
225

titl
e

     

Annexes

© Pavel Meisl



226

List of Illustrations

List of Figures

Chapter One
Fig. 1.1 The Eastern Carpathians, Izvorul Muntelui storage-lake 

(Photo Fl. Andreescu) 24
Fig. 1.2 The Danube Gorge in the Iron Gate Natural Park (Photo Fl. 

Andreescu) 27
Fig. 1.3 The Carpathians seen from space 33
Fig. 1.4 The bridge built by the Romans downstream of the Iron 

Gate (Southwestern Carpathians), A.D. 105-107 (Istoria Româ-
nilor 2001) 34

Fig. 1.5 Traditional handicrafts, potters from Horezu town (Photo 
Fl. Andreescu) 34

Fig. 1.6 The Bran Castle in the Rucar-Bran Corridor (Photo Fl. 
Andreescu) 35

Chapter Two
Fig. 2.1 GDP growth rate at prices and PPPs of 2000, 1990-2005 46
Fig. 2.2 Consumer price index, 1990-2004 47
Fig. 2.3 Poorest quintile’s share in national income or consumption 49
Fig. 2.4 Unemployment rate in the Carpathian countries, 1990-2005 50
Fig. 2.5 Decoupling of GDP from air emissions 53
Fig. 2.6 Agricultural production index in Carpathian countries, 

1990-2003 56
Fig. 2.7 Use of fertilisers per hectare of agricultural land, in active 

ingredients, 1985-1999 59
Fig. 2.8 Consumption of pesticides, 1980-2002 59
Fig. 2.9 Organic farming in Carpathian countries, 1989-2004 60
Fig. 2.10 Share of renewables in electricity generation, 1990-2004 65
Fig. 2.11 Energy use per $1,000 (PPP) GDP, 1990-2002 66
Fig. 2.12 Total population growth rate, 1990-2004 78
Fig. 2.13 Life expectancy, infant and child mortality, early 2000s 80
Fig. 2.14 Age structure of population, 2005 80
Fig. 2.15 Personal computers in use per 100 inhabitants, 1990-2004 84
Fig. 2.16 Internet users per 100 inhabitants, 1991-2004 85
Fig. 2.17 Telephone lines and cellular phone subscribers per 100 

capita, 1990-2004 86

Chapter Three
Fig. 3.1 The number and occurrence of plant alliances in the 

Carpathian countries (according to Stanova 2003) 92
Fig. 3.2 Comparison of top alliances ranked according to their 

richness in endemic species (recalculated according to Stanova 
2003) 94

Fig. 3.3 Number of species and abundance (no of specimen/10 
ha) of birds in main habitats of the Tatra National Park (after 
Głowaciński 1996) 96

Fig. 3.4 Number of chamois in the Polish (TPN) and Slovak 
(TANAP) Tatra Mountains National Parks (Gąsienica-Byrcyn 
2006) 99

Fig. 3.5 The share of protected areas and Important Bird Areas 
(IBAs) in the Carpathian region  104

Fig. 3.6 Main types of forest formation in the Carpathians (according 
to Ruffini et al. 2006)  108

Fig. 3.7 Forest yearly increment and standing crop divided into stand 
and dead crop (in cubic meter/ha) (Lasy Państwowe 2004)  111

Fig. 3.8 Percentage presence of wheat, rye and barley (A) and oat, 
potatoes and grasses/clover (B) in relation to altitude (Guzik 
1995) 118

Fig. 3.9 Percentage presence of livestock, hogs and sheep according 
to altitude (Guzik 1995). Altitude classes: 1: 300-400 m, 2: 400-
500 m, 3: 500-600 m, 4: 600-800 m and 5: 800-1000 m. 119

Fig. 3.10 Increase/decrease in agricultural land in some Carpathian 
countries in the second half of the 1990s (data for Czech 
Republic, Slovakia and Serbia unavailable). (Suprunenko 2001) 120

Fig. 3.11 Some generalizations on the impact of agriculture on bio-
diversity (simplified scheme of Delbaere and Nieto-Serradilla 
2004) 121

