by the cessation of cattle
grazing in forest 50-60 years ago. It thus
emerges that the community in question
was at least partly anthropogenic in nature. Perhaps similarly the result of human activity are associations like
Cladonio-Pinetum, Abieti-Piceetum,
Galio-Piceetum and Abietetum polonicom, as well as some others subject
to many and varied influences.
Forestry management obviously has
a major role to play among the anthropogenic impacts, being the influence that
has to a great extent determined the existence or non-existence of units at the
levels of the community and even the
association. Management changes in
progress for years have undoubtedly
favoured or disfavoured the spread of
certain associations, and may even be the
cause of the now widely-observed ”shift”
from oligotrophic to eutrophic communities (e.g. with coniferous forests giving
way to mixed/coniferous forests, while
the latter give way to oak-lime-hornbeam
forests). Also worth noting is the major
increase over the last half century in the
area of forest communities subject to
protection across the country. Just one
example of this might be the fact that the
8 National Parks present in Poland in
1960 have now become 23, with many of
the original ones also made subject to
expansion. In the Parks and Reserves –
and increasingly also beyond them –
measures are being taken under the heading of “renaturalisation” that have as
their specific aim the reshaping of forest
communities.
In the light of all this, a key question
concerns the identity of the ”natural”
state of given types of forest or association in different regions which the
measures being pursued are seeking to
achieve.
A quite separate matter which may
not go unmentioned here is the possibil-

The scientific objective and practical
purpose of the work
The scientific objective of the work
presented here was to gain full familiarity
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groups of them) account for. Local types
described in this way – addressed more
or less narrowly from the syntaxonomic
point of view – can be compared with
one another as regards frequencies of
occurrence of species. On the basis of
these comparisons, it is possible to both
develop a hierarchical system of communities and to make comparisons between
units for reasons other than those relating
to systematics. This method may also be
put into effect through the comparison of
a local type in two or more periods of
time.
With a view to further explanation
being given, it is important to offer
a precise definition of the terms ”object”
and ”state”. The “object” in this case is
the local or regional (i.e. the precisely
spatially delineated) form or manifestation of an association (in this case of
forest), or occasionally a unit of higher or
lower rank than an association, which
may be described through a defined
means of compiling phytosociological
source materials. In the cases typical for
the work presented here, the ”object” is
an internally differentiated or nondifferentiated forest association in a more
or less unequivocally defined area (National Park, Forest District or small region) described initially by reference to
a reliable set of phytosociological relevés. An object of this kind comprises
the several distinguished sub-associations
of oak-hornbeam forest in Białowieża
National Park, which have been described in several sets of historical
relevés from different authors at different
times.
The term ”state” of a community is
understood in this work as a phytosociological characterisation based on a defined set of relevés that can be taken to
relate to a more or less precisely defined
period of time. It is then possible to
speak of a historical or past state, or
historical or past states, as well as of the
contemporary state. The project dealt

with the trends to changes in forest
communities detectable through the
compilation and comparison of phytosociological materials, and from the point
of view of the shaping and spread of
forest associations. In this regard, the
work was to consider the following questions:
 are there particular regions of Poland
in which the overall list or set of forest associations has gone unchanged
over the last century?
 is the way associations are distributed
across Poland’s regions changing?
 have floristic and phytosociological
characteristics of associations been
undergoing change, and if so, in what
direction?
A second aim was to explain, or at
least to put forward relevant hypotheses
for, the external factors responsible for
changes ongoing in forest communities.
A practical objective was also to bring
together premises of benefit as indications on renaturalising forests (in particular, though not solely, in National Parks
and Nature Reserves) are devised.
Key assumptions, materials
and methods
The study sought to develop an approach to the study of vegetation that is
typical for the discipline of phytosociology, assuming that it is possible to identify and characterise local types of plant
community (the so-called phytocoenoses)
on the basis of consciously-field-selected
descriptions of phytocoenoses or patches
of communities known as phytosociological relevés. Separate relevés produced
using the method after Braun-Blanquet
[Braun-Blanquet J. 1964] and then tabulated offer a basis for describing a phytocoenon, first and foremost from the point
of view of frequency and constancy of
occurrence of species, but possibly also
in regard to the quantitative shares within
the phytocoenosis these species (or
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as regards environmental factors, species
of defined range type, and so on). Similarities between tables can also be calculated. In the present case, the specific
changes in the objects that were analysed
concerned:
 similarity of floristic composition
between historical and contemporary
states using the simplest (Jaccard)
coefficient of similarity (P =
= 2c/a+b·100%; where a is the number of species in the first set, b the
number in the second set and c the
number of species common to the two
sets),
 changes (increases or decreases) in
the share of species characteristic for
the most important groups of communities,
 an ecological characterisation based
around Ellenberg indicator values
[Ellenberg et al. 1991].

with here was founded upon the concept
of comparing two sufficiently wellseparated states of a given object, or – if
at all possible – on comparisons with
more than one past state. The comparison
of states was to involve both the present
state and different ones from history, and
“internal” comparisons between the different past states. It was hoped that analysis to determine a sequence of changes
would even be possible in optimal circumstances.
The essence of the study of the selected objects was the phytosociologically-oriented comparison of states at two or
more times. The condition was that the
states of communities be described by
past or present sets of phytosociological
relevés produced using the BraunBlanquet method and compiled into phytosociological tables. The key (alwaysused) information from such relevés is
the presence/absence of different plant
species. In certain cases, this qualitative
approach is augmented by quantitative
data on species present in patches, thanks
to an indicator of abundance being given
in the relevés. Features of communities
that may also at times be subject to analysis include the closure or cover achieved
in different layers of the phytocoenosis,
as well as data on numbers of species
noted in any given relevé, as sometimes
broken down in line with the various
ways floristic composition may be addressed (e.g. as woody or non-woody
species, vascular plants v. bryophytes
and lichens, species of the herb layer or
stand, etc.).
The state of a given object is described in a collective phytosociological
table offering percentage frequencies of
occurrence of different species. Such
tables can be set against one another and
compared, with analysis carried out on
changes in frequency of the different
species and groups thereof (notably species characteristic of given systematic
units, species of defined indicative value

Preliminary remarks on the specifics
of the Białowieża Primaeval Forest as
a study area
Białowieża Primaeval Forest straddles the Polish-Belarussian border
(Fig. 1), as well as the major continental
divide between the basins of the Baltic
and Black Seas. It is more or less at the
heart of the Area of European Broadleaved and Mixed Forests, which extends
from the Atlantic Ocean as far east as the
Urals. Climatic conditions (as of the
1960s and 70s) are described by the following data for the Białowieża station:
coordinates – 52o 42’N; 23 o 51’E; annual
precipitation total – 600 mm; mean annual temperature – 6.4oC; mean temperature
in the warmest month (July) – 17.7 oC;
mean temperature in the coldest month
(February) – -5.0oC; annual amplitude in
temperature – 22.7oC; length of the
“broad” growing season (t > 5oC) – 200
days; length of the “narrow” growing
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season (t > 10 oC) – 146 days; mean
duration of snow cover – 94.
By both Polish and European standards, Białowieża Primaeval Forest is an
exceptional forest complex whose forest
communities retain certain primaeval
features. The area has been under continuous forest cover for several thousand
years at least, with management never
assuming more drastic forms and merely
entailing more or less extensive forest
use. For many centuries up to the 1920s,
the forests here were spared more extensive felling, thanks to which stands of
a natural genesis were preserved. Furthermore, the location of the Białowieża
Primaeval Forest far from sources of
atmospheric pollution leaves it in a privileged position among forests in Poland in
general, likewise in the face of other
major threats making themselves felt in
recent decades. For these reasons, there is
a justified belief that this is the forest of
relatively the best-preserved forest vegetation to be found anywhere across the
Central European Lowland. The forest
communities here can likewise be assumed to be more stable than those in
other regions.
Within Białowieża Primaeval Forest
there lies the Białowieski (Białowieża)
NP, Poland’s oldest National Park. BNP
is the only natural site in Poland to be
World Heritage-listed by UNESCO. Its
forests have been preserved in a state that
is exceptionally close to the natural, to
the point where certain fragments can be
said to display features of the primaeval
communities that must once have been
present. Of relevance here is the known
fact that certain places of occurrence
have never been subjected to deforestation. Furthermore, the National Park
within the boundaries present until 1996
had hardly ever in its history experienced
cutting or felling of any kind, since the
Białowieża Forest was for centuries
a hunting ground for the rulers of Lithuania, then Lithuania/Poland, and then

Russia. That meant that, as of the onset
of the First World War, larger-scale
felling had never taken place. In contrast,
there was more major felling in the interWar period, though this did not take in
the study area, since the best-preserved
parts of the Puszcza were selected as
a Reserve in advance of BNP being established there. From the 1920s onwards,
the area was a Strict Reserve in which all
human activity was kept to a minimum.
However, notwithstanding the essentially unvarying conditions they experienced down the years, the forests in the
Białowieża area were exposed to the
destructive impact that game animals
(notably red deer and European bison)
encouraged by management were capable
of exerting. This became particularly
severe in the late 19th and early 20th
centuries, when game populations (as
viewed from today’s perspective) markedly exceeded the natural capacity of
forest to absorb their impact. The effects
were major changes in stand composition
that are visible to this day in different
forest communities of the Białowieża
Primaeval Forest complex [see Faliński
1986; 1994; Sokołowski 1993]. So clear
was this impact that it was possible to
assume from the outset that transition
reflecting the release of the aforementioned pressure would be a main element
determining changes now ongoing in
phytocoenoses.
The study area is exceptionally well
known from the geobotanical and ecological points of view. It was here that the
first Polish research leading to the development of the discipline of phytosociology was carried out [Paczoski 1930]; and
here that one of the country’s first classic
phytosociological studies [Matuszkiewicz, W. 1952] was done, this then serving as a model for later research elsewhere. Finally, it was in this area that
decades of diverse short- or long-term
studies were run in respect of all possible
aspects of forest-community diversity, as
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Fig. 1. The study area within large geobotanical regions.
Ryc. 1. Lokalizacja terenu badań na tle dużych regionów geobotanicznych.
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relating to soil conditions, microclimate,
community phenology, species- and
ecosystem-level ecology, biodiversity,
competition and many other issues [see
review in Faliński 1986].
The study area is de facto unique on
the European scale, being a forest that
still possesses natural-type or even in
some sense “primaeval” ecosystems. At
the same time, had historical circumstances been different, the forest here
could reasonably have been seen as ”average”, even ”unremarkable”, within its
geobotanical region as broadly understood (i.e. within the context of the
Northern Mazury and Byelorussian Division of the Central European Province
[Matuszkiewicz, J.M. 1993]).
For the reasons mentioned above,
a study devoted to changes ongoing in
forest communities in the last halfcentury could not eschew analysis of
those taking place in Białowieża Primaeval Forest. To this end, three types of
forest community were selected as objects for study, i.e. oak-lime-hornbeam
forest, mixed/coniferous forest and
streamside riparian woodland or forest.
These are all types that are common in
Poland, important from both the geobotanical and forestry points of view, and at
the same time superbly well-developed
within the Białowieża Primaeval Forest.
The expectation as the study was initiated
was that the communities under study
would prove stable, or at least be undergoing change to a lesser degree than
those of other regions.

National Park. Such a bold statement is
justified by the areal dominance that
characterises oak-lime-hornbeam forest
here, the wide range of habitats at
Białowieża that it occupies, and the exceptional floristic richness the communities in question display [see: Faliński and
Mułenko, eds. 1995]. To be added to that
is the degree to which oak-limehornbeam forest has here been retained in
a near-natural state of the kind not to be
met with elsewhere on the Central European Lowland. There is a widespread
conviction that, if it is possible at all to
speak of lowland forest communities of
primaeval character in the context of
Europe, then that description may be
applied to the oak-lime-hornbeam stands
of the Białowieża Forest. This is why an
understanding of the changes ongoing in
these communities in the last few decades is of particular importance, since
a point of reference is provided for the
observation of change taking place in
other communities and regions.
In this part, the term study object is
taken to mean the communities of oaklime-hornbeam forest present within
Białowieża National Park, within the
boundaries the Park has maintained
through the decades since its establishment.
From the syntaxonomic point of
view, the communities under analysis are
included [Matuszkiewicz J.M. 2001]
within the association Tilio-Carpinetum,
this forming part of the Carpinion betuli
alliance, order Fagetalia sylvaticae and
class Querco-Fagetea. It should also be
noted how the Tilio-Carpinetum association offers relatively the fullest and clearest manifestation of Central European
mixed/broadleaved forests of the Carpinion alliance, while at the same time
representing communities of subcontinental range. Białowieża Primaeval
Forest is in fact located more or less
centrally as far as the entire coverage of
this association is concerned.

Study object: the Tilio-Carpinetum
association in Białowieża
National Park
A general description of the study object
Communities of oak-lime-hornbeam
forest are the most important element to
the plant cover in what is Poland’s oldest
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logical relevés produced in the years
1964–66 by Aleksander Sokołowski.
This is a very rich collection, but one
only published after as many as 30 years
[Sokołowski 1993]. In the latter work,
A. Sokołowski
separates
oak-limehornbeam forest into 5 sub-associations
(i.e. typicum, stachyetosum, circaetosum
alpinii, caricetosum remotae and calamagrostietosum) within the TilioCarpinetum association. Beyond that, he
also distinguishes a community of association rank that he dubs MelittiCarpinetum, this also needing to be included among oak-lime-hornbeam forests. Overall, the characterisation of state
H2 is based around as many as 237
relevés, including 182 assigned by
Sokołowski to the association TilioCarpinetum, as well as (the other) 55
classed as of Melitti-Carpinetum. The set
of relevés referred to here is fully comparable with that in W. Matuszkiewicz’s
work – also in the breakdown by subassociation, in which case the permissible
comparison would involve the typical
variants on both occasions, as well as the
stachyetosum sub-association described
by W. Matuszkiewicz as set against the
stachyetosum and circaetosum alpinii
sub-associations after A. Sokołowski.
From among the numerous 1964-66
relevés obtained by Aleksander Sokołowski it was possible to distinguish
a special set of 46 – termed H2a – which
were in essence repeated many years
later, in 1994 and 1998. These repeat
relevés were to serve as descriptors of the
contemporary state of oak-lime-hornbeam forest in BNP. What this implies is
that H2a serves, not only in the comparison of the types overall, but also in assessing how events progressed between
the two dates, at particular given points
within different phytocoenoses.

The Białowieża oak-lime-hornbeam
forest communities under discussion
display a considerable degree of phytosociological variability in line with the
diversity of habitats occupied. However,
for the purposes of this study they will in
most cases be considered collectively,
without any more detailed analysis at the
level of the individual sub-association.
A characterisation of the states
of the object
The analysis of changes in the communities of oak-lime-hornbeam forest in
Białowieża National Park has been based
on phytosociological relevés generated in
four periods, three of which (H1, H2 and
H3) are treated as historical states, and
one (W) as a contemporary state.”H1” in
fact derives from the late 1940s and early
1950s, ”H2” from the mid-1960s, “H3”
from the mid-1970s and ”W” form the
second half of the 1990s.
State H1 from the years 1949–50
Identified as ”H1”, the oldest state
was described in phytosociological
relevés produced and published by
Władysław Matuszkiewicz [Matuszkiewicz W. 1952]. Oak-lime-hornbeam
forest, then dubbed the QuercetoCarpinetum association, is represented
by 83 relevés, of which 31 concern the
typical variant or sub-association Q-C
typicum, 24 the moist sub-association Q-C stachyetosum and 28 the tall oak-limehornbeam forest of the Q-C caricetosum
pilosae sub-association. These relevés
were done in 33 different forest compartments of BNP, this set therefore
constituting a highly representative sample in terms of field coverage.
State H2 from the years 1964–66
Adopted as the second historical state
were the descriptions in the phytosocio-
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State H3 from 1976

it. Account also had to be taken of the
different times at which floristic descriptions were made, this having major significance in the case of communities
showing marked differences within
a given season, in particular between the
spring and summer aspects. Here just
some of the comparisons made have been
presented.
The differences between the forms of
oak-lime-hornbeam forest can be said to
have diminished over the last 30 years,
this in particular being true of the thermophilous form described by A. Sokołowski as the separate association MelittiCarpinetum, whose distinct identity had
demonstrated a marked tendency to disappear. When it comes to changes in the
frequency of occurrence of different
species and groups thereof in the sets of
relevés from H1 to W (as brought together in appropriate compilations not presented here), it is possible to note the
following main tendencies.
 Hornbeam (Carpinus betulus) is the
only species in both the stand and understorey layer to display a stable frequency of occurrence (Fig. 2) – the
others tending to manifest greater or
lesser changes in the period under
study.
 Pedunculate oak (Quercus robur) is
rarer and rarer, as could be seen in the
first period in the stand, and more recently also in the understorey (Fig. 2).
 Small-leaved lime (Tilia cordata) is
undoubtedly increasing its frequency
of occurrence in the stand, while at
the same time become less abundant
in the undergrowth (Fig. 2), this denoting the entry of specimens formerly present in shrubby form into the
stand, and in consequence a limitation
of their continued presence in the understorey.
 While spruce (Picea abies) is probably reducing its frequency of occurrence in the stand layer, it has undoubtedly become ever-rarer in the

It was most probably in 1976 – within
one forest compartment of the National
Park (compartment 256) that numerous
phytosociological relevés were produced
in forest communities. The author of this
work was M. Rijken, and it was only
many years later that the relevés were
published [Faliński 1995]. It was from
this publication in turn that the 80 phytosociological relevés from oak-limehornbeam forest were taken, the set characterising the historical state known as
H3.
In the work by J. Faliński [1995], the
community of oak-lime-hornbeam forest
in compartment 256 was divided into a
nutrient-poor and a fertile series. The
sub-associations Tilio-Carpinetum typicum and calamagrostietosum were identified in each.
The contemporary state of the
communities
The contemporary state of the oaklime-hornbeam forest in Białowieża
National Park was determined through
analysis of the ”W” set of 57 phytosociological relevés produced in the years
1994–1998 by Aleksander Sokołowski,
in the same areas on which relevés had
been generated back in the years 1964–
66, to form set H2a as described above.
Precisely the same locations were studied
in the two cases.
Comparison of the historical and
contemporary states of the community
The analysis of the changes in oaklime-hornbeam forest communities was
carried out in relation to both particular
points from sets H2a and W and the four
states described by tables, which means
that it was either possible to compare
oak-lime-hornbeam forest as a whole or
else different forms (sub-associations) of
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oak-lime-hornbeam forest in its typical form.
Any summary of changes in the stand
must stress the trend towards the evergreater dominance of lime and hornbeam,
with a more or less visible reduction in
frequencies of occurrence for a majority
of other species. Stands would also seem
to be more closed now, and with a less
well-developed understorey.

undergrowth, especially recently, this
presumably auguring future changes
in the stand (Fig. 3).
 There is probably a decline in the
frequency of occurrence of maple
(Acer platanoides) and ash (Fraxinus
excelsior), in both the stand and the
undergrowth (Fig. 3).
 Light-seeded species of tree (birch
and aspen) are ever rarer in stands of

Fig. 2. Frequency of occurrence of hornbeam (Carpinus betulus), oak (Quercus robur) and lime tree
(Tilia cordata) in stands (a) and in the undergrowth (b/c) in the oak-hornbeam forests
in the National Park of Białowieża in successive states.
Ryc. 2. Częstość występowania grabu (Carpinus betulus), dębu (Quercus robur) i lipy (Tilia cordata)
w drzewostanach (a) i w podroście (b/c) w grądach BPN w kolejnych stanach.
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Fig. 3. Frequency of occurrence of spruce (Picea abies), maple (Acer platanoides) and ash (Fraxinus excelsior)
in stands (a) and in the undergrowth (b/c) in the oak-hornbeam forests
in the National Park of Białowieża in successive states.
Ryc. 3. Częstość występowania świerka (Picea abies), klonu (Acer platanoides) i jesionu (Fraxinus excelsior)
w drzewostanach (a) i w podroście (b/c) w grądach BPN w kolejnych stanach.

4 and 5). Among these species, at least
some are associated with places that are
moderately well-illuminated.
An increased frequency of occurrence
in turn characterises the species of humid
broadleaved forests, like Milium effusum,
Carex remota, Impatiens noli-tangere
and Festuca gigantea (Fig. 6), as well as
Mycelis muralis, Stellaria nemorum and
Athyrium filix-femina (Fig. 7).

There is good correspondence between changes noted in the stand and
those characterising the lower layers in
oak-lime-hornbeam forest. A more or
less distinct or undoubted decline in
frequency of occurrence has been shown
for Corylus avellana, Hepatica nobilis,
Pulmonaria obscura, Ajuga reptans,
Asarum europaeum, Carex pilosa, Lathyrus vernus and Fragaria vesca (See Figs.
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Fig. 4. Frequency of occurrence of hazel (Corylus avellana), Hepatica nobilis, asarum (Asarum europaeum)
and lungwort (Pulmonaria obscura) in the oak-hornbeam forests in the National Park of Białowieża
in successive states.
Ryc. 4. Częstość występowania leszczyny (Corylus avellana), przylaszczki (Hepatica nobilis), kopytnika
(Asarum europaeum) i miodunki ćmy (Pulmonaria obscura) w grądach BPN w kolejnych stanach.

Also noticeable is a rather weak if
distinct trend towards increased frequencies of occurrence of certain species alien
to oak-lime-hornbeam forest: in the second period between states H2 and H3,
there was an increase in the frequency of
Galeopsis tetrahit, and in the third period
of Lapsana communis (characteristic of
the class Stellarietea mediae), Rubus
idaeus (characteristic of class Epilobietea
angustifolii) and Alliaria petiolata
(a species characteristic for the Alliario-

In the oak-lime-hornbeam forests of
BNP, the study period witnessed an increase in the role of grasses as measured
by their occurrences as a proportion of
the occurrences of all herb-layer species.
This state of affairs mainly results from
increased frequency of occurrence of two
species of forest grass, Festuca gigantea
and Milium effusum, as well as the two
meadow species Poa trivialis and Deschampsia caespitosa.
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Fig. 5. Frequency of occurrence of spring pea (Lathyrus vernus), sedge Carex pilosa, ground-pine
(Ajuga reptans) and wild strawberry (Fragaria vesca) in the oak-hornbeam forests
in the National Park of Białowieża in successive states.
Ryc. 5. Częstość występowania groszku wiosennego (Lathyrus vernus), turzycy orzęsionej (Carex pilosa),
dąbrówki (Ajuga reptans) i poziomki (Fragaria vesca) w grądach BPN w kolejnych stanach.

A general characterisation
of the changes

-Chaerophylletum temuli forest-edge
association, as well as the order
Glechometalia hederaceae of class Artemisietea vulgaris) (Fig. 7). The current
state is also one including specimens of
Rumex obtusifolius in large numbers,
notwithstanding the fact that this characterises class Artemisietea vulgaris. The
share taken by these species points to
local distortion of the community due to
the partial death of the stand and consequent windthrowing.

Despite certain difficulties with comparison reflecting non-uniform times
within the growing season at which
relevés were produced, the reported differences in the state of oak-limehornbeam forest at different times in the
past do allow certain overall changes
ongoing in the oak-lime-hornbeam forests of BNP to be suspected. Undoubtedly on display here is a unification of
communities of oak-lime-hornbeam
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Fig. 6. Frequency of occurrence of common touch-me-not (Impatiens noli-tangere), millet grass
(Milium effusum), sedge Carex remota and giant fescue (Festuca giganthea) in the oak-hornbeam
forests in the National Park of Białowieża in successive states.
Ryc. 6. Częstość występowania niecierpka pospolitego (Impatiens noli-tangere), prosownicy (Milium effusum),
turzycy rzadkokłosej (Carex remota) i kostrzewy olbrzymiej (Festuca gigantea) w grądach BPN
w kolejnych stanach.

the consideration of the spectrum of
variability observed for the forest type
overall. It would also seem that there has
been rather a converging of the characters of other sub-associations of oaklime-hornbeam forest, a process that may
manifest overall regeneration in oaklime-hornbeam communities.

forest, this mainly being achieved
through the disappearance of features
regarded as distinctive for the thermophilous oak-lime-hornbeam forest variant
Melitti-Carpinetum. This is seen with
both the tracking of the fate of particular
phytocoenoses once assigned to this
variant and now ever more similar to
typical oak-lime-hornbeam forest, and in
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Fig. 7. Frequency of occurrence of a polypodic fern Athyrium filix-femina Mycelis muralis, chickweed
(Stellaria nemorum) and sauce-alone (Alliaria petiolata) in the oak-hornbeam forests
in the National Park of Białowieża in successive states.
Ryc. 7. Częstość występowania wietlicy samiczej (Athyrium filix-femina), gwiazdnicy gajowej
(Stellaria nemorum), sałatnika (Mycelis muralis) i czosnaczku pospolitego (Alliaria petiolata)
w grądach BPN w kolejnych stanach.

regenerating stand structure following
the release of the pressure previously
exerted by game animals that destroyed
the lime and hornbeam understorey and
thus favoured other species. At the same
time, stands are now entering a decline
phase that provides for local community
degeneration, and hence the appearance
of species associated with communities
that substitute for oak-lime-hornbeam

Notwithstanding the high degree of
naturalness of the oak-lime-hornbeam
forest in BNP, a slow process of strand
reconstruction is taking place here. Oaklime-hornbeam forest seems gradually to
be losing both conifers and light-seeded
broadleaved species, while the role of
those most important for this forest type
(i.e. lime and hornbeam) is growing. This
can be regarded as a manifestation of
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acteristics, but also those indicative of
semi-shade, or even semi-light, conditions (L number = 7). This would suggest
a deterioration in light conditions affecting the plants of the herb layer.
As regards the indicator of temperature (the “T” value), the changes probably do not assume significance. However, those concerning continentality are
greater, the species in decline being of
diverse character, however, including
species classed as both oceanic (K=2)
and sub-continental (K=6). There are in
turn increases for species assigned the
K=3 value in particular, which is to say
those intermediate between sub-oceanic
and oceanic. Ultimately the most major
differences are those obtained for comparisons based around water relations.
When it comes to the ”F” indicator values, the group of species that are giving
way have F values around 5 (fresh soils),
while the species on the increase are of
both fresh and moist soils (F=7).
Where the (R) values indicative of
soil acidity are concerned, the differences
between the two groups of species were
of one unit on average. This reflects the
fact that species in decline include two
indicating a weakly alkaline soil reaction
(R=8). Furthermore, comparison of the
groups from the point of view of indicator values for productivity and nutrients
(soil nitrogen resources) suggested generally greater requirements in the case of
the species whose frequencies are increasing.
 Having summarised the changes that
have taken place in the analysed
communities, it is possible to state
that – over the last 50 years – the oaklime-hornbeam forests of Białowieża
National Park have become:
 more uniform,
 more shady and humid,
 more distinct from mixed/coniferous
forests,
 more Central European.

forest. It is such an overlaying of local
degeneration and regeneration processes
that determines the natural fluctuations
ongoing in mature phytocoenoses [Faliński J.B. 1994].
The results obtained can be taken to
indicate an increase in the role of riparian
forest species, and more generally species of humid habitats, in the oak-limehornbeam forests of BNP. There has
most probably been an increase in the
humidity of the superficial soil horizons.
The most straightforward explanation for
this would be a raising of the water table
within the Park, this resulting in gradual
habitat evolution where the communities
of oak-lime-hornbeam forest are concerned. However, this would in fact run
counter to certain data obtained from
direct measurements of the water table
within Białowieża Primaeval Forest,
which suggest a fall. Under those circumstances, increased soil humidity
might instead be the result of a local
thinning of stands, plus reduced transpiration on the part of trees.
What is undoubtedly visible here is
a low-intensity process of oak-limehornbeam forest caespitisation, which
is to say an increase in the role of grass
species. The habitat spectrum to the floristic composition of the herb-layer vegetation has, in a majority of cases, involved a shift away from shade-intolerant
and moderately acidophilous species, in
favour of humidity- and shade-loving
species (Table 1). A comparison based
on the indicator values [after Ellenberg et
al. 1991] of the groups of species becoming more or less frequent in oak-limehornbeam forest does suggest a clear
shift in the spectrum. Where the indicator
of illumination (the ”L” number) is concerned, the species becoming more frequent are those with intermediate values
suggestive of plants inhabiting conditions
of shade or semi-shade (L=4 is commonest). In contrast, the species in retreat
include, not only those with similar char-
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Table 1. Ecological characteristics of the most important species changing their frequency of
appearance in the oak-hornbeam forests of the National Park of Białowieża.
Groups of species

Retreating species

Species with
growing frequency

Difference between
average values

Values of Ellenberg indicator numbers

Species names

L

T

K

6
4
4
3
6
4
7
4

5
6
5
5

3

Avarage value of the group
Stellaria nemorum
Milium effusum
Mycelis muralis
Impatiens noli-tangere
Carex remota
Alliaria petiolata
Athyrium filix-femina
Festuca gigantea

4.8
4
4
4
4
3
5
4
4

5.4
4

Avarage value of the group

Corylus avellana
Hepatica nobilis
Pulmonaria obscura
Asarum europaeum
Ajuga reptans
Carex pilosa
Fragaria vesca
Lathyrus vernus

F

R

N

4
6
6
6
5
5
4

7
8
8

4
7
6
6
5
6

5.1
7
5
5
7
8
5
7
7

7.0
5
5

5

4.2
4
3
2
5
3
3
3
3

6

9
6
6

4.0

5.0

3.3

6.4

6.0

6.4

–0.8

–0.4

–0.9

1.3

–1.0

0.7

6
5
2

6
5

5
5
5
6

5
7

7
7

5.7
7
5
6
6

L – light figuere, T – temperature figuere, K – continentality figuere, F – moisture figuere,
R – reaction (acidity) figuere, N – nitrogen figuere.

An analysis of directions to changes in
the community and a forecast of its
future states in the region

upon which to anticipate the kind of
higher-intensity directional change induced by any possible climatic change.
Community composition would seem to
be in enough of an equilibrium to ensure
that climatic change entailing (the widely
assumed) warming should not bring
about more major transformations.
Changes in the role played by the boreal
element (first and foremost a decline in
the importance of spruce) have already
taken place.

When taken together, the reported or
envisaged directions to change in the
oak-lime-hornbeam forest of Białowieża
National Park may be conceptualised as
a regeneration of the natural, potential,
zonal climax community, whose different
phytocoenoses have entered, or are entering, into a phase of natural fluctuation. It
is possible to assume that there is relative
stability to this dynamic configuration on
the small scale. There are no premises
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taxonomic conceptualisation related to
the group of Western European acidophilous oak forests rapidly emerged as inappropriate and untenable, with the effect
that the review study by W. Matuszkiewicz and M. Polakowska [1955] changed
the system entirely. The basic units nevertheless proved durable, with the fresh
mixed/coniferous
forest
QuercetoBetuletum serratuletosum of interest to
us being included within the association
Pineto-Quercetum Kozłowska 1925,
within which were placed all the mixed
pine-oak coniferous forests in Poland, as
the sub-association Pineto-Quercetum
serratuletosum. It was out of the latter
unit that there was subsequently established [by Matuszkiewicz, J.M. 1988],
the association Serratulo-Pinetum, as the
second association of mixed pine-oak
coniferous forest (alongside Querco
roboris-Pinetum) to be identified through
division of the Pino-Quercetum association. In the mind of the author, this syntaxonomic conceptualisation remains in
place [Matuszkiewicz, J.M. 2001], with
the community within described by
W. Matuszkiewicz in BNP as QuercetoBetuletum serratuletosum being taken to
represent the Serratulo-Pinetum association, belonging to the Dicrano-Pinion
alliance, this taking in pine forests in
general. Under the old system, Janusz
Faliński [1995] included BNP’s fresh
mixed/coniferous forests within the Dicrano-Pinion alliance, but within the
broad Pino-Quercetum association. Use
will also be made of this material in
a further part of the work.
A different point of view on the position of Białowieża’s fresh mixed/coniferous forests is represented in the
work by Aleksander Sokołowski, himself
the author of the great part of the phytosociological relevés upon which the
analyses in this study are based. A clear
majority of the fresh mixed/coniferous
forests in Białowieża National Park he
assigned [in Sokołowski 1993] to the

Study object: fresh mixed/coniferous
forest in Białowieża National Park
A general description of the study object
Where spatial roles are concerned,
mixed/coniferous forest is one of the
Białowieża Primaeval Forest’s most
important forest communities (also significant in many other regions of central
and eastern Poland). More or less unambiguous in its forest typology, this type
nevertheless poses a problem for geobotanists, since it is by nature a fusion of
elements typical for coniferous forest
with elements from broadleaved forest.
Such a combination is possible in the
conditions that are natural for habitats
slightly richer than would be characteristic for coniferous forests, but poorer than
those occupied by broadleaved forests
per se. What is more, it becomes a still
more likely outcome in forests that are
managed, in which habitat appropriate
for broadleaved forest has had a coniferous stand introduced into it “by force”, as
it were (sometimes long ago). For the
above reasons, the phytosociological
conceptualisation of mixed/coniferous
forests is (like that of no other comparable forest group) established on rather
unstable foundations, with different authors coming up with very different syntaxonomic solutions.
In his monograph on the forest associations of Białowieża National Park,
Władysław Matuszkiewicz [Matuszkiewicz W., 1952] recognised the Quercion
roboris-sesilflorae alliance Br.-Bl 1932
as falling within the Vaccinio-Piceetea
class of forests, along with the QuercetoBetuletum association described from
Western Europe. Within the latter association he included two types of
mixed/coniferous forest at Białowieża
described by he himself, i.e. a humid
version – Querceto-Betuletum lycopodietosum, and a fresh version – Querceto-Betuletum serratuletosum. This syn-
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association Calamagrostio arundinaceae-Piceetum, which he described,
having recognised it [Sokołowski 1968]
as being close in scope to PinoQuercetum serratuletosum Mat. et Pol.
1955. However, the author in question
ascribes this association to the VaccinioPiceion alliance, which takes in spruce
forests in general.
Irrespective of the name and conceptualisation of the association that are
applied, the study object is the community of fresh mixed/coniferous forest of
a continental character that is present in
Białowieża National Park.

association under discussion, certain
species were characterised by high degrees of constancy in the tables obtained
from BNP in the years 1948–50, i.e.:
 Lilium martagon – 100.0%,
 Serratula tinctoria – 95.7%,
 Melittis melisophyllum (ch. Quercetalia pubescentis) – 91.3%,
 Polygonatum odoratum – 82.6%,
 Betonica officinalis – 65.2%,
 Carex montana – 60.9%,
 Campanula persicifolia (ch. Quercetalia pubescentis) – 47.8%,
 Lathyrus niger (ch. Quercetalia pubescentis) – 47.8%,
 Scorzonera humilis – 34.8%,
 Peucedanum oreoselinum – 34.8%,
 Calamintha vulgaris – 17.4%,
 Vicia cassubica (ch. Quercetalia
pubescentis) – 8.7%,
 Ranunculus polyanthemos (ch. Quercetalia pubescentis) – 4.3%.
The species Orthilia secunda characteristic of the association achieved a level
of constancy of 91.3%. It should be further stressed that – among the 23 relevés
– there is not a single one that does not
include at least 3 species from the above
list, while on average there were 7.8 of
them. Such a set allows the SerratuloPinetum association to be identified,
though it needs to be noted that the described community was initially characterised by a stand formed first and foremost by spruce, with an admixture of
pine, oak, birch and aspen. The share of
the stand accounted for by hornbeam was
limited, while lime was not present at all.
The characteristic features of the unit
also included a clear share of species
characteristic for class Querco-Fagetea
in the herb layer, these sometimes prevailing over coniferous forest species
from the species richness point of view,
if being of limited occurrence in quantitative terms in the patches, in the great
majority of cases.

