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S1 Prediction Interval for Multiple Linear Regression Model

Estimates of regression coefficients (B, kx1) in eq 1 and 4 were obtained by multiple
linear regression:

B = XTX)"XTy (SL.1)
the mean squared error of residuals (s.) was calculated as follows:
— N (v -
52 = Y-9"- (51.2)

m-—2
and the standard error of the fit for particular values of the predictor variables (x;) was defined
as:

Sy = \/552 (x; (XTX)"1x},) (S1.3)

and the standard error of the prediction of In(QOrn) (Eq. 4) was defined as:

Spy = /sgz + 55 (S1.4)

where all other variables are as defined in section 2.2.

The 95% prediction interval for Orx [kg - N/(km? yr)] for each HUCS watershed and year
was estimated through a Monte Carlo approach by generating 10,000 samples of In(QOrn) from a
normal distribution with mean In(Qrn) and standard deviation sp; ; taking the exponential of
each of the samples to yield sampled values of Orn; and calculating the 2.5th and 97.5th
percentiles from these 10,000 sampled values.

The mean and 95% prediction interval for TN load [kg - N/yr] for any given year for an
aggregated region composed of multiple HUC8 watersheds was estimated by multiplying the
aforementioned 10,000 sampled values of QOry for each of the HUC8 watersheds within the
aggregated region by the corresponding watershed area to obtain 10,000 sampled of TN load for
each watershed; summing the loads across the HUCS watersheds to yield 10,000 sampled values
of TN load for the region; and calculating the mean as well as the 2.5th and 97.5th percentiles
from the 10,000 sampled values of spatially-aggregated TN loads.

The mean and 95% prediction interval for average TN load over the 21 year period for an
aggregated region was estimated by repeating the process outlined in the last paragraph, but
generating sampled values for each of the 21 years, and ultimately summing the sampled load in
both space and time.

The uncertainties calculated in this way account for the uncertainty of the multiple linear
regression model but do not explicitly consider uncertainty in the auxiliary data and the response
variable used for model build.
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S2 Use of National Atmospheric Deposition Program (NADP) Data for
Atmospheric N Deposition

Whereas the NANI toolbox uses atmospheric deposition estimates from the Community
Multiscale Air Quality (CMAQ) model, atmospheric deposition was estimated here from the
National Atmospheric Deposition Program. This is because atmospheric deposition outputs from
the Community Multiscale Air Quality (CMAQ) model used in the NANI toolbox are available
only starting in 2002. The National Trends Network (NTN) operated by NADP measures wet
deposition of various chemicals including NO3;™ on a weekly basis at over 200 sites across the
US. In keeping with the methodology used in the NANI toolbox, only the oxidized form of
nitrogen (NOx) was included in the atmospheric deposition estimate.'™ NADP monitoring data
were utilized for estimating wet NOx deposition, and dry deposition was assumed to be 0.7 times
that of wet.> A comparison of CMAQ and NADP estimates of NOx deposition for 2002-2006
showed a high correlation between the two datasets, but revealed that NADP estimates are lower
than CMAQ estimates for overlapping years (Figure S9). A sensitivity analysis where NADP
estimates were scaled according to the regression in Figure S9, however, showed no impact on
the overall conclusions, as that scaling was largely offset by a corresponding adjustment in the
overall model drift coefficients (eq 4).

S3 Lagged NANI, Tile-drainage, and Temperature

NANI for preceding years, used to represent lagged impacts of NANI on TN loading, did
not improve model fit sufficiently to justify its inclusion in the model based on BIC. This is not
to say that residual NANI is not an important factor for some specific watersheds or years, but
rather that it did not provide substantial explanatory power across the large range of catchments
and period considered here. Its influence is therefore implicitly included in the residual term of
the model, and thus in the reported uncertainties.

Temperature and tile drainage were not included in the final model. Although annual
temperature was selected via BIC in addition to the five variables listed in Eq. 4 for the calendar
year analysis, the improvement in R* was minor (AR*=0.008). In addition, temperature was not
selected when running a sensitivity test using water-year loading in place of calendar year
loading. The converse is true for tile drainage. Tile drainage was not selected as a key variable
in the calendar-year analysis. For the water-year sensitivity test, tile drainage was selected, but
the improvement in explanatory power was again very small (AR?=0.006). Therefore, in the
interest in presenting a conservative and parsimonious model, neither variable was included in
the final model (eq 4). Here again, this result does not imply that temperature and tile drainage
are not important factors for some specific watersheds or years, but rather that they did not
provide substantial explanatory power across the large range of catchments and period
considered here. Their influence is therefore implicitly included in the residual term of the
model, and thus in the reported uncertainties. Additional sensitivity tests (results not shown)
confirmed that including these variables in the model yielded only marginal changes to
estimates.
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S4 Comparison of TN Load Estimates for Large Regions

The average annual nitrogen loading for the CONUS of 4.12+0.03 Tg - N/yr for
1987-2007 is largely in line with two existing estimates of CONUS coastal nitrogen discharge to
coastal regions: an earlier estimate of 5.0 Tg - N/yr® for 1997 based on an assumption that
nitrogen export is a fixed percentage of NANI, and an earlier estimate of 4.8 Tg - N/yr’ using the
SPARROW model applied to long-term average hydrologic conditions and 2002 NANI. For
reference, our estimate for 1997 is 4.64+0.26 Tg - N/yr, while that for 2002 is 4.19+0.12 Tg -
N/yr. Note that the numbers for 2002 are not directly comparable, however, as those from the
SPARROW model are based on long-term average hydrologic conditions.

