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• Annual rate of deposition below which 
significant harm to ecosystems is avoided 
 

• Deposition stressors 
- S 
- N 
- Hg 

 
• CL largely depends on the resource to be 

protected 
- Aquatic: fish, insects, diatoms 
- Terrestrial: ground vegetation, trees, lichens 
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Aquatic Terrestrial 

Acidification 
N Enrichment X 

Biodiversity X 

Biogeochemistry 

Bioaccumulation and Toxicity 
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• Empirical (observation) 
- Experiments 
- Gradient studies 
- Observed ambient conditions 

 
• Steady state modeling 

 
• Dynamic modeling 
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Tabulated empirical CL from studies within 
each level 1 ecoregion 
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Empirical critical loads of nutrient N for North American Desert ecoregion. Reliability rating: 
# fairly reliable;  (#) expert judgment 

 

Ecosystem 
Component 

Critical load for 
N deposition 
(kg N ha-1 yr-1) Reliability Response Study 

Lichens 3 (#) Lichen community shifts, 
increase in thallus N 
concentration 

Geiser et al. 2008 
Porter 2007 

Shrubland, 
woodland, and 
desert grassland 

3-8.4 # Vegetation response, 
community change. 

Increased biomass of 
invasive grasses; 
decrease of native forbs 

Allen et al. 2009 
Inouye 2006 
Rao et al. 2010 

 



• Are often called “target loads” (TL) 
- Specific time is specified to attain desired conditions 
 

• Process Models 
- MAGIC 
- PnET-BGC 
- ForSAFE-VEG 
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Ambient deposition higher than CL 
or TL 
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Loch Vale LTER site 
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Critical Load (target load) of N Deposition 
 
 

 

Mondian unit = 
% change in the 
vegetation 
community 

32 



CONCLUSIONS 
• Many ways to estimate CL 
• Empirical data for intermountain West suggest 

Some NPs exhibit extensive exceedance of 
empirical CL of N 

Much of NP landscape in study region 
close to exceedance for N 

• Dynamic modeling (ForSAFE-VEG) at Rocky 
Mt. NP supports empirical data 

• New and/or increased emissions sources 
must be considered 
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• O&G appears to be substantial emissions 
source near some parks 

• Will be important to track new and/or 
increased emissions sources (O&G, agri.) 
moving forward 
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