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NADPCLAL; Background and Update

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

A Members consist of representatives of major U.S. Federal agencies, state agencies,
universities, industry, noigovernmental organizations, and consultants

A Obijective:

A discuss, 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.

ARelationship to UNECE WGEE
A CLAD servess the norofficial U.S. NationaFocal Centre (NF&) the WGECCE
A science contributor
A source of the norofficial submission in response to the Gali-Data in 2011
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NADPFCLAD Products

ANational Critical Load Database (NCLD)

A Critical Load (COypes:
A TerrestrialAcidification
A AquaticAcidification
A Empirical critical load (CL) of nitrogen (N):
A Forest ecosystems
A Herbaceous species and shrubs

A Mycorrhizal fungi
A Lichens

A Developedand updated using published research (and data) prodingeGLAD
members and other scientists in the U.S

ACritical Load (CL) Maps
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Forest Ecosystems
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Biodiversity Critical Loadsnterim update

ANew Research:

AEmpirical (response tN (and S)):
A Herbs:
A Species richnegSimkinet al. 2016)
A Native and invasive species responskinet al. (in prep); Stevens et al. (in prep))
A Trees(Horn et al. (in prep); Pardo et al. (in early stages of development))
A LichengGeiseret al. (in prep))
A Empirical CL refinemertardo et al. (in prep))

AModelled (response to N and S):

A ForSAFE/egc forest understorycomposition(Belyazid et al. (in prep); Phelan et al. (2016); Clark et
al. (in prep))
A VSDBPropsc forest understory compositiofMcDonnell et al. (in early stages of development))
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Herbs (species richnessimpirical

A Objective Analysis of relationship between N
deposition and herbaceous species richness for >15,0C
plots nationally for: 1.forested (closed canopyand 2.
non-forested (open canopy) systems

A Methods

A Evaluated models with-& predictive variables\l
deposition, precipitation, temperature, pH2ZN

N Deposition

N*precipitation, N*temperature, N*pH (kgimaiy
A CL of N deposition based on partial first derivative (with =33

respect to N) m o1 .
A Conducted at national level and by 33 Vegetation ™ fe s s M g |

Alliances (i.e., vegetation types)
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Herbs (species richnessiEmpirical

A Results

A Strong humpeseshaped relationships o
A Lower CLs in open canopy systems: A pen canopy
A Open canopy = 8 KgN/ha/yr

A Closed canopy = 13kgN/ha/yr
A Lower CLs in lower pH soils

@

Closed canopy
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A CL Equations: g g
A Open (CL) = 4.75 + 0.48%+
0.0018*recipitationg 0.074*temperature B
A Closed (CL) = 1.8247*H AN -
A 24% of plots estimated to have CL Vae ¥ S )
exceedance
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Herb (individual species Empirical

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

A Methods

A Filtered from >4000 species to 212 species to:
Ahyte AyOfdzRS aLISOASa ohgdfk |
N/halyr)
A9 EOQf dzZRS a LISTOS HBéa 20 WENNEIRES a
A Response based on species presence/absence
A Evaluated models with-% predictive variables\
deposition, precipitation, temperature, pH, and N*pH
A CL of N based on response to deposition (lowest N,
highest N, or partial first derivative)
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Herbs (individual speciesEmpirical

A Results
A Response varied by species

A ~10 invasive species show
strong increase with N
deposition > 10 kg/hafr

A General reduction in the
native:invasiveichness ratio
with increased N deposition
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Trees- Empirical

A Objective 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

A Methods decrease hump increase

Critical Load Determination

A Plot level (>100,000 forest plots) data for 89 tree species (minimum >
of 2,000 plots per species) 8 l' l l
A Response based on abegeound growth and mortality S
A Evaluated models with-& predictive variablesstarting size, height S \ /\ /
In canopy, temperature, precipitation, N deposition ‘%’
A CL of N based on response to deposition (low&stighest N, o N Deposition

partial first derivative)
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Treesc Empirical

A Results

A Varied growth and mortality
responses to N depositional

A CLs of N range from 1 to > 20
kg/halyr

A At all plots, some species
decreasing and others
Increasing, resulting ilttle
net changebut large change in
relative abundances of
iIndividual species

»
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Treesc Empirical

Abiesamabilis
Pacific silver fir

Growth kg Chr)

N deposition (kg/hayr)

VAR

0.960

0.958

0.936

0.954

0.952

0.930

Abiesbalsamea
balsam fir

0.94
0.93
0.92
0.91
0.590
0.89
0.88
0.87

Aljigeqoud reaining
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Lichens; Empirical

A Objective Assess A Determined N deposition at peak
relationships between lichen frequency (e.g., 4.8 kg N/hy)
community and N and S
deposition

A Methods 2 |

A Over 9,000 forested plots

A 519 species

A 322in East <
A 399 inWest ?