For the MARB, our 21-year average estimate (2470 Gg - N/yr) is consistent with an
analysis of non-decayed load based on SPARROW (2530 Gg - N/yr®). For the CBB, our average
estimate (122 Gg - N/yr) is lower than the non-decayed load based on SPARROW (160 Gg -
N/yr’), but the corresponding delivered load estimate from SPARROW (132 Gg - N/yr’)
overestimates the average measured load delivered to the CBB for calendar years from
1987-2007 (97 Gg - N/yr'®), suggesting that the estimate obtained here is more likely to be
representative of the actual loading relative to the SPARROW estimate. For the CRB, an
estimate of the non-decayed load is not available from SPARROW, but the estimate of the
delivered load (50 Gg - N/yr''") is inconsistent with the average measured load for water years
from 1993-2007 (109 Gg - N/yr'?) and suggests that our estimate of non-decayed loading of 122
Gg - N/yr is realistic. Neither SPARROW estimates nor an observation-based estimate are
available for the entire SSRB.
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Table S1. Predictor variables evaluated

Category Variable(s) considered Variable description(s) Clj)l::ilg::e(&f Va;ll?:vl:: d ‘,S::ie:lt)el!;ls
. . Net anthropogenic nitrogen input (NANI)
?(I:llg:egnetn lélaI;;ltS NANT; fusant [kg - N/km®yr] and inverse hyperbolic sine 2 1 JNaNT
y of NANI (asinh(NANI/2)) for current year.
Nitrogen inputs | NANI,; fuu: NANI and in‘verse hyperbolic sine of ‘
(previous NANL fovnn: NANI for prior year (-1), two year prior (- 6 5! i
N 2), and cumulative over two prior years (-
years) NANL g5} fuantra 1&-2).
pArI;g?piltation P el Total annual precipitation [mm] 1 1 P el
Seasonal P Total precipitation in the months of March, 1 1 )
precipitation MAM April and May [mm]
" n Number of days with precipitation greater )
P>10mm> TEP>20mm than 10 or 20 mm [days]
Total precipitation on days with
precipitation above the 90", 95" or 99"
P 0905 Pps0.0ss Prsoso percentile” (calculated based on 30 years 3
of daily precipitation amounts from 1981-
2010) [mm]
Number of days in March, April and May
TlptAM P> 10mm> FIMAM P>20mm with precipitation greater than 10 or 20 2
Extreme mm [days] 1 P
precipitation Total precipitation (mm) in March, April MAM p>0.95
p p . & May on days with precipitation greater
PMAM”>°'°°’ MAMp>0.952 than 90th, 95" or 99" percentile (calculated 3
MAM.p>0.99 based on 30 years of daily precipitation
from 1981-2010)
Total precipitation (mm) in March, April
p . & May on days with precipitation greater
MAM p(MAM)>0.90> P than 90th, 95" or 99" percentile (calculated 3
MAMp(MAM)>0.95> & MAMPMAND>099 | hased on 30 yrs of daily precipitation in
March, April & May from 1981-2010)
) Average annual (Annual) and March,
Temperature Tnamuats T April,%lnd May (MAM) temperature [°C] 2 ! )
LU,; LU LUg; LUgy; LU,
LUy c; LUp g LUp sy LUp w3
LUcg; LU gy; LUc 3
LUy gy; LUp s LUgy s Percentage of land use classified as
LU, cp; LUp csys LU ¢ s Developed (D), Cultivated (C), Forest (F), LU
Land use LUk gy LUp gy Shrubland & Herbaceous (SH) and 30 4 LUW’
LUpsyw; LUcpsy; Wetlands (W) and various combinations of FsH
LUcgw; LUcsyws two, three and four land use categories [%]
LUpsnw; LUpcpsus
LUpcpws LUppsuws
LUp cspws LUcpsuw
Tile drainage L, Percentage of land with tile drainage 1 1 -
TOTAL 56 12 5

' Nitrogen input variables from previous years only allowed if at least one variable from Nitrogen input current year is included.