Fig. 3.12 Spatial averages (country level) of annual mean 
temperature over the period 1990 to 2005 148

Fig. 3.13 Spatial averages (country level) of annual precipitation 
over the period 1990 to 2005 149

Fig. 3.14 Spatial averages (country level) of the annual number of 
days with snow cover over the period 1990 to 2005 149

Fig. 3.15 Changes in winter precipitation over Romania derived 
from RegCM simulations under IPCC A2 (a) and B2 (b) 
scenarios. Units are mm/season. Grey areas indicate statistical 
significance at the 5% level 151

Fig. 3.16 SO2 concentrations - annual spatial averages in the 
Czech Republic (three stations), Slovakia (13 stations) and 
Poland (10 stations). Local details are also presented 154

Fig. 3.17 Two transport modes in Romanian Carpathians 176
Fig. 3.18 Local train in Romanian Carpathians 177
Fig. 3.19 Banska Štiavnica, World Heritage site (Lacika) 179

Chapter Four
Fig. 4.1 Futures development process 191
Fig. 4.2 Scenarios, predictions and projections 192



227

List of Boxes

List of Boxes

Chapter One
Different Delimitations of the Carpathian Mountains Region 21
Sibiu through the ages 35
The Monasteries of Bucovina 36

Chapter Two
The Informal Economy 52
Traditional Agriculture in the Ukrainian Carpathians 61
Cyanide Spill in Baia Mare 69
Transboundary National Parks and Tourism 74
Traditional Knowledge and Activities: Czech White Carpathians 76
Linking Poverty and Environment 78
From Farming to Tourism in Poland 82

Chapter Three
Species Richness in the Pieniny Park (Poland/Slovakia) 97
Human impacts on Pilsko Mountain 102
Wallachians and the mosaic of land cover in the Carpathians 119
Typology of mineral resource occurrences in the Carpathians 126
The waste situation in Hungary 158

Foreign waste import to Ukraine 159
Waste management in Slovakia 161
The early warning system in Slovakia 165
State of knowledge of flood causes and effects in different parts of 

the Carpathians 166
Windstorms in the Slovakian Carpathians 167
Floods, accidents and natural disasters in Slovakia 168
Forest fires in the Czech Republic and Slovakia 170
Proposed instruments for the implementation of a sustainable 

development transportation policy in Poland 177
The perception of their environment by the inhabitants of Bratislava 178
UNESCO cultural heritage sites in the Carpathians and/or Car-

pathian foothills 179
Preservation of cultural heritage in the Slovak Carpathians 181

Chapter Four
Uncertainties across and within scenarios 194
Policy-Guiding Principles in the Renewed EU Sustainable Develop-

ment Strategy 200
Participatory futures workshop – main findings 204
The vision of the Carpathian Ecoregion Initiative 206



228

List of Tables

List of Tables

Chapter One
Table 1.1 Area and Population of the Carpathians by Country 

(EURAC 2006) 18
Table 1.2 Carpathian River Basins and their characteristics 

(EURAC 2006) 24

Chapter Two
Table 2.1 Structural changes in the Carpathian countries, 1995-2003 51
Table 2.2 Livestock change in Carpathian countries, 1995-2004 57
Table 2.3 Removal of non-wood forest products, 2005 64
Table 2.4 Status of Aarhus Convention in the Carpathian countries 83

Chapter Three
Table 3.1 Numbers of known species in the best-surveyed Car-

pathian national parks in Poland by systematic group 97
Table 3.2 Threatened species of invertebrates in the Carpathians 

grouped according to their level of threat (Witkowski et al. 2003) 100
Table 3.3 Endangered vertebrate species in the Carpathians 

grouped according to their level of threat (Witkowski et al. 2003) 100
Table 3.4 Threatened species of vascular plants in the Carpathians 

grouped according to their level of threat (Tasenkevich 2003)  100
Table 3.5 Natura 2000 efforts in four EU countries sharing the 