A characterisation of the states
of objects
In the case of BNP’s mixed/coniferous forests, it is possible to compile
data for four periods treated here as four
consecutive historical states and given
the names H1, H2, H3 and H4.
State H1 from 1949–50
The oldest state, abbreviated to ”H1”
was described in the phytosociological
relevés produced by Władysław Matuszkiewicz [Matuszkiewicz W. 1952], as
described using the term QuercetoBetuletum serratuletosum. The relevés in
question were produced in the years 1949
and 1950. Analysed communities described by W. Matuszkiewicz were later
identified as Serratulo-Pinetum [Matuszkiewicz J.M., 1988; 2001]. The diagnosis
in this regard is based around analysis of
the occurrence of species that distinguish
the Serratulo-Pinetum association as
opposed to Querco roboris-Pinetum. The
distinguishing species in this case are all
those characteristic of the well-illuminated oak forest communities of order
Quercetalia pubescentis, as well as
a number of other light-loving species
[see Matuszkiewicz, J.M. 1988]. From
the lists of species distinguishing the
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State H2 from 1960

[Matuszkiewicz, J.M. 2001] raised the
problem of which association it actually
represented, out of Serratulo-Pinetum or
Querco roboris-Pinetum.
Analysis of the presence of the
aforementioned species distinguishing
the first of these associations allows it to
be stated that there are few of these species in the typical variant (on average 1.4
per patch). In the more fertile variant the
list of species is longer, with almost five
species from the list on average being
present, including such more specific
species as Serratula tinctoria, Carex
montana and Melittis melissophyllum.
This kind of floristic composition provides for the identification of a SerratuloPinetum association with weakened characteristics in relation to the more fertile
variant of mixed/coniferous forest only,
while the poorer variant needs to be interpreted as Querco roboris-Pinetum.

The second historical state was described
on the basis of a small set of 10 unpublished phytosociological relevés prepared in 1960 by Władysław Matuszkiewicz from Białowieża National Park.
This set represents communities of
mixed/coniferous forests in general affiliated with the Serratulo-Pinetum association. However, particular relevés show
major differentiation as regards floristic
richness, including where the share of
species distinguishing Serratulo-Pinetum
is concerned. The floristic richness of
patches in fact varies between 26 and 62
species (mean 46.1). Within this, the
number of species distinguishing Serratulo-Pinetum ranges from 1–10 (average
6.2). Overall, in comparison with set H1,
H2 has a relatively greater share of
relevés that have limited representation
of the distinguishing species.

State H3a

State H3 of 1966–7

Treated separately from, but with
overall linkage to, the H3 set is the small
but important H3a set encompassing 10
relevés produced in mixed/coniferous
forest by Aleksander Sokołowski in the
years 1965–66. These relevés are from
the same permanent plots as were next
used in 1994 for repeat surveying. The
latter relevés form part of the W set of
data.
In identifying the relevés of the H3a
set from the syntaxonomic point of view
it can be accepted that two are identifiable as impoverished forms of the Serratulo-Pinetum association – since they
each include 5–6 of the species that distinguish it, while the remainder (with
between 0 and 3 of the said species) must
be treated as belonging to Querco roboris-Pinetum.

Taken as the third historical state of
the mixed/coniferous forest was that
described in the phytosociological
relevés obtained in the years 1964–66 by
Aleksander Sokołowski [1993]. The
latter source has a table comprising 32
relevés described as the Calamagrostio
arundinaceae-Piceetum association and
separated into two variants. The dominant species in the stand is spruce, with
the typical variant having a major participation of pine, while the more fertile
variant has less. Less than half of the
patches have oak in the stand, while only
a few have hornbeam. Such a stand composition approximates to state H1.
From the syntaxonomic point of
view, the described community may be
embraced in the way A. Sokołowski
described it, as the regional Calamagrostio arundinaceae-Piceetum association.
However, an attempt to relate it to the
system covering Poland as a whole
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State H4 of 1976

Comparing the community’s historical
and contemporary states

The description of the state of
mixed/coniferous forest from the mid
1970s is based on a set of relevés most
probably obtained in 1976, from within
forest compartment 256, by M. Rijken,
with publication by J.B. Faliński [1995].
The set comprises 20 relevés described as
belonging to the Pino-Quercetum association, as differentiated into variants with
Stellaria holostea or Polytrichum attenuatum. In the relevés, the species distinguishing the Serratulo-Pinetum association occur sporadically, the most frequent
of them being Orthilia secunda, Lilium
martagon and Carex montana, which
achieve totals of just 15%. In turn, half of
the relevés do not include even a single
species from this group, and none have
more than four of them. Such a floristic
composition corresponds with the
Querco roboris-Pinetum association.

The comparison of contemporary and
historical states was made on two levels:
as a comparison of the states of particular
phytocoenoses separated by a period of
28–29 years (through the comparison of
sets H3a and W), and as a comparison of
the local type of mixed/coniferous forest
between the dates 1949–50, 1960, 1965–
–66, 1976 and 1994. Here the presentation is confined to results from the latter.
By setting against one another the floristic compositions obtained for mixed/coniferous forest on the five occasions
between 1949–50 and 1994 inclusive (as
not dealt with here), a basis was provided
for the analysis of ongoing changes.
Observations to be made on this are as
follows.
 Where the structure to the mixed/coniferous forest communities of
BNP is concerned, the degree of
stand closure can be thought to have
been maintained at a similar level.
 The floristic richness of the patches
have been in steady decline (Fig. 8);
on average by 0.6 species per year,
albeit with the main decline taking
place in the first two periods, while
later periods recorded losses of 0.3–
–0.4 species per year on average.
 The proportionality between the main
species forming the stand (i.e. spruce
and pine) has not changed, while
there has probably been a decline in
the frequency of occurrence of oak, as
well as clear changes in the ratios for
the presence of admixture species.
There have been declines in the
shares of the two birch species (taken
together), and of aspen, along with
marked increases in the frequency of
occurrence in stands of hornbeam and
lime (Fig. 9).
 Species distinguishing the SerratuloPinetum association have been disappearing, soonest and most markedly

The current state of the communities
The present-day state of communities
of mixed/coniferous forest in Białowieża
National Park is described with the aid of
10 relevés from permanent plots that are
the same as in set H3a. In relating the
descriptions of the community to the
system of Polish forest communities after
J.M. Matuszkiewicz [2001], the identification is seen to be with the Querco
roboris-Pinetum association. The occurrence of species distinguishing the Serratulo-Pinetum association is very limited,
and in any case these are relatively the
least specific of the species (most frequently Polygonatum odoratum – 50%).
In only one relevé do 4 species from the
group occur, while the others have between none and two.
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Serratula tinctoria and Betonica officinalis (Fig. 10), albeit with increasingly restricted occurrence also characterising such species of lesser specificity as Polygonatum odoratum or
Peucedanum oreoselinum (Fig. 11).
Species of family Pyrolaceae – including the characteristic Orthilia
secunda – have been becoming steadily rarer, their (combined) frequency
of occurrence today being less than
20% of what it was.
The mixed/coniferous forest more or
less ceased to have species characteristic for well-illuminated oak woodland in the first or second period
(Fig. 12).
Among species characteristic of class
Querco-Fagetea, a downward trend
for frequency of occurrence is to be
noted for Lilium martagon, Lathyrus
vernus, Hepatica nobilis, Daphne mezereum and Melica nutans (Fig. 13),
as well as Corylus avellana.
There is a quite large group of species
that were frequent in H1, less so on
H2, and hardly present at all subsequently. The group includes Melampyrum nemorosum, Geranium sylvaticum, Thalictrum minus, Vicia
dumetorum, Potentilla erecta, Aquilegia vulgaris and Succisa pratensis,
as well as Hierochloë australis,
Clinopodium vulgare, Digitalis grandiflora and Vicia sylvatica among the
rarer plants). These are undoubtedly
light-loving species that are present
more frequently in the SerratuloPinetum association, only much more
rarely in Querco roboris-Pinetum.
Other species now of markedly lower
frequency of occurrence are: Hieracium umbellatum, Rhytidiadelphus triquetrus, Ajuga reptans, Veronica
chamaedrys, Viola riviniana and Solidago virgaurea.

 The frequency of occurrence of
Moehringia trinervia and Mycelis
muralis is rising.
 Chamaenerion angustifolium has
appeared in the most recent period.
 There is no doubt that Rubus idaeus
is an ever more frequent species.
Calculation of the similarity coefficient for the sets (see Table 3 below)
shows that similarity for the floristic
composition as a whole is greater than
that with eliminated tree species, suggesting that changes mainly relate to nonwoody species. In relation to the H1
state, similarities with other states can be
arranged successfully into a consistent
time series.
Analysis of directions to change
recorded for the community and
a forecast of future states
Analysis of the different states offers
a convincing series of changes, notwithstanding a certain lack of uniformity to
the source materials. It should be noted
that the first two states described are
based on materials from the same author
separated by a time interval of just 10
years. Nevertheless, even with this juxtaposition it is possible to note the onset of
certain changes that were found to have
intensified and developed in subsequent
states. It is indeed quite striking how
large were the changes taking place in
the first two periods, i.e. between the H1
and H2 states, and between the H2 and
H3 states. In the course of this c. 15-year
period, the mixed/coniferous forest
changed fundamentally: the association
widespread in 1950 and now interpreted
as Serratulo-Pinetum had lost its specific
features by the 1960s, only to have disappeared almost entirely after
a further 30 years.
As we consider the changes in species
composition reported for the mixed/coniferous forests of Białowieża National Park, there is no doubt that an
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Fig. 8. Average number of species in a releve from a mixed pine forest
of the National Park of Białowieża – changes during 45 years.
Ryc. 8. Średnia liczba gatunków w zdjęciu z boru mieszanego w BPN – zmiany w ciągu 45 lat.

Fig. 9. Frequency [%] of the admixture species in the tree stands of the mixed pine forests
in the National Park of Białowieża.
Ryc. 9. Frekwencja [%] gatunków domieszkowych w drzewostanach borów mieszanych w BPN.
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Fig. 10. Frequency [%] of the selected species distinguishing the association Serratulo-Pinetum in consecutive
states of the mixed pine forests in the National Park of Białowieża (part 1).
Ryc. 10. Frekwencja [%] wybranych gatunków wyróżniających zespół Serratulo-Pinetum w kolejnych stanach
borów mieszanych w BPN (część 1).

Fig. 11. Frequency [%] of the selected species distinguishing the association Serratulo-Pinetum in consecutive
states of the mixed pine forests in the National Park of Białowieża (part 2).
Ryc. 11. Frekwencja [%] wybranych gatunków wyróżniających zespół Serratulo-Pinetum w kolejnych stanach
borów mieszanych w BPN (część 2).
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Fig. 12. Frequency [%] of the species characteristic of the order Quercetalia pubescenti-petraeae
in consecutive states of the mixed pine forests in the National Park of Białowieża.
Ryc. 12. Frekwencja [%] gatunków charakterystycznych dla rzędu Quercetalia pubescenti-petraeae
w kolejnych stanach borów mieszanych w BPN.

Fig. 13. Frequency [%] of selected species characteristic of the order Fagetalia and the class Querco-Fagetea
in consecutive states of the mixed pine forests in the National Park of Białowieża.
Ryc. 13. Frekwencja [%] wybranych gatunków charakterystycznych dla rzędu Fagetalia i klasy
Querco-Fagetea w kolejnych stanach borów mieszanych w BPN.
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to the poorest forms of oak-limehornbeam forest is a likely outcome. In
the conditions of a Strict Reserve within
a National Park, the processes involved
can merely be witnessed passively, but in
other forests it might be worth taking
care to ensure that floristic richness is
maintained, along with the overall beauty
of tall mixed/coniferous forest.
Mixed/coniferous forest as a community type is dependent on the equilibrium
maintained between pine, spruce and
oak. While the future of that equilibrium
is unclear, the changes implicit in the
data from the last half-century may be
quite distinct. Indicated in the light of
this for areas beyond Strict Reserves are
efforts to ensure the maintenance of
a stand structure that allows at least some
examples of the Serratulo-Pinetum association to be retained within the forest
landscape.

evolution of configurations can be discerned. The floristic manifestation of this
is the disappearance of a large and diverse group of light-loving species that
include some characteristic of wellilluminated oak forest which distinguish
species-rich mixed/coniferous forest, as
well as species characteristic for wellilluminated broadleaved forests, and
some which are characteristic of coniferous forest. The evolution is thus from
a floristically-rich community to one that
is much more species-poor. The syntaxonomic manifestation of this evolution has
entailed changes of plant association.
While the mixed/coniferous forest could
be assigned unambiguously to the Serratulo-Pinetum association at the outset, by
the end of the time all could rather be
said to represent an association already
common nationally, i.e. Querco roborisPinetum. In this way, a fall in diversity at
the level of both plant communities and
the landscape can be said have taken (or
be taking) place.
In conditions of the strict protection
of an area as specific as Białowieża National Park, the change processes taking
place are in all probability natural in
character. Everything points to a regeneration of forest following release from the
pressure that game animals were able to
exert in the late 19th and early 20th centuries, as well as other impacts. It would
seem that regeneration in fresh
mixed/coniferous forest resembles that in
oak-lime-hornbeam forest, in that it entails a simplification (impoverishment) of
floristic composition. This is to say that
the regenerated form is markedly poorer
in floristic terms than the prior form that
is to some extent still anthropogenic.
The further prospects for the
mixed/coniferous forests are by no means
certain. If the role played by Scots pine
in the stand continues to decline, in the
face of encroachment into it of both
hornbeam and lime, then an increasing
similarity of the mixed/coniferous forest

Research object: the Fraxino-Alnetum
(Circaeo-Alnetum) association in the
Zwierzyniec Sub-District within the
Białowieża Primaeval Forest
General description of the
research object
The study object in this part is Poland’s commonest ash-alder riparian
forest community, present at the centre of
its range in the Białowieża Primaeval
Forest. In this forest complex (or more
precisely in the Białowieża National
Park), this community was first described
as the Fraxino-Alnetum association
[Matuszkiewicz W. 1952]. For some
longer period it then came to be known
as Circaeo-Alnetum, only for the current
Code of Nomenclature to now return to
the original name. The association falls
within the Alno-Ulmion (Alno-Padion)
alliance, order Fagetalia sylvaticae and
class Querco-Fagetea. One of the specific features within the riparian forest is the
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brings together patches in which there is
a relatively greater share of species deriving from oak-lime-hornbeam forest. The
differences between the variants are
relatively minor, and are not furthermore
unequivocal. Digital programs for the
classification of relevés provide for various groupings of material in relation to
the adopted measures of similarity and
means of grouping, without any close
link with the division into sub-variants.

constant – if limited – presence of species that are characteristic for alder forests of class Alnetea glutinosae.
The study area takes in the former
Zwierzyniec Forest District, which now
mainly falls within the Zwierzyniec SubDistrict of the Białowieża FD, though
partly also within the expanded Białowieża National Park. In the course of the
registration of the historical states the
studied communities remained managed
forests. Some of the patches researched
in the past only came within the National
Park more recently, while part was embraced by the Władysław Szafer Landscape Reserve established in 1969 and
protecting forest along the main Hajnówka–Białowieża road. However, most
areas remain managed production forest
to this day.

Contemporary state of the community
The characterisation of this community’s contemporary state has been based
on unpublished relevés done by Aleksander Sokołowski in 1998. Among
these there are 5 that can with high probability be linked with the locations of
particular historical relevés, thanks to
which comparisons of specific phytocoenoses are made possible. Remaining
relevés can only be compared with historical ones to the extent that they offer a
collective characterisation of the local
form of the association in question.
Thanks to the presence of species creating a characteristic combination, compilations of the contemporary material
allow for unambiguous identification
with the association Fraxino-Alnetum.
Equally, analysis of the tables offers no
basis for any internal differentiation
within the community to be proposed,
since the relevés are in fact found to have
very uniform floristic composition.

A characterisation of states
of the research object
Historical state
The adopted description of the historical state of ash-alder riparian forests is
the one from the 1968 work by Aleksander Sokołowski on the forest associations of the Zwierzyniec Forest District
within the Białowieża Primaeval Forest.
This source offers 34 phytosociological
relevés concerned with the association in
question, generated in the years 1961–63.
In that source, the community is defined
as Circaeo-Alnetum, and it is possible to
accept this diagnosis without reservation,
there being precise correspondence with
the Fraxino-Alnetum association in line
with the current nomenclature. Aleksander Sokołowski divided the first
association into two variants: with Picea
abies (3 relevés only) and with Ficaria
verna (31), while the second was in turn
declared to have two sub-variants, i.e. the
typical one and the one with Carex sylvatica. In line with this differentia ton,
the sub-variant with Carex sylvatica

Comparison of the historical
and contemporary states
of the community
Thanks to the possibility of precise
descriptive datasets from times 35 years
apart being set against one another, it is
possible to confirm a high degree of
constancy within the community. All
available data point to the maintenance of
patches of approximately similar phyto-
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Milium effusum and Festuca gigantea.
Combined sets of historical and contemporary relevés were made subject to
classification by means of digital methods. Calculated among other things was
the measure of Euclidean distance
(Fig. 14), account being taken of the
quantitative presence of species in
relevés. Analysis of dendrograms allow it
to be claimed that the contemporary
assemblage does not differ in any more
fundamental way from that present historically. In the combined sets, the division into ”historical” and ”contemporary”
is found to lie at the 2nd level of branching of the diagram, or lower. This attests
to limited distinctness of historical versus
contemporary sets when it comes to the
similarity of particular relevés under
consideration.
The analysis of similarity carried out
on the basis of the frequency of species
(see group Table no. 3 below) for the
whole sets of relevés historical or contemporary points to a high level of similarity between the H and W sets. This
supports the contention that changes in
the communities under analysis are generally minor. In analysing changes in
floristic composition at particular sites
and overall in the local form of the association, it is possible to distinguish species whose frequency of occurrence has
been changing. Table 2 shows groups of
species whose frequencies of occurrence
are either increasing or decreasing, as set
against Ellenberg indicator values. The
group of species increasing in frequency
have lower averages for the ”L” and “F”
values, and to a lesser extent also “R”
values, than those in the group of declining species. This points to a shift in the
floristic composition towards the less
humidity-loving, more shade-tolerant and
somewhat less basophilic. This information would be in line with what both
particular sites and whole sets of data
reveal about greater closure of the stand

sociological characteristics that allow the
association to be identified for what it is.
Analysis of the tables (not presented
here), setting frequencies of occurrence
of species now and in the past against
one another, provides for the following
statements to be made:
 the floristic richness of vascular
plants has remained very similar,
though there has been a marked decline in the numbers of bryophytes
noted in relevés, this probably reflecting the level of detail in the bryological analysis,
 stands have witnessed a marked increase in the frequency of occurrence
of hornbeam in the stand, to a lesser
extent also limes and maple,
 the frequency of spruce in the understorey has declined greatly, while rowan has come in,
 elms (Ulmus minor and U. glabra)
are much rarer now,
 species characteristic of class Querco-Fagetea have not changed frequency much overall,
 species characteristic of order Fagetalia have not changed frequency
overall,
 species characteristic of the AlnoUlmion alliance are now present at
a slightly lower frequency overall,
 the share of all species characteristic
of the Carpinion betuli alliance has
risen,
 the frequency of species characteristic
for class Alnetea glutinosae increased
slightly;
 species characteristic of class Phragmitetea are present at similar frequency,
 species characteristic of class Molinio-Arrhenatheretea have changed frequency slightly,
 the frequency of occurrence of species of grass taken together has increased by more than 50%, this first
and foremost reflecting increases of
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Fig. 14. Ordering in the form of a dendrogram of the historical and contemporary releves of the association
Fraxino-Alnetum in the Forest of Białowieża. Similarity coefficient – Euclidean distance.
Ryc. 14. Uporządkowanie w formie dendrogramu zdjęć historycznych i współczesnych zespołu
Fraxino-Alnetum w Puszczy Białowieskiej. Miara podobieństwa – odległość Euklidesowa.

reported as evolution of patches within
the association, the cause for these
changes quite probably lying with the
water table. According to the latest data,
Białowieża Primaeval Forest has experienced falls in the water table in both most
and marshy habitats [Czerepko 2006,
unpubl.]. These may explain observed
changes in the communities of ash-alder
riparian forest.

layer and an increased presence in stands
of species not associated with moist
habitats. Such a shift denotes that the
studied community’s floristic spectrum
has been moving slightly closer to that
characterising oak-lime-hornbeam forest.
Overall characterisation of the changes
The pursued analysis of changes in
floristic composition tends to confirm
maintenance of a combination of species,
albeit with a slight shift towards oaklime-hornbeam forest communities that is
particularly tangible in the stand. The
shift in question is not great enough to
justify realignment of patches with another association, but it may be interpreted as an increase in the frequency of one
given variant of an association. In overall
outline, then, it is stabilisation of an association that is taking place. A more
detailed approach can treat the changes

Analysis of the directions to community
changes and a forecast of future states
in the region
The minor changes in floristic composition reported for the communities of
ash-alder riparian forest communities at
studied sites in the Białowieża Primaeval
Forest are not suggestive of any directional changes to these communities
arising in the future. It is possible to
anticipate persistence of the association
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at a strictly local level are anticipated, in
situations of either a lowering or raising
of the water table.

in a similar form at all of its sites – at
least all those not afflicted by direct destruction of the patches. Nevertheless,
processes entailing changes in conditions

Table 2. Ecological characteristics of the species changing their frequencies in the associations
of Fraxino-Alnetum within the forest precinct of Zwierzyniec
Frequency
in sets [%]

Species with growing frequency

Species with falling
frequency

Species

Ellenberg indicator numbers

1961–
–63

1998

differ
ference

L

T

K

F

R

N

Ficaria verna

71

20

-51

4

5

3

7

7

7

Carex elongata

79

40

-39

4

4

3

9

7

6

Scutellaria galericulata

71

40

-31

7

5

5

9

7

6

Veronica beccabunga

24

0

-24

7

3

10

7

6

Veronica chamaedrys

21

0

-21

6

3

4

Avarage value
of the group

53

20

-33

5.6

3.4

7.8

7.0

6,3

Ribes nigrum

29

50

21

4

7

9

5

5

Corylus avellana

79

100

21

6

5

3

Mercurialis perennis

18

40

22

2

5

3

7

7

Deschampsia caespitosa

47

70

23

6

Carex remota

76

100

24

3

Lamium maculatum

6

30

24

4

Circaea lutetiana

35

60

25

4

5

Geum urbanum

24

50

26

4

5

Lysimachia vulgaris

53

80

27

6

Chaerophyllum hirsutum

41

70

29

6

3

Stellaria holostea

24

60

36

5

6

Ranunculus lanuginosus

41

80

39

Crepis paludosa

50

90

Milium effusum

38

Daphne mezereum

18

Galium odoratum

4.7

7
5

3

3

8

4

6

7

8

3

6

7

7

5

5

7

8
8

7

3

5

6

5

3

4

6

7

8

40

7

3

8

8

80

42

4

3

5

5

5

60

42

4

4

5

7

5

6

50

44

2

5

2

5

Festuca gigantea

29

80

51

4

5

3

7

6

6

Ranunculus cassubicus

24

90

66

6

6

7

7

Avarage value
of the group

35

69

33

4.4

4.9

3.6

6.5

6.5

6,1

-1.2

0.2

0.2

-1.3 -0.5 -0.2

Difference between average values

5

L – light figuere, T – temperature figuere, K – continentality figuere, F – moisture figuere,
R – reaction (acidity) figuere, N – nitrogen figuere.
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Table 3. Rate of changes in the objects analysed.

tree species

without tree
species

all species

tree species

without tree
species

H1:H2

1949;
1960

11

78.7

89.3

75.6

20.5

10,3

23,4

M

S

M

SerratuloPinetum/Querc
o roborisPinetum

H2:H3

1960;
1966

6

74.5

84.8

71.3

32.8

19,5

36,8

VF

F

EF

SerratuloPinetum/Querc
o roborisPinetum

H3:H4

1966;
1976

10

65.4

81.8

60.0

34.6

18.2

40.0

EF

M

EF

SerratuloPinetum/Querc
o roborisPinetum

H4:W

1976;
1994

18

65.4

69.6

63.9

27.6

24.2

28.8

F

VF

F

SerratuloPinetum/Querc
o roborisPinetum

H1:H3

1949;
1966

17

68.3

84.1

64.1

25.7

13.0

29.2

F

M

F

SerratuloPinetum/Querc
o roborisPinetum

H1:H3a

1949;
1966

17

62.3

79.4

57.7

30.6

16.8

34.4

VF

M

VF

SerratuloPinetum/Querc
o roborisPinetum

H1:W

1949;
1994

45

56.9

69.0

53.5

26.1

18.8

28.1

F

F

F

SerratuloPinetum/Querc
o roborisPinetum on
constant sites

H3a:W

1966;
1994

28

72.7

82.6

69.6

18.9

12.0

21.0

S

S

S

tree species

SerratuloPinetum/Querc
o roborisPinetum

Characteristics

all species

all species

time distance

dates of
compared states

Index of changes
speed = (100-P) / logt

without tree
species

similarity of the sets
(P) [%]

Compared sets

symbols of
compared sets

Objects

Relative
classification of
changes' speed
based on the
deviation of
average index
value of 47
objects in
Poland

Fresh mixed oak-pine forests
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tree species

without tree
species

all species

tree species

without tree
species

H1:H2

1949;
1965

16

75.8

88.8

71.3

20.1

9.3

23.9

M

S

M

TilioCarpinetum

H1:H3

1949;
1976

27

72.7

86.7

67.8

19.1

9.3

22.5

S

S

M

TilioCarpinetum

H1:W

1949;
1994

45

72.1

79.7

69.9

16.8

12.3

18.2

S

S

S

TilioCarpinetum

H2:H3

1965;
1976

11

83.5

91.3

80.9

15.9

8.4

18.3

S

S

S

TilioCarpinetum

H3:W

1976;
1994

18

66.5

78.6

63.0

26.7

17.0

29.5

F

M

F

TilioCarpinetum on
constant sites

H2a:W

1966;
1994

28

75.3

86.9

72.2

17.1

9.0

19.2

S

S

S

VS

S

VS

tree species

Tilio-Carpinetum

Characteristics

all species

all species

time distance

dates of
compared states

Index of changes
speed = (100-P) / logt

without tree
species

similarity of the sets
(P) [%]

Compared sets

symbols of
compared sets

Objects

Relative
classification of
changes' speed
based on the
deviation of
average index
value of 47
objects in
Poland

Lime-oak-hornbeam forests

Alder ash forests
FraxinoH:W
Alnetum
Average value of 47
objects in Poland

1962;
1998

36

77.5

81.3

76.8

14.4

12.0

14.9

39

66.3

76.1

63.9

21.9

15.5

23.4

VS – very slow, S – slow, M – moderate, F – fast, VF – very fast, EF – extremely fast

of non-woody species (Table 3). The
similarity of pairs of tables was defined
on the basis of the aforementioned Jaccard coefficient.
The calculated co-factors of similarity
from the tables reveal differentiated similarities of the sets. Thus, for example, the
similarity of states H and W in FraxinoAlnetum amounts to 77.5% (where species composition as a whole is concerned), while the analogous figure for
similarity of H1 and W in the case of

Comparison of rates of change in the
3 objects studied
To determine the scope to differences
in floristic composition between different
states of the study objects, an analysis
based around coefficients of similarity of
sets (phytosociological tables) was carried out, comparisons being made in
three versions that involved: full floristic
composition, floristic composition of
woody species and floristic composition
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Serratulo-Pinetum is 57.1%. That said,
account also needs to be taken of the
non-uniform intervals between the recorded states of the objects. In that regard,
it emerged through wider analysis of
changes in 47 objects that the relationship between changes in similarity and
time interval between states was logarithmic in nature. For this reason, in
determining rates of change in similarity
for each object, a simple indicator of
rapidity of change was used (Table 3), as
calculated using the formula:

being present alongside other fragments representing different regeneration stages.
 The greatest differences arising out of
the study of levels of similarity between states are to be noted for pineoak-spruce forest (Serratulo-Pinetum
or Querco-Pinetum). There is a very
marked difference between the oldest
state and the contemporary one, as
well as between different historical
states, with the rates of change arising
out of these having a certain regularity that can be summed up as very rapid changes in the 1960s, with a certain bottoming out in later years. This
offers confirmation of the statement
made earlier, that pine-oak-spruce
forest has passed through a fundamental evolution reflected in an actual change of association from Serratulo-Pinetum do Querco-Pinetum.

W = (100-P)/ log t
Only on this basis was it possible to
identify which objects changed more or
less rapidly, and in which period. The
background to this analysis was in turn
provided by the mean result from the
comparisons of 47 objects in Poland, this
being the basis for the diagnosis of rapidity of change contained in Table 3.
The data contained in Table 3 sustain
the following contentions:
 Differences as regards the similarity
of the historical and contemporary
states ash-alder riparian forest has
found itself in are small, probably only just exceeding what would be expected from random variation in relation to differences between points, i.e.
the times at which relevés were prepared. Overall, the rate of change
through the last 36 years has been extremely slow.
 Differences in levels of similarity
between different states of oakhornbeam forest are not in general too
great. However, when set against
a rather slow rate of change overall,
changes taking place more recently –
i.e. between the 1970s and the 1990s
– can be seen to have been relatively
more rapid. This situation might reflect the stand’s entry into a phase of
decline or deterioration that entails
mature fragments of phytocoenosis

Conclusions
Analysis of changes at three sites representing the Białowieża Primaeval Forest’s most important forest types allows
it to be stated that, even a forest complex
showing near-natural features to an extent that is absolutely exceptional on the
scale of Europe as a whole is still characterised by noticeable directional change
that is in the nature of an evolution of
forest associations. Relatively the greatest stability is demonstrated by ash-alder
riparian forest, which most probably is
not exhibiting directional change of
a phytosociological nature. Taken as
a whole, oak-lime-hornbeam forest is
also displaying stability when it comes to
the associations that may be assigned to
it, though closer scrutiny reveals changes
in the way the variants associated with
different habitats differ from one another.
While the humid and typical variants
display little more than fluctuations encouraged by stand dynamics, the drier
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These animals proved capable of shaping
the state communities were still in when
they were described rather later on, in the
late 1940s. When an end was put to the
exceptionally high density of large herbivores (during the First World War), and
when strict protection was extended to
the Forest a few years later, conditions
allowing the forest to regenerate towards
the variant we see today were again put
in place.
If we choose to assess the aforementioned changes from the standpoint of
biodiversity conservation, we are faced
with a much more complex issue, since
there is no doubt that the earlier configuration – put in place as it may have been
by anthropopressure mediated via game
animals – was richer from the floristic
point of view than the present more “natural” one. This is particularly true of
pine-oak-spruce forest, as well as certain
variants of oak-hornbeam forest. We are
thus dealing with a case in which renaturalisation leads to the reduced floristic
diversity of certain communities, and
eventually even to a limitation of diversity at the level of the plant association.

variants are manifesting more marked
changes that entail a shift from the variant with thermophilous species to the
typical sub-association. Changes of this
kind correspond well with those in pineoak-spruce forests occupying habitats
that are poorer than those in the poorest
variants of oak-lime-hornbeam forest.
These forests are experiencing the loss of
a large group of light- and warmth-loving
species that are of major diagnostic value
in phytosociological systematics. Over
50 years, forests of the fresh mixed/coniferous type have evolved sufficiently to now represent a different plant
association than was present at the beginning of the period. This change has
been brought about by a change in the
local inventory of associations.
The obtained results sustain the belief
that reported changes are to be interpreted as the effect of a regeneration of the
forest complex following release from
the specific zoo-/anthropopressure it was
subject to in the 19th century, due to its
having been treated as an area for the
intensive rearing of game, notably large
ungulates like bison, moose and red deer.
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Streszczenie
Przemiany w zespołach leśnych Puszczy Białowieskiej w drugiej połowie XX wieku
Praca prezentuje wycinek badań nad zmianami zachodzącymi w lasach Polski
w ostatnich 50 ciu latach. Prezentowane są badania przeprowadzone w Puszczy Białowieskiej (północno-wschodnia Polska) – wyjątkowym obiekcie przyrodniczym w skali
europejskiej, którego roślinność leśną traktuje się jako naturalną a w części nawet pierwotną. Badaniami objęto w zakresie składu florystycznego fitocenoz trzy zespoły leśne:
umiarkowanie acydofilny las sosnowo-świerkowo-dębowy (Serratulo-Pinetum), eutroficzny las dębowo-lipowo-grabowy (Tilio-Carpinetum) i wilgotny las jesionowoolszowy (Fraxino-Alnetum). Badania polegały na porównaniu stanów zbiorowisk leśnych opisanych w końcu lat 40. i późniejszych ze stanami z lat 90. XX wieku.
W wyniku badań stwierdzono niewielkie zmiany w zakresie siedlisk wilgotnych
i żyznych oraz znacznie wyraźniejsze zmiany na siedliskach uboższych (SerratuloPinetum, część Tilio-Carpinetum). Najważniejsze zmiany polegają na zanikaniu gatunków światłolubnych związanych z luźnymi lasami a także ze zbiorowiskami otwartych
łąk i muraw, natomiast rozprzestrzenianiu się gatunków cienistych lasów. W części
zbiorowisk widoczne są także zmiany w drzewostanie. Efektem zmian jest ewolucja lasu
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sosnowo-świerkowo-dębowego od bogatego florystycznie zespołu (Serratulo-Pinetum)
do znacznie uboższego (Querco roboris-Pinetum). Zmiana ta nastąpiła głównie w latach
50. i 60. XX wieku.
Analiza wyników pozwala na poparcie hipotezy, że główny kierunek zmian omawianego rodzaju w zbiorowiskach leśnych Puszczy Białowieskiej jest spowodowany
trwającą od kilkudziesięciu lat regeneracją lasu po bardzo intensywnej presji zwierząt
łownych, jaka miała miejsce w XIX wieku.
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Abstract

The work presented here reflects study of the features of, and regularities to, the geomorphological impacts of peak high-water events along mountain watercourses in the
basins of the Bóbr and Kwisa, which are in the Western Sudetes (Mts.) of SW Poland.
Considerations are mainly confined to zones of erosion, as well as those predisposed to
the deposition of rocky material transported by the rivers. Specifically, research was
based around the mutual supplementation and comparison of data from historical sources
(descriptions of flooding from the 14th century onwards), fieldwork done in August
2006 (in the course of one of the most major events involving high water of the last
several decades), and geomorphometric analysis of a digital elevation model. GIS study
took in part of the Kamienna basin, which displays considerable diversity of relief. The
work made use of secondary parameters popularly applied in geomorphological and
hydrological study, i.e. the wetness index and stream power index, the LS factor, a multiresolution index of valley bottom flatness and a multiresolution index of ridge top flatness.
It has been established on the basis of the results presented that the channel of the
Sudetic rivers should today be regarded as stable from the point of view of erosion and
accumulation processes. This is even true of sections on the surfaces of alluvial fans.
Relatively the most active fluvial processes (e.g. channel avulsion) are present in builtup parts of the valley floor. Natural sections or semi-natural channels are adapted morphologically to the flow at times of peak high-water. In the past, the urbanisation of
mountain valleys ensured that there was at times catastrophic flood-induced destruction
there. Analysis of historical sources has allowed for the identification of places that are
potentially most vulnerable to changes in relief through the action of fluvial processes,
i.e. the zones beneath the morphological edges of the mountains, as well as parts of
V-shaped valleys and areas in their immediate vicinity.
*