290", 95" and 99" percentile were defined during wet days in the 1981-2010 time-period. In this study wet days were defined as days
with precipitation greater than 1.0 mm.
* Any single land use category can only be represented once in the model either as an individual or binned category and a maximum of
four-land use categories can be represented either as single or binned categories.
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Table S2. Land-cover Level I classes and included Level 11 classes based on National Land

Cover Database (NLCD) 2006"

NLCD Class Level 1

NLCD Class Level 11

Developed, Open Space
Developed, Low Intensity

Developed Developed, Medium Intensity
Developed, High Intensity
Planted/Cultivated Pasture/Hay
Cultivated Crops
Deciduous Forest
Forest Evergreen Forest
Mixed Forest
Woody Wetlands
Wetlands Emergent Herbaceous Wetlands
Shrub/Scrub
Shrubland & Herbaceous Grassland/Herbaceous

Table S3. Percentage of HUCS8 watersheds where given predictor variables are the primary
drivers of spatial variability, interannual variability, and extreme loading based on estimated
loading for 1987-2007 and a sensitivity test using only agricultural census years (1987, 1992,

1997, 2002, 2007).

considered.
Spatial variability Temporal variability Extreme loading
1987, 1992, 1987, 1992, 1987, 1992,
1997, 2002, 1997, 2002, 1997, 2002,
1987-2007 2007 1987-2007 2007 1987-2007 2007
Pannual 2% 2% 62% 48% 45% 68%
Priamp>095 0 0 24% 32% 48% 56%
/NaNt 81% 81% 14% 20% 16% 34%
LUrsn 16% 16%
LUy 1% 1%

Shaded cells represent variables for which temporal variability is not

S6



Figures

02050306 — CBB 10170203 - MARB 17040212 - CRB 18040001 — SSRB

Gg-N/yr

ey WS

N~ (\J ~ Y N [N ~ Y N [V ~ oY N Y ~ [V ~
[ o [ o o o) [ o o o) o =) o o o) o o
) ) ) o ¥ o) ) S Yo > ) S oo ) ) =] =]
- - - « S - - « - - - « S - - « «

® Net Anthropogenic Nitrogen Input (NANI) @ Atmospheric Deposition (NOx) ® Non Food Crop Export
© Fertilizer N Application Agricultural N Fixation ® Net Food & Feed Import

Figure S1. Time series for NANI and its components for four representative HUC8 watersheds,
one within each of the regions upstream of the major nutrient delivery points shaded in Figure 1.
Larger symbols represent years for which data are available, while values estimated based on
linear interpolation are shown using smaller symbols. The Non Food Crop Export represents
nitrogen leaving the watershed and its value is subtracted from NANI while all other components
are added to estimate NANI. Here we have reversed the sign on Non Food Crop Export such that
all NANI components as shown can be added to obtain NANI for the whole watershed.
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Tranformed NANI
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Figure S2. NANI vs. natural log of NANI (blue) and inverse hyperbolic sine of NANI (red). For
reference, the full range of NANI values for HUCS8 watersheds over the study period is -2,980 kg
-N/km® yr to 29,677 kg - N/km? yr.
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Observed In(Q+n) [In(kg - N/(km? yr))]

°9.

a

Figure S3. Scatterplot of predicted vs. observed annual TN flux (Orn) for the USGS gages and
years used in the model build, on a log-transformed scale (a) and the original scale (b). The red
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Figure S4. (a) Scatterplots of natural log transformed annual TN flux (In(Q1n)) and selected
predictor variables, and (b) scatterplots of residuals from final multiple linear regression with one
variable removed and this individual variable. All variables are as defined in SI Table 1.
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Figure S5. Same as Figure S3a, but with catchment-years broken out by the regions shaded in
the inset map. Predicted Q7w for all regions is based on the statistical model in eq 4. The model
explains a high fraction of observed variability across all regions. Note that observations are
limited in some regions (e.g. Columbia River Basin, South Atlantic-Gulf).
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Figure S6. Selected predictor variables averaged over the 21 year (1987-2007) study period,
including (a) average net anthropogenic nitrogen input (NANI); (b) average annual precipitation
(P,.mua); () average precipitation in March, April, and May on days with precipitation greater
than 95" percentile (P, ~005)s (d) the percentage of land use classified as forest and shrubland
& herbaceous (LUrgy); and (e) the percentage of land use classified as wetlands (LUy).
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. Pannual & fNANI
. PMAM,p>O.95 . PMAM,p>O.95& fNANI . None
. Pannual & PMAM,p>0.95 . Pannual & PMAM,p>0.95 & fNANI

Figure S7. Primary drivers of extreme loading for HUCS8 watershed. All variables are defined in
SI Table 1.
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Figure S8. Spatially-averaged NANI, Panuat, and Puvam p-0.95 for watersheds draining to major
nutrient delivery point to the coastal oceans. The annual predictor variables were estimated by
aggregating annual predictor variables for HUC8 watersheds corresponding to each nutrient

delivery point (Figure 1).
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Figure S9. Comparison of estimated NOx deposition for all HUC8 watersheds within the
CONUS based on data from NADP versus CMAQ.
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