Carpathian territory (IUCN 2005) 105
Table 3.6 Establishment of protected areas in non EU Carpathian 

countries (CBD 2007) 105

Table 3.7 Main quantitative data on water resources in the 
Carpathian countries (average annual values 1977-2001) 138

Table 3.8 Surfaces (km2) and percentages for the six main types of 
aquifer formations 140

Table 3.9 Weighted (%) main types of formations compared with 
the total surface area (km2) of each country (data derived from 
Table 3.7) 141

Table 3.10 Relationship between climatic and hypsometric 
conditions and groundwater runoff (according to Krásný, 2002) 142

Table 3.11 River Water Quality – main classes (Serban and Galie 
2006) 143

Table 3.12 Forest ecosystems in Slovakia endangered by climate 
change 153

Table 3.13 Waste generation and treatment in Slovakia in 2004 (t) 161
Table 3.14 Overview of largest flood events in the Carpathian 

region (Hanušin 2006) 164
Table 3.15 Fires in the Carpathian districts of the Czech Republic 

(1995-2005) 170
Table 3.16 Changes in the number of passenger cars in selected 

Carpathian cities/districts in Slovakia after 1989 176

Chapter Four
Table 4.1 Basic assumptions made during the KEO scenario-

building process 194
Summary Table of Selected Issues Across Three Scenarios 208



229

List of Maps

List of Maps

Chapter One
Map 1.1 The Carpathian Mountains and their sub-units 19
Map 1.2 The Carpathians in Europe 20
Map 1.3 Hypsography of the Carpathians 23
Map 1.4 Settlements in the Romanian Carpathians 31
Map 1.5 Unique sites in the Carpathians 32

Chapter Two
Map 2.1 GDP per capita in the Carpathians and its environs, 2002 48
Map 2.2 Unemployment in the Carpathians and its environs, 2004 49
Map 2.3 Livestock units in the Carpathians and its environs, early 

2000s 58
Map 2.4 Forested area in the Carpathians and its environs, 2003 63
Map 2.5 Electricity transmission network in Europe 67
Map 2.6 Potential accident risk spots in the Tisza river basin, with 

zoom in the Maramures mining region 68
Map 2.7 Road network density in the Carpathians and its environs, 

2003 70
Map 2.8 Stock of passenger cars in the Carpathians and its 

environs, 2003 71
Map 2.9 Rail network density in the Carpathians and its environs, 

2003 72
Map 2.10 Hotel beds in the Carpathians and its environs, 2001 73
Map 2.11 Population density in the Carpathians its environs, 2001 79
Map 2.12 Urban population in the Carpathians and its environment, 

2000 81

Chapter Three
Map 3.1 Concentration regions of endemic vascular plant species 

in the Carpathians (according to CERI 2001)  93

Map 3.2 Richness of fish species in the Carpathian river basins 
(CERI 2001) 98

Map 3.3 Forest cover of the Carpathians (CORINE Land Cover/
PELCOM) 109

Map 3.4 A vision for large scale protected areas in the Carpathians 
(CERI 2001)  112

Map 3.5 Diversity of land cover and land use in the Carpathians 
(according to CORINE Land Cover) 115

Map 3.6 Soil erosion risk in the Carpathians 117
Map 3.7 Geo-tectonic sketch of the Carpathians 125
Map 3.8 Potential Sources of Pollution in the Eastern Carpathians 

and Transylvanian Basin 127
Map 3.9 Potential Sources of Pollution in the Apuseni Mountains 

and Pannonian Basin 128
Map 3.10 Potential Sources of Pollution in the Southern Carpathians 129
Map 3.11 Potential Sources of Pollution in the Western Carpathians 130
Map 3.12 Coal Deposits in the Carpathian region 133
Map 3.13 Hydrocarbon Fields in the Carpathian region 134
Map 3.14 Hydrogeology of the Carpathians and main permanent 

reservoirs (simplified map) 139
Map 3.15 Annual number of snow cover days in the Carpathian 

region. Local details are presented for the Slovak, Czech and 
Romanian Carpathian areas. 150

Map 3.16 Industrial units at technological risk in the Romanian 
Carpathians (2003) according to Seveso II Directive 170

