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Preface 

The patterns of land use that have evolved in Europe reflect the 
boundaries set by the natural environment and socio-economic responses 
to the needs of the population. Over the centuries man has been able 
to overcome increasingly the constraints placed on land use by the 
natural environment through the development of new technologies and 
innovations, driven by an increasing population and rising material 
expectations. However, activities are still ultimately constrained by 
natural limitations such as climatic characteristics and associated 
edaphic and vegetational features. 

A major problem for land management, in its broadest sense, can 
be a reluctance to foresee the consequent ecological changes. This 
means that mitigating strategies will not be implemented in time to 
prevent environmental degradation and social hardship, although in 
many parts of Europe, over some centuries, demands have been met in 
a sustainable way, by sound, prudent and temperate expectations that 
have dictated management regimes. 

The management of land in Europe has always been a complex 
challenge: land is the primary, though finite resource. DeciSions 
regarding the use of land and manipulation of ecosystem dynamics today 
may affect the long-term primary productivity of the resource. Decisions 
to change land use may be virtually irreversible; urbanization is an 
illustration of the influence of population density on the land resource. 
The International Institute for Applied Systems Analysis (IIASA) , in co­
operation with the Institute of Geography and Spatial Organization of the 
Polish Academy of Sciences, organized a Workshop on Land Use Changes 
in Europe in Poland in September, 1988 to consider all these interacting 
features of European land use against the background of possible global 
climatic change. The Workshop was the source of draft papers and 
these, in an edited form, constitute the majority of Chapters in this 
book. The meeting focused on six discrete but interrelated topics 
including: i) major land use determinants; ti) present land use patterns; 
iii) the main processes of change of major importance for future land 
use; iv) historical land use changes in Europe; v) likely future land use 
patterns; and vi) policy implications and the identification of management 
strategies. Thus, this book covers a wide spectrum of issues. Most are 
related to the potential impact of climatic change and how this must be 
considered in the long-term and on a broad-scale. Some of the 
questions that need to be addressed include the topics listed. How will 
the characteristics of the land resource change and what are the 
implications of those changes on the environment and its capacity to 
supply these? What poliCies need to be introduced to encourage 
sensitivity to environmental supply limitations? What scale of response 
is required? 

Following the workshop sponsored by IIASA, the editing tasks were 
undertaken by F.M. Brouwer (formerly of lIASA), and Alison Thomas and 
M.J. Chadwick of the Stockholm Environment Institute at York (SEIY). 
The Stockholm Environment Institute (SEI), Stockholm, Sweden, financed 
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vi PREFACE 

this phase of the work. Isobel Devane prepared the manuscript for 
publication along with Susan Sparrow who provided the final version of 
many of the figures. Andrew Lees assisted in the preparation of the 
Index. 

During the Workshop in Poland many of the arrangements were 
made by Dr. R Kulikowski of the Institute of Geography and Spatial 
Organization of the Polish Academy of Sciences. The Stockholm 
Environment Institute and IIASA express their warm appreciation of his 
efforts and those of the Director of the Institute. Professor J. Kostrowicki. 

F .M. Brouwer 
A.J. Thomas 
M.J. Chadwick 

September. 1990. York. 



List of Contributors 

s. Anderberg. Department of Social and Economic Geography. Lund 
University. Lund. Sweden. 

I. Aselmann. Max-Planck Institute for Chemistry. Mainz. Federal 
Republic of Germany. 

N. Brink. Division of Water Management. Department of Soil Sciences. 
Swedish University of Agricultural SCiences. Uppsala. Sweden. 

F.M. Brouwer. Agricultural Economics Research Institute. LEI. s'­
Gravenbage. The Netherlands. 

T. Carter. Finnish Meteorological Institute. Helsinki. Finland. 

M.J. Chadwick. Stockholm Environment Institute at York. York. UK. 

H. Coccossis. University of the Agean. Athens. Greece. 

M. Falkenmark. Committee for Hydrology. Natural Science Research 
Council. Stockholm. Sweden. 

A. Friend. Institute for Research on Environment and Economy. 
University of Ottawa. Ottawa. Canada. 

G.P. Hekstra. Ministry of Housing. Physical Planning and Environment, 
Leidschendam. The Netherlands. 