E-mail: marek.kasprzak@uni.wroc.pl
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Comparison of the effects of historical and modern day peak high-water events
shows that the size of flows at these times need not be the main factor determining how
active processes of erosion and accumulation are. Rather, a marked influence on activity
is exerted by the relief of valley bottoms and sides, the extent of plant cover in basins,
and the effectiveness of the hydrotechnical installations mainly put in at the beginning of
the 20th century. The specifics of the relief outline in the Western Sudetes are such that
the conclusions drawn here may also be applied to other ranges of middle-height mountains in Europe.
under study, and are mostly quite different from those typical of lowland rivers.
The work contained here addresses
a fluvial system in the Western Sudetes
(sometimes also known as the Western
Sudety Mountains) that forms part of the
Odra (Oder) drainage basin. This is
a region comprising such lands known
from history as Silesia and Lusatia. The
mountains in question are of average
height [Kotarba and Migoń 2010], in this
respect resembling such massifs as the
Schwarzwald, Harz, Thüringer Wald or
Bohemian Forest (Czech Šumava). In
these areas, altitudes do not usually exceed 1000–1500 m a.s.l., with only a few
peaks therefore extending beyond the
treeline. There is obviously no contemporary glaciations under these circumstances.
What is important is that the areas in
question have a long history of settlement, and have been very much transformed by human activity since the Middle Ages (deforestation to meet the needs
of industry, agriculture and the regulation
of watercourses). The western part of the
Sudetes in fact represents the main features of the massif as a whole. Indeed, it
may serve as a model example for European mountains of average elevation in
general, this being a specific type of
mountain landscape on our continent.
The subject of peak high-water along
mountain rivers and its consequences is
taken up after almost every important
example of an event of this kind. However, it needs to be stressed that most of the
relevant publications appearing in Poland

Introduction
In European conditions, the large
”flood waves” passing along rivers, otherwise termed episodes of extreme peak
high-water, are among the main factors
giving rise to tangible material losses that
natural processes are capable of generating. This is attested to in reports from the
European Environment Agency: over just
5 years (of the 1991–1995 period), floods
caused continent-wide destruction to the
level of an estimated 99 bn euros [Estrela
et al. 2001]. The flood events (at times
grouped under the exaggerated term of
”flood of the millennium”) that affected
Central Europe in August 2002 in turn
generated economic losses worth almost
12 bn euros [Watkiss et al. 2007]. In
Poland, particularly hard-hitting floods of
recent times were the massive ones taking place in 1997 [Dubicki et al. 1999]
and 2010, together causing many tens of
deaths.
Worthy of note among extreme fluvial events are the abrupt periods of peak
high-water that characterise mountain
rivers and streams. In these cases, the
”flood wave” moves along the water
course very rapidly, ensuring that forecasts are often as ineffective as they are
hard to achieve. Furthermore, the capacity of rivers in these situations to transport
very large-grain rocky rubble ensures
that rises in water level, pure and simple,
go hand in hand with very active periods
of channel and bed remodelling. Such
features are characteristic in the cases
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laws governing channel flow and the
transport of material by rivers, data in the
literature on the transformations of valley
relief taking place during episodes of
mountains flooding allowed for the development of a further catalogue of
schematic scenarios for the different
events. Places potentially threatened by
the impact of erosion and accumulation
processes were verified, inter alia on the
basis of cartographic material. To this
end, a review was carried out of sheets of
the 1:10 000 topographic map, the Detailed Geological Map of the Sudetes
(SzMGS) at 1:25 000, the Geologische
Karte von Preußen at 1:25 000, and the
Hydrographic Map of Poland at a scale
of 1:50 000.
Analysis of the relief-related conditioning that determines erosion- and
accumulation-related processes in the
selected basins was further pursued using
a DEM (digital elevation model). The
model in question arose out of the digitisation of topographical maps in the collections of the Institute of Geography and
Regional Development of the University
of Wrocław. The model has resolution to
c. 30 m and vertical accuracy to c. 2 m.
A fuller description of the model is to be
found in Migoń et al. [2009].
The choice of basins was made in line
with their displaying as diverse a topography as possible. The analysed partbasins in fact take in V-shaped mountain
valleys, sections of gorge, gully or canyon, areas at the foot of the mountains
and part of an intermountain basin.
Thanks to a lack of data that would have
provided for the modelling of channel
processes (maximal flows, full-channel
flows, grain-size of material, bottom
profiles, etc.), the focus was on a general
characterisation of the topographic conditioning of processes.
Use was made of the secondary geomorphometric parameters appearing most
often in hydrological and geomorphological analyses [Urbański 2008], i.e.: TWI

address the causes and most spectacular
effects in regard to changes in valley
relief. In contrast, there are only a few
synthetic works.
It was thus the intention of the author
to track down existing information, including from beyond the scientific literature and into the historical notes made by
chroniclers, as well as stories in the
press, and then to interpret this information in relation to the geomorphological consequences of floods, and to set
that against today’s observations made in
the course of the extreme “flood wave”
events noted in the basins of the Kwisa
and Bóbr in August 2006.
The result of the work carried out was
to be the identification of characteristic
scenarios where the transformation of
river valleys is concerned, as well as the
indication of particular places prone to
potential losses as a result of extreme
cases of peak high water. A more detailed picture was in turn to be offered in
respect of a section of the basin of the
River Kamienna, in which geomorphometric analysis was to be carried out on
the basis of a digital elevation model.
The analysis in question was then to be
set against the results of geomorphological mapping and the inventorying of
flood-induced destruction.
Research methods
The methods applied in achieving the
objectives set out above can be divided
into three main groups: the study of cartographic materials and subject literature,
analysis of a digital elevation model
using GIS, and fieldwork.
As a result of research of the above
profile, it proved possible to create
a calendar of flood(ing) events taking in
several tens of such episodes noted in the
basins of the Kwisa and Bóbr since the
14th century. In turn, as combined with
field analysis and knowledge of the basic
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zones with convex forms within valleybottom areas [Gallant and Hutchinson
2008, Wang and Laffan 2009]. In practice, the two parameters are helpful in
forecasting the links between the shaping
of valley bottoms and accumulation processes. MRVBF is determined on the
basis of an initial parameter that is slope
inclination of the land. The calculation
algorithm employed ensures that values
taken on are below 0.5 where areas are
not valley bottoms (i.e. are ridges, plateaus and slopes), and higher in the case
of broader and flatter valley bottoms
[Gallant and Hutchinson 2008]. The
parameter
MRRTF
derives
from
MRVBF.
In addition, a river network was generated using the D8 (eight flow directions) algorithm described by O’Callaghan and Mark [1984], which allows
for the designation of directions of flow
(out of 8 possible choices) for each DEM
raster [Tarboton et al. 1991, Tarboton
1997]. Deliberately, no corrections were
made in the cases of errors to the course
of the river channel axes designated. The
depiction of the river network that was
obtained departs somewhat from reality
(in regard to bifurcations, the concentration of watercourses in flat areas, improper starting points for a watercourse,
etc.). However, this all reflects properties
of DEM, and indirectly features of the
area itself, to some degree pointing out
places at which channel changes might
potentially arise.
The GIS elaboration made use of free
SAGA GIS programming, as well as
MicroDEM [Guth 2009, Cimmery 2010].
The results were set against information
obtained through geomorphological
mapping carried out along the Rivers
Kamienna and Mała Kamienna following
the extreme peak high-water event in
August 2006. Checks were made on the
extent to which the places designated in
theory as predisposed to relief modification were actually changed by the erosion

(the topographic wetness index), SPI (the
stream-power index) as well as LS (the
slope length factor) – in relation to the
capacity to transport sediment. The modelling was augmented by parameters
known as MRVBF (the multiresolution
index of valley bottom flatness) and
MRRTF (the multiresolution index of
ridge-top flatness). There is no space
here for any more detailed description of
the relevant formulae in these cases, all
that is attempted being a brief-as-possible
overall characterisation. The reader will
find full explanations in the sources cited. While it usual for the parameters
under discussion at this stage to be used
in determining trends to slope development, they may also be related to rivervalley bottoms.
The concept of the topographic wetness index was advanced by Beven and
Kirkby [1979]. This parameter points to
the dependent relationship between the
size of the area playing a role in surface
runoff (the fragment of the basin) and the
value for the inclination of its slope. The
TWI is assumed to show the spatial distribution of soil wetness and the degree
of saturation with moisture of the land
surface. It is one of the basic elements in
hydrological modelling where the conceptualisation of slopes (and indeed
whole basins) is concerned [Sørensen et
al. 2005]. The stream-power index SPI is
in turn a parameter that measures the
potential erosive power of surface runoff
[Fried et al. 2000], while the LS parameter is a component of the empirical USLE
(Universal Soil Loss Equation) model
applied in the study of soil erosion
[Laflen and Moldenhauer 2003]. It takes
account of co-factors of length and slope
inclination in the potential movement of
rocky material.
The less well-known parameters
MRVBF and MRRTF described by Gallant and Dowling [2003] serve in the
respective identification of zones of flatness or local depressions, as well as
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Tomaszewski 1994]. On the basis of
research carried out in experimental
drainage basins, conclusions were drawn
regarding the dynamics to the riparian
transport of rocky debris [Bieroński
1994, Bieroński and Tomaszewski 1994,
Katrycz 1998], erring on the side of caution (i.e. overestimating) trends towards
channel aggradation. Work from the field
of geomorphology was also inspired by
extreme peak high-water events of the
kind occurring in July 1997 [Migoń et al.
2002]. These events helped Zieliński
[2003] in his classification of channel
forms in the conditions of the Sudetes.
Unfortunately, there remains a tangible
lack of determinations of the basic hydraulic and hydrological parameters to
watercourses of all orders that would be
needed for flows – e.g. full-channel flows
– to be modelled.
In the case of the Western Sudetes,
the exceptional hydrological phenomena
that have arisen are relatively well documented by the historical literature, which
lends itself to geomorphological interpretation [Gurnell et al. 2004, Brázdil et al.
2006]. Historical materials mainly draw
on earlier studies that the rulers of Silesia
had compiled from the beginning of the
19th century onwards [Inglot 1986,
Czapliński 2004]. In turn, from the mid
18th century onwards, there are chronicles of noteworthy events and happenings that offer insights into extreme natural phenomena. The early 19th century
brought the onset of systematic meteorological observation and hydrological
measurements in Silesia.
Some of the flood(ing) events notable
in their impacts have even become the
subject of whole books of their own. One
of the most exhaustive works of this kind
– Die Hochwasser-Katastrophe... [1897],
ironically by an anonymous author –
describes in epic terms the “flood waves”
that passed down rivers in the Karkonosze Mountains and Jelenia Góra Basin
following one of the largest known

or accumulation processes that had taken
place.
Finally, an attempt was made to classify the erosion- and accumulationrelated consequences of peak high-water
events along mountain streams. The end
product in this case was a conceptual
map augmented inseparably by an explanatory table. The reader will find this
at the end of the paper.
Extreme fluvial processes and their
consequences as described
in the subject literature
Tracking new publications and/or the
titles of articles appearing in such leading
geomorphological journals as Earth
Surface Processes and Landforms, Geografiska Annaler Ser. A., Geomorphology, Zeitschrift für Geomorphologie, The
Journal of Hydrology and so on, one
could be forgiven for thinking that fluvial
processes and forms shaped by flowing
water are the subject of an absolute scientific Renaissance. However, while
world literature on fluvial processes, their
geomorphological consequences and
flood risk management is indeed exceptionally rich, there are few publications
in this area relating to the Western Sudetes, i.e. the present subject of study.
However, one precursor to the modern fluvial studies in this area entailed the
work done by Teisseyre [1977, 1979,
1989, 1990 and 1991], which inter alia
described the dynamics to Holocene
alluvial fans, active only during the highest of peak high-water events. He also
tackled the issue of bank erosion, drawing attention to the overwhelmingly important role of thermoerosion in the annual courses to fluvial processes.
In the 1990s, a series of studies appeared devoted to changes in slope and
channel systems brought about by the
deforestation of mountain catchments
[Bieroński et al. 1991, Bieroński 1993,
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moraines). Slope relief is in turn characterised by periglacial forms like screes
and rock fields.
The area of the Western Sudetes is
incised by a system of V-shaped valleys
relating to tectonic faults or the inclinations of slopes. In the foothills area, valleys are shorter (usually only up to 5 km
long), and present in more complex configurations. On the floors of intermountain basins, valleys have a flat-bottomed
cross-section, with a developed system of
Pleistocene and Holocene terraces. Basins are usually drained by gorge valleys.
The substratum in the area is created by a
mosaic of rocks of differing age representing geological development form the
Neo-Proterozoic through to the youngest
Caenozoic [Żelaźniewicz 2005]. There is
a superficial dominance of crystalline
rocks beneath the slope clays, river alluvia and locally-occurring sediments deposited by the Scandinavian Ice Sheet,
which probably encroached just once
[Badura and Przybylski 1998] – from the
north on to the floors of the Sudetic basins.
The Western Sudetes offer the first
more major orographic barrier reached
by moist air masses moving in to Central
Europe from over the Atlantic. It is for
this reason that, in summer in particular,
there may be downpours of rain here
achieving an efficiency not to be met
with in other parts of the country, even in
more-elevated parts of the Carpathians.
Close by the Polish-Czech border, in the
Czech part of the Izerskie Mountains,
various stations measuring precipitation
observed record 24-hour totals on 29th
July 1897, which is to say 345.1 mm (at
Nová Louka, 780 m a.s.l.) and 300 mm
(at Jizerka, 970 m a.s.l.). Likewise, August 13th 2002 brought figures of 278
mm (at Knajpa, 967 m a.s.l.) and 271.1
mm (at Smĕdavská Hora, 1006 m a.s.l.)
[Brázdil et al. 2005]. On the Silesian
side, the 1897 totals noted were not much

floods that region has ever seen, at the
end of July 1897.
In the 19th and 20th centuries, floods
regularly became the subject of press
articles that offer valuable information on
the course of events and the scale and
nature of the material losses. Furthermore, certain anniversary additions of
publications feature chronicles of extreme events, e.g. Nentwig [1897], Schubert [1898]. Modern-era compilations in
the Polish language in turn include the
list of historical floods provided by
Szczegielniak [1979]. Similar entries are
to be found in the studies by Margas and
Szymczak [1969], Inglot [1986] and
Czerwiński [1991]. Today, the most
complete summation of the peak highwater events that have occurred in Lower
Silesia’s rivers is to be found in Kasprzak
[2010].
Specifics of the study area
The Sudetes are characterised by the
fact that isolated ranges are separated by
basins or foothill areas [Jahn 1980]
(Fig. 1). The mountains massifs are
mainly horsts confined by steep morphological thresholds that have been cut into
by erosion [Migoń 2008]. The rather
steep slopes thus contrast markedly with
the rather flat summital plateaus traditionally associated with areas of a palaeogenic planation in warm climatic conditions [Walczak 1968], as well as the flat
bottoms of basins diversified by isolated
areas of heights. The areas covered by
basins with slope inclinations of less than
2º account for more than 10% of the
Western Sudetes, whose highest parts –
in the Karkonosze and Izerskie Mountain
sub-ranges – attain altitudes of around
1250 m a.s.l. Parts of the Karkonosze
support traces of both nival and glacial
modelling (with cirques and glacial
polish, as well as terminal and lateral
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Fig. 1. The study area on a shaded relief map: 1 – basin of the Kwisa, 2 – basin of the Bóbr, 3 – basin of the
Kaczawa, 4 – basin of the Elbe (feeding into the North Sea); cities, towns and villages: Ba – Barcinek;
Gó – Górzyniec, GŚl – Gryfów Śląski, Ja – Jakuszyce, JG – Jelenia Góra, Ka – Karpacz, Ki – Karpniki,
Km – Kamień, Kn – Komarno, Ko – Kowary, Kr – Krobica, Kw – Kaczorów, Le – Leśna, Lu – Lubawka,
Lz – Lubomierz, Ło – Łomnica, Mi – Mirsk, My – Mysłakowice, Or – Orłowice, Pi – Piechowice,
Po – Podgórzyn, SK – Stara Kamienica, So – Sobieszów, Św – Świerzawa, ŚZ – Świeradów Zdrój,
SzP – Szklarska Poręba, Wl – Wleń, Wo – Wojcieszów. Black lines denote the limits of basins,
including the analysed part of the River Kamienna basin.
Ryc. 1. Obszar badań na mapie cieniowanego reliefu. Objaśnienia: 1 – zlewnia Kwisy, 2 – zlewnia Bobru,
3 – zlewnia Kaczawy, 4 – zlewnia Łaby (zlewisko M. Północnego); Miasta i wsie; Ba – Barcinek;
Gó – Górzyniec, GŚl – Gryfów Śląski, Ja – Jakuszyce, JG – Jelenia Góra, Ka – Karpacz, Ki – Karpniki,
Km – Kamień, Kn – Komarno, Ko – Kowary, Kr – Krobica, Kw – Kaczorów, Le – Leśna, Lu – Lubawka,
Lz – Lubomierz, Ło – Łomnica, Mi – Mirsk, My – Mysłakowice, Or – Orłowice, Pi – Piechowice,
Po – Podgórzyn, SK – Stara Kamienica, So – Sobieszów, Św – Świerzawa, ŚZ – Świeradów Zdrój,
SzP – Szklarska Poręba, Wl – Wleń, Wo – Wojcieszów.Czarnymi liniami zaznaczono granice zlewni,
w tym analizowany fragment zlewni rzeki Kamiennej.

800–1300 mm [Kwiatkowski and Hołdys
1985, Kulasowá and Bubeníčkowá
2009].

smaller: 239 mm (on Mt. Śnieżka, 1602
m a.s.l.), 225 mm (at the Prince Henryk
Hostel – a building no longer in existence
that was located on the edge of the
Wielki Staw basin in the Karkonosze
Mountains, at 1410 m a.s.l.), as well as
220 mm (at Karpacz Górny, 885 m a.s.l.),
albeit in connection with a four-day total
for this station of 355 mm (recorded
between 28th and 31st July 1897) [Regell
1905, Munzar et al. 2008]. The mean
totals for annual precipitation in these
altitudinal zones lie within the range

The hydrographic network and floods
The Western Sudetes fall within the
Baltic and North Sea Basins. On the
Polish side of the border, the land is
drained via the basins of the Nysa
Łużycka, Kwisa, Bóbr and Kaczawa, all
forming part of the Odra system. The
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al. 2006]. Of major significance to the
runoff of waters are the shortlived watercourses with high throughputs.
During the most abrupt events, in the
summer, mountains brooks may discharge quantities of water that are several
tens of times higher than the long-term
average amounts. During the 1897 flood,
abundant rainfall ensured that, on July
31st, the flow at the Leśna profile on the
Kwisa and the Pilchowice profile on the
Bóbr respectively recorded 110 m3·s-1
[Bachmann 1925] and 1187 m3·s-1 [Spoz
1978], as compared with long-term mean
values in the period 1951–1990 of 3.2
and 11.6 m3·s-1 [Dubicki et al. 2005].
There are many gauges at which warning
or alarm states are exceeded almost every
year, most often however in the spring
period with the melting of snow cover.
The flow of peak high waters is modified by intensive hydrotechnical construction. This began in the wake of the
flooding experienced in 1888 and 1897
[Budych and Majewicz 1999]. Reservoirs
serving in both retention and power generation were built in the analysed part of
the Sudetes, along with dry reservoirs,
systems of dams to trap rocky rubble and
cascades along parts of the river channels. Human interference in the hydrographic network is even visible in the
uppermost parts of watercourses, this
linking up with forest utilisation and the
existence of a well-developed system of
field and forest roads.

Elbe basin in turn extends to the Polish
part of the Izerskie Mountains, which are
drained by the Izera and its tributaries. In
the Western Sudetes, the clear areal dominants are the part-basins of the Bóbr and
Kwisa, whose main hydrographic parameters are as presented in Table 1. The
latter basins will come under analysis in
a later part of the work.
Within the local hydrographic system, the attention is drawn to the concentric configuration of watercourses linking
up at the bottoms of basins, as well as the
stepwise long profile to channels [Dumanowski 1951, Jahn 1980], which is
influenced by neo-tectonic factors. Most
channels have a straight or somewhat
winding course, though rivers draining
the floor of the basin do tend to have
fully meandering channels [Teisseyre
1990]. In upper parts of their basins,
streams are in the nature of valley or
valley-gulley watercourses with clearly
shaped slopes, or else slope streams
without any more distinct valley depression [Tomaszewski 1994]. Slopes to the
long profiles of channels in the mountain
valleys can exceed 5‰, or even 10‰
along the most elevated sections. The
floors of channels are varied in character,
with rocky sections co-occurring alongside alluvial ones. A very widespread
channel type is the gravel-bottomed
channel.
In the Western Sudety region, average unit runoff is in the range 10–35
m3·s-1 km-2 depending on the topographic
situation [Dubicki et al. 2005]. Through
the annual cycle there are marked variations in water levels, as the rivers in the
Karkonosze, for example, are characterised by very low water in the autumn, as
well as a threefold cycle of intensive
alimentation – thanks to rain and melting
in winter (in December or the first third
of January), the spring thaw lasting from
March through to the beginning of May,
as well as rainfall in summer, notably the
last third of July and August [Dubicki et

Characterisation of Western Sudety
peak high-water events on the basis
of observations from August 2006
The peak high-water events of August
2006 were among the most serious to
occur in the area of the Western Sudetes
Mountains in the last few decades. They
resulted from the prolongation of precipitation to 5 days following four weeks of
drought. The measured intensity of rain-
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Table 1. Main parameters of the Rivers Bóbr and Kwisa at the profiles closing off the study area.
Work based on Dubicki et al. [2005].

River
Kwisa
Bóbr

Profile
Leśna
Pilchowice

Basin area
A [km2]
304
1209

Elevation
of source
H max
[m a.s.l.]
1020
600

Elevation
at profile
H min
[m a.s.l.]
238
238

Mean flow
SQ [m3·s-1]
3.2
11.6

SQ – mean value for flow over the whole 1951–1990 period.

fall reached 98 mm over 3 hours locally
(Świeradów Zdrój, August 7th, 15.00–
–18.00 UTC; data from the Institute of
Meteorology and Water Management,
IMGW). Rainfall of 24-hour efficiency
reaching 46 l per m2 (at Karpacz) brought
about an August 7th exceedance of warning states and then alarm states along
both the Bóbr and the Kwisa, as well as
the majority of their mountain tributaries.
Waters remained at a high level the next
day also, and indeed until August 10th in
the case of lower sections of the Bóbr.
Maximal flows in the mountain
brooks were noted on the first day of
flooding. However, there were two distinct culminations – in the early afternoon and in the evening. During this
time, the Kwisa rose beyond warning
levels by 167 cm at Mirsk, the Kamienica
by 290 cm at Barcinek and the Kamienna
by 200 cm at Piechowice (data from the
IMGW). It was the dynamic to the accumulation of water that was noteworthy,
as well as the level reached – the Kamienica in Barcinek rose 200 cm in just 3
hours (August 7th, 18.00–21.00 UTC;
data from the IMGW).
Under the above circumstances,
amounts of precipitation exceeded the
infiltration capacity of the substratum,
meaning that intensive surface runoff
down slopes took hold. The drainage
system in operation at this point comprised roads, paths and eroded gullies,
but surface runoff was even noted over

entirely closed vegetation cover. Road
surfaces were inevitably destroyed,
drainage ditches either scoured to greater
depths (even by 1.5 m in the case of the
existence of evorsion potholes, these
being at times expanded by up to 3 m,
and at times completely filled with fine
material (this mainly near the exits from
erosion troughs).
The increased supply of rocky rubble
to channels resulted in the total filling of
dry reservoirs previously installed along
the upper sections of rivers to intercept
material of this kind. Accumulation sections of streams were affected by the
creation of shoals of areas up to several
hundred m2 and thicknesses in the range
0.5–1.5 m (Fig. 2.). Shoals of coarsegrained material in the middle of channels where banks had been reinforced
attained similar dimensions. Even elements of rocky material of long-axis
dimensions equal to 1.5 m were subject
to imbrication. In the zone beyond the
channel, material of the finest fractions
was subject to deposition (Fig. 3). The
surface of the spurs of river bends mainly
accumulated sand in the form of parallel
elongated patches deposited beyond each
obstacle among the substrate micromorphology. Such sediments were also
formed beyond the floodbanks. The accumulation of rocky material was encouraged by the presence of jams of
wood in the clearance under bridges.
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Intensified bank erosion was noted
along concave stretches of bank (Fig. 4).
It was also a feature of places located
below elements of hydrotechnical infrastructure in channels, as well as along
convex stretches of bank where the opposite bank was well-protected by a wall.
The most major collapses of bank (3–5
m, exceptionally up to 25 m long) arose
where vortices in the water generated
erosion. Moreover, the undercutting of
banks gave rise to superficial landslips in
the upper sections of river. Along the
Kwisa, these forms achieved lengths of
10-20 metres, and extended up to 20 m
high. Local areas of narrows saw channels scoured to the point where solid
bedrock was exposed on the bottom. The
erosion- and accumulation-related consequences of peak high-water events more
than once affected the same stretches of
watercourses. And on the alluvial fan of
the Mała Kamienna lateral flood channels were activated (Fig. 5).

events unequivocally. The interpretations
in question are provided in Tables 2
and 3.
Our available overall knowledge on
the modelling of river channels, as well
as the changes in fluvial relief that are
being achieved in the Western Sudetes,
conditioned local relief, and the means
by which basins and hydrotechnical installations are managed, gives rise to
a concept whereby several basic scenarios for potential events usually ongoing
on a small scale take shape. Here scenarios have been presented in a schematic
way in Table 4. The application of the
scenarios created has served in the study
of the spatial breakdown to potential
changes in fluvial relief in the Western
Sudetes part of the Bóbr and Kwisa basins. Places capable of being interpreted
unambiguously are as presented in Fig. 6.
In most situations it was certain whole
sections to which categories were assigned. These should not be treated as
single points. The classification given has
not taken account of scenario no. 9 from
Table 4. A categorisation of this kind
would have to appear in the place of each
merger of watercourses.
Repeating most commonly among the
identified situations is the relationship
between the erosion of concave banks
and the building up of convex banks (27
cases). In 21 cases, it was possible to
report the generation of flow channels
cutting across the spurs of meanders.
Changes in fluvial morphology are also
commonly caused by change in the hydraulic gradient (13 cases), as well as the
emergence of damming under bridges,
giving rise to avulsion of channels (11
cases). There should be full awareness of
the joint action of many factors giving
rise to intensifying erosion or the efficient deposition of rocky material.

Analysis of historical sources and the
content of cartographic materiałs
In the main, the historical information
on peak high-water events in mountain
rivers that the author was able to collect
or was cited in other studies is focused on
the economic losses or human victims.
Though some of the original postings
raise the spectra of catastrophe in a rather
exaggerated way, these are reliable materials. Nevertheless, little attention is
mostly paid to the processes that we
would today dub ”gemorphological”,
unless it was the processes themselves
that actually caused the damage, as opposed to the influx of water per se. However, on the basis of the available synthetics studies cited above, it did prove
possible to interpret at least some of the
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Table 2. Peak high-water events in the Kwisa basin (as far as Lubań) – a geomorphological interpretation of historical data not taking account of information on inundation, economic loss or
casualties and fatalities. Based on Kasprzak [2010].
Date

Information as to how valley relief was altered

1351

–

8.07 or 8.08.1432

Bank erosion at Leśna (destruction of 48 homes and outbuildings), avulsion at Baworowo

1469, 1496, 1529, 1550,
1556, 1567, 1570, 1591

–

end of July 1609

Damage to bridges at Gryfów Śląski due to jamming

July 1613
24–28.06.1622

Bank erosion (and destruction of buildings) at Gryfów Śląski

14.07.1649, 11.10.1653,
1667

–

2.07.1675 r.

Jamming of material at the bridge by the Żytawska Gate at Gryfów Śląski, erosion at Leśna and
Smolnik (by the Bruśnik and the brook called the Miłoszowski Potok)

1686, 1688

–

17.08.1692

Change of course of the Czarny Potok watercourse

4.08.1694

Bank erosion at Miłoszów (along the Miłoszowski Potok)

summer 1702

The great ”Silesian Flood” – avulsion and the creation of a new channel for the Kwisa in the
Mroczkowice and Krobica areas, a July 14th episode of erosion and jamming at the bridges at
Mirsk (5 houses destroyed, along with all the jetties, bridges and sluices)

1703

Continuation of the ”Silesian Flood”, with bank erosion at Kliczków, and jamming of the dam
and bridge at Ławszowa

1714, 1723, 1732, 1750,
1766, 1795, 1797, 16 VI
1803

–

16.06.1804

Bank erosion and jamming leading to the destruction of bridges and mill weirs at Mirsk

August 1858

Erosion and jamming causing damage to all bridges from Świeradów to Nowogrodziec (except
for 2 bridges at Gryfów Śląski and Kościelnik)

3.08.1888

Erosional destruction of the railway station in Lubań and of the track bed at Księginki (today a
district of Lubań)

29–31.07.1897

Collapse of the rail bridge at Gryfów Śląski due to erosional undercutting

June 1926, July 1958, 1– –
2.08.1977, 20.07.1981,
12–13.08.2002
8.08.2006

Erosion of banks along the Kwisa in its Świeradów Zdrój–Mirsk section, accumulation of transported debris in the Kamień area, jamming by woody flotsam at Świeradów, erosion of convex
banks along the upper section and the accumulation of debris on the spurs of meanders

23–24.07. 2007

–

117

M. Kasprzak

Table 3. Peak high-water events in the Bóbr basin (as far as Wleń) – a geomorphological interpretation of historical data not taking account of information on inundation, economic loss
or casualties and fatalities. Based on Kasprzak [2010].
Date

Information as to how valley relief was altered

1351

–

1412

Destruction of Broniów village following erosion along the Czerwona Dolina valley (Czerwonka
watercourse)

1428, 1462, 1468, 1472,
1496, 1501, 1563

–

May 1567

–

September 1567

–

1570

Erosion of floodbanks and defensive walls at Kamienna Góra, bank erosion in the suburbs of
Jelenia Góra, and deposition of sediment on cultivated fields

1573, 1582, 1587, 1590,
1591
24.06.1592

Bank erosion leading to the destruction of 5 homes at Cieplice

21 or 25.05.1596

Bank erosion leading to the destruction of 11 homes at Cieplice and 6 at Malinnik (today districts
of Jelenia Góra)

23.08.1596

–

2.06.1608

Numerous cases of jamming by trees the waters have brought down

8.06–25.07.1622, 1653,
1667

–

14.07.1702

Jamming of the bridge at Cieplice with flotsam, avulsion of the Mała Kamienna at PiechowiceGórzyniec, erosion of banks along the Kamienica and Kamieniczka causing destruction of homes
at Stara Kamienica, Nowa Kamienica and Barcinek, complete washing away of c. 5 ha of farmland at the village of Kwieciszowice along the Jaroszowski Strumyk watercourse otherwise
known as the Jaroszowski Potok (a right-bank tributary of the Kamienica), mudflows following
the breach of a dam formed by woody flotsam, with the river creating a new channel

July 1715

Bank erosion at Jagniątków and Sobieszów, with built-up areas damaged

1736, 11.12.1774,
5.02.1775, 3.07.1778,
May 1785, June 1785

–

16.08.1786

Shifting of the ground at Miłków

June 1792

–

12–15.07.1795

Destruction of all bridges along the Łomnica at Miłków and intensified erosion between Ścięgny
and Kowary, as well as avulsion of the Łomniczka and intensive soil erosion near Wilcza Poręba,
plus destruction of a bridge on the Kamienna in Jelenia Góra .

June 1804
23–24.05.1810

Erosion plus debris accumulation along the channel of the Jedlica at Kowary, the largest rocks
transported weighing some 750–1000 kg

27.08.1813

Erosional damage in Jelenia Góra

January 1827

Avalanche in the post-glacial cirque holding the Wielki Staw tarn

10–11.06.1829

Avulsion of the Bóbr at Dąbrowica (upstream of Jelenia Góra), with accumulation of sandy
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Date

Information as to how valley relief was altered
sediment on the floodplain around Wleń

spring 1844

Another Lawina in the depression holding the Wielki Staw tarn, with crushing of ice and the
expulsion of lake water resulting in damage due to erosion downstream in Karpacz Górny

4.06, 11.08, 14.08.1854

–

29.07–2.08.1858

Intensive erosion of farmed slopes, accumulation of debris along the river’s course, but with
severe erosion in the Kamienna Valley near the confluence point with the Czarna Płóczka,
destruction of banks by erosion along the Jedlica at Kowary resulting in damage to homes

1867

Washing away of bank reinforcements

18.08.1872

Jamming of the bridge at Podgórzyna

17.07.1882

Landslips on slopes, bank erosion and the accumulation of debris in valley bottoms

18–19.06.1883

Erosional destruction along the Kamienna

3.08.1888

Destruction of all bridges in Szklarska Poręba, erosional destruction of bank reinforcements, the
dumping of debris on meadows and fields on the valley bottom (and with silt deposition of fields
by the Kamienica near Chromiec), destruction of the bank in Stara Kamienica and Nowa Kamienica.

29–31.07.1897

The most major incidence of flooding known from the Western Sudetes, with localities in the
Karkonosze foothills and Jelenia Góra Basin hit worst.

20.09.1906

Undercutting and washing away of banks at Karpacz, avulsion at the village of Łomnica

5–6.09.1915

Impacts of the peak high-water event limited by newly-installed flood-protection infrastructure.

2–3.06.1926

Large-scale accumulation of debris from the Łomnica in Karpacz, the Wrzosówka at Jagniątków,
the Podgórna at Podgórzyna and the Jedlica in Kowary. At Płóczki, the generation of a system of
erosional troughs by the Dziki Potok and its tributaries, and in the Jelenia Góra area in general the
destruction of kilometres of river wall, as well as bridges and buildings.

8.07.1926

At Sobieszów, destruction of a concrete bridge and a hotel by a wave of floodwater 100 m wide,
deposition of sandy sediment – and of fine-grained debris at Podgórzyna, and erosion-induced
destruction at Jagniątków, Kowary, Karpacz, Bukowiec, Szklarska Poręba and Piechowice.

