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Fig. $3. Uncertainty in the critical loads for nitrogen deposition. The percent error in the critical load for each site in Fig. 2 is calculated at each site as the
average of the absolute values of the lower and upper endpoints (equivalent to a plus/minus percent error for a symmetric Cl) of the 95% confidence interval
of 10,000 Monte Carlo simulations of coefficient uncertainty at each site. Background deposition values are the average of 27 y of wet deposition (NADP 1985-
2011) plus the average of 10 y of dry deposition (CMAQ 2002-2011).
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Fig. S4. Critical loads (and their 95% confidence interval) of N deposition as a function of soil pH. The 11,819 closed canopy sites (deciduous, evergreen, and
mixed forests) are in A, and the 3,317 open sites (combined grassland, shrubland, and woodland vegetation types) are in B.
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Fig. S5. Exceedances of critical loads for nitrogen deposition based on total graminoid plus forb species richness. Exceedances were calculated by subtracting

critical loads (of median point estimates) from N deposition values at each site, so negative values indicate that N deposition has been below the critical load

and positive values indicate that N deposition has exceeded the critical load. The 3,317 open sites (combined grassland, shrubland, and woodland vegetation

types) are portrayed with triangles, and the 11,819 closed canopy sites (deciduous, evergreen, and mixed forests) are portrayed with circles. Background
deposition values are the average of 27 y of wet deposition (NADP 1985-2011) plus the average of 10 y of dry deposition (CMAQ 2002-2011).
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Table S1. Summary of vegetation data sources for national surface analysis
Data name Location Source Sites
Alvar Northeastern US Peet RK, Lee MT, Jennings MD, Faber-Langendoen D. Long database report: 36
VegBank—A permanent, open-access archive for vegetation-plot data. Pages
233-241 in ref. 37. Downloaded from VegBank.
co Western plains of US Peet RK, Lee MT, Jennings MD, Faber-Langendoen D. Long Database Report: 17
(Pawnee Nat. Grassland) VegBank—A permanent, open-access archive for vegetation-plot data.
Pages 233-241 in ref. 37. Downloaded from VegBank.
Ccvs Southeastern US Peet RK, Lee MT, Boyle MF, Wentworth, TR, Schafale, MP, Weakley AS. 2,611
Long database report: Vegetation-plot database of the Carolina Vegetation
Survey. Pages 243-253 in ref. 37. Provided by R. K. Peet and M. T. Lee
in 2013 and now available in the Ecological Society of America VegBank.
FIA Contiguous US Schulz BK, Dobelbower K. Short database report: FIADB vegetation diversity 1,280
and structure indicator (VEG). Page 436 in ref. 37. Provided by B. K. Schulz.
Available from apps.fs.fed.us/fiadb-downloads/datamart.html.
Knutson Intermountain West sagemap.wr.usgs.gov/ESR_Chrono.aspx and ref. 38. Provided by K. C. Knutson. 160
of US
MN Upper Midwest US Provided by Minnesota Biological Survey. Copyright 2013 State of 2,896
Minnesota, Department of Natural Resources.
NY Northeastern US Peet RK, Lee MT, Jennings MD, Faber-Langendoen D. Long database report: 75
(NY Natural Heritage VegBank—A permanent, open-access archive for vegetation-plot data.
Program) Pages 233-241 in ref. 37. Downloaded from VegBank.
PNW Pacific Northwest Peet RK, Lee MT, Jennings MD, Faber-Langendoen D. Long database report: 3,570
of US VegBank—A permanent, open-access archive for vegetation-plot data.
Pages 233-241 in ref. 37. Downloaded from VegBank.
SwW Southwestern US Provided by the Southern Colorado Plateau Network of the US National 106
Park Service and the laboratory of W. D. Bowman.
VA Southeastern US Provided by the Virginia Department of Conservation and Recreation, Division 2,777
of Natural Heritage, VA Plots, the DCR-DNH Vegetation Plots Database. Data
exported on March 8, 2013. Now available in VegBank.
WI Upper Midwest US Waller DM, Amatangelo KL, Johnson S, Rogers DA. Long database report: 112
Wisconsin Vegetation Database—Plant community survey and resurvey
data from the Wisconsin Plant Ecology Laboratory. Pages 255-264 in
ref. 37. Provided by D. M. Waller.
WV Southeastern US Vanderhorst JP, Byers EA, Streets BP. Short database report: Natural Heritage 1,496
Vegetation Database for West Virginia. Page 440 in ref. 37. Provided by the
West Virginia Natural Heritage Program. Now available in VegBank.
Overall 15,136

Table S2. Summary of predictor variable sources

Variable

Source

Wet N deposition

Dry N deposition
Precipitation, mm

Temperature, °C

Soil pH

NADP (2013) Annual National Trends Network (NTN) Maps by Analyte. Available at
nadp.sws.uiuc.edu/ntn/maps.aspx (National Atmospheric
Deposition Program, lllinois State Water Survey).

CMAQ (Community Multiscale Air Quality) model. Provided by R. L. Dennis in 2014 (39).

PRISM (2013) 30-year normals. Parameter-elevation relationships on independent
slopes model. Available at prism.nacse.org/normals/ (Northwest Alliance for Computational
Science & Engineering at Oregon State University) (1981-2010 normals) (40).