A.C. Imeson. Landscape and Environmental Research Group. University 
of Amsterdam. Amsterdam. The Netherlands. 

N. Karavayeva. Institute of Geography. USSR Academy of Sciences. 
Moscow. USSR 

L. Kauppi. Water and Environment Research Institute. National Board 
of Waters and the Environment. Helsinki. Finland. 

A. Kedziora. Department of Agrobiology and Forestry. Polish Academy 
of Sciences. Poznan. Poland. 

J. Kostrowicki. Institute of Geography and Spatial Organization. Polish 
Academy of Sciences, Warsaw. Poland. 

J. Lee. The Agricultural Institute. Johnston Castle Research Centre, 
Wexford. Ireland. 

H.N. van Lier. Department of PhYSical Planning and Rural Development, 
Agricultural University of Wageningen. Wageningen. The 
Netherlands. 

vii 



viii LIST OF CONTRIBUTORS 

E.W. Manning. Sustainable Development Branch. Environment Canada. 
Ottawa. Canada. 

T.G. Nefedova. Institute of Geography. USSR Academy of Sciences. 
Moscow. USSR 

P. Nljkamp. Department of Economics. Free University. Amsterdam. The 
Netherlands. 

J. Okuniewski. Institute of Rural and Agricultural Development. Warsaw. 
Poland. 

L.R. Oldeman. International Soil Reference and Information Centre. 
Wageningen. The Netherlands. 

J. Olejnik. Department of Agrobiology and Forestxy. Polish Academy of 
Sciences. Poznan. Poland. 

T. Paces. Department of Geochemistxy. Geological Survey. Prague. 
Czechoslovakia. 

M. Parry. AtmospheriC Impacts Research Group. University of 
Binningham. Binningham. UK. 

J. de Ploey. Laboratory for Experimental Geomorphology. Leuven. 
Belgium. 

M. Posch. International Institute for Applied systems Analysis. 
Laxenburg. Austria. 

L. Ryszkowski. Department of Agrobiology and Forestxy. Polish Academy 
of Sciences. Poznan. Poland. 

F. Soeteman. Department of Economics. Free University. Amsterdam. 
The Netherlands. 

I. Szabolcs. Research Institute of Soil Science and Agricultural 
Chemistxy. Hungarian Academy of SCiences. Budapest, Hungary. 

V.O. Targulian. International Institute for Applied Systems Analysis. 
Laxenburg. Austria. 

W.H. Verheye. Institute of Geology. State University of Gent. Gent. 
Belgium. 



Table of Contents 

Preface 
Ust of Contributors 

1. 

2. 

3. 

4. 

Land Resources, Land Use and Projected Land Availability 
for Alternative Uses in the EC 

J. Lee 

1.1. Introduction 
1.2. Land Use structure 
1.3. Climate and Soils 
1.4. Slope Characteristics of Land 
1.5. Assessing Future Land Requirements for 

Major Uses in the EEC 
1.6. Projected Land Use Changes 
1. 7. Concluding Remarks 

Trends in the Transformation of European Agriculture 

J. Kostrowickl 

2.1. Introduction 
2.2. Types of Agriculture in Europe 
2.3. Agricultural Regions in Europe 
2.4. Conclusions 

Future Land Use Patterns in Europe 

F.M. Brouwer and M.J. Chadwick 

3.1. Introduction 
3.2. Land Use Patterns in Europe 
3.3. New Technologies and Changing Land Use Patterns 
3.4. Climate Change and Soil Degradation in Relation 

to Changing Land Use Patterns 
3.5. Future Land Use Changes in Europe 
3.6. Concluding Remarks 

The Role and Impact of Biophysical Determinants on Present 
and Future Land Use Patterns in Europe 

