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Cri;cal	  Loads	  
and	  their	  exceedances	  for	  acidity	  and	  nitrogen	  	  

Effects	  have	  concerned	  the	  public	  and	  
they	   have	   driven	   policy	   makers	   and	  
scien;sts	   for	   over	   30	   years	   since	   the	  
acidifica;on	   of	   Scandinavian	   lakes	  
were	   demonstrated	   and	   the	   German	  
word	   “Waldsterben”	   (forest	   decline)	  
became	  interna;onal.	  

Long-‐term	  environmental	  monitoring	  and	  the	  
integra;on	   of	   its	   results	   for	   nego;a;on	   and	  
seUng	  of	  pollu.on	   thresholds	  were	   the	   key	  
to	   an	   effec;ve	   air	   pollu;on	   policy.	   Thus,	   as	  
emissions	  now	  decrease,	  the	  ques;on	  is:	  	  
Are	   there	   trends	   or	   changes	   in	   ecosystem	  
quality	   in	   response	   to	   these	   decreasing	  
emissions	  in	  the	  European	  region	  and	  are	  the	  
reduc;on	  measurements	  sufficient?	   



Cri;cal	  Loads	  
and	  their	  exceedances	  for	  acidity	  and	  nitrogen	  	  

Pollu.on	  thresholds	  -‐	  the	  Cri.cal	  Load	  Concept	  

For	  the	  protec;on	  of	  the	  environment	  and	  human	  health,	  in	  the	  
interest	  of	  precau;on,	  abatement,	  or	  the	  mi;ga;on	  of	  environmental	  
impacts,	  environmental	  policy	  has	  to	  define	  specific	  targets.	  	  

Threshold	  values	  for	  the	  effects	  of	  air	  pollutants	  have	  a[ained	  much	  
importance	  in	  the	  deriva;on	  of	  environmental	  goals	  as	  they	  are	  most	  
convincing	  criteria	  for	  tolerable	  intensi;es	  of	  anthropogenic	  
interference	  with	  ecosystems	  or	  their	  sensi;ve	  components.	  	  	  

Cri.cal	  loads	  are	  such	  threshold	  values.	  By	  defini;on	  they	  are	  	  
quan.ta.ve	  es.mates	  of	  an	  exposure	  to	  a	  deposi.on	  of	  one	  or	  more	  
pollutants	  below	  which	  significant	  harmful	  effects	  on	  specified	  
sensi;ve	  elements	  of	  the	  environment	  do	  not	  occur	  according	  to	  
present	  knowledge.	  	  
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106 intensive monitoring plots in 17 countries 
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FutMon	  Site:	   ID	  20021	   Country:	  Belgium	  
Cri;cal	  Load	  calcula;on:	   SMB	  method	  
Deposi;on	  modelled:	   EMEP	  1980,	  NATIONAL	  2000,	  2020,	  PRIMES	  2020,	  MFR	  2020	  
Deposi;on	  measured:	   1996	  –	  2007	  	  
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FutMon	  Site:	   ID	  582251	   Country:	  Czech	  Republic	  
Cri;cal	  Load	  calcula;on:	   SMB	  method	  
Deposi;on	  modelled:	  
Deposi;on	  measured:	   2004	  -‐	  2007	  
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FutMon	  Site:	   ID	  150025	   Country:	  Finland	  	  
Cri;cal	  Load	  calcula;on:	   SMB	  method	  
Deposi;on	  modelled:	   EMEP	  1980,	  NATIONAL	  2000,	  2020,	  PRIMES	  2020,	  MFR	  2020	  
Deposi;on	  measured:	   1996	  –	  2007	  	  
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Area	  at	  Risk	  of	  	  Acidifica.on	  

NAT	  2000	   NAT	  2020	   MTFR	  2020	  
FutMon	  plots	   18	  %	   4	  %	   0	  %	  
EU	  27	   19	  %	   4	  %	   2	  %	  
All	  Europe	   10	  %	   4	  %	   1	  %	  