28.10.1930,
Aug/Sept 1938

–

3−6.07.1958

Erosional destruction at Piechowice (two bridges broken), Pakoszów, Cieplice, Piastów,
Jagniątków, Jeżów and Jelenia Góra

14–16.07.1948, 28.10–
9.11.1956, 3–8.07.1958,
10–16.08.1964,
28.05–7.06.1965

–

May 1968

Erosion-induced destruction at Komarna

31.07– 2.08.1977

The most major post-War flood event in the Bóbr basin, causing the washing away of the flood
embankment along the Jedlica, with large amounts of erosion-induced destruction, especially
along the Lesk (a right-bank tributary of the Bóbr)

7–8.08.1978

–

Aug 1981, 31.07–
1.08.1997, June 2002

–

8.08.2006

Erosional destruction of banks along the Kamienna and Mała Kamienna

1.07.2009

Bridge destruction at Strużnica, with the road running through the village washed away (by the
Karpnicki Potok, a left-bank tributary of the Bóbr)
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Table 4. Scenarios for potential changes in fluvial relief in the Western Sudetes.
Depiction of
process

Name of situation

Description of process

channel
meandering

concave banks erode and there is fluvial deposition of
debris along convex areas of bank.

flood channel
generation (flood
waters take short
cuts)

the spur of a channel meander is cut across by a flood
channel or else has water flow over its surface en
masse, with debris being deposited there.

reduced gradient

debris is deposited thanks to a decline in the hydraulic
gradient, and alluvial fans are laid down below the
morphological edges of mountains.

river gorge

the width of the valley floor changes, and there is
lateral downcutting by erosion along the gorge section,
as well as the deposition of alluvium at the exit from
the gorge

channel avulsion

a channel changes course on an alluvial fan thanks to
the deposition of debris and a predisposition towards
braiding.

jamming of the
clearance under
a bridge

the avulsion of a river takes place and new channels
therefore form – in the typical situation where flotsam
accumulates at bridges.

artificial obstacles

hydrotechnical installations exert their impact through
bottom and bank erosion following the sudden reduction in loading (and consequent modified flow properties) of a river downstream of a sediment trap (in which
material has been deposited).

bank reinforcement

intensified lateral erosion of convex banks occurs
where concave banks have been reinforced artificially.

tributary inflow

fluvial deposition of debris in the form of central or
lateral shoals takes place, but there is also bottom erosion where the current of a tributary merges with that
of the main watercourse.
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Fig. 6. The distribution of zones of flood
destruction in the basins of the Bóbr and
Kwisa brought about by typical transformations of fluvial relief. Explanation:
1 – situation involving river meanders,
2 – flood channel (short-cut),
3 – reduction of gradient down long
profile of watercourse, 4 – situation
involving river gorge, 5 – avulsion on an
alluvial fan, 6 – jamming of clearance
beneath bridge, 7 – artificial walling off
of channel, 8 – one-sided strengthening
of bank, E – erosion, A – accumulation.
Ryc. 6. Rozmieszczenie stref zniszczeń
powodziowych w dorzeczach Bobru
i Kwisy spowodowanych typowymi
przekształceniami rzeźby fluwialnej.
Objaśnienia: 1 – sytuacja zakoli rzecznych, 2 – koryto przelewowe / skrót
powodziowy, 3 – zmniejszenie nachylenia profilu podłużnego cieku,
4 – sytuacja przełomu rzecznego,
5 – awulsja na stożku napływowym,
6 – zator na prześwicie mostu,
7 – sztuczne przegrodzenie koryta,
8 – jednostronne umocnienie brzegu,
E – erozja, A – akumulacja.
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and lower sections of the Kamienna
Valley (Fig. 9), between Szklarska
Poręba and Piechowice. These are generally sections 10+ or even several tens of
metres long, below the confluence points
with tributaries. Thanks to the major
differences noted in SPI values in the
basin area, the spatial distribution was
additionally illustrated using a 3D model.
The places found to display the highest
SPI values are parts of a deep V-shaped
valley, but also a gorge delimited by rock
walls several tens of metres high (rising
up to 80 m above the channel or the point
of gradient change of the upper slope).
The spatial distribution to values for
the parameter LS show that the Kamienna basin has three main zones in which
the capacity to transport sediment (clastic
material) is greater (Fig. 10), i.e. (i) the
upper sections/stretches of river valley
within the main ridge of the Karkonosze
where slope inclinations exceed 100‰,
(ii) sections of river valley within the
main ridge and by the lower breakpoint
of the slope, falling within the bottoming-out zone of the Karkonosze Intermountain Basin, and (iii) the bottoms of
the main valleys in places where these
narrow or join up with side tributaries.
From the 3D spatial model (Fig.10), it is
possible to see that the greatest capacity
to transport material characterises sections along the Kamienna, as well as the
Kamieńczyk and the Szrenicki Potok.
Along the valleys of the latter two, zones
I and II have come to be distinguished.
Within the Kamienna Valley, the greatest
capacity for transport characterises the
mouth of the Szklarka (whose tributary is
the Szrenicki Potok), as well as single
points located above or below it. Within
the valley of the Mała Kamienna, the
capacity for transport is relatively uniform.
The use of the MRVBF measure
points to marked differences in the relief
of the Kamienna and Mała Kamienna
Valleys (Fig. 11). A feature both have in

The Kamienna basin – results of GIS
modelling in the light of field
observations
The analysed part of the basin is
closed off by a dry reservoir that intercepts water for the purposes of flood
prevention. This takes in part of the main
crest of the Karkonosze, as well as of the
High Ridge of the Izerskie Mountains, as
separated one from the other by the distinguishable depression of the Karkonosze Intermountain Basin (Fig. 7).
Among the part basins identified was the
elongate basin of the Mała Kamienna. On
the basis of modelling using the topographic wetness index TWI (Fig. 8), it is
possible to state that the studied basin
displays a concentration of slope flow at
the foot of the main mountain ridges (the
main ridge of the Karkonosze as well as
the High Ridge of the Izerskie Mountains). This is most visible in the area of
depression within the mountains (the
Karkonosze Intermountain Basin).
A second distinct area of runoff concentration is the bottom zone of the Jelenia
Góra Basin at the point of outflow of the
main river valleys – of the Kamienna and
Mała Kamienna. The highest values for
YWI coincide with the valley floors of
the main watercourses, and in reality
their channel zones.
Along the Kamienna Valley, it is possible to note the presence of sections of
lesser or greater concentration of surface
runoff, while in contrast there is a steady
rise in TWI down the course of the Mała
Kamienna Valley. Responsible for this
state of affairs is the configuration of the
hydrographic network (a contrast in
terms of the number of tributaries and the
volumes of water they carry, which in
places exceed the TWI value), as well as
basin shape (the elongate and lessdeveloped basin of the Mała Kamienna).
In the analysed basin, the SPI index
assumes its greatest values along the
river channels, especially in the middle
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er, one is to be noted in the lower section
of the valley, where it is not possible to
preclude channel changes taking place.
Similar zones of convex forms are to be
found within the Karkonosze Intermountain Basin.
The compilation of the DEM analysis
together with the geomorphological consequences of the flooding events affecting the Kamienna basin in August 2006
(as described in one of the previous sections) confirms a predisposition determined for different sections of the analysed valleys towards the occurrence of
potential distortions due to erosion on the
one hand or the deposition of material on
the other. Gaining reflection in the models obtained is the zone of the Mała Kamienna alluvial fan. In the TWI model
visualisation of its presence is made clear
by a zone of the concentration of moisture that is wider than in remaining parts
of the valley bottom. The procedure
involving the automatic designation of
watercourses on the basis of the D8 principle also reveals lateral flood channels
here. The SPI and LS models show that
the power of the flow and capacity for
transport are highest of all here, as is
confirmed by the lack of spectacular
morphological changes.
The highest values for SPI and LS are
ascribed to the bottoms of the Kamienna
and its side tributaries, these finding
reflection in the destruction of channel
structure and the lack of any deposition
of rocky material. The channels assume
the characteristics of those extremely
effective in transporting material, in the
face of limited opportunities for lateral
erosion (i.e. relatively effective reinforcement of river banks), as well as
downward erosion (the floors of channels
reach the bedrock).
It is possible to note how the largest
of the observed areas of undercutting of
banks along the Kamienna overlap with
zones of the narrowing of valley floors
uncovered using the MRVB parameter.

common, however, is the occurrence of
wide valley bottoms in the uppermost
sections, where peat cover is traversed, as
well as the widening of bottoms at the
exit from the Jelenia Góra Basin. In contrast, between these zones, the floor of
the Kamienna Valley twists back and
forth, the course being so narrow that, at
the level of resolution available to the
DEM model used it becomes nondiscernable in several places. The valley
bottom along the Mała Kamienna is in
turn outlined distinctly, with zones of
widening or narrowing. The clearest
narrowing of a valley bottom concerns
the point indicated by an arrow on Fig.
11 (N50º51’38.15” E15º32’59.59”).
Before analysing the picture obtained
using the MRRTF method, one must first
note how the algorithm concerned is also
able to uncover convex forms within an
area of summital flattening and culmination, ensuring that interpretation demands
caution. Nevertheless, the model obtained has a clearly defined zone of deposition within the Jelenia Góra basin
(Fig. 12). The configuration of convex
elements at an oblique angle to the
course of the Kamienna would suggest
dissection within that river’s alluvial fan
caused by migration of the channel of the
Mała Kamienna. In principal, this result
most probably arose through an inaccurate representing of a flat surface within
the DEM structure.
From the MRRTF model visualisation it is clear that the channel of the
Mała Kamienna is shifted northward
(towards the left slope of the valley) in
respect of the belt of accumulation of this
river. At the place designated previously
in line with MRVBF value as a valleynarrowing (N50º51’38,1” E15º32’59,6”),
there are now convex (accumulation)
forms. Along the channel of the Kamienna, the zone of accumulation identified is
only present in the upper sections of the
watercourses, as well as to a limited
extent along the middle section. Howev-
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phological units. The situation is also
diversified by gorge-like sections or
stretches of rivers, including rocky gullies, flatter areas on plateaus or the middle parts of slopes, areas of alluvial fans,
and finally hydro-installations and the
dam reservoirs operating here for decades now. These reservoirs now represent
their own specific kind of erosion base,
being a place of deposition of rocky
material.
The assigning of different relief units
to the study area (Fig. 13) allows conclusions to be drawn regarding the typical
features of the river valleys running
through it, as well as features of the river
channels themselves. On this basis, and
mainly making use of descriptions of the
effects of past floods, field-based information and knowledge of general laws to
the courses of fluvial processes, Table 5
advances a proposal as regards the laws
governing the presence and features of
zones dominated by either erosion or
accumulation. In spite of this, the categorisation arrived at is very much simplified in nature, taking little or no account
of action to reconstruct channels, and
merely conveying certain trends as regards the development of fluvial relief in
the diversified landscape of the Western
Sudetes.

The results of modelling using the
MRRTF parameter at the resolution of
the DEM employed can be seen as helpful in determining the extent of terrace
zones. This confirms the shift of the
channel of the Mała Kamienna towards
the left slope of the valley, i.a. as a result
of piling-up by alluvial fans (mainly of
a torrential nature) forming at the exits of
the small side valleys on the right-hand
side.
The geomorphological consequences
of peak high-water events and the
differentiated relief of the Western
Sudetes
On the basis of a read-through of historical materials, analysis of maps, GIS
modelling and ultimately field mapping,
it proved possible to conclude that the
geomorphological effects of peak highwater events along the rivers in the
Western Sudetes are diversified, mainly
in relation to local relief. Already the
very contrast between markedly sloping
valleys cut into mountains massifs and
the almost flat bottoms of basins within
the mountains sustain the conclusion that
the specifics of fluvial processes need to
be looked at on the scale of smaller mor-

Fig. 13. Fig. 13. A conceptual map of areas characterised by a different distribution of potential erosion or
accumulation zones in valley bottoms (further details of content as in Table 5). Explanation: 1 – parts of mountain massifs characterised by long and steep slopes, 2 – other slope surfaces, 3 – bottoms of intermountain
basins, 4 – flatter summital or intermountain areas, 5 – flatter areas along slopes, 6 – main ridges, 7 – dominating morphological edges (arrows indicate direction of downward slope), 8 – gorge sections of valleys,
9 – dam reservoirs and bodies of water (natural lakes or fish ponds), 10 – dry flood-protection reservoirs,
11 – dams intercepting rocky rubble; GŚ – Gryfów Śląski, JG – Jelenia Góra, Ka – Karpacz, KG – Kamienna
Góra, Ko – Kowary, Kw – Kaczorów, Mi – Mirsk, Pi – Piechowice, SzP – Szklarska Poręba, Św – Świerzawa,
ŚZ – Świeradów Zdrój.
Ryc. 13. Mapa koncepcyjna obszarów cechujących się odmiennym rozmieszczeniem potencjalnych stref
erozyjno-akumulacyjnych w dnach dolin, rozwinięcie treści w tab. 5.Objaśnienia: 1 – fragmenty masywów
górskich cechujące się długimi i stromymi stokami, 2 – pozostałe powierzchnie stokowe, 3 – dna kotlin śródgórskich, 4 – spłaszczenia wierzchowinowe i śródgórskie, 5 – spłaszczenia śródstokowe, 6 – główne grzbiety,
7 – dominujące krawędzie morfologiczne (strzałka wskazuje kierunek spadku), 8 – odcinki przełomowe dolin,
9 – zbiorniki zaporowe oraz jeziora (naturalne i stawy rybne), 10 – suche zbiorniki przeciwpowodziowe,
11 – zapory przeciwrumowiskowe; GŚ – Gryfów Śląski, JG – Jelenia Góra, Ka – Karpacz, KG – Kamienna
Góra, Ko – Kowary, Kw – Kaczorów, Mi – Mirsk, Pi – Piechowice, SzP – Szklarska Poręba, Św – Świerzawa,
ŚZ – Świeradów Zdrój.
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Table 5. A characterization of the distributions of zones of erosion and accumulation in areas with
different morphological features (as a development of the concepts presented in Fig. 13).
Morphological
types

Typical morphological features of
river valleys and channels

Distribution of erosional features

Distribution of zones
of accumulation

Parts of
mountain
massifs
featuring
long, steep
slopes

Valleys that are V-shaped and in
parallel configuration. Weakly developed (slope watercourses) in the upper
sections of valley-side slopes, parts of
main valleys with rocky-gully features.
Terrace areas fragmentary in occurrence and asymmetrical.
Channels of tributaries with straight
course and large gradients (in the
upper parts of basins >100‰). Those
of the main rivers are straight or winding, with floors supporting gravel,
boulders or blocks of stone, and with
threshold-and-deep sequences, with
rocky sections serving in the fluvial
transport of rocky material.

Along watercourses
draining long slopes, the
greatest potential for
erosion exists just
below the upper point of
gradient change (i.e. in
the steepest place), as
well as below the lower
point of gradient change
(where the kinetic
energy is greatest).
Erosion mainly tangible
where valleys narrow, at
confluence points with
tributaries and on the
concave parts of meanders. Main perceptible
effects are due to lateral
erosion, though bottom
erosion and downcutting are also present
along upper sections.

Along the main watercourses, zones of accumulation (on lateral
shoals) are only present
where valleys widen out
and the slope gradient is
reduced. Accumulation
takes place below zones
of supply of slope material, including debris
brought in by tributaries.
Watercourses draining
slopes mainly have
accumulation zones
where there are local
obstacles, or else in the
deposition shadows of
larger rocks and where
timber jams are present.

Other
mountain
areas

Valleys of the V-shaped or flatbottomed types arranged in parallel or
in a grid pattern, with fragmentary
development of a system of terraces.
Channels that are straight or winding
with gravel bottoms and have either
a stepped course (of thresholds and
deeps) or one of riffles and pools
associated with relatively sharp gradients.

The configuration of
erosional forms depending on local valley and
channel morphology.
Cutting of concave
sections of riverbank is
widespread.

Flood debris and sediment is deposited on low
terraces, in areas where
the valley bottom broadens out or where jams are
created by flotsam.
Extensive accumulation
forms are lacking.
Alluvial fans shaped by
torrential flow are present at the points of
outflow from side valleys.

Bottoms
of mountain basins

Valleys that are broad and flatbottomed with a developed terrace
system (of Pleistocene or Holocene
origin), in parallel or concentric configurations.
Channels that may be alluvial/gravelly, of gravel and sand, or of
sand and silt. Rarely rocky channels
(as in the Mirsk Basin). Channels are
mainly winding in plan, reinforced
along virtually their entire lengths and
with limited long-profile gradients.

Erosion of stretches of
concave bank, as well
as low terraces in the
course of the process of
flood-channel creation
and the deflection of
current due to blockage
of channels by rocky
debris.

Zones of accumulation
are present on floodplains, or in areas not
shielded by floodbanks
and other forms of protection. Deposition
occurs on meander spurs
or along channels. Midchannel shoals and
shelves are formed.
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Morphological
types

Typical morphological features of
river valleys and channels

Distribution of erosional features

Distribution of zones
of accumulation

Flattened
plateau
and intermountain
areas

Valleys that lack distinctly-outlined
slopes or are broad, flat-bottomed and
with a terrace system, sometimes with
peat accumulated at the surface.
Channels with gravel bottoms, winding, meandering and of limited
gradient.

Lateral erosion of
concave banks on
meanders.

Meander shoals and areas
of accumulation form at
the outlets of side valleys
as torrent-related alluvial
fans.

Flatter
areas on
slopes

Valleys that are short, V-shaped and
flat-bottomed with a parallel or gridlike configuration, sometimes also
hanging valleys. Discontinuous systems of terraces are present.
Channels that are winding, gravelbottomed, with areas of deposition of
fine-grained material beyond their
limits.

Lateral erosion of
concave banks on
meanders, bottom
erosion of flood
channels.

Parts with expanded
valley bottoms are subject to accumulation, as
are depressions left by
former oxbow lakes.

The foot
of morphological
edges of
mountains

Valleys with expanding bottoms,
alluvial fan areas.
Channels that are gravel-bottomed,
straight or winding, with long gradients declining along the course. The
morphology perhaps includes traces of
channels parallel with the main one.

Bottom erosion of
channels, linear erosion
of slope surfaces (formation of lateral channels to the main
channel).

The potential for overbuilding of the slope
surface exists, mainly in
proximal parts, though
field observations to
support this idea are
lacking.

Gorge
sections of
valleys

Valleys that are usually narrowbottomed and with steep slopes, with
longer gorge sections of diversified
morphology of both the rocky gully
and basin-like types, flat-bottomed,
widening and with a retained terrace
system.
Channels with alluvia (gravel or
gravel and sand) that are straight,
winding or sometimes meandering. By
regional standards, the gradients down
the long profile are average.

Lateral erosion of
concave sections of
bank on meanders and
linear erosion on floodplains during the formation of flood
channels.

Zones of deposition are
present in areas of basinlike widening in gorge
sections, on the surfaces
of low terraces, along
channels and on meander
spurs. Sediment is deposited as mid-channel
shoals, and on the bottoms of dam reservoirs.

inconvenience aside, historical materials
remain a valuable source of data, most
especially where the traces of past “flood
waves” are rarely manifest in the contemporary relief, having been levelled
out effectively in the course of vegetational succession and human activity.
The comparison of the results of GIS
modelling with the field situation and the
geomorphological effects of peak highwater events in the Kamienna basin
points to a certain lack of concordance of
the modelling results. This results from

Discussion
The interpretation of Tables 2 and 3 –
setting descriptions of past flood(ing)
events alongside geomorphological considerations of the consequences of peak
high-water events – sustains the conclusion that these descriptions are anyway
linked with noted economic loss. Relatively complete information on potential
changes in valley relief are mainly
brought to light for urbanised areas and
their immediate vicinity. Leaving this
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these lying at the bottoms of channels
and not being subject to observable
movement, or else experiencing highly
limited movement [Montgomery and
Buffington 1997].
The brevity of periods of transport of
material along the bottom also denotes a
lack of contemporary overbuilding of
runoff slopes, most of which were shaped
in the Pleistocene [Teisseyre 1989;
Chmal and Kasprzak 2009]. However,
this continues to be a zone predisposed to
modelling by flood events, and it may
become subject to a renewed tendency to
generate braiding in situations of catastrophic floods, as Migoń et al. [2002]
suggested. The historical literature shows
that these kinds of processes were ongoing in the Western Sudetes on account of
deforestation taking place in the Middle
Ages [Teisseyre 1989], as well as during
later flood episodes virtually all the way
through to 1897 [Die Hochwasser Katastrophe... 1897]. As was reported in
2006, intensified deposition beyond the
channel did not take place on the alluvial
fans, the peak high water making parallel
use of the main channel and flood channels that had developed previously.
It may be suggested that recent decades have brought a major reduction in
amounts of rocky rubble being transported, thanks to a reduction in the area under cultivation, this only being interrupted for a few seasons by intensive forestry
work in association with stand reconstruction. In that period, dirt roads were
damaged by vehicles, while the ruts
formed along them only contributed to
the collecting together of slope waters, as
well as weathered material [Parzóch
2002]. Current changes in the trends for
watercourses as regards erosion and
accumulation may be related directly to
the situation in the Carpathians
[Zawiejska and Krzemień 2004].
The process of accumulation of
coarse-grained material will be regulated
effectively by hydrotechnical construc-

a failure to take account of a series of
factors responsible for the shaping of
runoff. The author is also aware that the
secondary geomorphometric parameters
applied perform better in analyses of
slope surfaces than in the analysis of
fluvial processes in valley bottoms and
the channels themselves. However, the
more precise algorithms applied around
the world in the modelling of erosion and
accumulation – for example those described by the group under Mitasova
[1996, 1997] – require the inputting of
data that can only in practice be obtained
for experimental basins. Theoretical data
also generate the very structure of grid
models of the land surface [Shary 2006].
In spite of many other analytical simplifications, the algorithms made use of by
the author have proven to be of interpretative value.
The results of the work make it clear
that today’s Western Sudetes either feature an equilibrium between fluvial erosive and accumulation processes during
peak high-water events, or else a prevalence of erosion. The last hundred years
have not brought either the emergence of
major thicknesses of alluvial cover or the
development of extensive zones of deposition, both of which can be said to have
been characteristic for floods earlier on in
history. Zones of erosion and accumulation are present alternately at intervals,
and accumulation is most often a consequence off active erosive processes just a
little higher up, notably lateral erosion
brought about by vortices developing in
the water [Młynarczyk and Rotnicki
1989, Izmaiłow et al. 2004]. It results
from this that the transport of material
along the bottom takes place over short
distances. The alternate presence of erosion and accumulation zones also results
from lateral supply of slope material to
channels [Owczarek 2005], as well as the
presence of local obstacles in situ in the
channel. The latter include residual rocky
blocks from the rubble washed along,
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However, because recent decades (including even the years 1977, 1997 and
2006) did not witness diametric changes
in channels or floodplains as a result of
periods of peak high water, it becomes
problematic to rank the identified zones
of erosion and accumulation from the
point of view of the efficiency and range
of the attendant processes. In this situation, further considerations need to be
based around historical data, and – as
was described above – it is the localities
at the foot of the Karkonosze Mountains
that emerge as the sections subject to
both the most intensive erosion and the
most intensive accumulation. A similar
situation applies to the southern, Czech,
side of the Sudetes, historical sources
mainly referring to flood-induced destruction below the incline of the mountains [Brázdil et al. 2005].
Taking the train of thought in the
above paragraphs further, it is possible to
state that the geomorphological consequences of peak high-water events in the
Western Sudetes will primarily be determined by features of riverbed relief, as
well as the degree to which the land is
under cover (i.e. the extent to which the
slopes are managed). It is thus clear that
the sizes of flows at times of ”flood
waves” need not be the main factor determining the degree of activeness of
erosion and accumulation processes.

tion work, not least bank strengthening,
artificial rapids, weirs, and the dams
associated with different kinds of reservoir. These ensure that the coarsest elements remain within the channel of the
watercourse, forming central shoals at
times. Though the research work did not
extend to granulometric measurement,
observations point to the effective sorting
of these forms. As Petts [1984] noted, the
storting far exceeds the level noted in
normal channels. Fine-fraction material
may be deposited on parts of the floodplain beyond channels. The observations
made show that the effects of accumulation beyond the channel have to be considered highly predictable. These are in
turn dependent on the morphology of the
valley bottom and the geometry of the
channel, in line with known principles
and regularities [Mariott 1992, Bathurst
et al. 2002].
The lower parts of the Western Sudetes have only a few watercourses whose
channels have not been remodelled. One
of the exceptions to this rule is the channel of the Mała Kamienna, whose upper
section remains in a natural or seminatural state [Kasprzak 2011]. The August 2006 “flood wave” did not modify
this channel in any more significant way.
Thus changes involving erosion and
accumulation are without exception characteristic of places of human interference, e.g. through the partitioning of a
valley thanks to the presence of a drinking water abstraction point, for example.
In the chapter concerned with the
comprehensive analysis of the fluvial
system of the Western Sudetes, the author identifies several areas with distinctive features and a different configuration
of erosion and accumulation zones. In
line with the theses advanced by Migoń
[2008], the most important changes in
fluvial relief can be thought to concern
the uppermost parts of V-shaped valleys,
the areas at the foot of morphological
thresholds and parts of basin floors.

Conclusions
A comprehensive, indeed all-embracing approach to the subject matter
was made possible by the application of
diverse research methods, ranging from
the analysis of historical materials,
through the DEM geomorphometric
analysis using GIS instrumentation to
field-based revision and by-eye observation of the nature and impacts of peak
high-water events in mountain rivers.
Hence, the material presented offers good
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4. Currently, the main zones of accumulation of rocky debris in the Western
Sudetes are the artificial sedimentation
traps that dam reservoirs represent. The
remodelling of channels ensures that
coarse-grain rocky material is usually
only mobile within such sections. Beyond the channels it is at most the accumulation of finer-grained debris that may
take place.

grounds for the drawing of conclusions
as follows.
1. The channels of rivers in the Western
Sudetes should be regarded as stable
form the point of view of the courses of
erosion and accumulation processes,
which is to say that they are adapted to
the flows occurring at times of extreme
peak high water, at least in their natural
condition. Changes of valley relief catastrophic in their effects are known only
from historical sources that give accounts
of the greatest regional floods occurring
in the 18th and 19th centuries. It is on the
basis of these that it is possible to identify places potentially most vulnerable to
changes in relief as a consequence of
fluvial processes. These are the zones
beyond the morphological edges of the
mountains, as well as parts of V-shaped
valleys in their immediate vicinity.

5. The sizes of the flows present at times
of extreme peak high-water events need
not be the main factor determining how
active erosion and accumulation processes are likely to be. Rather, the level of
activeness is very much influenced by
bottom and valley slope relief, as well as
the degree to which catchments remain
under vegetation cover, and the effectiveness of installed hydrotechnical structures.
6. Gaps in our current knowledge that
hinder fuller analysis of the distribution
of river erosion and accumulation zones
in the Western Sudetes reflect shortfalls
in our understanding of watercourses’
hydrological and hydraulic parameters,
including as regards full-channel flows.

2. Zones of alluvial fans beyond the
aforementioned morphological edges do
not show high levels of contemporary
activity.
3. Avulsion in channels largely results
when jamming by woody flotsam takes
place.
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Streszczenie

Geomorfologiczne skutki ekstremalnych wezbrań rzecznych w Sudetach
Zachodnich – konfrontacja danych historycznych, modelowania GIS
i obserwacji terenowych
W pracy przedstawiono wyniki badań nad cechami i prawidłowościami występowania geomorfologicznych skutków wezbrań górskich cieków w dorzeczach Bobru i Kwisy, mieszczących się w obrębie Sudetów Zachodnich (Polska południowo-zachodnia).
Rozważania dotyczą głównie stref erozyjnych oraz stref predysponowanych do depozycji rumowiska rzecznego. Badania oparto na wzajemnym uzupełnieniu i konfrontacji
danych zaczerpniętych ze źródeł historycznych (porównanie opisów powodzi od XIV
w), obserwacji terenowych prowadzonych w czasie jednego z największych w ostatnich
dziesięcioleciach wezbrań w sierpniu 2006 r. oraz na analizie geomorfometrycznej numerycznego modelu wysokości. Opracowanie GIS dotyczyło fragmentu zlewni Kamiennej, prezentującej duże urozmaicenie rzeźby. Posłużono się popularnymi parametrami
wtórnymi stosowanymi w badaniach geomorfologiczno-hydrologicznych: wetness index,
stream power, LS factor, multiresolution index of valley bottom flatness i multiresolution
index of the ridge top flatness.
Na podstawie prezentowanych wyników ustalono, że obecnie koryta zachodniosudeckich rzek uznać należy za stabilne pod względem przebiegu procesów erozyjnoakumulacyjnych. Dotyczy to nawet odcinków na powierzchni stożków napływowych.
Stosunkowo najaktywniejsze procesy fluwialne (np. awulsja koryt) dokonują się miejscach zabudowy dna dolin. Odcinki naturalne lub seminaturalne koryt są do przepływów
wezbraniowych morfologicznie dopasowane. Urbanizacja górskich dolin sprawiła, że
w przeszłości dochodziło do katastrofalnych zniszczeń powodziowych. Analiza źródeł
historycznych pozwoliła wyróżnić miejsca potencjalnie najbardziej podatne na zmiany
rzeźby wskutek działania procesów fluwialnych – strefy poniżej krawędzi morfologicznej gór oraz fragmenty dolin wciosowych w ich bezpośrednim sąsiedztwie.
Porównanie skutków historycznych i współczesnych wezbrań prowadzi do wniosku,
że wielkość przepływów wezbraniowych nie musi być głównym czynnikiem decydującym o aktywności procesów erozji i akumulacji. Na ich aktywność przemożny wpływ
mają ukształtowanie dna i zboczy doliny, stopień pokrycia roślinnego zlewni oraz skuteczność zabudowy hydrotechnicznej, tworzonej głównie na początku XX w. Specyfika
rysów rzeźby obszaru Sudetów Zachodnich powoduje, że formułowane spostrzeżenia
można odnieść do innych masywów średniogórza europejskiego.
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Abstract

The starting point for the research has been the question: which values define urban
space? For, once the values in question have been identified, it then becomes possible to
determine objectives and needs as regards the assignment of value to urban areas, as well
as the way in which that process can be implemented. A next stage to the investigation
then seeks an answer as to whether values for urban space have a practical, applicable
context or are merely a reflection appearing in the perception of the observer, i.e. the
user of urban space. Axiological analysis of urban space leads directly to the moral geographies studies, which have both cognitive and pragmatic significance as urban management policy is pursued.
Behold, the man is become as one of us, to know good and evil.
[Genesis 3, 22]
The Tree of Knowledge forever hid from humankind the Tree of Life.
[Lev Shestov 2009, p. 185]
One of the mortal sins of contemporary culture is its mean-spirited avoidance of full-on
confrontation with the highest values.
[Herbert 2000, p. 91]
merely in the sense of the number of
miles covered. Two days’ travel separated the youth […] from his own world,
from all that he thought of as his own
duties, interests, cares and prospects; far
more than he had dreamed it would when
he sat in the carriage on the way to the
station [Mann 1969, p.8].

