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ABSTRACT 

De Vries, W., M. Posch, G.J. Rcinds and J. Kämäri, 1992. Critical loads and their exceedance 
on forest soils in Europe. Wageningen (The Netherlands), DLO The Winand Staring Centre. 
Report 58, 126 pp.; 14 Figs; 17 Tables; 69 Refs; 37 Maps. 

Critical loads for N, S and total acid, and amounts by which they are exceeded, have been derived 
for coniferous and deciduous forests in Europe on a 1.0° longitude x 0.5° latitude grid. Results 
indicate that present acid loads exceed critical values in approximately 30% of the forested area. 
The area exceeding critical N loads, related to vegetation changes, is estimated at 50%. The 
uncertainty in critical loads can be large. This is mainly due to uncertainties in the chemical criteria 
that are used. However, despite the uncertainties involved it is clear that large exceedances of 
critical N and S loads, up to 3500 and 6000 molc ha"1 yr"1, respectively, occur in Central Europe. 
This coincides with the area where a decrease in forest vitality has been reported. 

Keywords: Critical loads, forests, soil acidification, eutrophication, vegetation changes, acid 
deposition 

ISSN 0927-4537 

© 1992 DLO The Winand Staring Centre for Integrated Land, Soil and Water Research (SC-DLO), 
Postbus 125, 6700 AC Wageningen (The Netherlands); phone: +31837074200; fax: +31837024812; 
telex: 75230 VISI-NL 

DLO The WINAND STARING CENTRE is continuing the research of: Institute for Land and Water 
Management Research (ICW), Institute for Pesticide Research, Environment Division (IOB), 
Dorschkamp Research Institute for Forestry and Landscape Planning, Division of Landscape 
Planning (LB), and Soil Survey Institute (STIBOKA). 

No part of this publication may be reproduced or published in any form or by any means, or stored 
in a data base or retrieval system, without the written permission of DLO The Winand Staring 
Centre and the Finnish Water and Environment Research Institute. 

Project 7156 [Lie] 



CONTENTS 

page 

PREFACE 9 

SUMMARY 11 

1 INTRODUCTION 13 

2 DISTRIBUTION OF EUROPEAN FOREST SOILS 15 

3 MODELS TO CALCULATE CRITICAL LOADS 19 
3.1 The SMB model 19 
3.1.1 Model derivation 19 
3.1.2 Critical alkalinity leaching 22 
3.1.3 The relation between critical loads for nitrogen, 

sulphur and total acid 24 
3.2 The START model 26 
3.2.1 Basic principle 27 
3.2.2 Interaction fluxes 27 
3.2.3 Calculation of critical acid loads 29 

4 CALCULATION AND ASSESSMENT OF MODEL INPUTS 31 
4.1 Data acquisition strategy 31 
4.2 Atmospheric deposition 31 
4.3 Growth uptake 35 
4.4 Weathering 38 
4.5 Nitrogen transformations 41 
4.6 Precipitation and évapotranspiration 43 

5 CRITICAL LOADS 47 
5.1 Differences between forest types 47 
5.2 Differences between countries 48 

6 EXCEEDANCES OF CRITICAL LOADS 51 
6.1 Differences between forest types 51 
6.2 Differences between countries 50 

7 UNCERTAINTIES 55 
7.1 Model inputs 55 
7.2 Critical chemical values 60 

7.3 Model structure 65 

8 CONCLUSIONS 69 

REFERENCES 71 



page 

13 Inverse cumulative frequency distributions of the aluminium 
concentration and aluminium-calcium ratio in European forest 
soils at two different depths 65 

14 Cumulative frequency distributions of the critical nitrogen load 
and the amount by which it is exceeded including and excluding 
the effect of denitrification 66 

TABLES 
1 Soil units included in the FAO soil map 1 : 5 000 000 16 
2 Coverage of coniferous - and deciduous forests in the various 

European countries as a percentage of the land area 17 
3 Dominant forest soils in Europe, as a percentage of the total 

forest area 18 
4 The influence of location, tree species and soil type on model 

inputs 31 
5 Minimum and maximum values of nitrogen and base cation contents 

in stems and branches of coniferous and deciduous forests in Europe 37 
6 Weathering rates used for the various combinations of parent 

material class and texture class 38 
7 Proposed conversion between soil type and parent material class 39 
8 Median values for the critical loads of nitrogen, sulphur and 

acidity in the various European countries 49 
9 Percentage of the forested area in the various European countries 

for which critical loads for nitrogen, sulphur and acidity are exceeded 53 
10 The influence of model input variation on the percentage of the 

forested area in Europe exceeding critical acid loads 56 
11 The influence of a 50% variation in weathering rate and 

precipitation surplus on the percentage of the forested area exceeding 
critical acid loads in the various European countries 57 

12 The influence of a 50% change in uptake rate on the percentage of 
the forested area exceeding critical loads for nitrogen and sulphur 
in the various European countries 59 

13 The influence of neglecting the effect of forest filtering on the 
percentage of coniferous and deciduous forests exceeding critical 
loads for nitrogen, sulphur and acidity 60 

14 The influence of different criteria on the percentage of the forested 
area for which critical acid loads are exceeded in the various 
European countries 62 

15 The influence of the critical nitrate concentration on the percentage 
of coniferous and deciduous forests in Europe exceeding critical 
loads for nitrogen and sulphur 63 

16 The influence of the critical nitrate concentration on the percentage 
of the forested area exceeding critical loads for nitrogen and sulphur 
in the various European countries 64 

17 The influence of modelling assumptions on the percentage of the 
forested area exceeding critical loads of nitrogen and acidity in the 
various European countries 67 