Exceedance	  of	  Cri.cal	  Loads	  for	  Nutrient	  Nitrogen	  

Cri;cal	  Loads	  
and	  their	  exceedances	  for	  acidity	  and	  nitrogen	  	  



Area	  at	  Risk	  of	  	  Eutrophica.on	  

NAT	  2000	   NAT	  2020	   MTFR	  2020	  
FutMon	  plots	   48	  %	   30	  %	   10	  %	  
EU	  27	   74	  %	   61	  %	   24	  %	  
All	  Europe	   52	  %	   38	  %	   14	  %	  



Dynamic	  Modelling	  
Future	  development	  of	  soil	  solu;on	  chemistry	  

ICP	  Modelling	  &	  Mapping	  
Coordina;on	  Center	  for	  Effects	  (CCE)	  
www.rivm.nl/cce	  

Input	  data	  for	  	  
the	  VSD+	  model	  



Dynamic	  change	  of	  geochemical	  parameters,	  	  
modelled	  with	  VSD+	  (red/blue	  lines)	  and	  measured	  /	  observed	  values	  (blue	  dots)	  

Plot	  40301	  
Germany	  
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acidifica;on	  and	  a	  
rela;vely	  rapid	  recovery	  

Overall	  trend	  (77	  plots)	  for	  pH	  values	  modelled	  by	  VSD+	  and	  classified	  
by	  buffering	  classes	  (ULRICH	  1981)	  



Dynamic	  Modelling	  
Future	  development	  of	  soil	  solu;on	  chemistry	  

loss	  of	  base	  ca;ons	  
and	  no	  (rapid)	  recovery	  

Overall	  trend	  (77	  plots)	  for	  base	  satura;on	  classes	  modelled	  by	  VSD+	  



<	  10	  =	  hypertrophic	  
10	  -‐	  17	  =	  eutrophic	  
ongoing	  eutrophica;on	  

Dynamic	  Modelling	  
Future	  development	  of	  soil	  solu;on	  chemistry	  

Overall	  trend	  (77	  plots)	  for	  C:N	  ra;o	  modelled	  by	  VSD+	  and	  classified	  
by	  nutrient	  levels	  



This is an important next step, because under the Thematic Strategy on Air Pollution 
and the Air Pollution Policy Review 2011 -2012 is a demand for knowledge of 
changes to plant species diversity caused by air pollution under climate change in 
Europe.  

Results of VSD+ computation for C:N ratio and pH values 
used as drivers for the BERN model 
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BERN	  model	  
Future	  development	  of	  vegeta;on	  

BERN	  model	  
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FutMon	  Plot	  40301	  
Dynamic	  of	  possibility	  for	  self	  regenera;on	  and	  sustainable	  existence	  of	  site	  typical	  	  
plant	  species	  depending	  on	  changes	  of	  site	  condi;ons	  
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Possibility of existence for understory species 

Agrostis tenuis Arrhenatherum eliatius Avenella flexuosa 
Carex pilulifera Corynephorus canescens Dactylis glomerata 
Festuca ovina ovina Holcus mollis Luzula campestris 
Luzula luzuloides Milium effusum Nardus stricta 
Calluna vulgaris Vaccinium myrtillus Vaccinium vitis-idaea 
Dicranella heteromalla Dicranum scoparium Eurhynchium striatum 
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FutMon	  plot	  40301	  
Development	  of	  possibility	  for	  existence	  of	  	  

Habitat	  direc.ve	  Annex	  4	  species	  	  
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Summery	  
Cri;cal	  Loads	  &	  exceedances	  

The	  reduc;on	  of	  sulphur	  deposi;on	  shows	  the	  success	  of	  the	  clean	  air	  
policies	  in	  the	  EU,	  over	  90	  %	  of	  the	  forested	  sites	  will	  be	  protected	  from	  
acidifying	  inputs.	  	  

For	  nitrogen	  inputs,	  however,	  the	  model	  results	  reveal	  only	  minor	  changes.	  
Assuming	  full	  implementa;on	  of	  na;onal	  legisla;on	  (NAT2020),	  
approximately	  30	  %	  of	  the	  FutMon	  sites	  will	  s;ll	  receive	  eutrophying	  
nitrogen	  inputs	  above	  the	  cri.cal	  loads*.	  