Introduction
There is nothing like travel for sharpening the perceptive faculties and boosting the capacity for critical observation
and thought. When Thomas Mann sent
Hans Castorp off on the road from Hamburg to Davos, the journey was long not
*
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mains uncovered, unperceived and unreflected upon.
Travel regularly brings us face to face
with masterworks that disturb our arrogant sense of certainty and leave us questioning our importance – as Herbert
[2000] expressed it in Polish. The popular routes taking tourists around Vienna
do not always set much store by the
Academy of Fine Arts. It is therefore not
too frequent for the impatient tourist to
turn his/her gaze to what is actually the
unforgettable Hieronymus Bosch triptych
entitled The Last Judgment. Humankind
as presented by the genius was thrown
into the life of paradise, but then chooses
instead the route of knowledge, determining to gain a full acquaintanceship with
good and evil.
This fundamental choice having been
made for us at the early stage, we all now
seek to achieve earthly happiness via
a course that represents an uncertain and
finely balanced existence. Our species in
this way eschewed a fate predicated upon
the uniform and eternal joys of paradise,
in favour of an arduous process of discovery and revelation yielded through the
chance circumstances that everyday life
has to offer. To put it another way, when
provided with the perfection of paradise,
humankind succumbed to the unquenchable thirst for knowledge. Through the
millennia, the fruit of the Tree of
Knowledge that it cultivated was both
a source of pride and a reason for punishment and condemnation. Making use
of the possibility for choice made available to us, we set off along the geographical path of our own biography (hence
geobiography).
The departure from paradise has begun the geographical history of societies.
Somewhere to the east of Eden, Cain
built the city of Enoch [Genesis 4, 16–
–17], whose inhabitants came to find
themselves in a very specific situation.
They had been granted an exceptional
opportunity to uncover for themselves,

The traveller does not have to be cast
into a far-off, exotic world as his/her
journey is made. A wander in a nearby
area can also be revealing. The leisurely
passer-by also encroaches upon a landscape of well-known yet newly-revealed
thoughts. Indeed, as Descartes noted,
a journey to oneself represents the choice
of a proper track for the thought process
following the return from far-off lands,
once a person has ceased to read the great
book of the world [Descartes 1988, s.12–
–13]. Travelling the roads of far-off nominal space allows to perceive a phenomenological context for places one is already acquainted with. [Madurowicz
2009]. By making his/her way through
the living area, a person simultaneously
tastes the fruits of cognition.
Does every journey amount to
a traveller distancing him/herself from
everyday life? Not necessarily, since one
can say travel also brings somebody
closer to home. In the course of the moving around, one may find coming into
sharper focus all that is quite unfocused
under normal circumstances, being
blurred by regular repetition and the
superficial lack of importance of those
daily events.
By putting some distance between
him/herself and that daily grind, the traveller may come to see the home and its
surroundings much more in the cold light
of day, that light being shed through
whatever is experienced in localities
visited. For obviously we travel thinking
at the same time about home, often coming all the closer to it the further and
longer from it we are. It is not necessarily
just about becoming sentimental or
homesick. It may rather be a genuine
understanding of the place left behind,
a process by which its value is uncovered
and revealed to the traveller in the course
of all the visiting. We can be crystal clear
about our perception of what is close to
us in every sense, which, however, re-
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goods is concerned, as well as their possession (or non-possession) and the access available or granted to them. In
urban geography, the issue of the distribution of g o o d s has tended to cover
over matters of disparities across space in
the attainability of g o o d n e s s . For
we should recall that the target concept
for the argumentation we are engaging in
is the moral geographies. It is usual for
researchers to tread the path by which the
impact of their own work is revealed
steadily. Let us here try to turn the logic
of inductive discovery on its head. The
m o r a l g e o g r a p h i e s can be
defined preliminarily as that field of
urban geography in which spatial differences in the community making use of
a town or city are perceived from the
perspective of what is good.
Perspective was understood earlier as
seeing via or by way of something (after
Albrecht Dűrer and [Panofsky 2008]), as
well as seeing clearly [Panofsky 2008].
In turn, perspective in a systemic conceptualisation becomes an algorithm that we
may use in both ordering and presenting
space. In our considerations here, goodness again takes on features of an algorithm allowing us to describe urban
space. Goodness is then a relationship
(shaped by impacts between people) that
serves in the ordering of the space necessary for human life to carry on.
How will goodness need to be conceptualised if we are able to speak of its
being interactive in nature? Well, goodness is inter alia represented by the relationship between one human being and
another. There is little hope of us picking
out what is right or good when it is in
a state of dormancy or rest. Rather, the
domain of what is good and right is
a place of movement, of things “going
on”. This is to say that there is a steady
dynamic to impacts pertaining between
people within the urban space of meetings and encounters between them. By
definition, a person cannot be good sin-

the sense and meaning of existence arising as the fruit of cognitive endeavour.
A city kind of life style allows people to
experience the social diversification of
space, and to bear witness to the struggle
between urban worlds of good and evil.
In place of the fruit of the Tree of Life,
humankind chose knowledge of a heterogeneous world, city-dwellers in the process electing to experience their happiness or unhappiness in socially generated
urban space.
The fact that urban space is nonuniform, differing from place to place, is
both a fact and a constant when it comes
to our existence in the everyday life environment. Yet that seemingly unfortunate
fruit of the cognitive process is what
makes the world more than a given that
we neither wish or need to question; it
makes that world explicable, capable of
being known and understood.
Another matter is the way in which
people make use of the cognitive powers
they possess. The starting point for further considerations will thus be a presentation of matters relating to the experiencing of urban space, as well as reflections on the values defining that space.
Uncovering the moral geographies
When we decide to set out along the
road to scientific enlightenment, it is
usual for us to formulate a research hypothesis. This constitutes the view of the
researcher concerning the given matter
and is a supposition vis-à-vis the subject
under consideration. Beyond that, a hypothesis also denotes the path to be followed to achieve scientific progress, this
at the same time serving as signposting in
the direction of uncovered truth.
An assumption underlying the work
presented here is that research on cities
carried out so far has focused on differences across urban space where the distribution of (material, consumption, etc.)
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Gaining most frequent mention
among the complex and diverse currents
present in urban geography are analyses
with respect to geographical location,
physiognomy and morphology, functions, socio-ecological structures, living
standards and living conditions, and the
way in which urban areas are perceived
[Liszewski 1997]. In all of that there is of
course no homogeneous form when it
comes to either subject or methodology.
On the one hand, cities may be studied as
a distinct class of objects existing in
space. On the other hand, they may be
treated as arenas in which social processes play out [Lisowski 1998]. This is an
open discipline that features cooperation
with representatives of other research
spheres. For this reason, it has proved
possible to identify, for example, the
social geography of cities whose significant contribution lies in accounting for
spatial structures that have arisen, as well
as the social, economic and political
processes ongoing within urban areas,
which determine the places where inhabitants are located, and the social and
economic activity they engage in, as well
as the division of urban resources and
access thereto, and quality of life
[Węcławowicz 2007].
It is possible to accept a somewhat
different definition, in accordance with
which the geography of towns and cities
is taken to denote the art of “reading”
urban space. However, bearing in mind
the adopted goal of the analysis, a detailed justification of the definition introduced at this point goes beyond the confines of this paper.
Let us therefore take up the second
issue to pursue further – which is to say
value in urban geography, this in turn
relating to location within urban space. It
is location that conditions the size or
level of benefit that an object, group,
institution or whatever obtains, which in
turn makes it a value that reflects location within urban space. In economic

gle-handed. Rather a person is good
when there is someone else there to be
good to.
Values in urban geography
In embarking on a further stage of investigation into the axiology of urban
space, there is no way that we may avoid
asking questions about the research area
in urban geography. It is also hard to
imagine that we could fail to pose questions linking up with the discipline’s
fundamental values.
The first of the aforesaid issues may
be penetrated satisfactorily if we invoke
definitions out of urban geography. This
is a branch of socioeconomic geography
that allows for consideration of the structures present and processes ongoing
within urban space, as well as between
one town or city and another. As
a branch of settlement geography, the
geography of towns and cities deals with
the genesis and location of urban areas,
as well as factors underpinning their
development and differentiation, their
spatial structure, functions and physiognomy [Maik and Liszewski 2000].
Since there are a multiplicity of both
theoretical and methodological conceptualisations, and empirical approaches, to
the matter of the geography of cities, it is
difficult to subordinate the discipline to
any single, unambiguous unification
and/or systematisation [Maik 1992, Liszewski and Maik 2000]. However, the
urban geography does engage with those
matters that may be of assistance in describing cities and their distributions, as
well as our capacity to account for their
genesis and ongoing development. This
is achieved by way of the simultaneous
study of similarity characterising sociospatial structures that is present both
between urban settlements and within
them [Pacione 2001].
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and isolated that there is little hope of
ever comparing one with another. What
we therefore need is an idea that would
allow for the systematic conceptualisation of urban space from the societal
point of view.
One should introduce into geographical studies general parameters which
allow to put in order the differences arising within the overall mass of people
present in urban space. If parameters are
to be universal, it is best that that they be
basic or fundamental ones, albeit suitable
for modification in line with the discipline in which they are finding application. Among the values of major significance to the geography of urban areas
are:
 happiness
(contentm e n t ) , understood as a sustained
state of satisfaction with the situation
in which an individual or social group
finds him/her/itself;
 j u s t i c e , denoting the set of
chances for the attainment of a similar position within the space of a city
by members of a given community,
should an appropriate level of personal engagement be put in and outlays borne;
 g o o d n e s s , defined as people’s
capacity to confer the granted gift of
humanity upon other people;
 b e a u t y , defined as skill in regard
to the harmonious existence of people
within the community, with simultaneous respect for the state of the geographical environment, including the
urban landscape.
The values referred to do allow for integration of research into urban space. At
the same time, they sustain the designation of an axiological perspective to
studies of towns or cities. In the work
presented here, particular emphasis is
placed on matters of the spatial implications of categories of goodness.

geography, the value in question is the
financial profit accruing for a business
entity taking a given market decision.
Location is also relevant to research into
decisionmaking, allowing to determine
the optimal area of a planned economic
activity.
The means of defining the scope of
urban geography as set out above gives
rise to a subject-related conceptualisation
of the spatial differentiation to urban
structures. In this case, we are dealing
with divided, separated urban spaces that
remain in different kinds of relationship.
In line with assumptions of this kind,
urban geography takes into consideration
the multiplicity of alienated spaces distinguished by researchers from a single
space in which people live.
The result of all this effort expended
in dividing space is the identification of,
for example: absolute space, abstraction
space, anthropogenic space, as well as
space that is identified in relation to dominance, access, fragmentation and geometry. Then there is global space, economic
space, guest space, heterogeneous space,
homogeneous space and historical space,
as well as space that is ideological, individual, female or for women, concrete,
cultural, logical, for play or memory,
male or for men and military. That leaves
hope space, modern space, open space,
space characterised by the presence of
social ills, post-modern space, universal
or common space, private space, natural
space, public space, real space, relational
space, religious space, neighbourhood
space and symbolic space. As if these
were not enough, there is also sacred or
holy space, as well as traditional, tourist,
exclusion, closed, integrated, urbanised
space, to say nothing of the space of the
imagination and the space in which everyday life takes place, and so on and so
on… As studies wallow in the analysis of
all these many and varied spaces, the
inevitable result is chaos at worst, or at
best a plethora of studies so finely-tuned
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The distinction drawn between goods
and goodness demands further sorting
and a process by which the concepts in
question are considered in a broader
context. Of use here are the concepts
arrived at by Heinrich Rickert in regard
to the three kingdoms here termed worlds
[Gadacz 2009, pp.273–275]. The first
kingdom is the real world of physical and
psychological entities. It comes to be
known by means of explanation, and
goods are an element of it. The second
kingdom is the world of the immanent
senses. The leading form of cognition
here is the interpretation of observed
phenomena. This kingdom is active in
nature on account of the obligations
incumbent upon entities operating within
it. It is thanks to this that we may place
here the goodness referred to earlier. The
world of the immanent senses is an intermediate area that links reality with the
kingdom of values, which is to say the
realm of the transcendental senses. The
metaphysical nature of this kingdom
influences possible means of cognition.
Here understanding dominates in absolute terms, obviously, since we are dealing with absolute values that are present
beyond existence of any kind. What
belongs in the world of values (of the
transcendental senses) is (the) GOOD.
In interpreting further the categories
referred to, we may generate an ordering
achieved in the spirit of Rickert [cf. Gadacz 2009, p.276]. Thus:
 g o o d s are assets – in the sense of
valuable things (they do not have to
be material, equally well being nonmaterial). They can involve values
from the world of the transcendental
senses being made real and solid – it
is in this way that a work of art “fixes” beauty in a good that has aesthetic
and monetary value at one and the
same time.
 g o o d n e s s is the sum total of
a human being’s sense of obligation
and fellow feeling towards other hu-

The perspective of goodness
For the purposes of further consideration it is important that the concepts of
goods and goodness be distinguished.
Goods reflect possession and the term
conveys the assets that we have at our
disposal, are owned by us, or are the
subject of rights that allow us to supply
them to others on our terms. Equally,
goods in this sense are significant when
not possessed, at the disposal of a given
person or group, inaccessible and thus
incapable of being used.
The fact that the latter is a real possibility for many at a given time should not
leave us convinced that the only form of
goodness is the sharing of goods with
others. There is after all more to the former concept than merely some transfer of
rights of ownership or utilisation. Rather,
the exhibiting of goodness entails an
opening-up to another person of a personal nature. Of course, we do not hand
over a fragment of ourselves to the other
person. We do represent a source of or
cause for hope for another human being.
An abandoned outsider not being cared
for looks to urban space to provide an
opportunity to meet, while others may be
in need of a display of goodness. Then
they may hope to meet up with a second
person enriched with – and capable of
dispensing – goodness (in the sense of
Emanuel Lévinas [Gadacz 2002, pp.120–
–123]). Goodness is also of course an
attitude assumed in respect of another
person. It is my reaction to the expectations of others when they are abandoned
and alienated.
It is the overall understanding of this
study that goodness is the capacity to
convey the gift of humanity to other
people. Goodness is therefore also a task
set before a person as he/she makes
his/her way through the earthly existence.
It entails a sense of responsibility or
obligation towards a second person.
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word) both feels and is subject to limited
possibilities for “rebounding” without the
intervention and help of others. He/she
may well experience a lack of goods and
goodness at one and the same time in the
space occupied. Poverty also means
creation of problems, with both people
and things, and of course an incapacity to
solve arising problems.
Analyses carried out to date have allowed us to identify ways in which people fall into (material and/or spiritual)
poverty. Indeed, there may even be recognisable stages to the process of decline
and fall, because the distinguished forms
being the consequence of, but also the
ongoing conditions for, a person’s ever
greater difficulties with existence.
The main forms of decline into poverty and impoverishment would entail:
 true (tangible) poverty, in which there
is a lack of g o o d s (in the sense of
assets);
 mental impoverishment, arising out
of a lack of f r e e c h o i c e ;
 moral impoverishment, resulting in
an attitude of absence of G O O D .
These different forms of lacking
goods and/or goodness and/or GOOD
require further and fuller discussion. True
poverty first and foremost appears where
material goods are lacking. Of course, the
sphere of insufficiency in question may
apply to limited access to services of all
kinds, or, indeed, to the exclusion from
the utilisation of public space in towns
and cities. Relevant research, of course,
mentions social poverty, which has its
very tangible material, but also its nonmaterial and cultural aspects. Father
Zbigniew Majcher defines anthropological poverty in a similar way – as entailing a person’s being stripped, not only of
what he/she possesses, but also of that
which constitutes the essence of his/her
existence and nature, i.e. identity, history, ethnic roots, language, culture, faith,
creativity, dignity, ambition and the right
to an opinion […] There is no greater

man beings. It arises out of the world
of the immanent senses.
 G O O D (or perhaps the GOOD) is
a metaphysical value that is not and
cannot be tangible. While G O O D
may be glimpsed in goodness and
what is tangibly good, its full nature
cannot become known to us. However, this does not mean that it does not
exist at all, and we may therefore for
practical purposes proceed as if it
does exist as a real category.
Perhaps fortunately, research into
goodness extends beyond questions of its
existence or significance into the way it
is conveyed from one person to another.
It is extremely important that we determine the space in which goodness occurs, but also places where it is lacking,
and/or where apathy reigns (and hence a
lack of concern for the expectations or
aspirations of others manifested in the
urban space in which people come into
contact with one another). Under such
circumstances, we bear witness to people
distancing themselves from one another,
notwithstanding the close physical proximity inevitable in cityspace.
As time passes, the distancing process
may give way to ”escape”, and hence to
destruction of the space in which dialogue might be pursued, whose very
existence is founded upon relationships
mediated via goodness) [Tischner 1998a,
pp. 180–186]. Since nature abhors
a vacuum, it is evil (or at least badness)
that comes in to the space of spatial relationships where goodness is absent.
Thus, if we take up the study of the prospects for good we must equally well
give consideration to social differentiation across urban space where what is
good is absent and what is bad has taken
its place.
A person stripped of goodness becomes “impoverished” in one or more
senses, but this state can be a permanent
or transient one. Nevertheless, a ”poor”
person (in either or both senses of the
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impoverishment than that which cuts
a person off from their existence [Majewski 2009].
Perception of urban space is not confined to elements of physical development or spatial organisation relating to
the community or society in a given area.
To experience urban space is first and
foremost to come across other people (be
they inhabitants, users, visitors, people
passing through or whatever). Employing
the categories devised by Lévinas, the
perceiving of the other is an insight into
the face of another person. The face
discerned may express the place in geobiography of the other individual encountered, and hope for the transfer of goodness from one party to another may arise.
The individual may take up the challenge
that this represents, and thus convey the
anticipated goodness. The person in this
way engages in an agatological task that
is a response to the expectations of the
other person, on the one hand, but also
offers an opportunity for the human being to be a human being through the
manifestation of humanity (cf. agatological space of awareness [Tischner 1998b,
pp. 279–280]). The taking up of an agatological task, which is to say the conveying of goodness to another human
being, reinforces the trusteeship of hope,
and leads to some overcoming of that
death of Man that resulted from Adam
and Eve’s partaking of fruit from the
Tree of Knowledge of Good and Evil
[Tischner 1998b, p. 290].
Mental impoverishment arises out of
a lack of free will or free choice. Shortfalls in this regard entail a limited willingness to offer help – i.e. extend goodness to others, but also an eschewing of
the possibilities for assistance that are on
offer. Both attitudes are characterised by
a lack of motivation when it comes to
activity to convey or accept goodness.
They thus reflect a crisis of hope (if we
adopt Tischner’s point of view) within
the space potentially available for dia-

logue, the very existence of the latter
depending on freedom to act on the part
of both donor and accepter. Freedom
conditions a positive approach to others,
and it offers the chance for relationships
founded upon goodness to be entered into
within the urban space associated with
hope. Where freedom of choice and action is limited, an apathy in respect of
good ensues, this also discouraging good
relations with other people. A further
consequence may be concealment from
the world of everyday life by those who
might otherwise be inclined to spread
goodness to others, and those inclined to
accept it.
There are further impacts of a lack of
interest in the goodness that is on offer,
as well as “escape” from offering goodness to others. For apathy and discouragement encourage a process by which
limits are set as people contemplate their
own lives – Take heed therefore how ye
hear: for whosoever hath, to him shall be
given; and whosoever hath not, from him
shall be taken even that which he see
meth to have [Luke 8, 18; also Matthew
25, 29]. Openness to good may produce
multiplier effects on both the giving and
receiving ends, while closure towards the
gift of what is good can sometimes lead
to the loss of what a person has built up
and come into possession of. Being poor
is no justification or excuse, since apathy
to the goodness that is being conferred
will encourage the loss of what little may
still be possessed. It is thus the case that a
rejection of hope in the space potentially
available for encounters between people
is the result of a lack of free choice, and
gives rise to mental impoverishment.
Moral
impoverishment
denotes
a temporary or permanent turning away
from GOOD in one’s life. It is in this
way that a person eschews reflection on
valuable aspects of his/her existence that
really matter. A complete rejection of
GOOD may be the last stage of an impoverishment process whose first stage is
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of goods, people’s rejection of goodness
on offer and their turning away from the
GOOD.
The moral geographies as a field of
study takes in the relations pertaining
between morality and geography in the
spatial aspect, as well as the latter’s management and utilisation. Studies usually
concentrate on the degree to which the
spatially-orientated behaviour of individuals or groups in given locations may be
assessed as appropriate or inappropriate,
as well as which conjectures concerning
the linkages (relations) pertaining between people and their environment may
reflect and at the same time generate
moral judgments. The research approaches referred to develop a position
(suggestion) formulated by the Social
and Cultural Geography Study Group
Committee [1991], which stated that:
human geography must engage with the
articulation of the moral and the spatial
[Johnston et al. 2003, p. 522].
In his work, D.M. Smith [1998, 2000]
treats the moral geographies as one of the
six potential research fields linking geography and the philosophy of morality
(besides the moral geographies, account
is also taken of the historical moral geographies, the geography of wellbeing,
matters of inclusion and exclusion in
space and environmental issues. The
research concepts and approaches present
within such a conceptualisation give rise
to analysis of aspects like social justice in
space, the landscape of morality, morality in the anthropogenic landscape, the
moral order in society and across space,
the geography of religion, political geography and so on.
In earlier studies [Driver 1988], the
term moral geographies is applied to
considerations engaged in via 19thcentury social studies of cities that questioned the linkage between the natural
environment and morality (or moralism).
In this aspect concerning the environmental (naturalistic) approach to the

characterised by a lack of goods. The
next loss entails a lack of concern or
feeling of responsibility, and subsequently a person’s opting to close him/herself
off from goodness. Apathy towards
goodness results in a loss of awareness
vis-à-vis basic moral principles. The
gradual decline into moral impoverishment and depravity may lead to the complete rejection of norms for social coexistence. At this point, the individual
becomes a threat, and in this context it is
the practical side to the moral geographies that assumes overriding importance. The conceptual investigation
presented serves as basis for identifying
effective measures that can bring someone off the path leading to a fall into
moral impoverishment. In turn, an excessive number of people reaching the stage
of escape from goodness and GOOD
poses a real threat to cities’ social stability.
The justification for the moral
geographies
Is it possible to speak of a single
moral geographies? The considerations
here have allowed two aspects to the
moral geographies to be identified. These
link up with our experiences with urban
space, as well as with reflections on the
subject of that space. The first may be
termed the pragmatic aspect to the moral
geographies and its scope extends to
access to goods as well as the shaping of
attitudes towards goodness that is being
conveyed, while the second “reflective”
aspect has as its fundamental issue the
fullest achievable understanding of
GOOD.
Of considerable importance to the
moral geographies are spatial differences
within urban areas when it comes to the
locations of goods (assets) and access to
them, and to goodness that is on offer.
Matters of equal import concern the lack
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other cultural behaviours associated with
the appropriation or at least utilization of
a determined and defined fragment of
space.
Nevertheless, in principle, geographers have so far held back from moralising or from any normative use of the
results of their analyses. Studies that take
up this kind of challenge are few and far
between [Birdsall 1996], though we do
find it postulated that a more pragmatic
use of knowledge on identified phenomena is needed, most especially where
causes and conditioning are concerned
[Smith 1998, 2000]. This opens up a new
interpretative aspect to the moral geographies, the researcher needing to be aware
that the key question then becomes the
defining of how we are to understand
morality – the same morality that forms
the basis for the analytical approach.
At the same time, there must be an
awareness that philosophical aspect of
differences between the terms moral and
ethical are fluid and they may be applied
interchangeably in certain conceptualisations. Argumentation explaining identified phenomena in space in their moral
aspect must therefore offer a legible
account of how the morality in question
is to be understood, by reference to
a given and defined spatial situation.
There can be no doubt that it is space
that interests geographers. And, where
the moral geographies is concerned,
space is viewed from the perspective of
goodness. At the same time, however, it
needs to be recognised that time is the
moulder of space, and both space and
time are social constructs. On The Magic
Mountain, the aforementioned Hans
Castorp experienced a modified passage
of time thanks to the social situation he
was thrown into – […] but these odd
quarter-hours outside the round figures
do not count, they are swallowed up
unregarded, in places where one reckons
time in large units—on long train journeys of many hours on end, or wherever

social sciences, it is assumed that there is
a relationship between the way a population behaves and the place (space) it
inhabits. In the view of Driver [1988], it
was this kind of approach to the moral
geographies that allowed for the birth of
the social sciences in England, this at the
same time implying successively a constancy to geographical study as regards
moral aspects of people’s lives in relation
to diversification in the geographical
environment. Within this trend we find
other studies [Livingstone 1992] that
address the links between climate and
human activity as identified in the late
19th and early 20th centuries. It was at
this point that indications were offered
regarding the relationship between civilisational level and the nature of the races
as regards their morality – issues that
today find no confirmation at all. In turn,
Matless [1994, 1997] analyses morality
as an aspect of geographical study dealing with matters of land use in different
regions, as well as the consequences
thereof for the landscape, tourism, natural studies and nature, and even the moral
aspects to shooting wild birds.
Geography – the moral geographies
included – is understood to embrace
analysis concerning the existence of the
social classes, as well as the relationships
in given areas between natives and incomers [Sibley 1995]. This issue was in
fact extended to include a broader discussion of the moral aspects of leisure, as
well as the morality of the body in space
as one of the thrusts to feminist geography in England at the end of the 20th
century [Matless 1997].
Work under the moral geographies
banner reflects studies from the geography of exclusion, dealing with an issue to
which extent and on what bases people
may be perceived and located as belonging or not belonging to a given place. In
this research area appear studies analysing, for example, the spatial aspect of
racism, ethnic affiliations, nomadism and
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one is in a state of vacant suspense, with
all one’s being concentrated on pulling
the time behind one [Mann 1969, p. 135].
The time and space experienced by
society are generated and evolve in a way
that is in line with social change. It is
thus possible to state that goods and
goodness are also different in different
social contexts. Indeed, there is no way
of appreciating the significance of either
in isolation from a social context. The
diversity of social environments represents a basis for a setting of boundaries
as regards moral values [cf. Ingarden
1989]. The latter may thus be relative in
nature, as we look at the given social
situation arising at the given moment in
history. We may recall here A horse,
a horse, my kingdom for a horse in Richard III, or Paris is worth a Mass as Henry IV, King of Navarre, put it. In this
context, the cultural aspect to morality
also becomes important, this being
a direct consequence of the conditioning
present. Belief and tradition, the level of
civilisational development, society’s
structure and principles of functioning,
the social hierarchy and the means by
which power is exercised all shape the
relationship between goods and goodness. Such cultural ”frameworks” change
spatially and temporally and have major
implications for the moral norms that are
established and accepted in different
societies.
The outlined societally-conditioned
variability to goods and goodness influences the value attached to the deeds and
actions of individuals belonging to
a social group located within the limits of
a certain kind of cultural conditioning.
The way in which a person proceeds is
assessed by other members of the community that it has fallen to his/her lot to
live in. People’s deeds may be rewarded
and punished in relation to accepted and
culture-conditioned moral standards. The
scope punishment assumes is in particular a manifestation of the social context

to moral principles. In turn, sociallygenerated moral law leads to the spatial
differentiation of areas of the occurrence
of a good or goods.
Those giving consideration to the social and spatial aspects of morality – and
taking account of its cultural conditioning – should not ignore the absolute nature that characterises GOOD. The metaphysical nature of GOOD cannot be
brought down to either social, cultural or
spatial dimensions. GOOD has become
a gift and constitutes an obligation on the
part of each person to express and render
the humanity that has been conferred
upon him or her – […] all that he had
made was very good [Book of Genesis
1,31].
The applied value of work from
the moral geographies
In the context of the scope of the
moral geographies that has thus far been
presented there remains the complicated
issue of practical application and significance. One can say that an analysis of
relations between morality and urban
space entails the identification of the way
in which urban space is organised, as
regards its management and outfitting in
facilities and infrastructure, and then
identification who and to what extent has
the access to the latter, thus also who
decides about setting the limitations on
this access. For these reasons, the pragmatic approach to analysis within the
framework of the moral geographies in
the city involves the identification of
those spatial features that provide for the
conferral of goods and goodness upon all
their potential users or consumers. In the
city context, this requirement should
above all be met by public space, in the
broadest understanding of that term,
though it also concerns residential areas
widely perceived as the sphere of intimate and private space. Knowledge of
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nature and at the same time has spatial
implications.
The moral geographies studies the
differentiation of urban space in the context of shortages of goods, the shuttingoff of mechanisms by which goodness is
dispensed and examples of people turning away from GOOD. Research tasks
thus extend beyond the mere analysis of
how a given society organises its urban
space, since our understanding of urban
space also entails encounters between
people. The researcher therefore faces the
issue of the other person as a subject for
study, this ensuring that the value attached to urban space makes reference to
the other user, host, creator, victim and
so on. Work carried out should thus lead
to the determining of an ordered sequence of actions that has already been
termed an agatological task. Thus, paraphrasing St. Augustine, we may say that,
to understand goodness, one needs to
offer it, and to offer it one needs to
know it.

mechanisms present that limit access to
certain forms by which space is organised encourages efforts to minimise those
limitations [Kaczmarek J., 2004, Wright
2009]. In this way, studies that address
matters of limited access, and most especially the full exclusion of certain users
from parts of space, are a valuable element encouraging the rational pursuit of
urban policy [Smith 1994, Kaczmarek S.
2002, 2004, MacLeod 2002].
Conclusions
The moral geographies need to be regarded as a turning point in the story of
the development of geographical thought.
Socioeconomic geography makes the
possession, gaining or loss of material
goods in a defined geographical environment as the leading subject of analyses. In contrast, in the moral geographies, the research perspective is designated by goodness. It is relational in
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Streszczenie
Aksjologia przestrzeni miejskiej – w stronę geografii moralności
Punktem wyjścia prowadzonych rozważań jest pytanie: jakie wartości definiują przestrzeń miejską? Zidentyfikowanie tychże pozwoli bowiem określić cele i potrzeby dokonywania waloryzacji przestrzeni oraz sposoby jej prowadzenia. Kolejnym etapem dociekań jest próba odpowiedzi na pytanie: czy wartości są normą (użytecznością) dla przestrzeni czy też jedynie refleksją, która rodzi się w umyśle obserwatora – użytkownika
miasta? Analiza aksjologiczna przestrzeni miejskiej prowadzi do studiów z zakresu
geografii moralności, które mają znaczenie poznawcze, ale przede wszystkim pragmatyczne w kontekście prowadzenia polityki miejskiej.
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Abstract

This article is devoted to demographic changes occurring in Poland over the last two
centuries. The substantive analysis undertaken is related to assessment of the evolution
of natural change, i.e. the rates of birth and death, and the natural increase or else loss of
population that are the resultant of those two rates. A basis for interpretation and the
drawing of conclusions is provided by methodological assumptions associated with the
so-called “demographic transition” concept. On the basis of the statistical documentation
compiled by reference to history, it was possible to describe successive phases to Poland’s demographic transformations. The article ends with a presentation of several
variants where the forecast change in population in Poland in the first half of the 21st
century is concerned.
changed from the outset. In line with the
assumptions the researchers adopted, the
population development of each society
proceeds via several consecutive phases
that differ from one another in the specifics to the course of the natural change
process (i.e. the relative roles of birth and
death rates).
The demographic transition is
deemed to be universal in nature, since it
reflects the fundamentals of civilisational
development among human beings past
and present, across the world. Thus,
while the changes in question go under
various names in the subject literature –
and may even be subject to somewhat
different interpretations, they do seek to
use generalisation to account for the

Introduction
At the beginning of the 20th century,
French demographer Adolphe Landry
[1909] was the founder of an interesting
theoretical concept accounting for the
world’s demographic development. This
came to be known as the demographic
transition, and was a phased development
of cyclical demographic change. The
theory was developed further by Landry
[1934], as well as by numerous successors [Thompson 1929, Notestein 1945,
Blacker 1947, Sauvy 1952/54, Witthauer
1958, 1959], and has been the subject of
steady modification by demographers
and geographers in general. Nevertheless,
the basic principle has remained un-
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tancy rises higher and higher, with the
result that the first signs of the ageing
society appear, though the share of the
population accounted for by young people remains high at this stage.
Phase IV – of demographic stagnation – represents the stage in the cycle in
which the birth rate is still declining,
while death rates have more or less bottomed out. In these circumstances, natural increase is approaching zero, in
a process that nevertheless lasts several
decades, as the year-classes of reproductive age remain large for some time.
Processes of societal ageing are ever
more visible, however, while average life
expectancy has been extended by at least
20 years from what it was previously, to
some 80 years.
Phase V – of demographic regress –
marks the last phase of demographic
transition, in which birth rate is usually
lower than death rate. Natural decrease
may well be compensated for by an influx of young migrants, whose presence
may prove a source of political or social
tension. The processes of population
ageing are now very much advanced,
with low proportions of the population
accounted for by children and young
people, while the proportion of the population that is of productive age is also
declining. This is obviously associated
with an ever greater share of the population being elderly, these individuals quite
often requiring care.
Since most highly-developed countries are now in Phases IV or V of the
demographic cycle, the issue has understandably attracted more and more attention from demographers and geographers. Observation of the causes and
effects of the ongoing evolutionary process regarding natural change in the
population led to the development of new
generalisations and the advancing of new
hypotheses. Among these conceptualisations was one that drew much interest
and set in train original research on the

causes and effects of the evolutionary
transformations that over time affect the
natural change characterising populations, as these move from being traditional societies functioning in original
conditions to being post-industrial societies of the kind that are present in the
richest states in today’s world. Specifically, it is usual to recognise five main
stages to the demographic transition
process:
Phase I – of limited demographic increase – is characteristic for peoples
living on a low level of economic development. In these circumstances, a very
high birth rate goes hand in hand with an
equally high death rate, with the result
that the natural increase is very limited,
even to the point where natural decrease
takes place in times of famine, war or
epidemic disease. Average life expectancy is very short (at less than 30 years),
and the share of society accounted for by
children very high. Only very occasionally do people live into old(er) age.
Phase II – of abrupt demographic increase – is characterised by a still-high
birth rate showing only a slight downward trend, notwithstanding the fact that
progress with medicine and hygiene plus
better living conditions altogether are
proving capable of reducing mortality
quite considerably. The inevitable consequence is a high rate of natural increase,
to the point where a so-called demographic or population “explosion” may
ensue.
Phase III – of moderate (reined-in)
demographic increase – is associated
with the gradual disappearance of the
model society based around large families comprising many children. Birth
rates are thus in steady decline. Mortality
rates are lower, but the fall in birth rate
does not yet match it, hence an everlower natural increase, if one still capable
of being sustained by the widespread
reproduction still being engaged in in
large year-classes. Average life expec-
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years over which successful procreation
can be engaged in. Near-universal use of
contraceptives and purposeful activity in
the name of ”conscious motherhood”
also work to reduce numbers of births
greatly. In large urban aggregations –
which are coming to dominate in the
highly-developed countries – there has
been an undermining of the significance
attached to the family as the basic fabric
of society, and an attendant popularisation of the model involving no children at
all, or at most small numbers of children.
With a certain time delay, we are seeing
the introduction of a changed model for
life in a modern, post-industrial society
that is impacting upon demographic
processes, including as regards a skewing
of the proportions between ever-smaller
numbers of children and young people
and a growing element of the population
that is of post-productive age. The ultimate, unavoidable effect of this demographic and social situation in highlydeveloped, highly-urbanised countries (in
Europe most especially) will be intensifying processes of depopulation, and
a need for shortfalls in respect of countries’ own citizens to be made good by
immigrants from Asia or Africa.
The subject of this study is to be the
way in which Poland’s demographic
dynamic came to be modified over time 1.
This quite ambitious task is fully capable
of being implemented, since what is
today Polish territory was made subject
to registration (in fact various separate
registrations) of births and deaths in the
period in question. Inevitably, the documentation is not complete, but it is reliable enough to allow for a statistical anal-

relationship between birth and death. The
new theoretical and methodological approach was ushered in under the heading
of the “second demographic transition”,
whose founders are recognised as D. van
de Kaa [1986, 1987] and R. Lesthaeghe
[1986]. The theoretical paradigm introduced under this conventionally-adopted
name was primarily aimed at accounting
for certain changes being noted in the
natural change characterising some European countries’ populations. There is in
fact wide questioning of the adequacy of
both the “second” and “transition” parts
of the name, but these doubts have not
stood in the way of the idea’s successful
appearance in demographic science, or
indeed its very widespread use by geographers and sociologists dealing with
population dynamics. Overall, the universality of the “second demographic
transition” idea is such that we may refer
to four main features first formulated by
D. van de Kaa himself [1987, p. 11], i.e.:
 the declining significance of marriage
– as opposed to co-habitation – as a
format by which people may co-exist;
 a shift in family model from “the
King – child with parents” through to
“the King – pair with a child”;
 a transition from preventative contraception through to conscious procreation;
 a shift from a homogeneous type of
family or household through to diverse forms.
D. van de Kaa’s concept became the
subject of academic debate1. Attention
was drawn to a host of other factors capable of exerting a limiting impact on
numbers of births in an increasingly nonreligious, secularised European society.
The change in the position of women
showing a preference for professional
activity as opposed to childbearing resembles the increasing periods of time
being devoted to study and the fact that
marriages are entered into later and later
in life in serving to reduce the number of

1

An article by the author has already been devoted
to this subject matter [P. Eberhardt 2007]. However, hre there is considerable supplementation using
historical documentation that is not well known to
most geographers and demographers today.
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ysis of the last 200 years2. Over this long
period, the development of the population of Poland in essence passed through
the five main phases of the demographic
transition. Indeed, in the view of specialists, the Polish population now finds
itself in the so-called second demographic transition. This situation allows for
empirical verification of a research hypothesis regarding the evolution of demographic transformation in line with
developmental cycles established theoretically. However, it is not possible to
ignore the fact that parameters of natural
change have undergone gradual modification. It is usually very difficult to determine unambiguously the boundary
between the different phases, and indeed
the number of phases may also be debatable. Transition periods that may be more
or less protracted are present. Nevertheless, the structural changes accumulate
and bring the aforementioned consequences as regards the size and age structure of the population.
From the above point of view, the
demographic processes taking place on
Polish territory had certain well-marked
specifics that distinguish them from the
ones characterising a great many other
states3. This is connected with the severe
demographic losses and major demographic and social perturbations generated by the First and Second World Wars,
though the border changes these conflicts
gave rise to had at least equally marked
effects, encouraging as they did mass
migratory movements of people that also

impacted upon both population state and
dynamics.
Nevertheless, while Poland’s demographic transition was notably distinct in
several important respects, the country
has passed in the usual evolutionary way
through the defined temporal cycles,
beginning with demographic youthfulness and high indices for natural increase
and ending with a situation in which
numbers of children born are not sufficient to compensate for natural loss induced by high mortality rates. However,
this move through from the first to the
fifth phase of the demographic transition
took more than 200 years in Poland’s
case, the changes correlating closely with
the level of economic development, and
specifically with processes of urbanisation, industrialisation and the modernisation of society.
The development of the Polish
population in the first and second
phases of the demographic transition
Up to the 18th century, the Polish
lands were clearly still at Phase I of the
demographic transition, with very high
birth rates being associated with equally
high death rates. Any periods of population increase that did take place were
interspersed with years of epidemic and
famine that readily gave rise to demographic regress. Average life expectancy
was low, and it was only thanks to female fertility applied to full effect in
years that could be regarded as “better”
from the economic, political and social
points of view that new births were at
times able to outpace deaths4. The Black
Death that brought such severe depopulation in Europe as a whole (and also in
Poland) was followed by a more success-

2

These matters had become a source of interest as
early as in the 19th century [W. Załęski 1876,
1900].
3
Poland’s demographic development up to the
1960s was presented in the book by K. Dziewoński
and L. Kosiński [1967]. In turn, the newest item of
literature to discuss 20th-century Polish demographic changes is that by A. Gawryszewski
[2005], which also has a very extensive bibliography.