Map 3.17 Carpathian cities with over 50,000 inhabitants (Hanusin 
and Huba 2007) 173

Map 3.18 UNESCO cultural heritage sites in the Carpathians (Huba 
2007) 180



230

Acronyms and Abbreviations 
Acronyms and Abbreviations 

CAP Common Agricultural Policy
CBD Convention on Biological Diversity
CCD United Nations Convention to Combat Desertification
CCS Carbon Capture and Storage
CEE Central and Eastern Europe
CEEWEB Central and Eastern European Working Group for the En-

hancement of Biodiversity
CERI Carpathian Ecoregion Initiative
CFC Carpathian Framework Convention
CITES Convention on International Trade in Endangered Species 

of Wild Fauna and Flora
CIUS Canadian Institute of Ukrainian Studies
COMECON Council for Mutual Economic Assistance (1949-1991)
DYMIMIC Dynamic Multiple Indicator, Multiple Causes
EAP Environment Action Programme
EEA European Environment Agency
EFAS European Flood Alert System
EIA Environmental Impact Assessment
EU European Union
EUR Euro (currency of the European Union)
EURAC European Academy (Bolzano)
FDI Foreign Direct Investment
GDP Gross Domestic Product
GEO Global Environment Outlook (UNEP)
GHG Greenhouse Gas
GMO Genetically Modified Organism
GRID Global Resource Information Database
HDI Human Development Index
IBAs Important Bird Areas
IFA International Fertilizer Association
IPAs Important Plant Areas
IPCC Intergovernmental Panel on Climate Change
IUCN World Conservation Union
LRTAP Convention on Long-Range Transboundary Air Pollution 

(UNECE)

LSU Livestock Unit
MCPFE Ministerial Conference on the Protection of Forests in 

Europe
NATO North Atlantic Treaty Organisation
NGOs Non-governmental Organisations
ODS Ozone Depleting Substances
OECD Organisation for Economic Co-operation and Development
PEBLDS Pan-European Biological and Landscape Diversity Strategy
PEEN Pan-European Ecological Network
PPP Purchasing Power Parity
REACH Registration, Evaluation, Authorisation and Restriction of 

Chemicals
REC Regional Environmental Centre
SAPARD Special Accession Programme for Agriculture and Rural 

Development
SEA Strategic Environmental Assessment
SoE State of the Environment
TACIS Technical Assistance to the Commonwealth of Independent 

States
TEN Trans European Network
UNDP United Nations Development Programme
UNECE United Nations Economic Commission for Europe
UNEP United Nations Environment Programme
UNEP-ISCC UNEP Interim Secretariat of the Carpathian Framework 

Convention (CFC)
UNESCO United Nations Educational, Scientific and Cultural Orga-

nization
UNFCCC United Nations Framework Convention on Climate Change
USSR Union of the Soviet Socialist Republics
V4 Visegrád countries (Czech Republic, Hungary, Poland and 

Slovakia)
VOC Volatile Organic Compound
WTO World Trade Organisation
WWF World Wide Fund for Nature



231

Acknowledgements

Acknowledgements

UNEP acknowledges the contributions made by the many individuals and institutions to the preparation and publication 
of the Carpathians Environment Outlook. Special thanks are extended to:

KEO Chapter Lead Authors:
Dan Balteanu, Prof. Dr., Institute of Geography, Romanian Academy of Sciences, Bucharest, Romania (Chapter One)
Aristita Busuioc, Dr., Head of the Climatology Division, National Meteorological Administration, Bucharest, Romania 

(Chapter Three)
Mikuláš Huba, Prof. RNDr., PhD, Institute of Geography, Slovak Academy of Sciences, Bratislava, Slovakia (Chapter 

Three)
István Pomázi, PhD, Chief Advisor, Ministry of Environment and Water, Budapest, Hungary (Chapters Two and Four)
Mircea Sandulescu, Prof. Dr., Romanian Academy of Sciences, Bucharest, Romania (Chapter Three)
Zbigniew Witkowski, Prof. Dr., Academy of Physical Education, Krakow, Poland (Chapter Three)