*	  in	  the	  CCE	  report	  with	  all	  receptors	  60	  %	  



Summery	  
Dynamic	  modelling	  of	  soil	  solu;on	  

The	  VSD+	  model	  allows	  the	  assessment	  of	  soil	  chemical	  changes	  over	  ;me	  
taking	  into	  account	  the	  reac;on	  and	  development	  of	  the	  system.	  A	  
summarizing,	  Europe-‐wide	  interpreta;on	  for	  nearly	  80	  forest	  sites	  -‐	  each	  
with	  specific	  condi;ons	  and	  soil	  reac;ons	  -‐	  is	  hardly	  possible	  and	  not	  
representa;ve.	  Thus,	  only	  basic	  and	  general	  trends	  can	  be	  discussed.	  An	  
integrated	  interpreta;on	  shows:	  

  decreasing	  C:N	  ra.o	  is	  the	  dominant	  trend	  acer	  about	  1970.	  Such	  a	  
decrease	  occurs	  on	  half	  of	  the	  plots;	  

  pH	  changes	  include	  an	  increase	  in	  the	  share	  of	  plots	  with	  extremely	  low	  pH	  
values	  in	  the	  years	  1970	  and	  1980	  and	  a	  recovery	  from	  1990	  onwards	  to	  
preindustrial	  condi;ons	  (surprisingly);	  

  model	  results	  suggest	  a	  generally	  decreasing	  base	  satura.on	  in	  the	  soils	  
un;l	  the	  present	  ;me.	  It	  will	  probably	  take	  many	  decades	  to	  build	  up	  the	  
base	  satura;on	  to	  pre-‐industrial	  levels.	  



Summery	  
Future	  development	  of	  vegeta;on	  (BERN)	  

The	  BERN	  model	  offers	  a	  tool	  for	  the	  es;ma;on	  of	  deposi;on	  effects	  and	  for	  
opera;onal	  forest	  management	  recommenda;ons.	  	  Also	  the	  influence	  of	  
climate	  change	  can	  be	  included	  in	  the	  model.	  An	  integrated	  interpreta;on	  
shows:	  

  the	  20	  selected	  plots	  of	  the	  pilot	  study	  show	  different	  degrees	  of	  
adaptability	  of	  the	  tree	  species	  and	  associated	  plant	  communi;es	  to	  the	  
site	  condi;ons	  and	  modelled	  future	  changes;	  

  on	  13	  plots	  tree	  species	  correspond	  to	  site	  condi;ons	  and	  will	  remain	  
adapted	  in	  the	  (modelled)	  future;	  

  on	  7	  plots	  present	  site	  condi;ons	  do	  not	  match	  requirements	  of	  the	  
presently	  occurring	  main	  tree	  species,	  or	  the	  present	  condi;ons	  show	  a	  
worsening	  in	  future	  and	  tree	  species	  changes	  are	  recommended.	  



Summery	  
Further	  development	  and	  scien;fic	  needs	  

Effect	  based	  assessments	  of	  forest	  ecosystems	  reac;on	  to	  air	  pollutants	  
deposi;on	  and	  climate	  change	  are	  necessary	  instruments	  for	  abatement	  
strategies,	  e.g.	  a	  new	  direc;ve	  on	  na;onal	  emission	  ceilings.	  

Long-‐term	  intensive	  forest	  monitoring	  	  at	  the	  ecosystem	  scale	  is	  necessary	  to	  
ensure	  the	  effec;veness	  of	  pollu;on	  control	  and	  abatement	  strategies.	  

Models	  rely	  on	  measurements,	  without	  a	  proper	  database	  for	  calibra;on	  
these	  models	  are	  just	  a	  complex	  guess	  for	  the	  future.	  

The	  cross-‐linkage	  between	  measurers	  and	  modelers	  is	  unique	  (in	  this	  project)	  
and	  sets	  the	  basis	  for	  an	  integrated	  approach	  to	  include	  future	  trends	  into	  
current	  policy	  processes.	  

Effects	  of	  Nitrogen	  should	  be	  a	  main	  task	  of	  further	  work	  	  and	  the	  recently	  
published	  	  “European	  Nitrogen	  Assessment	  “	  	  will	  be	  a	  guidance	  for	  this.	  	  
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