A Lichen species frequenc %
compared against-gear E 8-
rolling average N or S
deposition

’ s
. AOETT Al 10I1 OPEAOEA 2 4 & 8 10 12
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Lichens; Empirical

A Methods cont. A 4 kg N/hayr A 7.4 kg N/hayr
A Many lichen species are A 1.7 kg S/hayr A 6.5 kg S/hayr
seg&stlve to small amounts of N
an :
A Response based on Lichen Nitrogen ¢ Western U.S. Sulphurg Eastern U.S.

community N/S score = average

f 1

of the peak frequency N/S | o | | S |
deposition of all species aite

A Evaluated models with-12 S o T | T |
predictive variables including: ~ © 50% of species 50% of species
distance from the coast, 2
temperature, precipitation, L ﬂ
relative humidity, # rain days, % I — T 1 || B

12

hardwood, S deposition, N 0 7 4 5 2 10
deposition, ecoregion

5 10 15 20 25 30

N Deposition @ peak frequency S Deposition @ peak frequency
S S (kg N/hakr) (kg S/hayr)
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Western U.S. Eastern U.S

LIChenS A more responsive to precipitation A more responsive to temperature
A lichen species are more sensitive to A lichen species are more sensitive
N at sites with low amounts of to N at higher temperatures

precipitation

AResults 1 1

&
5 = 50 I /
S precipitation 20 7 temperature 26
= s{ incm < 19 < _ | in°C 24
> 109 2 T
E 6 % 22
= E o
c qC) © -
£ S
'3 21 . — | | | |
0 2 ni ® ® 5 10 15 20
N Deposition (kg N/hat) N Deposition (kg N/hat)
. AOETT Al 10I1 OPEAOEA

Coeoti Al AGig 0pHADEIROEOET 11 BAERD Ak




Empirical CL refinement: how climatic conditions
and site and soll characteristics affect CLs of N

ANortheastern U.S. pilot project objective (forest ecosystems):
ARefine empirical loads by species

ADetermine whether climate, site and soil conditions make witee sensitive
(push CL to lower end of range)less sensitivédpush CL to upper end of
range) to N deposition

AGISbhased tool allows user to select:

A Species
A Area to evaluate
A Future climate scenarios

ANext Steps:
- add other life form (e.glichens, herbs)
- develop at national scale
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Biodiversity Critical Loadsnterim update

ANew Research:
AEmpirical (response td (and S)):

A Herbaceous biodiversitgimkinet al. 2016:Simkinet al. (in prep); Stevens et al. (in prep))
A Trees(Horn et al. (in prep); Pardo et al. (in early stages of development))

A LichengGeiseret al. (in prep))

A Empirical CL refinemertardo et al. (in prep))

AModelled (response to N and S):

A ForSAFR/egc forest understorycomposition(Belyazid et al. (in prep); Phelan et al. (2016); Clark et
al. (in prep))
A VSD+Propsc forest understory compositiotMcDonnell et al. (in early stages of development))
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Understory speciesmodelled

Four ongoing projects:

1. ForSAFN/EGanalysis examining 12 climate and N dep scenarios 190®-2100 in:
A two research sites (Hubbard Brook, NH and Bear Brook, ME)
A expanded regionally to 24 U.S. Forest Service plots in the Northeastern U.S.

2. Development of PROPS database for the U.S. and applicatDP ROP .
A Hubbard Brook, NH

A two National Parks (NP):
o Shenandoah NP and Great Smokey Mountains NP

3. ForSARKEGandVSD+HPROP® develop better understanding of rare species in:

A two National Parks (NP):
o Shenandoah NP and Great Smokey Mountains NP
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Understory speciesmodelled

Impacts of future deposition and climate scenariberSARYeg) on understory forest vegetation at
Hubbard Brook, New Hampshire
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