W.H. Verheye 

4.1. Introduction 
4.2. Major Determinants of Land Use Patterns in Europe 
4.3. Effect of BiophySical Parameters on Crop Growth 
4.4. Land Assessment Based on the PhySical Potential 

of the Land 
4.5. Concluding Remarks 

v 
vii 

1 

1 
1 
3 

10 

13 
14 
17 

21 

21 
26 
40 
42 

49 

49 
51 
57 

60 
70 
76 

79 

79 
81 
83 

90 
96 



x CONTENTS 

5. Atmospheric Methane: Estimates of Its Past. Present and 
Future and Its Role in Effecting Changes in Atmospheric 
Chemistry 99 

I. Aselmann 

5.1. Introduction 99 
5.2. The Greenhouse Effect 100 
5.3. Chemical Interferences 102 
5.4. Climatic IDlplications 106 
5.5. The Global Methane Budget 109 
5.6. Biogenic Sources 111 
5.7. Methane of Non-biological Origin 115 
5.8. Pre-industrial Methane Emissions 118 
5.9. Future Trends 119 
5.10. Concluding ReDlaTks 121 

6. Perspectives on a Changing Hydroclimate: Land Use 
IDlplications 127 

M. Falkenmark 

6.1. Introduction 127 
6.2. The Hydrological Cycle 128 
6.3. Interdependency of CatchDlent Hydrology and 

Land Use 134 
6.4. EnviroDDlental Manipulation 138 
6.5. Influence of Climatic Change 139 
6.6. Sustainable Interaction between Society and 

the Water Cycle 143 
6.7. Matrices to Clarify the IDlpacts of Changes 146 
6.8. Conclusion 150 

7. Dynamics in Land Use Patterns: Socio-econoDlic and 
EnviroDDlental Aspects of the Second Agricultural 
Land Use Revolution 153 

P. Nijkamp and F. Soeteman 

7.1. Introduction 153 
7.2. DevelopDlent and Sustainabillty: A Methodological 

Framework 154 
7.3. Land Use and Economics: An Historical Orientation 157 
7.4. Agricultural Land Use and the EnviroDDlent 159 
7.5. Overproduction in the Agricultural Sector: An 

International Perspective 164 
7.6. Strategic and Scientific Options for Co-evolutionary 

DevelopDlent 169 

8. Climatic Change and Land Use IDlpact in Europe 177 

G.P. Hekstra 

8.1. Introduction 177 
8.2. European Climate-Vegetation-Soil Relationships 178 
8.3. Major Future Shifts of BioDles and Land Use 188 
8.4. Climate Related Acidification. Eutrophication and 

Aridification 202 



CONlENTS xi 

9. Climatic Changes and Land Use Potential in Europe 209 

M.L. Parry and T.R. Carter 

9.1. Introduction 209 
9.2. Specific Approaches 209 
9.3. A Summary of Possible Effects of Climatic Change 

on Agricultural Potential in Europe 218 
9.4. Potential Technological and Management Responses 225 
9.5. Conclusions 227 

10. Environmental Constraints on Agricultural Production 233 

N. Brink 

10.1. Introduction 233 
10.2. Matertals and Methods Applied 233 
10.3. Results of the Expertments 235 
10.4. Measures to Prevent Leaching 247 
10.5. Conclusion 251 

11. Potential Effects of Climate and Land Use Changes on 
the Water Balance Structure in Poland 253 

L. Ryszkowski, A. Kedzlora and J. Olejnik 

11.1. Introduction 253 
11.2. Methods of Assessing the Heat and Water Balance 

Structure 254 
11.3. Scenartos of Heat and Water Balance Components 260 
11.4. Conclusions 271 

12. Soil Erosion. Soil Degradation and Climatic Change 275 

J. de Ploey, A. Imeson and L.R. Oldeman 

12.1. Introduction 275 
12.2. Soil EroSion in Western Europe 275 
12.3. Establishing Information on Erosion and 

Degradation 278 
12.4. Land Degradation: The World Problem 281 
12.5. Soil Erosion and Climatic Change 282 

13. Salinization Potential of European Soils 293 

I. Szabolcs 

13.1. Introduction 293 
13.2. Salinization of Groundwater and Soils 293 
13.3. Major Aspects of Soil Salinity 294 
13.4. Future Potential for Salt-affected Soils 

in Europe 300 
13.5. Prevention and Monltortng of Secondary 

Salinization 309 



xii 

14. 