Institutional support:
DAPHNE Institute for Applied Ecology
European Environment Agency
EURAC – European Academy
Institute of Nature Conservation, Polish Academy of Sciences 
Ministry of the Environment of the Czech Republic
Ministry of Environment and Water of Hungary / GRID-Budapest
Ministry of Environment of Poland
Ministry of Environment and Sustainable Development of Romania
Ministry of Science and Environmental Protection of Serbia
Ministry of the Environment of the Slovak Republic
Ministry of Environmental Protection of Ukraine
Regional Environmental Centre for Central and Eastern Europe (REC)
Slovak Academy of Sciences
Slovak Environmental Agency
UNEP/GRID-Warsaw
UNEP-Vienna Interim Secretariat of the Carpathian Framework Convention (ISCC)

Funding
UNEP provided funding to support the drafting work, all meetings, publication of the report and development of the KEO 
Database. Additional funding was provided through the EU’s INTERREG III B CADSES “Carpathian Project”.

KEO Steering Group:
Marek Baranowski, Jana Brožová, Carmen Damian, 
Harald Egerer, Radoslava Kanianska, Iurie Maxim, Ján 
Šeffer, Elemér Szabó, Iryna Vanda, Ronald G. Witt

KEO Secretariat:
Ana Priceputu

KEO Contributing Authors:
Joan Abrudan, Gabor Balint, Ivan Barka, Juraj Beták, 
Roxana Bojariu, Mircea Borcos, Constanta Boroneant, 
Jana Brožová, Sorin Cheval, Yurij Czernobaj, Monica 
Dumitrascu, Petru Enciu, Tetiana V. Gardashuk, Anton 
Geicu, Ján Hanušin, Vladimír Ira, Emília Jurášová, 
Radoslava Kanianska, Peter Kapusta, Karel Kirchner, 

Adam Kotarba, Ján Lacika, Erich Lippert, Ludmila 
Marcinátová, Iurie Maxim, Jozef Minár, Zbigniew 
Niewiadomski, Jerzy Pawłowski, Kajetan Perzanowski, 
Halina Piękoś-Mirkowa, Milan Prodanovič, Snezana 
Prokic, Tomáš Ružička, Ján Šeffer, Stefan Skiba, Dmytro 
Skylnikov, Miloš Stankoviansky, Elemér Szabó, Bronislav 
Szczęsny, Jerzy Szwagrzyk, Viera Šimkovicová, Lidia 
Tasenkevych, Tibor Tiner, Milan Trizna, Ján Urbánek, Ivan 
Vološčuk, Bartłomiej Wyżga, László Zentai.

Editor:
Paul Csagoly

Assistant Editors:
Ana Priceputu, Ronald G. Witt



232

Cover and page design:
Jana Hajduchová

Cartography and other illustrations:
Marek Baranowski, Maciej Bagiński, Maciej Rutkowski 
(UNEP/GRID-Warsaw)

Data Collection:
Marek Baranowski, Jana Brožová, Carmen Damian, 
Radoslava Kanianska, Iurie Maxim, Dusan Mijovic, Goran 
Sekulic, Elemér Szabó, Iryna Vanda

KEO Lead Data Centre:
UNEP/GRID-Warsaw for data collection, harmonisation 
and integration (Marek Baranowski, Piotr Mikołajczyk, 
Katarzyna Fiedziukiewicz)

Data Provision:

The Czech Republic
−	 Agency for Nature Conservation and Landscape Pro-

tection of the Czech Republic
−	 Central Institute for Supervising and Testing in Agri-

culture
−	 Czech Environmental Information Agency CENIA
−	 Czech Geological Survey – Geofond
−	 Czech Hydrometeorological Institute 
−	 Czech Statistical Office
−	 Forest Management Institute
−	 Research Institute of Ameliorations and Soil 

Conservation
−	 T.G. Masaryk Water Research Institute
−	 Lesy České republiky state enterprise