PRISM (2013) 30-year normals. Parameter-elevation relationships on independent slopes model.
Available at prism.nacse.org/normals/ (Northwest Alliance for Computational Science & Engineering
at Oregon State University) (1981-2010 normals) (40).

Provided with vegetation data; otherwise from USDA SSURGO soil dataset. SSURGO (2014) Geospatial
Data Gateway. Available at https:/gdg.sc.egov.usda.gov/GDGOrder.aspx?order=QuickState
(USDA Natural Resources Conservation Service).
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Table S3. Vegetation Alliances with sufficient data for gradient analyses

N deposition,

kg-ha="y~!

Vegetation Alliance (33) (from National Vegetation Classification) Min. Max. Sites
Abies lasiocarpa-Picea engelmannii forest (ABLA) 1.7 5.0 355
Acer saccharum-Betula alleghaniensis-(Fagus grandifolia) forest (ACSA) 4.1 15.2 399
Acer saccharum-Tilia americana-(Quercus rubra) forest (ACETIL) 4.7 17.0 479
Andropogon gerardii-(Sorghastrum nutans) herbaceous (ANGE) 8.7 14.0 64
Artemisia tridentata shrubland (ARTR) 1.3 4.6 314
Betula papyrifera forest (BEPA) 34 1.4 25
Fagus grandifolia-Quercus rubra-Quercus alba forest (FAGR) 7.0 14.9 26
Festuca idahoensis alpine herbaceous (FEID) 1.8 4.6 330
Liriodendron tulipifera forest (LITU) 8.4 15.6 20
Pinus contorta forest (PICO) 1.7 4.8 603
Pinus palustris woodland (PIPA) 5.6 15.1 199
Pinus ponderosa forest (PIPO) 1.5 6.0 238
Pinus strobus forest (PIST) 4.1 13.9 50
Pinus taeda forest (PITA) 6.6 14.4 206
Populus tremuloides forest (POTR) 1.3 12.3 362
Pseudotsuga menziesii forest (PSME) 1.4 7.5 333
Pseudotsuga menziesii giant forest (PSME) 1.4 3.6 106
Pseudotsuga menziesii woodland (PSME) 1.5 4.4 656
Quercus alba-(Quercus rubra, Carya spp.) forest (QUAL) 6.6 17.8 1,362
Quercus prinus-Quercus (alba, falcata, rubra, velutina) forest (QUPR) 9.3 15.2 23
Quercus spp.-Pinus (rigida, echinata) forest (QUEPIN) 7.9 17.9 233
Quercus virginiana-(Sabal palmetto) forest (QUEVIR) 6.0 12.8 21
Schizachyrium scoparium-Bouteloua curtipendula herbaceous (SCSC) 84 14.3 267
Symphoricarpos albus shrubland (SYAL) 1.6 a1 31
Thuja occidentalis forest (THOC) 4.2 9.1 24
Tilia americana-Fraxinus americana-(Acer saccharum) woodland (TIAM) 4.7 141 81

Overall 1.3 17.9 6,807

Table S4. Critical loads (CLs) of N deposition for level 1 ecoregions in the present study compared with previously cited estimates in

Pardo et al. (18)
CL of N dep. cited in table

CL of N dep. (total herbaceous richness)

Compared with Pardo

Level 1 ecoregion 5 of ref. 18 (Pardo et al.), kg-ha="y~" from present study, kg-ha="y™" et al. (18)
Northern forests 7-21 (hardwood forest alteration Open: 8.0-9.8 (mean = 8.9, n = 75) New
of herbaceous understory) Closed: 8.0-18.9 (mean = 13.8, n = 1,955) Similar
Northwestern forested 4-10 (alpine grassland species Open: 8.0-10.2 (mean = 9.1, n = 1,429) Similar
mountains composition change) Closed: 10.8-19.6 (mean = 15.3, n = 2,113) New
Marine west coast forests ~ No vascular plant CL Open: No data
Closed: 10.4-15.0 (mean = 12.8, n = 24) New
Eastern temperate forests  <17.5 (hardwood forest declines Open: 6.6-9.7 (mean = 7.9, n = 947) New
in species-rich genera) Closed: 7.8-19.3 (mean = 12.5, n = 7,378) Lower
Great plains 5-15 (tallgrass prairie community shifts) Open: 8.3-9.8 (mean = 9.3, n = 618) Similar
Closed: 11.3-19.6 (mean = 16.6, n = 274) New
North American desert 3-8.4 (warm desert decrease of native forbs)  Open: 8.3-9.9 (mean = 9.2, n = 240) Higher
Closed: 13.5-17.0 (mean = 16.5, n = 32) New
Temperate Sierras No vascular plant CL Open: 8.6-8.7 (mean = 8.65, n = 3) New
Closed: 14.8-14.8 (mean = 14.8, n = 42) New

Critical load estimates in the present study are calculated using the two equations in Table 2. “Open” refers to open canopy vegetation whereas “Closed”
refers to closed canopy forest vegetation. We did not have any vegetation sites with critical loads to summarize for the remaining two ecoregions: namely the

wet tropical forest and the Mediterranean California ecoregions.
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