4

Information on the demographic situation of
Poland over the last 1000 years is contained in the
work by I. Gieysztorowa [1964].
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ful period in which the 15th, 16th and
early 17th centuries brought a natural
increase in the population. In turn,
a major decline in numbers of inhabitants
was ushered in by the second half of the
17th century, the years 1648–1683 bringing a one-third decline in population
associated with the combined effects of
separate conflicts between Poland and
the Russians, the Swedes, the Cossacks
and the Turks.
The first decades of the 17th century
also saw losses encouraged by both epidemics and wars. The collapse of Poland
and the Napoleonic Wars generated yet
further population decline, a stabilisation
only taking place after 1815, with the rest
of the 19th century and early 20th century
to 1914 then constituting an era of
marked population explosion. The Polish
lands had thus come to resemble Europe
as a whole in entering Phase II of demographic development. As a result of high
birth rates combined with declining rates
of mortality, the population on what is
today the territory of Poland increased
from 9 million in 1815 to 30 million in
19145.
Thanks to relevant statistical registration of births and deaths, it is possible to
determine the dynamic to Poland’s natural change of population through almost
the entire 19th century. These data indicate that the Polish lands then coming
within the boundaries of the Russian
Empire, the Kingdom of Prussia (later
the German Empire or Reich) and the

Austrian Empire, displayed a high level
of natural increase of the population (of
15–20‰), which reflected high mortality
rates (of 20–30‰) coinciding with even
higher birth rates (of 40–45‰). The
coefficients of births and deaths were
also at a high level on the territory of the
so-called Kingdom of Poland encompassing the central part of the ethnically
Polish lands and belonging to Russia
between 1815 and 1916 (Table 1).
A similar situation applied in the
nearby region of Galicja, which fell within the Austrian Empire for the entire
period between 1772 and 1918. Here too,
a high level of female fertility ensured
a considerable natural increase that could
more than compensate for losses induced
by the epidemics and periods of famine
that held sway from time to time
(Table 2).
The Polish lands were thus in Phase
II of the transition in natural change for
the period up to World War I. This is
seen in the slight lowering of birth rates
coinciding with a rapid decline in mortality rates. The steady reduction in numbers of deaths reflected progress with
hygiene and medicine, thanks to which
mortality was reined in – above all
among infants and children. The result
was a rapid increase in population in the
Polish lands, most probably in fact
a doubling of numbers between 1870 and
1914.
The First World War was an important event for Poland in demographic
terms, as in so many other ways. The
number of births obviously fell back for
as long as the War continued, young men
being ensconced in the army, and families separated by episodes of evacuation
and resettlement. Death rates also began
to rise again quite abruptly, not least
because conditions at home and in cities,
etc. were worsening. Mobilisation of
males for military service (in various
different armies) also resulted in losses,
while the movements of the fronts back

5

Subject matter associated with Poland’s natural
change in the 19th century has been of interest to
Polish geographers and statisticians for over 100
years now. The first studies appeared once researchers had obtained more reliable information on
the subject of numbers of births and deaths
[W. Załęski 1876, 1900; A. Krzyżanowski and
K. Kumaniecki 1915; J. Buzek 1915; B. Bornstein
1920. In later years also the subject was addressed
by L. Kosiński and A. Jelonek 1960; E. Vielrose
1961; J. Michalewicz 1979; B. Wojtun 1984 and
J.K. Janczak 1994].
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Table 1. The natural change characterising the population of the Kingdom of Poland
between 1824 and 1910 (‰).
Year

Births

Deaths

Natural increase or decrease

1824–1827
1832–1840
1841–1850
1847–1848*
1851–1860
1854–1856**
1861–1870
1871–1880
1881–1890
1891–1900
1901–1910

47.7
47.7
42.4
37.0
42.9
38.7
45.3
41.3
40.3
42.6
40.9

31.5
33.3
33.8
43.0
38.5
46.7
29.9
27.8
25.9
25.5
23.4

+16.2
+13.9
+8.6
–6.0
+4.4
–8.0
+15.4
+13.5
+14.4
+17.1
+17.5

*

years of famine; ** excluding the 1864–1867 period
Source: Historia Polski w liczbach… 1993, p. 103.
Table 2. The natural increase of the population in Galicja in the years 1817–1910 (‰).
Year

Births

Deaths

Natural increase or decrease

1817–1820
1821–1830
1831–1840
1841–1850
1847–1848*
1851–1860
1853–1855*
1861–1870
1871–1880
1881–1890
1891–1900
1901–1910

42.5
41.4
44.3
41.9
35.0
41.2
36.0
45.2
43.9
44.1
44.1
41.4

27.0
29.0
37.3
40.6
70.2
37.9
52.3
33.8
36.4
32.8
29.6
25.9

+15.5
+12.4
+7.0
+1.3
–35.2
+3.3
–16.3
+11.4
+7.5
+11.3
+14.5
+15.5

*

years of famine.
Source: Historia Polski w liczbach… 1993, p. 105.

and forth inevitably resulted in further
civilian casualties (Table 3).
The information supplied on natural
change in the population does not reflect
in full the scale of the demographic losses war induced. No account is taken of

deaths at the front or in the civilian population expelled from the Kingdom of
Poland into Russia. The scale of the
decline is attested to by data on the population of the territory of Inter-War Poland
between 1914 and 1919. In that period,
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Table 3. The natural change in the population of the Kingdom of Poland, 1913–1918 (‰).
Year

Births

Deaths

Natural increase or decrease

1913
1914
1915
1916
1917
1918

35.0
36.0
29.0
27.0
24.0
24.0

19.0
22.0
29.0
24.0
25.0
28.0

+16.0
+14.0
0.0
+3.0
–1.0
–4.0

Source: Szulc S., 1936, pp. 41–42.

the overall population declined from
30.310 million to 26.282 million, i.e. by
13.4% (including by 1.2% as a result of
natural decrease and by 12.2% thanks to
a negative migration balance). Further
losses were incurred in the course of
a conflict less well-known in the West,
namely the Polish-Bolshevik war of
1919–20. Taken together, these factors
gave rise to a real decline of more than 4
million people.

544,000 in 1925 and minimally of
370,000 in 1938.
Nevertheless, by the standards of Europe (especially Western Europe) at that
time, the Polish population was characterised by a high reproductive rate that
ensured a rapid increase in the national
population (from 27.2 million in 1921 to
34.8 million in 1938). The rate of demographic increase, especially in the late
1930s, had begun to show a downward
trend, but Poland was neverthelss continuing to uphold the traditional model of
the multi-child family, and the index for
natural increase was still high on the eve
of World War II (Table 4).
The statistical documentation on
births and deaths during the period of the
Second World War is not surprisingly
rather fragmentary and scanty. This is
especially true when it comes to the level
of mortality. By virtue of their extermination policy, the Nazis murdered some 3
million Jews in camps located on Polish
soil. Various estimates say that losses
among those of Polish nationality were at
a level of around 2 million6. The huge
shifts in population and reign of terror
led by German and Soviet Occupants
alike made the elaboration of demographic balances a major problem. This

The development of the Polish
population in the third phase
of the demographic transition
In the immediate aftermath of the
First World War there was naturally
a spate of compensatory births that was
able to combine with a fall-back in mortality rates to again ensure a high rate of
natural increase. This process continued
through to the mid 1920s, before the
remainder of the inter-War period saw
Poland move through into the next phase
of the demographic cycle, entailing
a steady decline in the numbers of both
births and deaths. Thus, for example, the
one million children born in 1924 can be
set against 519,000 deaths, while the
850,000 births in 1938 compared with
480,000 deaths. The evolution continuing
brought a small reduction in the rate of
natural increase, which was maximally of

6

Full estimates of the demographic losses borne by
Poland thanks to war and attendant border changes
have been made by K. Piesowicz [1988].
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Table 4. The natural change in the population of Poland, 1920–1938 (‰).
Year

Births

Deaths

1920
1921–1925
1926–1930
1931–1935
1936
1937
1938

32.2
34.7
32.3
27.6
26.4
25.0
24.6

27.0
18.5
16.8
14.6
14.3
14.1
13.9

Natural increase or decrease
+5.2
+16.2
+15.5
+13.0
+12.1
+10.9
+10.7

Source: Mały Rocznik Statystyczny 1939, pp. 42–43.

changes at the War’s end8. Indeed, despite the serious biological losses incurred, Polish society entered the postWar period with a relatively young age
structure that reflected the baby boom of
the 18 years between the Wars (1921–
–1939 in Poland’s case). Thus maturity
was reached by the large age classes born
in the 1920s, while the multi-child families that continued to be the norm ensured rather rapid numerical compensation for wartime population losses.
Hence, as in the years after World War I,
so also in the late 1940s and early 1950s,
there was a high birth rate that combined
with a somewhat lowered death rate to
give a high rate of natural increase.
More than 700,000 children a year
were born throughout the 1948–1959
period in Poland, the peak figure being
around 796,500 in 1955. This could be
set against deaths running at between
250,000 and 300,000 a year. There were
thus around half a million additional
inhabitants of Poland with each passing
year, a level of increase that compensated
for the horrendous wartime loss of life.
The ”compensation” period was in fact

means that any data from this period
have to be treated with considerable
caution. On the basis of the study by
Cz. Madajczyk [1970], we may consider
approximate data calculated for the General Governorate excluding the District
of Galicja and hence including the four
Districts of Kraków, Lublin, Radom and
Warsaw – which is to say the central part
of the then Polish lands (Table 5).
In comparison with the situation applying just before the War there was
a marked decline in the birth rate (to
a level below 20‰). At the same time,
the numbers of deaths registered increased from year to year, while the true
number was far higher than that reported7. Presentations of information ended
in 1943, but it may readily be accepted
that the 1944 number of deaths was several times greater than the number of
births.
Thus, between 1938 and 1946, the
population of Poland declined from 34.8
to 23.9 million. This change was induced, not only by the tragic excess of
deaths over births, but also (and in fact to
an even greater degree) by the border

8

Following the decisions taken by the three Great
Allied Powers in Teheran (1943), Yalta (1945) and
Potsdam (1945), which left Poland with territorial
losses to the USSR, but also gains at the expense of
Germany , the overall area covered by the Polish
state declined from 388 to 312 thousand km2.

7

Data on natural change for 1940–1943 deal with
the Polish population alone. No account is thus
taken of the extermination of the Jewish population
(3 million people), as carried out by the Nazis in the
years 1940–1944.
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rather prolonged, since it lasted into the
mid 1950s (Table 6).
The population of Poland passed the
30 million-inhabitant mark in 1961. This
brought the level back to what the same
territory had supported in 1914, though
numbers remained 5 million citizens
short of the pre-WW2 level. As has been
noted, this still-marked disparity was
a reflection, not only of wartime losses,
but also border changes.
The early 1960s saw natural change
in Poland head into the culmination
phase of the demographic transition,
whose key feature was a high rate of
natural increase. Beginning at that point
was a decline in the birth rate that – in
the face of a stable number of deaths –
must inevitably lead to a decline in the
index for natural increase. The main
reason for what was happening was
a reduction in female fertility resulting in
smaller numbers of children per family
and the onset of a significant process of
population ageing. The phenomena coming to light were thus those that had taken
place in Western European countries in
the years between the Wars. The certain
regularity to the process was disrupted
rather by the coming of (productive) age
of year-classes of differing size. The
trends were nevertheless marked, and
they attested to the fact that the Polish

population was entering its age of socalled demographic maturity. This was
reflected, not only in a declining birth
rate, but also in a worsening age structure
that somewhat increased the absolute
numbers of deaths. The latter event took
place despite the persistent trend towards
increased average life expectancy.
In the 30-year period under analysis
(Table 7), the birth rate declined from
22.3 to 14.3‰, while there was a simultaneous increase in mortality rate from
7.6 to 10.2‰, brought about by the
aforementioned process of population
ageing. The evolution of natural change
in Poland proceeded in an analogous
manner to what had been or was being
seen in rich countries of Western Europe.
However, it needs to be recalled that the
rate of change was more rapid in Poland,
especially as regards the birth rate. This
was especially observable in the years
1960–1965, when the index for births per
1000 inhabitants declined from 22.3 to
17.3‰, which is to say by five per mille
points. In later years, the large post-War
year-classes reached reproductive maturity and there was a certain stabilisation of
the birth rate, prior to a further decline in
the years 1985–1990 from 18.2 to
14.3‰. The effect of that was to reduce
the natural increase from 8.0 to 4.1 ‰.

Table 5. The natural change to the population in the General Governorate
in the years 1940–1943 (in ‰).
Year

Births

Deaths

Natural increase or decrease

1940
1941
1942
1943

20.0
19.0
19.4
18.0

15.1
17.2
20.8
23.0

+4.9
+1.8
–1.4
–5.0

Source: Madajczyk 1970, p. 274.
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Table 6. Balance to annual population changes in Poland 1947–1956 (‰).
Year

Births

1947
1948
1949
1950
1951
1952
1953
1954
1955
1956

22.7
29.7
29.9
30.6
31.0
30.2
29.7
29.0
29.2
29.1

Deaths
11.2
11.2
11.5
11.6
12.4
11.1
10.2
10.3
9.6
9.0

Natural increase or decrease
+11.5
+18.5
+18.4
+19.0
+18.6
+19.1
+19.5
+18.7
+19.6
+19.1

Source: Jelonek 1992, p. 24; Statistical Yearbooks (Roczniki Statystyczne) of the Central Statistical
Office 1946–1948, Warszawa 1946–1949.
Table 7. Natural change of Poland’s population in the years 1960–1990 (in ‰).
Year

Births

1960
1965
1970
1975
1980
1985
1990

22.3
17.3
16.6
18.9
19.5
18.2
14.3

Deaths
7.6
7.4
8.1
8.7
9.9
10.2
10.2

Natural increase or decrease
+14.7
+9.9
+8.5
+10.2
+9.6
+8.0
+4.1

Source: Jelonek 1992, op.cit.; Statistical Yearbook 1991, Central Statistical Office,
Warszawa 1992.

than in the UK, and slightly below that
characterising The Netherlands.
The situation in this regard in other
ex-communist CEECs was in fact very
varied. A case exceptional for anywhere
in Europe was that of Albania, which was
still seen to be in a relatively early phase
of demographic development, in which
a high birth rate was associated with
limited mortality. This was a reflection of
a young age structure to Albanian socie-

At the time being considered (1990),
the rate of natural increase was somewhat
higher than that which could be noted in
most Western European countries. However, bearing in mind the fact that 1990
Poland had a younger age structure than
most of the latter, the indices of female
fertility and reproduction in the population were already similar here and there.
Poland’s figure for natural increase was
the same as that in France, a little higher
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ty. Hungary was an entirely different
story, with its high mortality associated
with limited reproduction already producing a natural decrease. A similar – if
somewhat less dramatic – situation applied to Bulgaria, while other CEECs had
indices for natural change differing little
from the Polish ones.
The early 1990s brought a final and
irreversible end to Phase III of the demographic transition on Polish territory.
That phase had lasted for almost the
entire 20th century, and its ultimate effect
had been to increase the country’s population markedly – to 38 million inhabitants in 1990, a total respectively 3 million and 8 million higher than those that
had been noted in 1939 and 1914. There
had thus been full compensation for
wartime loss of life extending into the
millions, and also for the selective migration that conflicts and other factors had
provoked. During the 20th century, Poland’s demographic potential had thus
been strengthened quite considerably.

rate of natural increase, to the point
where numbers of births and deaths came
into balance in 1999. Beyond that, the
negative balance noted for (official and
unregistered) migration abroad from the
mid 1990s onwards ensured that the
Polish population began to decline
steadily.
The aforesaid lowering of the natural
increase was brought about by a decline
in the birth rate at the same time as there
was a stabilisation to numbers of deaths
(Table 8).
The presented relative data do not depict the scale of the phenomenon in the
way that absolute data might. In the early
1980s, over 700,000 children a year were
born in Poland (e.g. 720,800 in 1983).
Five years later in 1988 the number of
births had fallen to less than 600,000
a year (in fact to 587,700), while by 1983
the corresponding figure was just around
7000 short of half a million. However,
the process of decline gathered pace yet
further in subsequent years (1994 –
481.300, 1995 – 433.100, 1996 –
428.200, 1997 – 412.700, 1998 –
395.600 and 1999 just 382.000).
The demographic slowdown taking
place in Poland at the end of the 20th
century was in line with the so-called
assumptions of the second demographic
transition, as described in work by the
aforementioned Dutch researcher, D. van
de Kaa [1987]. It was under the influence
of political, social, economic and psychological factors.
A specifically Polish feature was the
abrupt way in which demographic transformation took place – over little more
than ten years, or in fact basically over
just a couple of years. This is not the
same as in the Western European countries, in which change has taken place in
a more evolutionary fashion and has
lasted for much longer periods. The rapid
rate of change in Poland had its political
conditioning, that coincided with a change of socioeconomic system. The col-

Population changes in Poland in the
demographic transition’s fourth phase
The late 1980s and early 1990s
brought a turning point in the evolution
of natural change in Poland. In line with
the forecasts developed at the end of the
1980s, it was expected that there would
be a stabilisation of the natural increase,
followed (in the second half of the
1990s) by a steady if small increase in
the natural increase indicator.
In connection with the above, the expectation was that the turn of the 20th
and 21st centuries would see the Polish
population reach 40 million inhabitants,
and with a continued distinctly upward
trend in place. However, the development of events quickly revealed the
flawed nature of these forecast assumptions. In the course of the 1990–2000
decade we witnessed a steady fall in the
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Table 8. Natural change of the population of Poland in the years 1990–1999 (‰).
Year

Births

Deaths

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999

14.3
14.3
13.5
12.8
12.5
11.2
11.1
10.7
10.2
9.9

10.2
10.6
10.3
10.2
10.0
10.0
10.0
9.8
9.7
9.9

Natural increase or decrease
4.1
3.7
3.2
2.6
2.5
1.2
1.1
0.9
0.5
0.0

Source: Rocznik Demograficzny 1999, Warszawa 1999; Statistical Yearbook 1999, Central Statistical Office, Warszawa 2000.

lapse of the so-called communist system
saw the return of a capitalist economy.
When confronted with the unbridled laws
of the market, previously-entrenched
principles regarding collectivist living,
a guaranteed social minimum and full
employment lost their raison d'être.
There was a shortlived period of impoverishment, and a wavering of female
fertility that fell to an unprecedentedly
low level. At the same time, there was
a crisis for the institutions of marriage
and the family that was not solely
brought about by economic factors.
Many mutually-interlinked objective and
subjective factors came into play, ensuring that the anticipated further increase in
Poland began to give way a trend towards stagnation, or even depopulation9.

Anticipated changes in the population
of Poland during phase V of
the demographic transition
The fourth phase of the population
transition – which led to stagnation and
an equalling of birth and death rates –
differed from the three previous ones
(which had lasted rather a long time in
Poland) in being extremely shortlived (of
not much more than ten years’ duration).
Here we may recall how the natural increase for 1985 was still of as much as
8‰, while that had declined to 0 by
1999. It emerged that this was a breakthrough phase, in that an end was put to
the secular trend for the increase in Poland, while a start was made to a new
demographic cycle, and an attendant
unavoidable reduction in the numbers of
inhabitants. At that moment, which happened to characterise the end of the 19th
and beginning of the 20th centuries, Poland’s population reached a new height
of 38.6 million inhabitants. It needs to be
stated clearly that, in the course of the
analysed 19th and 20th centuries –
marked cyclicity not withstanding –
numbers of births always exceeded numbers of deaths, other than during wartime.

9

This was a phenomenon typical for the Central
and Eastern European countries. Analysis of the
natural change in Europe’s population over the
years 1990–2000 was presented and interpreted in
another work by the author [P. Eberhardt 2002].

162

Phases to the demographic development of Poland

Compared to other European states, Poland had a population long characterised
by demographic youthfulness and a relatively small share of post-productive age.
But this is now a thing of the past. Post2000, birth rate became stuck at a very
low level (of c. 10‰). Furthermore, as
a result of improved existential conditions for inhabitants in Poland, a process
of the steady extension of life expectancy
took hold. This reflected the fact that the
coefficient of mortality did not assume
any higher values, also oscillating at
a level of around 10‰ (Table 9).
The small increase in the birth rate
appearing in the years 2002–2010 was
associated with larger year classes with
women now just reaching the age of peak
fertility (23–30). This situation will continue to around 2015, before the depopulation trend begins to intensify yet further. This will result from overlapping
causal factors of which one is the increase in the coefficient of mortality
brought about by continued ageing of the
population. The large cohorts of people
born after the Second World War will
pass the 65-years-old mark. In turn, the
age of high fertility will come to be

reached by fewer and fewer women in
the year-classes born post-1990. The size
of Poland’s population will start to fall,
and there will be an acceleration of the
process due to a negative balance for
migration abroad. The scale of the loss in
the years 2000–2010 amounted to between 1 and 1.5 million migrants, and of
course the majority of these were young
people whose absence will affect future
birth rates.
According to the demographic forecasts that have been prepared for the 21st
century, there is a need to anticipate
a steady and deepening process of population regress in Poland. The objective
demographic and social conditioning in
fact demands this. Within the population
there will be an ever-greater share accounted for by the old or very old. At the
same time, smaller year-classes of women will be reaching reproductive age.
There is no reason to expect larger numbers of children to be given birth to in
a society showing such a preference for
a consumption-dominated life model.
Societies of that kind are condemned to
a gradual extinction process. The acceptance of young migrants from other

Table 9. Natural change of the population of Poland in the years 2000–2010 (‰).
Year
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

Birds
9.9
9.6
9.3
9.2
9.3
9.6
9.8
10.2
10.9
11.0
10.8

Deaths
9.6
9.5
9.4
9.6
9.5
9.7
9.7
9.9
10.0
10.1
9.9

Natural increase or decrease
+0.3
+0.1
–0.1
–0.4
–0.2
–0.1
+0.1
+0.3
+0.9
+0.9
+0.9

Source: Statistical Yearbook of the Republic of Poland, 2010, Central Statistical Office,
Warszawa 2011.
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most relating to movements of people. It
also has an EU focus, and it elected to
tackle Polish issues in the course of the
research being referred to here. The academic output of the research team under
Marek Kupiszewski is in fact rather well
thought-of by competent specialists. The
work carried out resulted inter alia in the
devising of a demographic forecast for
the years to 2052 in the case of 27 European states (Poland included). The starting point for the forecast was 2002, and
estimates were then made for the anticipated size of population in Poland in the
years 2012, 2022, 2032, 2042 and 2052.
Six variants were adopted in relation to
each of these forecast dates, with account
being taken of the natural change in the
population and the balance of forecast
migration. A steady increase in female
fertility from 1.3 children at present to
1.5 is foreseen, and account is taken of
various scenarios for migration both
within the EU and worldwide. No attempt is made here to explore the rather
complex methodologies applied, the final
results merely being presented as they
were prepared by the original authors of
the forecast (Table 10).
The point of departure for the forecast
is markedly elevated, since the real result
of the 2002 census gave a figure of
38,219,000 inhabitants. Furthermore,
account was also taken of some 700,000
Poles outside Poland whose return to the
country is in fact quite debatable. If these
facts are put aside, the work can be seen
to meet basic statistical requirements, and
a strong point is the presence of multiple
variants and (presumably) the adoption
of adequate theoretical assumptions.
It is in fact possible to reject one of
the variants (the so-called ”High” one) at
the outset, since this clearly goes beyond
what is possible, in requiring a dramatic
increase in the number of births that
cannot realistically take place in the next
ten years or so. Equally, a genuine increase in female fertility – even a marked

countries – as is likely to happen in not
much over ten years, and almost certain
to happen within a couple of decades –
will delay or even halt the process, but
the nature of the influence on natural
change is hard to assess at present.
In line with the evaluations being
made by demographers, the next few
decades will see the birth rate in Poland
fluctuate around the 10–11‰ level, albeit
with a downward trend towards even
8‰. During the same period, the coefficient for mortality will be following
a marked upward trend, ultimately reaching 15‰ ten or fifteen years from now.
The annual natural decrease in such conditions will remain at a level of around
5‰. In the face of these admittedly approximated assumptions, the excess of
deaths over births may be of as many as
150,000 people a year. The precise estimation of levels of depopulation is
a quite complex task, since many parameters (like female fertility, family size,
mortality, length of life, etc. ) have to be
accounted for. The scale of any future
migratory movements also depends on
many factors that are currently hard to
foresee. Thus all long-term demographic
forecasts are burdened with a high degree
of uncertainty and hence easy to undermine. Nevertheless, they point to intensive depopulation processes that will
occur across today’s Polish territory.
Forecasts for demographic change in
Poland have been prepared by competent
teams of demographers, but are usually
confined to the period up to 2050. These
will be cited since they fully confirm the
wisdom of the theoretical assumptions
made in connection with the way rates of
birth and death evolve in the final phase
of demographic transition.
A multi-variant demographic forecast
for Poland up to the year 2052 was drawn
up in 2007 by a team from the Central
European Forum of Migration Research
(CEFMR). This scientific institution
deals with forecast studies first and fore-
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Table 10. Forecast changes in the Polish population in the years 2002–2052,
according to the CEFMR (2005).

Base
High
Low
Status quo
Migratory and
(No ext.)
Migratory II
(No mig.)

Decline
2002–2052

Population size (‘000)

Variants
2002

2012

2022

2032

2042

2052

in ‘000

in %

38 425
38 425
38 425
38 425

37 715
38 242
37 230
37 625

36 724
38 088
35 396
36 271

35 252
37 571
33 132
34 199

33 304
36 757
30 282
31 567

31 266
35 988
27 276
28 788

–7159
–2 437
–11 149
–9 637

–18.6
–6.3
–29.0
–25.1

38 425

37 398

35 841

33 656

30 893

27 978

–10 447

–27.2

38 425

37 620

36 228

34 088

31 364

28 472

–9 953

–25.9

Source: Bijak, Kupiszewska 2005, p. CXII.

one – will not exert any more major
influence on the country’s population if it
takes place much later on, since – post2015 – ever-smaller year-classes of
women will be reaching reproductive
age. For this reason alone it is difficult to
anticipate any increase in the birth rate.
This is all the more so in the light of the
fact that the wave of emigration has taken in young people, whose needs as regards procreation have been being – and
will be – met abroad.
The remaining five variants can be
treated as a basis for analysis and conclusion-drawing in respect of the future. The
highest (base) variant anticipates around
31.266 million people at the end of the
period, the lowest just 27.276 million,
giving a maximum difference between
scenarios equal to almost four million
people. In the view of the authors, it is
across this interval that the uncertainty
regarding the state of Poland’s population in 2052 lies. However, since the
optimistic variant has Poland’s population declining by 7.158 million in the
2002–2052 period, while the pessimistic
one refers to a decline of no less than
11.148 million, in every case the scale of
the demographic decline is very large and
the attendant conclusions unambiguous:

that Poland is faced with the threat of
a very severe demographic collapse.
What is more, the decline in population
will be associated with changes in age
structure, as an ever greater share of the
population that is of pensionable age will
be accompanied by a steady decline in
the shares of children and young people
in the population. As the years pass, there
will also be a decline in numbers of people of productive age.
The multi-variant forecast that has
been presented here can serve as a basis
for all kinds of research on Poland’s
population. Nevertheless, it does need to
be set against one of the better-known
forecasts derived by the Central Statistical Office – as the state institution in
Poland charged with registering and
disseminating statistical data in all areas
of activity of the Polish state. In one of
these forecasts, the so-called variant R.3
(most pessimistic) has the population of
Poland falling in the first half of the 21st
century from 38.6 million to 26.3 million, i.e. by some 12.3 million (Table 11).
The forecast presented can be compared with work done abroad, notably by
specialist UN agencies that have produced a wide range of projections for
every country in the world, and for sev-
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two forecasts do differ in important
ways, as the Polish one foresees a steadier and more continuous decline, while
the UN forecasts relative stability up to
2025, and only then an abrupt fall in the
second quarter of the 21st century. In fact
the lie is rather given to the UN concept,
since current trends leave little doubt that
rates of decline in the Polish population
up to 2025 are already gathering pace.
This leaves the UN forecast looking
optimistic indeed, not least since it failed
to account for post-2004 migration from
Poland on the scale that this process
actually assumed. Bearing in mind just
how many people emigrated to the labour
markets elsewhere in the EU, opened up
first in the UK and Ireland, and later in
France and Germany, population size in
Poland may indeed be far smaller than
the UN’s demographers were able to
anticipate.

eral decades now. Still relatively up to
date are the forecasts published in 2007,
that also deal with the population of
Poland and its demographic structure, in
relation to the years 2025 and 2050 (see
Table 12)
According to this forecast, Poland’s
population will decline between 2002
and 2050 by some 6.303 million people,
to a level of around 31,916,000. This is
thus a much more optimistic view than
those presented above, anticipating
a smaller decline in population than Poland’s own Central Statistical Office,
with its population loss of 12.3 million
people. Such disparities can only attest to
the considerable uncertainty associated
with Poland’s demographic fate. In turn,
at face value, the projections from the
UN do not depart greatly from the
aforementioned so-called base forecast
from the CEFMR, which foresees 31.266
million people in 2052. Nevertheless, the

Table 11. Demographic forecast for Poland to the year 2050.
Population

Year
2000
2010
2020
2030
2040
2050

million

2000 – 100%

38.6
37.9
36.4
33.7
30.2
26.3

100.0
98.2
94.3
87.3
78.2
68.1

Source: Okólski 2004, p. 189.
Table 12 . Anticipated population in the period 2002–2050, according to the UN (2007).
Population (‘000)
Men
Women
Total

2002
18 507
19 712
38 219

2007
18 644
19 822
38 466

Source: World Population Ageing 2007, p. 404.
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2025
17 915
19 180
37 095

2050
15 373
16 543
31 916
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each country in connection with population age structure. Furthermore, the influence of migration on population size is
considered, alongside reproduction and
mortality. There is no value in assessing
how well-founded these estimates are;
we can merely assume that relatively
adequate assumptions have been adopted.
The results of the statistical calculations
made for such a distant future may obviously prove vulnerable to unexpected
events in the meantime, but this is no
way alters the fact that they are exceptionally interesting, and need to be made
subject to critical assessment by specialists. An overall analysis of the statistical
data makes it clear that eastern and western parts of the EU are going to differ
markedly.
While the whole of the 20th century
saw the east of the continent outstripping
the west where the intensity of the demographic dynamic was concerned (with
higher female fertility and a younger age
structure inevitably generating much
greater natural increases), the first half of
the 21st century is seeing, and will continue to propel forward, an entirely different unfolding situation. An ageing
Eastern Europe will experience intensifying depopulation, those people remaining
becoming ever older, with death rates
constantly exceeding birth rates. An
existing (and and also consequent) lower
economic level as compared with Western Europe will only encourage continued negative balances where migration is
concerned, though of course there will be
differences at a more detailed level.
The greatest demographic regress will
affect Ukraine, which is facing nothing
less than a demographic catastrophe if
the scenario presented for it actually
comes to pass. A decline in population
there of almost 20 million people will be
associated with huge increases in the
share of the population that is old or very
old. Yet it is only a slightly weaker version of this “Ukrainian” variant that may

The UN publication does have interesting things to say about changes in the
age structure of Poland’s population.
According to their estimates, the period
2007–2050 will see a decline in the numbers in Poland aged 14 or less from
around 6 to 4.2 million. This trend can be
set against an incomparably faster increase in numbers of elderly people. For
example, the numbers of people aged 80
or more are forecast to increase from
around 1.076 million to 2.580 million,
with the parallel increase in the over-90s
from just 114,300 to some 653,400. Finally, those whose lifespans have exceeded 100 years may number as many
as 22,300 – as compared with just 1400
currently!
The processes ongoing in Poland in
the first half of the 21st century will thus
be typical of those experienced by countries in the final phase of the demographic transformation. The key feature will be
an ongoing and intensifying depopulation
that will obviously have political, social
and economic consequences above and
beyond the purely demographic ones.
Closing remarks
In considering the issue of depopulation and the scale of the process of population ageing, it is necessary to take some
account of the international context.
Poland, as a member state of a European
Union in which internal frontiers will
cease to be of significance, will be subject to influence from the overall demographic and social situation in the EU, as
well in states situated adjacent to it.
Thanks to material from the UN, it is
now possible to present a forecast for
demographic development in certain
European states through to the year 2050
(Table 13).
The authors of the forecast also generated many more complex calculations,
assessing the future fertility of women in
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Table 13. Anticipated changes in the populations of selected European states in the 2007–2050
period, after the United Nations (2007).

State
Germany
UK
France
Spain
Poland
Ukraine
Romania
Netherlands
Portugal
Belgium
Sweden
Czechia
Hungary
Austria
Belarus
Denmark
Ireland
Finland
Slovakia
Lithuania

Population (‘000)
2007
82 728
60 018
60 940
43 604
38 466
45 509
21 544
16 429
10 592
10 453
9095
10 198
10 044
8218
9645
5461
4266
5274
5400
3403

Change 2007–2050

2050

‘000

%

78 764
67 143
63 116
42 541
31 916
26 392
16 757
17 139
10 722
10 301
10 054
8452
8262
8073
7017
5851
5762
5329
4612
2564

–3964
+7125
+2176
–1063
–6550
–19 117
–4787
+710
+130
–152
+959
–1746
–1782
–145
–2628
–390
+1 496
+55
–788
–839

–4.8
+11.9
+3.6
–2.4
–17.0
–42.0
–22.2
+4.3
+1.2
–1.4
+10.5
–17.1
–17.7
–1.7
–27.2
–7.1
+35.1
+1.0
–14.5
–24.6

Source: World Population Ageing 2007.

Intensifying processes of depopulation in most European states will obviously have consequences for migration.
There is no way of avoiding a situation in
which a large influx of many millions of
migrants into Europe (especially the EU)
takes place. Since these will in the main
hail from the developing (or least developed) countries, political and economic
consequences will be marked, and problems in society hard to avoid. According
to specialist calculations, by 2050, the
shares of countries’ populations of foreign origin may reach 28% in Austria,
36.1% in England and Wales, 29.7% in

well come to characterise a number of
other Eastern European countries, Poland, Romania, Lithuania, the Czech
Republic and Hungary notable among
them.
In absolute terms, the largest population declines up to 2050 (leaving aside
Ukraine) will be taking place in Poland
and Romania, the latter country being
joined by Belarus when it comes to the
largest declines in percentage terms. In
contrast, several Western European countries will see large relative and even large
absolute increases in population, notably
Ireland, the UK, Sweden and The Netherlands.
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The Netherlands and 32.3% in Sweden10.
The situation generated in this way will
be one in which the population of migrants largely consists of children and
young people, while the core population
will have an over-representation of the
elderly. The first group will obviously
back policy that is pro-family and supportive of the young, while the second
group will show a preference for social
policy that helps people of prostproductive age. This conflict of economic
interests will unfortunately coincide with
ethnic differences, while the mass influx
into Europe of people of a different
origin will bring about faith-related

change. A large proportion of the incomers will obviously identify with Islamic
culture. Indeed, such groupings will
become so large that no pressure for
them to integrate into surroundings with
a different view of the world will be
exertable, or exerted.
It can be anticipated that the post2020 Poland will itself be a more and
more attractive place for foreign migrants
to come and live. Emigration will presumably stabilise at a low level, while
there will be a year-on-year increase in
the scale of immigration into Poland
from poorer states, mostly outside Europe. This will obviously have its economic and social consequences. It is hard
to say whether this will set in train the
next phase to the demographic transition
that has so far only been a matter of academic speculation. In any case, we at
present have good premises for forecasting Polish demographics through to the
end of the 21st century’s first 50 years.