15. 

16. 

17. 

IS. 

Changes in Rates of Weathering and Erosion Induced 
by Acid Emissions and Agriculture in Central Europe 

T. Paces 

14.1. Introduction 
14.2. Results and Discussion 
14.3. Conclusions 

Potential for Acidification of Forest Soils in Europe 

M. Posch and L. Kauppi 

15.1. Introduction 
15.2. Causes of Soil Acidification 
15.3. Modeling Forest Soil Acidification 

Historical land Use Changes and Soil Degradation 
on the Russian Plain 

N.A. Karavayeva. T.G. Nefedova and V.O. Targulian 

16.1. Introduction 
16.2. Socio-economic and Political Factors Determining 

land Use changes 
16.3. land Use Changes since 1700 
16.4. Soil Degradation and Changes in land Use Patterns 
16.5. Summary and Conclusions 

Historical land Use Changes: The Netherlands 

H.N. van Lier 

17.1. Introduction 
17.2. Historical Trends of land Use Patterns 
17.3. Major Determinants of Historical land Use 

Changes 
17.4. land Use Planning 
17.5. Current and Future Trends 
17.6. Conclusions 

Historical land Use Changes: Sweden 

s. Anderberg 

lS.1. Introduction 
lS.2. Societal Development over the Past Three Hundred 

Years 
lS.3. The Ancient Order 
lS.4. land Use Transformations over the Past Two 

Centuries 
lS.5. The Agrarian Revolution during the Nineteenth 

Century 
lS.6. Agricultural Development during the Twentieth 

Century 
lS.7. Woodland 

CONTENTS 

317 

317 
317 
322 

325 

325 
327 
332 

351 

351 

352 
360 
36S 
375 

379 

379 
379 

3S5 
390 
393 
400 

403 

403 

404 
406 

406 

40S 

412 
414 



CONTENTS xiii 

18.8. The Impact of Increased Circulation of Chemicals 
In the Environment 419 

18.9. Discussion and Conclusions 422 

19. Historical Land Use Changes: Poland 427 

J. Okuniewski 

19.1. Introduction 427 
19.2. Changes in Economic Conditions and Land Use 

Patterns 428 
19.3. Major Socio-economic Determinants of Land 

Utilization 430 
19.4. Regional Differences and Marginal Areas 432 
19.5. Socto-economic Development Trends and 

Changing Land Use Patterns In Poland 434 
19.6. Conclusions 439 

20. Historical Land Use Changes: Mediterranean Regions of 
Europe 441 

H.N. Coccossis 

20.l. Introduction 441 
20.2. Historical Patterns of Development and Urbanization 443 
20.3. The Period after the Second World War 444 
20.4. Recent Development Patterns 448 
20.5. Development Patterns and Land Use 451 
20.6. Policy Responses to Pressing Problems 456 
20.7. Conclusions 459 

2l. Land Use Statistics In Natural Resource Accounting Systems 463 

A.M. Friend 

2l.l. Introduction 463 
2l.2. Natural Resource Accounting 466 
21.3. Role of Land Use Statistics in NRA 474 
2l.4. Role of NRA in Policy analysis and Public 

Information 481 
2l.5. Summary and Conclusions 482 

22. Analysis of Land Use Determinants in Support of Sustainable 
Development 485 

E.W. Manning 

22.l. Introduction 485 
22.2. Analysis of Land in Support of Sustainable 

Development 487 
22.3. Key Biophysical Variables 490 
22.4. A Canadian Approach 492 
22.5. Key Socio-economic Variables 496 
22.6. Demands for Land 501 
22.7. Selecting a Spatial Framework 502 



xiv 

Index 

22.8. Testing Scenarios within a Spatial Supply/Demand 
Framework 

22.9. Conclusions 

CONTENTS 

505 
509 

515 


