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NADP-CLAD ς Background and Update 

ÅCritical Loads of Atmospheric Deposition (CLAD) is a science committee of the National 
Atmospheric Deposition Program (NADP) in the U.S.; formed in 2010 

ÅMembers consist of representatives of major U.S. Federal agencies, state agencies, 
universities, industry, non-governmental organizations, and consultants 

ÅObjective: 
Ådiscuss, support, and advance current and emerging issues regarding the science and use of 

critical loads for effects of atmospheric deposition on ecosystems in the U.S. 

ÅRelationship to UNECE WGE-CCE 
ÅCLAD serves as the non-official U.S. National Focal Centre (NFC) to the WGE-CCE 

Åscience contributor 

Åsource of the non-official submission in response to the Call-for-Data in 2011  
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ÅNational Critical Load Database (NCLD) 
ÅCritical Load (CL) Types: 
ÅTerrestrial Acidification 

ÅAquatic Acidification 

ÅEmpirical critical load (CL) of nitrogen (N): 

ÅForest ecosystems 

ÅHerbaceous species and shrubs 

ÅMycorrhizal fungi 

ÅLichens 

ÅDeveloped and updated using published research (and data) produced by CLAD 
members and other scientists in the U.S. 

ÅCritical Load (CL) Maps 

NADP-CLAD - Products 
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NADP-CLAD 

ÅCƻǊ ƳƻǊŜ ƛƴŦƻǊƳŀǘƛƻƴΧΧΦΦ 
Åposter 

Åhttp:// nadp.sws.uiuc.edu/committees/clad/ 

 

 

http://nadp.sws.uiuc.edu/committees/clad/
http://nadp.sws.uiuc.edu/committees/clad/
http://nadp.sws.uiuc.edu/committees/clad/


 

 

CÒÉÔÉÃÁÌ LÏÁÄÓ ÏÆ AÔÍÏÓÐÈÅÒÉÃ DÅÐÏÓÉÔÉÏÎ 3ÃÉÅÎÃÅ #ÏÍÍÉÔÔÅÅ  

.ÁÔÉÏÎÁÌ !ÔÍÏÓÐÈÅÒÉÃ $ÅÐÏÓÉÔÉÏÎ 0ÒÏÇÒÁÍ 

Biodiversity Critical Loads ς interim update 

ÅNew Research: 
ÅEmpirical (response to N (and S)): 
ÅHerbs: 
ÅSpecies richness (Simkin et al. 2016) 

ÅNative and invasive species responses (Simkin et al. (in prep); Stevens et al. (in prep)) 

ÅTrees (Horn et al. (in prep); Pardo et al. (in early  stages of development))  

ÅLichens (Geiser et al. (in prep)) 

ÅEmpirical CL refinement (Pardo et al. (in prep)) 

ÅModelled (response to N and S):  
ÅForSAFE-Veg ς forest understory composition (Belyazid et al. (in prep); Phelan et al. (2016); Clark et 

al. (in prep)) 

ÅVSD-Props ς forest understory composition (McDonnell et al. (in early stages of development)) 
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Herbs (species richness) ς Empirical 

ÅObjective: Analysis of relationship between N 

deposition and herbaceous species richness for >15,000 

plots nationally for: 1.  forested (closed canopy) and 2. 

non-forested (open canopy) systems 

ÅMethods: 

ÅEvaluated models with 1-8 predictive variables: N 

deposition, precipitation, temperature, pH, N2, 

N*precipitation, N*temperature, N*pH 

ÅCL of N deposition based on partial first derivative (with  

respect to N) 

ÅConducted at national level and by 33 Vegetation 

Alliances (i.e., vegetation types) 
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Herbs (species richness) ς Empirical 

ÅResults: 
ÅStrong humped-shaped relationships 

ÅLower CLs in open canopy systems: 
ÅOpen canopy = 8.7 kg N/ha/yr 

ÅClosed canopy = 13.4 kg N/ha/yr 

ÅLower CLs in lower pH soils 

ÅCL Equations: 
ÅOpen (CL) = 4.75 + 0.48*pH + 

0.0018*precipitation ς 0.074*temperature 

ÅClosed (CL) = 1.8 + 2.17*pH 

Å24% of plots estimated to have CL 
exceedance 
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Herb (individual species) ς Empirical 

ÅObjective: Analyze species (native and invasive) 
responses separately to understand which species are 
responsible for the shifts in richness with N 
deposition 

ÅMethods: 
ÅFiltered from >4000 species to 212 species to: 

Åhƴƭȅ ƛƴŎƭǳŘŜ ǎǇŜŎƛŜǎ ǿƛǘƘ ŀ άƭƻƴƎ b ŘŜǇέ ƎǊŀŘƛŜƴǘ όҔу kg of 
N/ha/yr) 

Å9ȄŎƭǳŘŜ ǎǇŜŎƛŜǎ ǿƛǘƘ άǘƻƻ ŦŜǿέ ƻŎŎǳǊǊŜƴŎŜǎ 

ÅResponse based on species presence/absence 

ÅEvaluated models with 1-5 predictive variables: N 
deposition, precipitation, temperature, pH, and N*pH 

ÅCL of N based on response to deposition (lowest N, 
highest N, or partial first derivative)  
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Herbs (individual species) ς Empirical 