10

The included statistical information on a rise in
the share of the overall population that has come in
from outside was included in the article by
P. Szukalski [2007, p. 83]. Having presented anticipated change in the population of Europe to 2050,
by reference to a division into regions, that author
then draws attention to the steady cumulation of
unfavourable socioeconomic (and ultimately also
ethnic) consequences.
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Streszczenie
Fazy rozwoju demograficznego Polski
Artykuł poświęcony jest przemianom demograficznym Polski w ciągu ostatnich 200
lat. Podjęta analiza merytoryczna odniesiona jest do oceny ewolucji ruchu naturalnego,
tzn. poziomowi urodzeń i zgonów oraz wynikającego z ich relacji wielkościowych przyrostu, względnie ubytku ludności. Podstawą interpretacji i wniosków są założenia metodyczne związane z pojęciem tzw. transformacji demograficznej. Na podstawie zebranej
dokumentacji statystycznej w ujęciu historycznym określono kolejne fazy przeobrażeń
demograficznych Polski. W zakończeniu zaprezentowano w kilku wariantach przewidywane prognozy zmian zaludnienia Polski w pierwszej połowie XXI wieku.
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Abstract

The various determinants and effects of the activity of foreign investors in Polish
regions can be interpreted under the theoretical perspectives of global value chains, delocalisation, the territorial embeddedness of foreign firms, multiplier effects of their
activity, structural evolution of regional economies, and dynamic localised capabilities.
The localised capabilities referred to are a dynamic product of the interaction between
the activity of firms and their changing regional environment. It is in the above context
that the mechanisms behind the impact of foreign investment on the development of
Polish regions are discussed.
experience with the transformation that
has been gained encourages us to take
a broader look at the mechanisms by
which FDI has been exerting an influence
on development in the Polish regions.
Foreign investment has in fact been
a popular subject of economic and geographical research in Poland [see, for
example: Dziemianowicz 1997, Domański 2001, Cieślik 2005, Pakulska
2005, Poniatowska-Jaksch 2006 and
Karaszewski 2007]. Many authors have
addressed the conditioning of the attendant investment and the attractiveness
of regions to investors [see i.a.
Wdowicka 2005, Sobala-Gwosdz et al.
2006, Kalinowski 2008, Domański et al.
2009]. Numerous works have also been
devoted to the impact of foreign invest-

One of the new phenomena ushered
in by the post-1989 transformation of the
Polish economy was the inflow of foreign capital. This raised hope of increased competitiveness and innovation
in the economy, on the one hand, but also
on the other, fears regarding unstable and
low-pay jobs and limited linkages with
local enterprises, and hence primarily
a transfer of companies’ profits abroad.
Twenty years have now passed, and the
1
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a volume edited by S. Ciok and P. Migoń Przekształcenia struktur regionalnych – aspekty społeczne,
ekonomiczne i przyrodnicze (The shaping of regional structures – social, economic and natural aspects), University of Wrocław, Institute of Geography and Regional Development, Wrocław, pp.
263–274.
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well as the power relationships associated with them. Changing linkages and
relationships between entities situated in
different places across global space translate into the dynamics of relationships
between countries and regions, including
growth or decline in significance when it
comes to the international division of
labour arising out of a growing or declining role of economic activity (function)
that is of high added value (i.e. industrial
upgrading or downgrading).
A basic means of drawing distinctions in relation to local and regional
development entails the division between
endogenous development, as based
around local firms and factors, and exogenous development, as based around
external investors. What is important
here is then the question of how one type
of development influences the other, and
first and foremost (from the point of view
of this article’s considerations) how exogenous development influences the
endogenous variety – i.e. to what extent
it either stimulates or restricts it.
The impact of external investors on
local firms is particularly exerted via the
former’s use of local suppliers of goods
and services, this rendering them
a source of regional multiplier effects.
A further consequence may entail
knowledge spillovers – by which local
enterprises’ learn from contacts with
firms operating on a higher technological
and organisational level. Of course, foreign firms may equally well be involved
in the expulsion of local competitors
from the market, with attendant takeover
and exploitation of their significant resources.
The overall effect of the dynamic and
directions of the development of enterprises operating in a region – be those
local or from outside – is manifested in
changes in that region’s economic structure. The development of a region can be
assessed on the basis of income and
structural transformations. The combina-

ment on the labour market, entrepreneurship, innovation, and so on [i.a. Pilarska
2003, Cukrowski and Jakubiak 2004,
Pakulska 2010], as well as the relationship between local authorities and investors [Jarczewski 2007, Dziemianowicz
2008].
Against this background, the author
here seeks to analyse the mechanisms via
which foreign capital has been impacting
upon regional development in Poland, in
the light of different theoretical conceptualisations. An attempt is also made to
assess the impact in question when it
comes to the current and future development of different types of region. At the
outset, the most important theoretical
concepts in this area are outlined, with
some greater attention being paid to that
of dynamic localised capabilities. The
changing features of, and motives underpinning, influxes of foreign capital into
Poland are then presented in brief, along
with information on the distribution of
that capital around Poland. This then
constitutes a basis for the interpretation
and assessment of foreign firms’ impacts
on the development of the Polish regions.
Firms and the region as conceptualised
theoretically
The matter of the impact of foreign
capital may in fact be looked at from the
broader theoretical perspective of the
relationship between the activity of
a firm and the region or territory in which
that is pursued.
Today, one of the popular approaches
to the analysis of relationships of this
kind brings in the concept of global value
chains after G. Gereffi [1999]. The focus
is on the relationships between entities
discharging different functions within the
value chains, the emphasis being on the
role of those entities in controlling access
to important resources, such as brand,
design and production technologies, as
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2001, Zimmermann 2002, Dicken 2007].
This is manifested in a system of mutual
linkages and interdependences between
firms and a territory (region) that make
their activity in a given place more permanent. The above comprise the socalled sunk costs, which is to say the
outlays not capable of being recouped if
there is transfer of activity to another
place, developed networks of local specialist suppliers of goods and services,
and – beyond that – even a familiarity
with local partners and employees (i.e.
knowledge), the certainty and confidence
that arise out of them, and also the reputation of firms among partners and
customers [Domański 2005].
Dicken, Forsgren and Malmberg
[1994] as well as Schoenberger [1999]
claim that the chances of multinational
companies becoming strongly embedded
are confined to a few regions. Bartlett
and Ghoshal [1989] consider that the
roles of foreign subsidiaries differ in
relation to the strategic significance of
the country or region to the given corporation, as well as the functions and capabilities of subsidiaries themselves. Dicken, Forsgren and Malmberg add that the
local embeddedness of these subsidiaries
depend on the history and origin of the
corporation involved, the size of the
subsidiary, the significance of its resources for corporations and its degree of
autonomy. There is no doubt that the
degree of embeddedness of a foreign firm
is closely related to the features of its
host region.

tion of growth and the transformation of
business entities offer insight into the
direction in which a region’s economic
structure is being transformed – by way
of diversification and specialisation, and
including the aforementioned growth or
decline in the significance of high-valueadded economic activity founded upon
highly-qualified employees.
On the other hand, should firms from
outside a region play a very major (or
indeed a truly dominant) role, the result
may be dependent development, as manifested in a so-called branch plant economy wherein the main business entities are
dependent on decisions taken externally,
as well as capital and technologies flowing in from outside. The common view in
this regard is that such development
denotes a subordinate role for a region in
the spatial division of labour (i.e. a dominance of low-added-value activity), as
well as lower stability due to the threat
that external (especially foreign) firms
will at some point relocate activity beyond the region delocalisation [Hudson
1994, Labrianidis, Kalantaridis and Dunford 2011].
Enterprises operating simultaneously
in many different places, and especially
in many different countries, obviously
enjoy greater opportunities than local
firms when it comes to changing locations. The assessment of the durability
and consequences of multinationals’
activities on levels of development in
countries and regions has been the subject of hot debate for many years now.
The corporations concerned are often
seen as weakly-connected with the regions they invest in, and thus inclined to
relocate activity, even to the point where
they may be thought to lead a “nomadic”
existence.
The most important conceptualisations of the relationships between firms
and regions include the concept of geographical or territorial embeddedness
[Phelps 2000, Dicken and Malmberg

The concept of the dynamic localised
capabilities
Any encapsulation of the relationship
between firms and a region is also dependent on the conceptualisation of firms
themselves. Maskell [2001] notes that an
evolutionarily competitive theory of
firms may prove particularly fruitful in
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one hand, the capabilities in question are
shaped by the ownership, strategies and
activities of firms, and on the other they
are dependent on different features of
a country, region or city. At the same
time, previously-developed capabilities
represent a basis for the competences of
enterprises and the modification of strategies – of both local firms and foreign
investors [Domański and Gwosdz 2009].
Localised capabilities, like the untraded
interdependencies2 drawn attention to by
M. Storper [1995, 1997], have features of
a quasi-public good, which is to say that
they can be the source of economic advantage for many firms, even though
they are not controlled by any one in
particular.
The capabilities under analysis in this
case are a type of relational resource that
is localised in character, in that it is associated with a particular place in geographical space, be this a country, region
or city. The capabilities reside in the
networks of relationships taking shape
between suppliers, employees and different institutions. Firms’ knowledge of
local resources, which are at times rather
hard to encapsulate, as well as their skills
in developing capabilities and competence-building, are shaped gradually over
longer periods of time. In contrast to
technological know-how these localised
capabilities are not readily transferrable
from place to place.

geographical studies. Here, the behaviour
and structure of firms are understood as
dynamic by their very nature, firms
building their own competences and
competitive advantage on the basis of
access to and control of the resources that
exist in their vicinity [Teece, Pisano and
Shuen 1997, Nicholas and Maitland
2002, Pakulska and Poniatowska-Jaksch
2009]. From the geographical point of
view, firms’ competences are developed
on the basis of capabilities localised in
given cities, regions and countries
[Maskell 2001].
Dynamic localised capabilities may
be defined as tangible or intangible resources, embodied in the relationships
between enterprises, people and institutions in a given area [Domański and
Gwosdz 2009]. They take in the skills
and attitudes of employees and entrepreneurs, quality, reliability and other features of suppliers, as well as diverse
institutions and organisations, including
public authorities, business organisations,
and NGOs. They are in turn founded
around the social, cultural and economic
relations characteristic of a given locality.
Localised capabilities are by definition relational and dynamic phenomena.
There are no “absolute” capabilities as
such. The resources present in a region
become localised capabilities where there
are firms able to identify them and then
having the desire – and the ability – to
transform them into their own competences. It is thus possible for what constitute localised capabilities favouring economic development in one region to
remain as unutilised resources in another.
Localised capabilities are thus always
capabilities for certain firms. What is
more, they are continually subject to
further shaping, being created, re-created,
strengthened or eroded – all of these
processes being mediated by the relationships ongoing between firms and the area
in which they operate (Fig. 1). On the

2

These concepts overlap to some degree, in that
both encompass relationships on the labour market.
The main forms of untraded interdependencies after
M. Storper are nevertheless conventions i.e. norms
and practices applying in the relationships between
business entities.
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Fig. 1. Factors shaping the dynamic localised capabilities and the embeddedness of the system of production
in the country or region. Source: Domański, Gwosdz [2009].
Ryc. 1. Czynniki kształtujące dynamiczne zlokalizowane zdolności oraz zakorzenienie systemu produkcyjnego
w kraju lub regionie. Źródło: Domański, Gwosdz [2009].
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ultaneously with high quality and increasing efficiency, in circumstances of
macroeconomic and political stability, as
well as proximity to the markets of
Western Europe. These trends are in fact
to be seen in many branches of industry,
such as the car industry, electronics or
household appliances. In recent years
they have also manifested themselves in
an expansion of servicing firms that is
oriented towards clients abroad. Examples of the latter often involve centres
offering business process outsourcing
and shared services [Micek et al. 2011].
The branch structure to foreign investment is diversified. There is a steady
rise in the importance of services, including those that are knowledge-based: at
the aforementioned centres of business
process outsourcing and shared services,
as well as in regard to ICT and R&D.
There is nevertheless a prevalence of
standard financial and telecommunications services, as well as commerce.
Rather more significant among the industrial investments are those in mediumhigh technology, though high-technology
as such as yet receives almost no attention whatever from foreign investors.
Activity on the part of firms with foreign capital is one of the main causes
underpinning rapid growth in the value of
Polish exports, as well as radical changes
in export structure. Preponderant among
them now are means of transport, as well
as machines and equipment; there is an
increase in the role played by products of
higher value added. The effect of investment in the production of parts and products exported to Western Europe is
strong integration of industrial plants in
Poland within the framework of European and global value chains of production.
Their role as part of these global value
chains is very much diversified – from
engagement in the relatively simple,
labour-intensive stages of production
through to advanced productive or nonproductive functions of high value added.

The changing features of investments
in Poland
In the first decade of the Polish economy’s transformation, a very major role
in the influx of foreign capital was
played by processes of the privatisation
of enterprises. As economic stabilisation
of the country progressed, and there was
rapid economic growth and the building
of a positive image for Poland (both
processes being favoured by EU integration), there was an increase in greenfieldtype investments. In turn, recent years
have brought marked increases in the
value of capital takeovers (transactions
between multinational concerns, and also
between foreign firms and Polish private
enterprises), this bringing the structure of
foreign investment in Poland closer to the
situation applying in highly-developed,
mature economies. Of ever greater significance in this context are the additional
outlays decided upon by firms operating
in Poland over a longer period. At the
same time, it is possible to observe cases
of certain investors ending their activity
in Poland, having opted to move to lower-cost economies. There has been increased investment activity on the part of
enterprises whose capital originates
abroad. The balance of inflows and outflows of capital into and out of Poland is
nevertheless a clearly positive one overall, and is likely to remain so for at least
the next 10–20 years.
The main motive underpinning greater foreign investment in Poland has been
and remains the country’s role as a market. This finds its expression in the way
goods and services generated by investors are first and foremost sold domestically. However, since the end of the last
decade there has been a marked increase
in the role of investments ultimately
seeking to promote exports. Underpinning this activity are the benefits generated by costs that are low in comparison
with Western Europe, as associated sim-
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the market available for output, the size
and qualitative features of the labour
market, as well as accessibility. It should
be noted how these factors were very
much shaped in the past, this denoting
that today’s distribution of foreign capital
across Polish space is in large measure
dependent on the heritage of the precommunist and communist eras as these
affected economic structure of towns and
cities and regions, outfitting in infrastructure and the level of education and demographic structure3. The combination
of these features has left peripheral rural
regions in an unfavourable situation,
these often having been hit by a protracted process of outflow to other areas of
young people, leaving shortfalls as regards human capital, as well as to some
extent by forced industrialisation under
communism in certain regions and centres.
The influence of state policy on the
location of investment has first and foremost made itself felt through the construction of motorways, as well as the
programme of Special Economic Zones.
At the outset, the presence of such zones
succeeded in attracting investors to some
of Poland’s peripheral centres, like Mielec. However, what became more and
more of a multiplicity of zones and subzones around the country weakened the
role of this instrument of regional policy.
In their present form, the zones ensure
that strong regions become stronger, and
these are the regions that would be attractive to investors even were public aid not
to be granted. Local authorities still have
an important role to play nevertheless,
but rather few of them are able to satisfy
investors’ needs [Dziemianowicz 2008,
Gwosdz et al. 2008].

The distribution of foreign investment
across Polish space and its main
determinants
The distribution of foreign investment
is by its very nature uneven, making
reference as it does to the level of development of regions and the settlement
hierarchy. The focusing of most capital
in developed regions, as well as the metropolitan areas of large cities, reflects
both the fact that most outlays concern
already-existing enterprises, and the fact
that investors show a clear preference for
such areas. The consequence of the foreign investment is change on the intraregional scale, above all the industrialisation of the external metropolitan zones of
large cities, as well as the suburbs around
some smaller cities, for which a preference is shown as new investments are
located.
Foreign capital undoubtedly helps
bring about a strengthening of the advantage enjoyed by strong regions, and
hence to ever-greater inter-regional disparities, especially when metropolitan
and non-metropolitan areas are compared. This is less a reflection of the size
of the outlays in these two types of area,
and more a matter of the different features of the investment taking place
therein. It is likely that the last decade
has differed from the 1990s in the way
that a certain wider spreading of foreign
capital across more of Poland has begun
to occur, e.g. in industry and trade. In
contrast, what is enhanced markedly is
the geographical division of labour between metropolitan and non-metropolitan
areas, the former concentrating the great
majority of more advanced and complex
activity of higher value added, and requiring a highly-qualified workforce,
while the latter are reached by standard
consumer services or labour-intensive
production activity.
Underpinning the placing of foreign
investment are, above all, such factors as

3

At the same time, in some branches and sectors,
foreign investment activity has given rise to farreaching shift in the distribution of production
across Poland, e.g. where the electronics and automotive industries are concerned.
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local levels of pay, and – on the other – a
raising of the qualifications and competences of personnel (including managerial staff).
The wider influence is in great measure dependent on the development of the
network of linkages of foreign enterprises in a region. The better developed these
are, the greater the potential positive
influence of the investor on a region’s
development. The influence in question
is first and foremost exerted via multiplier effects, which is to say the increased
(or confined) activity of local business
entities induced by increased (or reduced) demand for their goods and services on the part of foreign firms. The
strengths of regional multiplier effects
are determined by the degree of closure
of linkages among firms within a region.
This closure is usually much greater as
regards services than the supplying of
production, hence the particular importance of analysing where services are
commissioned, as linkages between investors are being considered. For local
and regional firms are in much more of a
position to render different services than
to supply the specialist sub-products and
parts that few plants in the country or
even the world turn out. Moreover, it is
primarily local multiplier effects that
arise via consumer demand on the part of
employees.
External firms, and especially multinational corporations, are usually characterised by a wider geographical extent of
linkages, which is to say more limited
closure on the regional scale. Nevertheless, the longer they operate in a given
place, the stronger the regional linkages.
Besides differences arising out of properties of the activity (branch) or firm itself,
a further matter of significance concerns
the features of the region itself, these
being able to determine the capacity to
harness multiplier effects, i.e. the satisfaction by local firms of the demand
induced by foreign enterprises when it

The influence of foreign firms on the
development of Polish regions – an
attempt at an interpretation
The basic question to be posed from
the competitiveness of regions point of
view concerns whether the result of investment by foreign firms is an increased
role for different regions where national
and international divisions of labour are
concerned. In the case of the metropolitan areas of Warsaw, Poznań, Wrocław,
Kraków and Gdańsk there has undoubtedly been a development of advanced
activity of high value added and exacting
requirements as regards employees’
qualifications, and thus at the same time
an inclusion of the metropolises concerned within the European network of
linkages. The regions in question play a
greater role in global value chains than
they did 20 or 50 years ago.
The same might be said of the old industrial districts, especially Upper Silesia, though in recent years also the Łódź
region and to a lesser extent also the
Sudety area, within which foreign investment has helped bring about restructuring and branch diversification through
the development of new activity that has
taken the place of branches that were on
the way out. This process has been accompanied by qualitative change on local
labour markets.
Activity on the part of foreign investors rarely constitutes direct competition
for firms operating on the local or regional scales4. The positive impact on
local firms is often also limited if the
investor does not develop closer linkages.
At the same time, an indirect influence is
first and foremost exerted via the labour
market, with – on the one hand the capture of the best staff by large corporations and in the process the raising of
4

The different strategies local firms pursue in the
face of foreign concerns’ expansion are shown in
the work by M. Gorynia [2005].
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dedness in the hosting region. This in
turn comprises a network of diverse
linkages and relationships between an
investor and local business entities, as
well as sunk costs. The degree of embeddedness differs greatly from firm to firm,
as well as between one region and another. Generally speaking, the localisation
that may prove less permanent is the one
involving simple, labour-intensive activity, thanks to the lower sunk costs, along
with greater sensitivity to rising labour
costs in relation to other countries.
A positive scenario for the development
of these activities entails stepwise evolution towards more complex or capitalintensive functions; while a negative one
involves activity being relocated to lower-cost regions with attendant closure of
enterprises. A cessation or radical limitation of investor activity denotes joblosses and loss of tax-income for the
region, as well as negative multiplier
effects, i.e. reduced orders for goods and
services among suppliers.
The complex interdependences between firms and a region may be interpreted in the light of dynamic localised
capabilities. The competences of many
foreign investors operating in the Polish
regions have been built upon localised
capabilities that make them embedded in
the region.
An example here might be the expansion being mounted in Śląskie and
Dolnośląskie voivodships (Silesia and
Upper Silesia), by foreign producers in
the automotive industry, this being characterised by an exceptionally welldeveloped network of suppliers, as well
as exacting requirements as regards quality. In-depth studies show how investors
have steadily built up their knowledge of
local resources, i.a. of employees, suppliers and public institutions, moving on
to the production of more and more complex products of higher value added, as
well as introducing non-productive functions, e.g. as centres of services and R&D

comes to services, semi-products and
components. Regions with a higher level
of development and greater economic
diversification can thus draw greater
benefit from multiplier effects due to the
presence of foreign investors, an example
here being the positive effects arising out
of the activity of BPO/SSC service centres and R&D centres in Kraków [Micek
et al. 2011]. The linkages and influences
characterising large firms in respect of
local enterprises can also be observed in
less-developed regions, however, where
the latter nevertheless possess certain
specialised resources, e.g. in the so-called
Aviation Valley in Podkarpackie voivodship.
No less important is the influence of
exogenous development on development
within qualitative categories. Among
other things, this may be manifested in
transfers of technology and organisational know-how. Such impacts may be exerted directly, e.g. through technical
support and training for local suppliers,
or indirectly via the imposition of exacting requirements upon cooperating firms,
the demonstration effect and the spinoff
or spinout processes whereby former
employees of the investor set up in business on their own [Pakulska 2010].
In the wider perspective, the exogenous character of the development of
a region (and in particular its dependence
on multinational corporations) has certain
limitations and threats attendant upon it.
Dependence upon strategic decisions
taken beyond the region (or country)
often ensures that own brands are lacking, while financial, marketing, researchrelated and technological competences
are all limited. This denotes a dependent
role of a region as a periphery or semiperiphery in relation to core regions.
What is most important in this context is
the issue of the durability to the activity
of foreign firms in the given region.
The durability of investment derives
in large part from the degree of embed-
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centres [Pavlínek et al. 2009, Domański
and Gwosdz 2009]. The competences of
producers of car components find their
expression in export capabilities vis-a-vis
the markets of Western Europe, rising
position in the supply chains of global
firms and diversification of customers,
quality certification, the remodelling of
plants with a view to greater economies
of scale being achieved and the appearance of non-productive functions. This
has been accompanied by a process of
the embedding of investors within the
networks of suppliers, founded mainly
from other firms with foreign capital.
Underpinning the processes described
were localised capabilities in the form of
qualifications of the local workforces, as
well as its attitudes (motivation, adaptability) and the quality of local suppliers
and institutions. These capabilities are
rooted in features of regions, towns and
cities that took shape previously, e.g.
their industrial traditions. However, they
largely developed as a result of mutual
impacts between foreign firms and regional surroundings, i.a. wide-ranging
training and skills gained within firms.
Motivation and attitudes to work link up
with the opportunities and conditions
offered by new, rising organisations,
selection on local labour markets as well
as general conditions for systemic changes in a country of rising individual aspirations and the threat of unemployment.
We have been dealing with the evolution
of firms’ strategies under the influence of
changing local conditions and growing
knowledge thereof, as well as the building of trust in local partners, and at the
same time the development of capabilities inherent in the relationships pertaining between firms and a region. Localised capabilities enhance the competences of earlier investors, who are taking
root and fixing their activity in a region,
while likewise attracting further investors. The interaction in question is a dynamic learning process for both parties

investing in the Polish regions, i.e. corporations on the one hand and local entities
[Domański and Gwosdz 2009] on the
other.
There is no way of avoiding a question regarding the prospects for further
growth in the role of Polish metropolitan
regions where global value chains are
concerned. Limited decisionmaking competences, technological dependence and
weaknesses of indigenous enterprises in
many branches will constitute a serious
barrier to the future growth, especially in
regard to advanced service functions. On
the other hand, the growing competitiveness of the firms and subsidiaries operating here – as based on rising qualitative
competences and economies of scale –
may allow for the further development of
certain productive functions and services
offering high added value.
There are also developed regions in
which the activity of foreign firms does
not make use of previously-existing resources and rather gives rise to an erosion of localised capabilities. An example
from the car industry may here be southern and western Wielkopolska, which
brings together centres specialising in the
labour-intensive production of products
of low value added, mainly the wire
harnesses and seats of cars [Gwosdz and
Micek 2010]. The thesis regarding the
limited embeddedness of this kind of
activity tends to be sustained by the decisions taken to close down large plants at
Rawicz and Ostrzeszów, the production
involved being transferred abroad during
the period of economic crisis of 2008–
–2009. Limited localised capabilities are
also a feature of many of the large electronics plants located in Poland over the
last decade, as well as some of the factories making household appliances, e.g. in
the vicinity of Wrocław, Łódź, Gdańsk
and Toruń. In each case the risk of delocalisation remains a serious one.
Localised capabilities are also a condition behind the development in periph-
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As regards both distribution and effects of the influx of foreign investment
into Poland, we may note a clear path
dependence regarding regional development. Foreign capital both utilises and
strengthens economic, demographic and
educational structures and trends shaped
previously. The privileged position of
metropolitan regions may be interpreted
as an effect based on these selfreinforcing structures of agglomeration
forces and the learning process, in just
the same way as the marginalisation of
peripheral rural regions – and to some
extent also of old industrial regions – can
be seen to derive from historical weaknesses hanging over from the previous
era. The path via which this marginalisation can be overcome involves integration with metropolitan areas and the
strengthening of human capital to facilitate endogenous development, as well as
the capturing of multiplier effects of the
rapid development of metropolitan regions, and to some extent also the attraction of more advanced activity on the
part of foreign investors.
Finally, it is worth paying attention to
the strong local differentiation of foreign
investment within regions, especially old
industrial districts, as well as peripheral
rural regions.

eral regions of more complex, higheradded-value activities, and therefore
behind any upgrading as regards global
value chains, as well as any greater embeddedness on the part of foreign firms.
Conclusions
The interdependence of firms and regions is manifested in – on the one hand
– the significance of different types of
regional resources when it comes to the
effective functioning and development of
firms, and – on the other – the role of
firms in regions’ socioeconomic development. In this context, the main attention turns to natural, human and capital
resources [Pakulska and PoniatowskaJaksch 2009]. Localised capabilities are
also important here as the dynamic effect
of interactions between the activity of
firms and changing surroundings that
take in a range of different stakeholders.
They comprise qualifications, skills and
attitudes, as well as the reliability/dependability of people, business
entities and local institutions, as these
find reflection in the relationships between these parties. The dynamic localised capabilities are a source of benefits
that reduce uncertainty and improve the
efficiency of enterprises, while at the
same time constituting an element in
their sunk costs. By the same token, they
may be an intermediating factor in the
self-reinforcing mechanisms underpinning regional development and the embeddedness of foreign firms in the territory, contributing to the development of
advanced activities of high value added
and limiting relocations of activity to
other places. These capabilities can account for the divergent conditioning and
consequences of the activity of foreign
capital in the Polish regions.
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Streszczenie
Kapitał zagraniczny i rozwój polskich regionów
Jednym z nowych zjawisk, jakie przyniosła transformacja polskiej gospodarki od
1989 roku, był napływ kapitału zagranicznego. Budził on z jednej strony nadzieje na
podniesienie konkurencyjności i innowacyjności gospodarki, a z drugiej obawy o niestabilne i niskopłatne miejsca pracy, ograniczone powiązania z miejscowymi przedsiębiorstwami i transfer zysków za granicę. Ponad dwudziestoletnie doświadczenia transformacji zachęcają do szerszego spojrzenia na mechanizmy wpływu zagranicznych inwestycji
bezpośrednich na rozwój polskich regionów.
Inwestycje zagraniczne są popularnym tematem badań ekonomicznych i geograficznych w Polsce [Dziemianowicz 1997, Domański 2001, Cieślik 2005, Pakulska 2005,
Poniatowska-Jaksch 2006, Karaszewski 2007]. Wielu autorów skupia się na uwarunkowaniach owych inwestycji i atrakcyjności inwestycyjnej regionów [m.in. Wdowicka
2005, Sobala-Gwosdz i in. 2006, Kalinowski 2008, Domański i in. 2009]. Liczne są
prace poświęcone oddziaływaniu zagranicznych inwestycji na rynek pracy, przedsiębiorczość, innowacyjność itd. [m.in. Pilarska 2003, Cukrowski, Jakubiak 2004, Pakulska
2010], a także relacjom między władzami lokalnymi a inwestorami [Jarczewski 2007,
Dziemianowicz 2008].
Na tym tle autor podejmuje analizę mechanizmów oddziaływania zagranicznego kapitału na rozwój regionalny w Polsce w świetle różnych ujęć teoretycznych oraz próbę
oceny tego oddziaływania na dzisiejszy i przyszły rozwój różnych typów regionów. Na
wstępie zarysowano najważniejsze koncepcje teoretyczne na tym polu, w tym nieco
szerzej koncepcję dynamicznych zlokalizowanych zdolności, następnie przedstawiono
krótko zmieniające się cechy i motywy napływu kapitału zagranicznego do Polski oraz
jego rozmieszczenia w przestrzeni kraju. Stanowi to podstawę do interpretacji i oceny
oddziaływania firm zagranicznych na rozwój polskich regionów.
Współzależność firm i regionów wyraża się z jednej strony w znaczeniu różnego rodzaju zasobów regionalnych dla efektywnego funkcjonowania i rozwoju firm, a z drugiej
w roli firm w rozwoju społeczno-gospodarczym regionów. Podstawową uwagę zwraca
się w tym kontekście na zasoby naturalne, ludzkie i kapitałowe [Pakulska, PoniatowskaJaksch 2009]. Istotne mogą być tu także zlokalizowane zdolności, będące dynamicznym
wynikiem interakcji między aktywnością firm a zmieniającym się otoczeniem obejmującym różnych interesariuszy. Składają się na nie kwalifikacje, umiejętności, postawy oraz
niezawodność i wiarygodność ludzi, podmiotów gospodarczych i instytucji lokalnych,
znajdujące wyraz w relacjach między nimi. Można twierdzić, że dynamiczne zlokalizowane zdolności są źródłem korzyści, które obniżają niepewność i poprawiają efektywność przedsiębiorstw, stanowiąc zarazem element ich kosztów utopionych. Tym samym
mogą być one czynnikiem pośredniczącym w samowzmacniających mechanizmach
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rozwoju regionalnego i terytorialnym zakorzenianiu firm zagranicznych, przyczyniając
się do rozwoju zaawansowanych działalności o wysokiej wartości dodanej i ograniczając
relokację ich działalności do innych miejsc (delokalizację). Wyjaśniać mogą zróżnicowane uwarunkowania i skutki aktywności kapitału zagranicznego w polskich regionach.
W rozmieszczeniu oraz skutkach napływu inwestycji zagranicznych do Polski widzimy wyraźną zależność od ścieżki rozwojowej regionu (path dependence). Kapitał
zagraniczny wykorzystuje i wzmacnia ukształtowane wcześniejsze struktury i trendy
gospodarcze, demograficzne i edukacyjne. Uprzywilejowana pozycja regionów metropolitalnych interpretowana może być jako efekt opartych na tych strukturach samowzmacniających sił aglomeracji i procesów uczenia się, podobnie jak marginalizacja peryferyjnych regionów wiejskich i częściowo starych regionów przemysłowych jako pochodna
ich historycznych słabości z poprzedniej epoki. Drogą do przełamania tej marginalizacji
jest integracja z obszarami metropolitalnymi i wzmocnienie kapitału ludzkiego, co
umożliwi rozwój endogeniczny oraz wykorzystywanie efektów mnożnikowych szybkiego rozwoju regionów metropolitalnych, a w pewnym stopniu także przyciąganie bardziej
zaawansowanych działalności inwestorów zagranicznych.
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Abstract

The aim of this elaboration was a formalization of a settlement areas and road network generalization of the General Geographic Database (GGD) in the form of a cartographic knowledge base. The utility range of modern GIS systems used in small-scale
generalization was also defined. The range of the elaboration covers the generalization
of settlement and road networks of the Digital Landscape Model (DLM) of the GGD
from level of detail 1:250 000 to 1:500 000 and 1:1 000 000 in the area of Lower Silesia
and the Łódź Region.
Cartographic knowledge in the form of generalization principles was collected using
existing cartographic materials. Furthermore, it was formalized and implemented in two
selected GIS systems. The knowledge base prepared in this way was than verified by
way of generalization experiments in the two commercial environments of DynaGEN
(Intergraph) and Clarity (1Spatial).
The work also involved the elaboration and implementation of self-developed tools
and algorithms which make possible the obtainment of results that are more correct from
the cartographic point of view.
land’s having joined the INSPIRE initiative [System… 2005, Budowa… 2006,
Gotlib et al. 2007, Iwaniak 2008]. Issues
today include up-to-dateness, the possibility of data being generated at different
levels of detail and network availability
[Burghardt et al. 2005, Edwardes et al.
2007].
The prevailing kind of elaboration
these days tends to touch upon both maps
and spatial data generalization expressed
on large scales [Bildirici 2004, Revell

