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EXECUTIVE SUMMARY

The objective of this research was to arrive at a quantitative and
qualitative assessment of nonpoint sources of potential excess N under
different land use/land cover (LULC) categories in the Neuse River Basin
on a seasonal time scale. This assessment is being supplied to EPA's
Landscape Characterization Branch, National Exposure Research
Laboratory, in Research Triangle Park, NC, for inclusion in a hydrologic
model to predict seasonal fluxes of N from the terrestrial landscape to
surface receiving waters and groundwater in the Neuse River Basin.

The analysis was performed in the following five steps: (1) development
of a conceptual model to predict potential excess N on land, (2) a
literature review to parametrize N fluxes under LULC categories found in
the Neuse River Basin, (3) acquisition of high resolution (15-m pixel) LULC
data from EPA's Landscape Characterization Branch, National Exposure
Research Laboratory, in Research Triangle Park, NC, (4) acquisition of a
soil N inventory map for the Neuse River Basin, (5) calculations of
potential excess N on a seasonal basis for the entire Neuse River Basin.

In the present model, potential excess N was calculated as the difference
between inputs to and outputs from an inorganic N pool. If inputs
exceeded outputs, then the difference was assumed to represent
potential excess N (X, units are g N m-2 per unit time) at risk of loss from
the landscape to surface receiving waters and groundwaters:

X=(I+F+M)-(U+D),

where I is -atmospheric N deposition, F is fertilizer N inputs, M is net N
mineralization, U is uptake of N by plants, and D is denitrification. Data on
the five primary processes that contribute to potential excess N under
different LULC categories were obtained from a literature review. In most
cases, median values were chosen as the summary statistic best suited
to estimate N fluxes. Factors were also estimated to apportion annual N
fluxes among different seasons (spring, summer, fall, and winter).

The model was implemented in two versions. In the first version (Model
-1), the seasonal estimates of potential excess N were applied to each
pixel of the LULC grid. This approach yields a mass-balance model of
potential excess N based simply on LULC for each season of the year. In
the second version (Model 2), we accounted for the effect that total soil N
has on mineralization by utilizing a first-order model for mineralization and



incorporating that value into the mass-balance calculations. Model 2
required creation of an individual grid for each N flux (I, F, M, U, and D) for
each season. The grids were generated by applying literature-derived
values for each parameter multiplied by seasonal factors to each pixel
based on LULC category.

Results from both models indicate large areas of land surrounding the
lower reach of the Neuse River as well as pixels bordering streams and
tributaries may act as potential "N sinks” because potential N outputs
exceed N inputs. Landscape patches that corresponded to potential *N
sources” appeared to be influenced primarily by soil N inventories and
rates of net soil N mineralization (which is a natural process). The overall
flux of N in net soil N mineralization was generally lower in Model 2 than in
Model 1. Finally, although there are no field data to validate predictions
of potential excess N from Model 1 or 2, we believe predictions from Model .
2 are more realistic because of the additional information supplied by
estimated stocks of surface soil N across the Neuse River Basin.

Despite many shortcomings, predictions from the model are useful for the

" original objective of this research: ' helping to develop a landscape based
tool for implementing best management practices to abate N loading to
surface receiving waters in the Neuse River Basin through the
identification of potential N sources and sinks by LULC category. With
output from the model, landscape patterns of potential excess N in the
Neuse River Basin can be evaluated in the context of the nutrient storage
capabilities of different terrestrial ecosystems, the proximity of terrestrial
N sources to streams and rivers, and the likelihood of intercepting N
runoff from the landscape as it moves through vegetated riparian buffer
zones, wetlands, or soils where removal processes (like denitrification)
might help to reduce N loading to aquatic systems. Both Model 1 and
Model 2 predicted that there are large land areas in the Neuse River
Basin that could be classified as either a N source or a N sink. Such areas
are potentially sensitive because future changes in land use, or small
alterations in N fluxes, could convert areas that are essentially in balance
with respect to N biogeochemistry into the N source or N sink category.

In this respect, model predictions indicate that the timing of N inputs and
outputs on the landscape can be a critical determinant of potential excess
N and the possible export of N from terrestrial to aquatic ecosystems.