ÅResults: 
ÅResponse varied by species  

Å~10 invasive species show 
strong increase with N 
deposition > 10 kg/ha/yr 

ÅGeneral reduction in the 
native:invasive richness ratio 
with increased N deposition 
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Trees - Empirical 

ÅObjective: Assess relationships between N deposition and 
the growth and survival responses of individual tree species 
within the U.S.; expand Thomas et al (2010) relationships 

ÅMethods:  
ÅPlot level (>100,000 forest plots) data for 89 tree species (minimum 

of 2,000 plots per species) 

ÅResponse based on above-ground growth and mortality 

ÅEvaluated models with 1-5 predictive variables: starting size, height 
in canopy, temperature, precipitation, N deposition  

ÅCL of N based on response to deposition (lowest N, highest N, 
partial first derivative) 
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Trees ς Empirical  

ÅResults: 
ÅVaried growth and mortality 

responses to N depositional 

ÅCLs of N range from 1 to > 20 
kg/ha/yr 

ÅAt all plots, some species 
decreasing and others 
increasing, resulting in little 
net change but large change in 
relative abundances of 
individual species 

Type of 
response to N 
deposition 

Growth (# 
of species) 

Survival (# 
of species) 

Increase 26 2 

Decrease 13 13 

Hump 17 25 

None 33 49 
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Trees ς Empirical  
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Lichens ς Empirical  

ÅObjective:  Assess 
relationships between lichen 
community and N and S 
deposition 

ÅMethods:  
ÅOver 9,000 forested plots 

Å519 species 
Å 322 in East 

Å 399 in West 

ÅLichen species frequency 
compared against 3-year 
rolling average N or S 
deposition 
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ÅMethods cont. 
ÅMany lichen species are 

sensitive to small amounts of N 
and S 

ÅResponse based on Lichen 
community N/S score = average 
of the peak frequency N/S 
deposition of all species on site 

ÅEvaluated models with 1-12 
predictive variables including: 
distance from the coast, 
temperature, precipitation, 
relative humidity, # rain days, % 
hardwood, S deposition, N 
deposition, ecoregion 
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Lichens ς Empirical 

               

Nitrogen ς Western U.S. Sulphur ς Eastern U.S. 

Å 4 kg N/ha/yr 
Å 1.7 kg S/ha/yr 

50% of species 50% of species 

Å 7.4 kg N/ha/yr 
Å 6.5 kg S/ha/yr 



 

 

CÒÉÔÉÃÁÌ LÏÁÄÓ ÏÆ AÔÍÏÓÐÈÅÒÉÃ DÅÐÏÓÉÔÉÏÎ 3ÃÉÅÎÃÅ #ÏÍÍÉÔÔÅÅ  

.ÁÔÉÏÎÁÌ !ÔÍÏÓÐÈÅÒÉÃ $ÅÐÏÓÉÔÉÏÎ 0ÒÏÇÒÁÍ 

Lichens 
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ÅResults 
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Eastern U.S.  
Å more responsive to temperature 
Å lichen species are more sensitive 

to N at higher temperatures 
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Empirical CL refinement: how climatic conditions 
and site and soil characteristics affect CLs of N 

ÅNortheastern U.S. pilot project objective (forest ecosystems): 
ÅRefine empirical loads by species 
ÅDetermine whether climate, site and soil conditions make site more sensitive 

(push CL to lower end of range) or less sensitive (push CL to upper end of 
range) to N deposition 
ÅGIS-based tool allows user to select: 
ÅSpecies  
ÅArea to evaluate 
ÅFuture climate scenarios 

ÅNext Steps: 
 - add other life form (e.g., lichens, herbs) 
 - develop at national scale 
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Biodiversity Critical Loads ς interim update 

ÅNew Research: 
ÅEmpirical (response to N (and S)): 
ÅHerbaceous biodiversity (Simkin et al. 2016; Simkin et al. (in prep); Stevens et al. (in prep)) 

ÅTrees (Horn et al. (in prep); Pardo et al. (in early  stages of development))  

ÅLichens (Geiser et al. (in prep)) 

ÅEmpirical CL refinement (Pardo et al. (in prep)) 

ÅModelled (response to N and S):  
ÅForSAFE-Veg ς forest understory composition (Belyazid et al. (in prep); Phelan et al. (2016); Clark et 

al. (in prep)) 

ÅVSD+-Props ς forest understory composition (McDonnell et al. (in early stages of development)) 
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Understory species - modelled 

Four ongoing projects: 
1. ForSAFE-VEG analysis examining 12 climate and N dep scenarios from 1900-2100 in: 
Åtwo research sites (Hubbard Brook, NH and Bear Brook, ME) 

Åexpanded regionally to 24 U.S. Forest Service plots in the Northeastern U.S. 

2. Development of PROPS database for the U.S. and application of VSD+-PROPS in: 
ÅHubbard Brook, NH  

Åtwo National Parks (NP): 

o Shenandoah NP and Great Smokey Mountains NP 

3. ForSAFE-VEG and VSD+-PROPS to develop better understanding of rare species in: 
Åtwo National Parks (NP): 

o Shenandoah NP and Great Smokey Mountains NP 
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Understory species ς modelled  

Impacts of future deposition and climate scenarios (ForSAFE-Veg) on understory forest vegetation at 
Hubbard Brook, New Hampshire 

Return to 1850-1852 
deposition 

CAA policy deposition 

2006-2009 deposition 
held constant 

RCP 8.5 
RCP 6.0 
RCP 2.6 

Current climate 
held constant 