Background and objectives
The demands imposed upon Poland’s
GIS infrastructure have increased significantly recently, on account of the dynamic development of geographic information systems (GIS), as well as Po1
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2005, Hardy et al. 2008]. This reflects
the wide practical application of such
data. Basic spatial databases from national level have been expressed at scales of
just 1:10 000, 1:25 000 and 1:50 000,
eusuring the recently apparent need for
automated generalization. However, thus
far neither coherent standards nor homogeneous principles for small-scale map
generalization have been elaborated. In
the practice of cartographic generalization adhered to, elaborations on small
scales entailed decisionmaking of a fundamental nature at the level of the cartographer. The results of the process were
thus dependent on what were not always
consistent decisions, this ensuring that
maps on particular scales or spatial data
of the same level of detail may differ
from each other in both range and level
of generalization [Ware, Jones 2005].
In the light of the need for the generalization procedures pursued in smallscale elaborations to be systematized, and
also for the usefulness of contemporary
working systems to be defined, there was
a major impulse for study of the problems cited above to be taken up further.
The scope of the work extends to
a discussion of formalization principles
as regards the generalization of settlements and the road network in the General Geographic Database (GGD) – in the
form of a cartographic knowledge base –
as well as the formulating of the responsibility area of selected GIS systems
applied to the small-scale generalization.
Analysis and experiments have focused
on the defining of methodological principles in regard to the generalization process.
Furthermore, the range of this work
extends to the generalization of settlements (localities presented by signatures
and built-up areas presented by outlines)
and of the road network of a Digital
Landscape Model (DLM) from the level
of detail of 1:250 000 up to 1:500 000
and 1:1 000 000 in the areas of the voi-

vodships of Łódź and Lower Silesian.
The work considers both theoretical
assumptions and analysis leading to the
determination of generalization principles for small scales, as well as experiments at GGD generalization using the
DynaGEN and Clarity computer systems.
Approach and methods
The proposed concept comprises the
collection of cartographic data, and its
formalization and implementation in the
form of a knowledge base in selected
geographic information systems. Analysis of the existing cartographic materials
and the literature relevant to the subject
under consideration points to a lack of
consistent generalization rules for small
scales. In line with that, the studies detailed here involved the search for
a means of systematization.
Compiling cartographic knowledge
The purpose of this part of the work
is to evaluate detail levels and the means
of presenting both settlements and the
road network contained in the GGD, by
means of the comparison of vector data
from the database with a topographic
map on the scale 1:50 000. Detailed
analysis has in turn been confined to that
part of the database covering the counties
of Trzebnica (Lower Silesia Province,
South-Western Poland) – and Radomsko
(Łódź Province, Central Poland). As
areas were being selected for analysis,
account was taken of diversity types, as
well as the differences in densities of
settlement and the road network within
the two research areas.
In the first stage, the number of localities presented by signatures on the map
at scale 1:50 000 were compared with the
GGD. Such an approach made it possible
to evaluate the level of quantitative generalization of the GGD in line with the
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local roads (of county and municipal
level).
The aim of the second stage of analyses was try and formulate the muchsought generalization rules for settlements and the road network from scale
1:250 000 to 1:500 000, as well as
1:1 000 000, by way of comparison between the data contained in the GGD and
selected general geographic maps. For
the purposes of the analysis, a map on the
scale 1:500 000 from Atlas Reczypospolitej Polskiej (Atlas of the Republic
Poland) was selected for elaboration at
the Institute of Geography and Spatial
Organization of the Polish Academy of
Science. To meet the requirement that
analyses concern the scale 1:1 000 000,
a selection was made of a map from Atlas
geograficzny Polski (the Polish Geographical Atlas) this having been published by Demart in 2003. Both atlases
are reliable and represent a professional
source of data.
The analyses carried out make it possible to formulate some important conclusions:
At the time of selection of localities
presented by signatures, it is very difficult to point to coherent and in at the
same time consistent generalization criteria on the general geographic map at the
scale 1:500 000 compared with GGD.
The performed analyzes aimed to achieve
a determination of rules used in selecting
localities in Trzebnica and Radomsko
Counties, with these confirming a wide
range of possible interpretations, as well
as a lack of consequences in this regard.
The visualization concept involving
representation by outlines confined to
cities used on a general geographic map
is not an optimal and universal solution.
It can lead to improper presentation of
the size structure to settlements, for example. This problem in particular exists
in areas characterized by a significant
proportion of villages with large populations. In this case, the administrative

topographic map. In the next step, an
analysis and evaluation of the generalization level of the GGD in relation to data
contained on a topographic map was
performed. Special attention was paid to
the presentation method (signature or
outline), as well as to the level of outline
simplification.
The analyses performed make it possible to formulate several interesting
conclusions:
From the point of view of the quantitative generalization level, the GGD
database in terms of level of detail corresponds with a map at the scale 1:50 000.
Meanwhile, consideration of the
means of presentation of settlements and
their quantitative generalization has allowed for the database to be characterized as lacking consistent and coherent
rules. On analysis of the qualitative generalization level it can be concluded that
the majority of localities contained within the GGD were presented by outlines.
It has to be pointed out that the means
of qualitative generalization of built-up
areas presented by the outlines provokes
controversies. In this case, the outlines
have not always been placed in line with
the axis of a neighboring road. They are
also inconsistent, and in many cases
enlarged. However, as additionally outlines of built-up areas are mainly too
rounded, they ought – in line with cartographic convention, to be marked in
general by a string line. This part of the
elaboration defined formal principles for
enlarging and broadening of the outlines
of built-up areas.
In conclusion, analyses performed for
road networks in the GGD can be said to
have pointed to a relatively high rate of
quantitative generalization in respect of
the data contained on a topographic map.
Both top-class roads (of country or
regional level) and roads characterized
by the highest technical parameters (main
roads and express roads) do exist in the
two elaborations. The selection relates to
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ing this parameter made it possible to
determine which of the two density factors better expressed the population density in counties from Lower Silesian and
Łódź voivodeships. It was on this basis
that a regional-based attempt to differentiate settlement density was pursued.
Where settlements generalization at
the scale 1:1 000 000 is concerned, key
importance can be assigned to administrative criteria.
The criteria for road-network generalization to the scale 1:500 000 seem to be
coherent and consistent. In both Trzebnica and Radomsko County, national and
regional roads were selected, together
with a majority of county roads excluding dead-end roads. In contrast, among
municipal roads, only those of the greatest importance to the maintenance of the
continuity of the road network as a whole
were selected. In this case, the leading
criterion was the category of management and the aforementioned contribution to the continuity of a road network.
In case of the road network on the
map at scale 1:1000 000 only national
and regional roads were presented, while
remaining categories were omitted. The
management category seems to be very
logical and rational one, in relation to
a reasonable scale level.

problem should be taken account, in line
with the criteria of size of settlement.
To maintain a characteristic spatial
order of settlements it would seem very
appropriate to take iaccount of both the
density and structure as regards settlement size. From that point of view such
an approach can be treated as supporting
criteria. For that reason an indicator was
defined (called the “density index” and
expressed in number of localities per 1
dm2) for potential use in the automated
generalization. On the basis of the analysis of maps at similar scales I have notied
that the area density index value for Poland should lie within the range 50–150
localities per 1 dm2. What is more I also
took the view that differentiation of settlement density should reflect differences
in the population density.
To verify the density index, two test
fields at different levels of settlement
density were chosen (surrounding the
area of the cities of Lubin and Klodzko
cities). In subsequent trials, I chose localities with population values over 100,
200, 300 and 400. After that I checked
for the population choice best reflecting
the optimal density and density of population in the given area. In addition, the
values for settlement density indexes
were calculated, and this made it possible
to define the limit value from which the
numbers of citizens should have been
displayed to ensure optimal density of
localities. However, it had proved difficult to determine the optimal density at
the scale of the region as a whole, due to
the fact that this was dependent on concentration and size of localities. What
was considered the proper solution involved the application of regional differentiation of the generalized area relative
to the density and size of localities, together with a local selection of density
parameters. Introduced alongside the
density of localities was an additional
supporting parameter – density of population. The performed analysis consider-

Formalizing cartographic knowledge
Generalization on small scales depends in general on the experience and
knowledge of the cartographer. Due to
the subjective nature of this activity, no
precise instructions for the redaction of
small-scale maps had been elaborated
previously, making it significantly difficult to gather knowledge on the process,
its formalization and implementation in
GIS systems. Moreover, due to its holistic nature, generalization can hardly be
transferred into a process of sequences of
tasks that might be applied in the computer environment. The necessary condi-
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•

density of settlements calculated by
county,
• density of population calculated by
county,
• aggregation of built-up areas,
• topological criteria making it possible
for road connections between localities to be maintained,
• topological criteria with the assumption of connections being maintained
between roads of low and high importance,
The selection of generalization criteria was performed with a view to consistent and logical solutions being obtained (if possible), in line with the destination of the base.
When it comes to the generalization
of a digital landscape model (DLM) of
settlements and a road network of the
GGD, to the level of detail relative to the
scale 1:500 000, the following rules have
been proposed:

tion for the decomposing of the generalization process into task sequences is
a formalization of cartographic knowledge [Steiniger 2007].
By proposing the scope of GGD parts
relative to scales 1:500 000 and 1:1 000
000 it was an overview character that
was considered, making possible the
visualization of different spatial sets on
large areas, as well as the reference function of a base allowing it to represent
a monolithic reference set serving the
additional collection of spatial data.
The second – no less important – factor conditioning content selection is the
destination of the elaborated GGD model. It may be used in administration and
management on a central level, in the
analysis and implementation of strategic
decisions, in the elaboration of preliminary projects of large spatial range, and
also as a layout for thematic overview
maps (administration maps, road maps,
industrial maps and many others).
Once account has been taken of the
structure and destination of the GGD,
performed analyses, cartographic practice
up to that point and the literature on the
generalization of general geographic
maps, the following criteria for settlement and road-network generalization in
the GGD (as divided in two groups) were
proposed:
I. Attribute criteria:
• settlement size (population),
• administrative status (town, village),
• headquarter of a government (country, regional and local levels),
• headquarters
of
administrations
(country, regional, county and municipality levels)
• road management (state, regional,
county, municipal, private and industrial roads),
• length of roads2 .
II. Spatial criteria:
2

1. Selection of all localities presented by
signatures having the status of towns, as
well as localities in which county-level
and municipal governments have their
seats.
2. Rejection of all localities below
a particular number of citizens, in line
with the rules and results of regional
differentiation.
3. Selection of state and regional roads.
4. Selection of county roads other than
dead-endroads, as well as additional
connection roads – unimportant from the
transportation point of view e.g. additional, shorter connections).
5. Rejection of municipal roads with
other than those important from the point
of view of the continuity of the road
network as a whole being maintained.
6. Additional selection of localities presented by signatures important form the
point of view of presented roads, e.g.
settlements located by road junctions.

Only dead-end roads were taken into account.
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7. Presentation outlines of built-up areas
whose area exceeds 4 mm2 (these are all
cities, towns or larger villages).

and supervised by a cartographer
[Kazemi, Lim 2005].
The content selection at each scale
(1:500 000 and 1:1 000 000) consisted of
performing particular spatial and attribute
analyzes in the GeoMedia system (Intergraph). The operations connected with
the aggregation and simplifications of
objects were executed in DynaGEN (Intergraph).
In Fig. 1, a knowledge base is proposed, in the form of generalization activities and a means of these being implemented for the 1:500 000 and
1:1 000 000 level of detail, in both regions.

8. Aggregation of parts of built-up area
outlines.
9. Simplification of the outlines of builtup areas (e.g. over-sizing the outlines of
built-up areas in line with their shapes
and sizes).
10. Simplification of the road network.
In spite of a lack of detailed instructions, parameter values as regards simplification and aggregation were determined
experimentally. In this case, the main
goal was to ensure maintenance of the
characteristic features of the objects.
According to the level of detail relative to scale 1:1 000 000, the following
rules have been proposed:

Implementating cartographic
knowledge under the Clarity system
A knowledge base in the Clarity system consists of generalization activities
together with their implementation in the
form of either algorithms or respectively,
generalization tools (Fig. 2). For that
purpose, the available system functions
have been used, as well as new algorithms (by programming in Java) and
spatial analysis tools have been discovered. Such an issue made it possible for
generalization results more correct from
the cartographical point of view to be
obtained.
Due to a lack of proper functions in
the Clarity system some additional tools
were elaborated under the names install
display method and copy schema. The
first made possible the visualization of
results in a special defined graphic style.
The second enables us to copy the schema of a generalized database for the
purpose of data from before and after
generalization being compared (hence the
evaluation of correctness). A very important element of a knowledge base in
this system there is the author’s developed element of GGD structure enrichment in the form of connections – so
called links between roads and localities

1. Selection of all localities presented by
signatures having the status of towns, as
well as localities in which county and
municipal governments have their headquarters.
2. Selection of state and regional roads.
3. Presentation of the outlines of built-up
areas larger in area than 3 mm2 (all cities
and larger villages).
4. Aggregation of the outlines of parts of
built-up areas.
5. Simplification of the outlines of builtup areas.
6. Simplification of the road network.
Implementating cartographic knowledge under the DynaGEN system
A knowledge base under the DynaGEN system consists of two principle
sets. The first contains rules used in automated mode, and is focused on preliminary data preparation. The second set
contains rules describing basic generalization activities performed interactively
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ly. This is connected with a need for the
enlargement or widening of objects during the simplification of outlines of builtup areas. The simplification algorithms
of outlines of built-up areas implemented
in DynaGEN have been adjusted to large
scales, which can lead to significant and
not necessarily correct simplifications of
shape for small scales. In the performed
research, the value of the simplification
parameter has been chosen experimentally, focusing on the need for characteristic
features of generalized objects to be
maintained.

presented by signatures and their corresponding outlines. The definition of such
connections makes it possible to bind
generalized thematic layers together.
There was also self-development of an
algorithm named cluster settlements,
which allows for context aggregation and
proper simplification of the outlines of
built-up areas, as well as the tools point
city deletion and point city outline deletion serving in the context selection of
localities presented by signatures.
Results

3. A very important limitation connected
with the aggregation of parts of built-up
areas is the lack of a possibility for areas
fulfilling, not only the condition of
a common distance but also the condition
of the same name, to be connected. As
a result of aggregation, two localities
with different names but fulfilling the
condition of common distance have been
connected with each other.

Figs. 3 and 4 present the results of
generalization
to
the
1:250 000,
1 500 000 and 1:1 000 0000 levels of
detail, as carried out using the DynaGEN
system for the voivodships of Lower
Silesia and Łódź.
The results of the analysis make it
possible to formulate some important
conclusions:

4. During the simplification process it is
possible to observe a lack of tools and
algorithms allowing for determination of
either the minimum width or the level of
widening of the outlines of built-up areas
after aggregation. This generates an abnormal “narrowing” of generalized objects.

1. In many cases, the specific nature of
the process of small-scale map generalization demands different approaches to
the resolution of the same problem, depending on the surroundings and contexts
of objects involved. With DynaGEN it is
possible to generalize whole areas in the
same way, but without the possibility of
performing
alternative
operations.
A need thus arises for generalization in
either an interactive mode, performed on
relative small areas, or an automatic
mode, with manual correction done by
a cartographer. One of the examples can
be provided by the certian difficulties
encountered with the identification of
segments of county roads that can be
treated as additional connectors with
upper level roads, mainly unimportant for
transport.

The generalization results with the
Clarity system are as presented in Figs. 5
and 6.
The implementation and verification
of the proposed research tool in Clarity
environment has allowed us to formulate
the following statements:
1. The development of a special tool (the
so called link in the GGD) made it possible for database structure to be enriched
though connection of generalized thematic layers, this leading to more cohesive
and co-dependent generalization of settlements and roads.

2. Apart from density and settlement size,
shape (form) is also a factor that influences the means of generalization great-
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Fig. 1. Generalization rules as implemented via the DynaGEN system.
Ryc. 1. Reguły generalizacji wraz z ich implementacją w systemie DynaGEN.
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Fig. 2. Generalization rules as implemented via the Clarity system.
Ryc. 2. Reguły generalizacji wraz z ich implementacją w systemie Clarity.
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Fig. 3. Generalization results via the DynaGEN system. Neighborhood of Legnica.
Ryc. 3. Wyniki generalizacji w systemie DynaGEN. Okolice Legnicy.
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Fig. 4. Generalization results via the DynaGEN system. Neighborhood of Radomsko.
Ryc. 4. Wyniki generalizacji w systemie DynaGEN. Okolice Radomska.
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Fig. 5. Generalization results via the Clarity system. Neighborhood of Legnica.
Ryc. 5. Wyniki generalizacji w systemie Clarity. Okolice Legnicy.
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Fig. 6 Generalization results via the Clarity system. Neighborhood of Radomsko.
Ryc. 6. Wyniki generalizacji w systemie Clarity. Okolice Radomska.
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systems. It was on this basis, that the
obtained knowledge base was verified,
and insight gained into the extent to
which these systems can be used in the
generalization of general geographic
work presented on overview scales.
Performed analyzes and research
were mainly carried out with a view to
the obtainment of repeatable, consistent
results, capable of being treat as a methodological background for the generalization of settlements and a road network
in the GGD.

2. The application of the algorithms cluster settlements and action polygon erode
made it possible for results more correct
(from the cartographic point of view) to
be obtained from aggregation of part of
the built-up areas presented as outlines.
In Clarity it is possible to aggregate builtup areas on the basis of distances between them, by using the algorithm clustering. Unfortunately, this may lead to
connection of even a few different localities (similarly to the DynaGEN system).
The modification of the built-up areas
aggregation algorithm in Clarity made it
possible to connect selected parts of
localities under the condition that the
same name be used, and the limitation of
an assumed distance between them applied. As for the algorithm action poligon
erode deriving from mathematical morphology, its application allowed us to
keep proper shapes of objects after generalization.

Formalization level of generalization
principles for settlements and roads
On the basis of analyses presented on
the level of settlement and road network
generalization in the General Geographic
Database, as well as on a selected overview map at scale 1:500 000, it was very
difficult to point to fully coherent, consistent and formalizable generalization
criteria. It was much easier to formalize
the criteria of settlement and road network generalization to the level of detail
of 1:1 000 000. The performed analyses
make it clear that the administrative
criterion is the most significant one.
When it comes to the selecting of formal
generalization criteria for scale
1:500 000, this would seem to be much
more difficult. The quantitative generalization of a settlement requires that reference be made to both its population and
its administrative importance (basic criteria).
A complementary criterion adopted
by the author was the density of settlements, something which demands regional differentiation of the generalized
area, as well as the application of “local”
generalization principles. In reflection of
that, some additional analyses were carried out, with emphasis placed on the
formalization of generalization rules
strictly connected with the GGD structure. Within the scope of road network

3. The algorithms of aggregation and the
simplification of outlines of built-up
areas implemented to Clarity made it
possible to obtain generalization results
more correct from the cartographical
point of view than the algorithms available in the DynaGEN system.
4. To avoid an abnormal narrowing of
built-up area outlines, the knowledge
base elaborated in the Clarity system
should be enlarged to include additional
tools and generalization algorithms defining the minimum width or level of outline widening.
Conclusion and future plans
Performed analyses made it possible
to elaborate a research tool in the form of
sequences of generalization steps for
levels of details 1:500 000 and
1:1 000 000, these being further implemented in both the DynaGEN and Clarity
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er to adjust the system to the generalization on overview scales. However, this
demands a wide knowledge of computer
sciences and programming.
A significant limitation of both systems supporting generalization comprises
the lack of basic spatial operators defining the relations between generalized
objects – like touching (touch) or containing (contain) and advanced spatial
like spatial difference or spatial intersection. In basic versions of the programs it
is only possible to pursue simple attribute
queries.
In many cases, the specific character
of the generalization process of smallscale maps demands different solutions
of the same problem, depending on the
context and objects’ surroundings. In this
context, another important limitation is
a lack of algorithms of a context-like
character that would make possible to the
utilization of generalization steps on
a higher conceptual level. One example
may be the aggregation of parts of builtup areas of the same names, and located
at a particular distance from each other
(in DynaGEN this is simply impossible
to achieve). The solution could be a tool
elaborated in the Clarity system named
cluster settlements. Similarly, during the
implementation of a generalization step
connected with municipal roads selection, some difficulties with the identification of roads which were important connectors appeared. In this case, the solution was either an attempt at road selection in an agent mode or the implementation of graph theory in Clarity, to be
applied in the context generalization.

generalization to levels of detail noticeable at 1:500 000, the criterion of maintaining the continuity of the road network
has to be considered. However, it has to
be noted that such a criterion is very
difficult to formalize, since account
needs to be taken of context information
shown on the map.
The limitation of full formalization
and automation of the process also invokes the need for individual selection of
types and values of parameters, in many
cases encountered during the generalization process (ex. experimental selection
of parameters of simplification of outlines of built-up areas and the road network). The solution of this problem
would be an automatic recognition of
objects’ shapes, their width and level of
dispersion known in the literature as
pattern recognition and, furthermore, the
enrichment of a source database structure
by obtained information (so called data
enrichment) with a view to a more correct and context-related selection of simplification algorithms being developed –
as so-called adaptive generalization
[Steiniger 2007, Neun 2007].
The range of application of DynaGEN
and Clarity in the generalization
of small-scale elaborations
The algorithms of generalization contained in the DynaGEN and Clarity systems (in their basic versions) have been
adjusted mainly to the needs of a largescale generalization and hence they
should be developed by adding additional
tools and procedures. Unfortunately, in
DynaGEN there is no such possibility, so
to perform further experiments, use was
made of some implemented algorithms
and tools with the support of the GeoMedia environment (Intergraph). As for the
Clarity system,which is open, it is possible to develop self-prepared tools, as well
as to modify the existing generalization
algorithms, something that makes it easi-

Methodological principles of small-scale generalization – the knowledge
base
Cartographic knowledge formulated
as the result of analyses of general geographic maps and the GGD structure is
general and may be treated as methodo-
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quence it leads to a more coherent and
objective generalization of settlements
and road networks. In the meantime, the
full formalization and automation of
small-scale generalization, taking into
account the specifics of generalized thematic layers, at the current stage of research and with current technological
possibilities is hard to obtain. Nevertheless, the knowledge base generated in the
form of sequences of generalization steps
and their implementation in selected GIS
may constitute a methodological background for settlement and road network
generalizations of the GGD.

logical background for generalization of
small scales in terms of settlement and
the road network.
However, the implementation of cartographic knowledge is connected with
GIS systems – and precisely with their
algorithms and parameters, as well as the
specifics of generalized area. Expanding
the knowledge base to the whole area of
Poland would require some modifications. In the case of the generalization of
settlements, a regional differentiation
would be needed for the area of the
whole country, along with a re-defining
of generalization rules related to local
density, size structure and the distribution
of settlements within particular counties.
Similarly, the application of the collected
knowledge base to the other elements of
maps would demand verification in terms
of relations between generalized thematic
layers contained in the GGD.
The analyses and experiments reveal
that the use of GIS in support of generalization implies a formalization of cartographic knowledge, as well as an enrichment of database structure. In conse-
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Streszczenie

O możliwościach automatycznej generalizacji Bazy Danych Ogólnogeograficznych
z wykorzystaniem systemów informacji geograficznej
Celem artykułu jest próba formalizacji zasad generalizacji osadnictwa i sieci dróg
Bazy Danych Ogólnogeograficznych (BDO) w postaci bazy wiedzy kartograficznej oraz
określenie zakresu wykorzystania współczesnych systemów GIS do generalizacji opracowań małoskalowych. Zakres opracowania obejmuje generalizację osadnictwa oraz
sieci dróg cyfrowego modelu krajobrazu (digital landscape model, DLM) BDO z poziomu szczegółowości 1:250 000 do poziomów szczegółowości 1:500 000 oraz 1:1 000 000
na obszarze województwa dolnośląskiego i łódzkiego.
Wiedzę kartograficzną w postaci zasad generalizacji pozyskano na podstawie analiz
istniejących materiałów kartograficznych. Następnie dokonano jej formalizacji i implementacji w wybranych systemach GIS. Opracowana w ten sposób baza wiedzy została
następnie poddana weryfikacji poprzez przeprowadzenie eksperymentów generalizacji w
dwóch komercyjnych środowiskach programowych DynaGEN oraz Clarity.
W ramach prowadzonych badań opracowano i zaimplementowano autorskie narzędzia
i algorytmy pozwalające na uzyskanie bardziej poprawnych z kartograficznego punktu
widzenia wyników generalizacji.
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„Czasopismo Geograficzne” jest
kwartalnikiem
ogólnogeograficznym,
przeznaczonym dla osób zainteresowanych geografią. Wydawane jest przez
Polskie Towarzystwo Geograficzne
i przyjmuje do druku materiały do następujących działów tematycznych: Artykuły, Teoria i Praktyka Dydaktyczna, Listy
– dyskusja – polemika, Recenzje i Kronika. Warunkiem zakwalifikowania do
druku jest merytoryczna poprawność
oraz zgodność z linią programową „Czasopisma” (patrz niżej).





Artykuły



1. W „Czasopiśmie Geograficznym”
preferowane są artykuły syntetyczne,
przeglądowe, referujące w przystępny
sposób bieżące problemy i najnowsze
osiągnięcia w poszczególnych dziedzinach geografii, pisane głównie
w zamiarze przedstawienia ich specjali-stom z innych dziedzin. Wąskie,
przyczynkowe studia lokalne, oparte
na standardowej metodyce i będące
głównie prezentacją danych podstawowych, nie odpowiadają aktualnej
linii programowej periodyku i nie będą kwalifikowane do druku, nawet jeśli są poprawne merytorycznie.
2. Wszystkie artykuły są recenzowane
przez przynajmniej jedną osobę specjalizującą się w danej dziedzinie,
niebędącą członkiem Redakcji. Na
podstawie recenzji Redakcja podejmuje decyzję o warunkach zakwalifikowania artykułu do druku.
3. Artykuły należy konstruować w sposób następujący:
 tytuł – autor (autorzy) – adres autora
(autorów) – notka bibliograficzna —






4.
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według wzoru stosowanego w „Czasopiśmie Geograficznym”,
streszczenie – objętość nie przekraczająca pół strony wydruku (5–6
zdań) i zawierać syntetyczną informację o przedmiocie artykułu, metodach i źródłach, najważniejszych wynikach i wnioskach,
zasadniczy tekst artykułu. W celu
osiągnięcia większej przejrzystości
tekstu rekomendowane jest podzielenie artykułu na części (rozdziały),
które mogą mieć różną hierarchię.
Tytułów poszczególnych rozdziałów
wyróżnić
należy
wytłuszczoną
czcionką,
podziękowania, informacja o źródłach finansowania badań (według
uznania autora),
zestaw cytowanej literatury, skonstruowany według zasad przedstawionych niżej,
streszczenie artykułu w języku angielskim, poprzedzone tytułem w języku angielskim. Objętość streszczenia powinna wynosić do 10–15% objętości tekstu zasadniczego,
podpisy do ilustracji. Powinny być
przygotowane w dwóch wersjach językowych: polskiej i angielskiej,
w kolejności: Ryc. 1, Fig. 1, Ryc. 2,
Fig. 2 – itd.
Zestaw cytowanej literatury, streszczenie angielskie i podpisy do ilustracji powinny być zamieszczone na
osobnych kartkach.
Objętość nadsyłanych artykułów nie
powinna przekraczać 20 stron wydruku, wliczając zestaw literatury i streszczenie angielskie. Jeśli objętość
planowanego artykułu jest większa,
prosimy o wcześniejszy kontakt z Redakcją.
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wszystkich pozycji cytowanych
w tekście zasadniczym, przypisach
i opisach ilustracji. Nie może ono natomiast zawierać opisów pozycji nie
cytowanych w tekście. Literatura powinna być zestawiona według autorów w kolejności alfabetycznej,
w dalszej kolejności według dat wydania artykułów lub książek. Jeśli
w tym samym roku ukazało się więcej niż jedna cytowana pozycja, należy stosować zapis np. „1994a”,
„1994b”, zgodnie ze sposobem powoływania się na te prace w tekście.
W przypadkach prac kilku autorów
kolejno zamieszcza się notki prac sygnowanych przez dwóch autorów,
trzech itd.
W opisach tytuł artykułu, rozdziału
z pracy zbiorowej lub książki należy
pisać kursywą, a poszczególne człony
opisu oddzielać przecinkami, według
poniższych wzorów:
Kukulak J., 1998, Dojrzałość podłużnych
profilów dopływów górnej Raby
i Skawy w świetle analizy ich spadków, Czas. Geogr., 69, s. 25–42.
Grocholski A., 1977, Uskok sudecki
brzeżny a zagadnienie wulkanotektoniki trzeciorzędowej, Acta Univ.
Wratisl., 378, Prace Geol.-Miner., 6,
s. 89–103.
Baumgart-Kotarba M., Gilewska S.,
Starkel L., 1976, Planation surfaces
in the light of the 1:300,000 geomorphological map of Poland, Geogr.
Polonica, 33, s. 5–22.
Don J., 1989, Jaskinia na tle ewolucji
geologicznej Masywu Śnieżnika, [w:]
A. Jahn, S. Kozłowski, T. Wiszniowska (red.), Jaskinia Niedźwiedzia
w Kletnie, Ossolineum, Wrocław,
s. 58–79.
Budkiewicz M., 1974, Niektóre złoża
kaolinu okolic Świdnicy na Dolnym
Śląsku, Prace Geologiczne PAN, 87.
Jahn A., 1970, Zagadnienia strefy peryglacjalnej, PWN, Warszawa.

5. Artykuły należy nadsyłać do redakcji
w następującej formie: wydruk jednostronny, format A4, z odstępem pomiędzy wierszami 1,5 (33–34 wiersze
na stronie), preferowany krój czcionki
Times New Roman 12 punktów, ze
standardowymi marginesami o szerokości 2,5 cm, strony wydruku kolejno
ponumerowane. Dopuszczalne jest
użycie na wydruku czcionki pochyłej
dla wyróżnienia dłuższych cytatów,
terminów obcojęzycznych i tytułów
w opisach bibliograficznych; natomiast podkreślenia należy zaznaczać
ołówkiem. Artykuły należy nadsyłać
w trzech egzemplarzach.
6. Niezależnie od wydruków pełen tekst
należy przesłać na dyskietce lub płycie CD. Tabele i ryciny należy zapisywać jako osobne pliki. Formatowanie należy ograniczyć do minimum
i odstępstwa od standardowego kroju
czcionki, za wyjątkiem zastosowania
czcionki pochyłej, zaznaczać ołówkiem na wydruku. Preferowanym
formatem zapisu tekstu jest RTF.
7. Cytowanie w tekście artykułu powinno mieć formę: [Walter 1993] lub:
„Walter [1993] wykazał, że...”. Jeśli
z danego roku pochodzi więcej niż
jedna cytowana praca, należy stosować wyróżnienia [Walter 1994a, b].
W przypadku dwóch autorów cytowanej pracy należy podawać oba nazwiska:
[Sosnowski,
Jodłowski
1980], w przypadku trzech i więcej:
[Sosnowski i in. 1982]. Nie należy
podawać inicjałów imion, poza przypadkiem zbieżności nazwisk, a powołania na literaturę umieszczać w nawiasach kwadratowych. W przypadku
równoczesnego powoływania się na
wiele prac należy je podawać w chronologicznej kolejności ukazywania
się, np. [Sosnowski, Jodłowski 1980,
Sosnowski i in. 1982, Aronson 1993].
8. Zestawienie cytowanej literatury powinno być zatytułowane Literatura
i zawierać pełne dane bibliograficzne
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format 126x186 mm. Fotografie powinny być kontrastowe, czarno-białe,
w formacie dwukrotnie większym niż
mają być reprodukowane. Ilustracje
opracowane komputerowo powinny
dać się odczytać w programie Corel
DRAW X3 (lub wcześniejszych wersjach), a w przypadku skanów, winny
one mieć rozdzielczość co najmniej
300 dpi. Znaki w legendzie mapy lub
innego rysunku należy ponumerować,
a ich objaśnienia umieścić w podpisie
ryciny.
13. Wszystkie zasady przedstawione
w punktach 2–11 mają również zastosowanie przy przygotowywaniu materiałów do działu „Teoria i Praktyka
Dydaktyczna”.
14. Materiały nadesłane, a w rażący sposób nie spełniające wymagań technicznych przedstawionych powyżej,
będą odsyłane autorom bez rozpatrzenia.

W opisach artykułów i rozdziałów z prac
zbiorowych należy podawać numerację
stron „od–do”.
9. W wypadku źródeł internetowych
należy powoływać się na nie tekście
w formie: [www.Stereo3D], która
zawiera człon www i hasło identyfikujące stronę internetową, będące zarazem częścią jej adresu. Zestawienie
stron internetowych cytowanych
w tekście zasadniczym, przypisach
i opisach ilustracji powinno być zatytułowane Internet.
Źródła internetowe należy zestawić
w kolejności alfabetycznej. Ich opisy
powinny zawierać człon www z hasłem identyfikującym, pełny adres
strony internetowej oraz datę ostatniego dostępu, a poszczególne człony
opisu należy oddzielać przecinkami,
według poniższych wzorów:
www.Stereo3D,
http://www.stereo3d.com/displays.ht
m, ostatni dostęp 21.06.2010.
www.Kartografia,
http://www.kartografia.uni.wroc.pl/,
ostatni dostęp 16.12.2010.
10. Przypisy należy stosować w sytuacjach absolutnie niezbędnych i powinny one mieć charakter wyjaśniający. Nie wolno stosować przypisów
do powoływania się na literaturę.
11. Wielkość tabel wraz z opisem jest
ograniczona rozmiarami strony „Czasopisma” w druku (126 x 186 mm).
Jeśli głównym celem przytaczania
danych tabelarycznych jest ilustracja
trendów, ogólniejszych zależności,
zróżnicowania populacji itp., preferowane jest przedstawienie danych
w formie wykresów, na ogół czytelniejszych niż długie tabele. Tabele
należy przygotować tylko w polskiej
wersji językowej.
12. Wszystkie ilustracje (rysunki i fotografie) noszą miano rycin i mają kolejną numerację. Ilustracje, łącznie
z podpisem w języku polskim i angielskim, mogą mieć maksymalny

Listy — dyskusja — polemika,
Recenzje, Kronika
1. Dział „Listy — dyskusja — polemika” jest zasadniczo przeznaczony na
publikację listów poruszających zagadnienia kluczowe dla polskiego
środowiska geograficznego, będących
zaproszeniem do dyskusji, dalszych
głosów w takich kwestiach oraz krótkich tekstów zawierających merytoryczną polemikę z artykułami drukowanymi na łamach „Czasopisma”.
W przypadku otrzymania materiałów
polemicznych będą one udostępniane
autorowi oryginalnej pracy, który będzie miał prawo odpowiedzi. Polemika i odpowiedź będą drukowane
w tym samym zeszycie „Czasopisma”.
2. Redakcja przyjmuje do druku recenzje książek, prac zbiorowych, wydawnictw pokonferencyjnych i atlasów, zarówno autorów polskich jak

209

Informacje dla Autorów

i zagranicznych. Objętość recenzji
powinna wynosić 2–4 strony standardowego wydruku. Recenzje mogą
mieć charakter informacyjny lub polemiczny i powinny zawierać elementy obiektywnej oceny. W przypadku
pozycji zagranicznych preferowane są
omówienia pozycji wartych upowszechnienia w polskich kręgach
geograficznych. Zasadą jest publikowanie recenzji pozycji, które ukazały
się nie wcześniej niż 3 lata przed wydaniem odpowiedniego zeszytu „Czasopisma”.
3. Do działu „Kronika” przyjmowane są
informacje o Członkach Honorowych
Polskiego Towarzystwa Geograficznego, sprawozdania z działalności
PTG, sprawozdania z konferencji
i sympozjów – w szczególności organizowanych przez PTG, innych istotnych, okolicznościowych wydarzeń
geograficznych, wspomnienia pośmiertne. Objętość materiałów nie
powinna przekraczać 5 stron standardowego wydruku. Sprawozdania
z konferencji nie powinny ograniczać
się do przytoczenia listy referatów
i referentów, ale zawierać elementy
oceny, zarówno wybranych prezentacji, jak i całej konferencji.
4. Materiały do działów „Listy — dyskusja — polemika”, „Recenzje”
i „Kronika” należy od strony technicznej przygotowywać według zasad
obowiązujących przy przygotowywaniu artykułów, natomiast nadsyłać
w dwóch egzemplarzach. Wersję
elektroniczną można przesłać pocztą
elektroniczną bezpośrednio na adres
Redakcji.
5. Materiały do działów „Listy — dyskusja — polemika”, „Recenzje”
i „Kronika” nie są zewnętrznie recen-

zowane, a decyzję o zakwalifikowaniu do druku podejmuje Redakcja.
Korekta i egzemplarze autorskie
1. W celu usprawnienia prac redakcyjnych związanych z końcową obróbką
materiałów zakwalifikowanych do
druku, Autorzy proszeni są o podanie
adresu poczty elektronicznej, na który
będzie wysyłana korespondencja. Autorzy materiałów zaakceptowanych
do druku otrzymują plik z tekstem
złamanym w konwencji „Czasopisma
Geograficznego” dla sprawdzenia
zgodności z oryginałem i poprawienia
ewentualnych błędów drukarskich.
Plik zapisany będzie w formacie
PDF, w którym możliwe jest nanoszenie poprawek za pomocą narzędzi
darmowego programu Adobe Reader.
Na etapie korekty nie należy wprowadzać żadnych merytorycznych
zmian w tekście, dodawać nowych
partii tekstu itp., można natomiast
uaktualnić zestaw literatury, jeśli prace cytowane jako „w druku” w międzyczasie zostały opublikowane.
2. Korektę drukarską należy odesłać do
Redakcji w terminie nieprzekraczającym 7 dni od dnia jej wysłania pocztą
elektroniczną z Redakcji. Niedostarczenie korekty spowoduje, że artykuł
może zostać wydrukowany z błędami.
3. Po wydrukowaniu zeszytu wszyscy
autorzy artykułów otrzymują po 15
nadbitek (do podziału między współautorów, jeśli praca ma charakter
zbiorowy). Autorzy tekstów zamieszczonych w pozostałych działach
otrzymują po kilka nadbitek.
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