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- Increase in acidity leading to decrease in plant 
performance and biodiversity losses. Chemical soil 
indicators for soil acidity: pH, base saturation, cation 
exchange capacity, or aluminium and manganese 
concentration 

- The two most common nutrients driving acidification 
are nitrogen (N) and sulphur(S) 

- In special cases, other nutrients may also trigger 
acidification, such as hydrogen chloride (HCl) and 
fluoride (HF). Keep in mind that increases in 
atmospheric carbon levels triggers acidification in 
marine systems! 

1. Introduction to acidification 



1. Fate and effect of acidifying pollutants 



1. Atmospheric and soil fate of pollutants 

Picture provided by Pierre-Olivier Roy 
(2013) 

Particles of a specific emission (e.g. in Nijmegen, 
the Netherlands) affect many receiving soils 



1. The atmospheric fate (FF) and soil fate (SF) of 
an emitting grid to soils receiving N and S 
particles 
 Driving mechanisms: 

-Atmospheric processes, e.g. 
wind, atmospheric pressure, etc 
(GEOSChem model) 
-Acid neutralizing capacity of 
receiving soils (PROFILE model) FFi,1·SF1  

FFi,2·SF2  

FFi,3·SF3  FFi,4·SF4  



1. Effect (EF) occurs in every soil grid receiving 
an emission from elsewhere 
 

Driving mechanisms: 
- Soil pH 
-Location of effect, e.g. 
(sub)tropical forests, temperate 
coniferous forests 

FFi,1 ·SF1·EF1 

FFi,2·SF2·EF2  

FFi,3·SF3·EF3  
FFi,4·SF4·EF4  

∑ ⋅⋅= →
j

jpjpjipi EFSFFFCF )( ,,,

In this example, j = 4 receiving grids 
(including the emitting grid itself) of pollutant p 



- Coverage: Europe 
- Resolution: 50km (approximately 0.45°) 
- Fate model: based on EUTREND 
- Effect model: based on stressor-response 

relationships 
 

1. Currently (interim) method: OVERVIEW 



Recommended reading to understand the 
characterization model 

1. Currently (interim) method 



3. Proposed method by LC-IMPACT 

- Coverage: Global 
- Resolution: 2.0° x 2.5 ° 
- Fate model: based on Roy et al., 2012 

(Atmospheric Environment) and Roy et al., 2012 
(ES&T) 

- Effect model: based on stressor-response 
relationships (Azevedo et al., 2013 
Environmental Pollution) 
 



3. Description of characterization factor 

jpj
j

pjipi EFSFFFCF ,,, ∑ ⋅= →

CFi: Characterization factor in emitting grid i (m2·kg p-1·yr) 
FFi→j,p: Atmospheric fate factor of emitting grid i in grid j (keq 
p·m-2·yr−1·kg p−1·yr) 
SFi,p: Soil fate factor in grid j (ha·keq p−1·m2·yr) 

EFi,j: Effect factor in grid j (dimensionless) 



3. Description of characterization factor 
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dEmi,p : marginal change in emissions of p from grid i 
dDEPj,p : marginal change in deposition of p in grid j 
dpHj : marginal change in soil pH in grid j 
dPNOFj : marginal change in the potentially not occurring 
fraction (PNOF) of species grid j 
 
 



Recommended reading to understand the 
atmospheric and soil fate of acidifying pollutants  

1. Atmospheric and soil fate of pollutants 



1. Effect model 
Different vegetation types are affected differently 

by a decrease in soil pH 



3. Description of EFFECT MODEL 
The stressor-response relationship representing the influence on pH on PNOF is described 
by Azevedo et al. (Environmental Pollution) for: 
- 13 world’s biomes 
- 1 species group (vascular plants) 



2. pH – PNOF relationships worldwide 
Step 1: Species occurrence ranges 



3. pH – PNOF relationships worldwide 
Step 2: Defining the optimum 



3. pH – PNOF relationships worldwide 
Step 3: Log-logistic regression 



3. pH – PNOF relationships worldwide 

Example of PNOF – pH relationship 

Azevedo et al. (Environmental Pollution)  
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Grid j: in temperate biome 



3. Worldwide characterization factors (m2·kg SO2
-1·yr) 

Azevedo et al. (unpublished)  



4. Main differences between current interim 
and proposed methods: MIDPOINT 

Feature Van Zelm et. al., 
2007 (ES&T) 

Roy et. al., 
(unpublished) 

Coverage Europe Global 

Resolution 1/2° 2.0° x 2.5° 

Fate transport 
across continents 

Not included Included 

Soil stressor Base saturation pH 

Vegetation type European forest 
species 

World’s biomes 

Improvement 



5. Conclusions of lecture 

- Terrestrial acidification is generally considered to 
be caused by N and S 

- The sources of N and S are fossil fuel 
combustion, fertilizer volatilization, among 
others 

- The effect of acidification is the decrease in 
species richness (or increase in the potentially 
not occurring fraction – PNOF – of species) 

- The characterization factor is determined by a 
fate and an effect factor, both spatially-explicit 
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