Hungary
−	 Ministry of Environment and Water of Hungary 

(GRID-Budapest)
−	 Hungarian Central Statistical Office
−	 Institute of Geography of the Hungarian Academy of 

Sciences
−	 Eötvös Loránd University of Budapest

Poland
−	 Agricultural and Food Quality Inspection
−	 Central Statistical Office of the Republic of Poland
−	 Chief Inspectorate for Environmental Protection
−	 Institute for Meteorology and Water Management, 

Regional Branch in Krakow
−	 Institute for Forestry Research
−	 Ministry of the Environment of the Republic of Poland 

(Department of Environmental Policy, Department of 

Water Resources, Department of Nature Protection, 
Bureau of Water Management)

−	 National Fund for Environmental Protection and 
Water Management

−	 Polish Geological Institute
−	 Voivodeship Fund for Environmental Protection and 

Water Management in Krakow
−	 Voivodeship Fund for Environmental Protection and 

Water Management in Katowice, Local Office in Biel-
sko-Biala

−	 Voivodeship Fund for Environmental Protection and 
Water Management in Rzeszow

−	 Voivodeship Inspectorate for Environmental Protec-
tion in Krakow

−	 Voivodeship Inspectorate for Environmental Protec-
tion in Katowice

−	 Voivodeship Inspectorate for Environmental Protec-
tion in Rzeszow

−	 Voivodeship Office for Conservation of Historic Monu-
ments in Krakow

−	 Voivodeship Office for Conservation of Historic Monu-
ments in Katowice

−	 Voivodeship Office for Conservation of Historic Monu-
ments in Przemysl

Romania
−	 Forest Research and Management Planning  

Institute
−	 Institute of Geography, Romanian Academy of  

Sciences
−	 Institute of Hydrology 
−	 Institute of Soil Science and Agrochemistry
−	 Ministry of Environment and Sustainable Develop-

ment
−	 National Institute of Statistics
−	 National Meteorological Administration

Slovakia
−	 Ministry of Interior of the Slovak Republic
−	 National Forest Centre
−	 Slovak Environmental Agency
−	 State Geological Institute of Dionyz Stur
−	 Slovak Hydrometeorological Institute
−	 Slovak Inspectorate of the Environment
−	 State Nature Conservancy of the Slovak Republic
−	 Statistical Office of the Slovak Republic
−	 Water Research Institute of the Slovak Republic

UNEP also thanks all individuals who provided photo-
graphs at no cost. Their names can be found on individual 
pages with the photos they provided.



United Nations Environment Programme
P.O. Box 30552 - 00100 Nairobi, Kenya

Tel.: +254 20 762 1234
Fax: +254 20 762 3927

e-mail: uneppub@unep.org
www.unep.org

www.unep.org

The Carpathians Environment Outlook is an integrated assessment report on the state of, and trends related to, the 
environment of the Carpathian Mountains and wider region, retrospectively over the past 30 years and forward 
to 2020. This assessment is based on analyses of socio-economic and environmental processes and focuses on sustainable 
development issues, notably the environmental implications of human and economic activities. The Outlook section 
of the report presents three scenarios of future development for the Carpathians, exploring the relationship and synergies 
between policy decisions taken, the human situation and the natural environment.

The contents of this Report are based on information and data supplied by national governments of Carpathian countries, 
and numerous individuals and specialised institutions from the region. The main chapters are the following:
Chapter 1: Background/Introduction
Chapter 2: Socio-Economic Driving Forces
Chapter 3: The State of the Carpathians Environment and Policy Measures 
      (detailed treatment of major environmental themes)
Chapter 4: Outlook 2005 to 2020: three scenarios for the Carpathians region’s future development
Chapter 5: Conclusions and “Options for Action“

The Carpathians Environment Outlook provides greater knowledge about the unique ecology and related environmental 
and human problems of the Carpathians, along with better information for sustainable decision-making in this unique 
region and, in particular, the implementation of the Carpathian Framework Convention.

© Jana Hajduchová, Pavel Bezděčka, Piotr Krzan, Peter Lengyel, Jan Hajduch, František Šulgan