1. INTRODUCTION

Excess nitrogen (N) is an important contributor to the nutrient enrichment
of surface waters and the widespread international problem of aquatic
eutrophication.”® Elevated nitrate concentration in groundwater is
another result of excess soil N .in some parts of the United States. For

- example, nitrate concentrations in unpolluted groundwater’ are normally

<2 mg L1, but median nitrate concentration in groundwater from the

Georgia-Florida coastal plain is 5.8 mg L-1 or approximately half the
maximum contaminant level for drinking water established by the United
States Environmental Protection Agency.*

Direct and indirect human health endpoints are potentially associated
with elevated N concentrations in surface water and groundwaters. .
Direct human health effects include infant methemoglobinemia (blue baby
syndrome), which is attributed to excessive levels of nitrate in drinking
water, and non-Hodgkin's lymphoma.® Indirect effects include harmful
algal blooms in surface receiving waters and downstream estuaries.
Studies indicate a worldwide increase in the prevalence of toxic algae and
heterotrophic dinoflagellates® that cause various types of shellfish
poisoning, including amnesic and paralytic shellfish poisoning. Nutrient
exports from the terrestrial landscape to surface receiving waters and
"estuaries may be one causal factor contributing to the occurrence of
harmful algal blooms and hypoxia in coastal waters.’

Export coefficients have been used for more than 25 years to predict
nutrient losses from the terrestrial landscape to surface receiving waters.
Beaulac and Reckhow® and later Frink® published extensive reviews of
export coefficients used to assess terrestrial nonpoint sources of nutrient
loading. Export coefficients can be combined with information on land use
and land cover to predict terrestrial N export, but precision is poor
because the variability in export coefficients is large (Table 1). There are
also numerous sources of temporal and spatial variation (e.g., soil type,
fertilizer type and amount, crop type, and land management practices)
that can not be fully incorporated into export coefficients. Uncertainties in
export coefficients are a serious limitation to their use for estimating N
loading to surface receiving waters.

Statistical models have been used to improve predictions of N export from
the terrestrial landscape by accounting for variation in annual or monthly
runoff'®* and land use practices.'***** Empirically derived statistical



relationships can be used to reduce some of the uncertainty associated
with the selection of export coefficients for different LULC categories.
However, export coefficients and other empirically derived statistical
models do not convey information about which terrestrial ecosystem
processes are potentially important contributors to nonpoint source N
loading. Predictive tools that integrate remote sensing and landscape
analysis with an understanding of terrestrial N cycling are needed to
implement best management practices at the watershed scale with the
goal of reducing nonpoint source N pollution to rivers and coastal waters
across the United States. :

Table 1. Range in mean and median export coefficients for N and P from
different LULC categories. The number of literature sources is shown in
parenthesis. :

Expo: mefﬂcuent (g m-2 yri)

Land cover category . Nitrogen Phosphorus

Forest 0.01-0.8 (12) 0.001 - 0.028 (10)
Cropland 0.32 - 3.3 (15) 0.022 - 0.680 (14)
Grassland/pasture . 0.03-0.6 (8) 0.032 - 0.082 (7)
Urban 0.50-2.8 (13) 0.030 - 0.245 (13)

. o o 1 - — - - - - -

Source: Frink, C. R. 1921, Estimating nutrient exports to estuarles
Journal of Environmentai Quallty 20: 717-724.

2. OBJECTIVES
The initial objectives of this study'® were:

(1) to quantify the potential flux of N and P from terrestrial non-point
sources (i.e., contributing sources) in the Neuse River Basin, and

(2) to model the seasonality and potential N and P flux from terrestrial
systems to aquatic systems flowing into the Neuse River.

As the research progressed, the objectives were amended. Tasks related
to P export were omitted and the project was directed entirely to
developing a landscape based model for predicting potential excess N.

The research was redirected to N for the following reasons:



(1) export coefficients for N are much more vanable than those for P and
this uncertainty indicates a greater need to study factors affectmg N
export from different LULC types to surface receiving waters,

(2) data on P biogeochemistry under different LULC categories are far
more limited than for N which greatly increases the uncertainties
associated with modeling potential excess P under different land covers,

(3) N is critical stimulus for coastal eutrophication and harmful algal
blooms in N-limited estuaries and shallow coastal waters,*® and

(4) finally, long-term monitoring data suggest that P Ioadlngs to the
Neuse Estuary are declining while N loadings are increasing.’

The modified objective was to arrive at a quantitative and qualitative
assessment of nonpoint sources of potentlal excess N under different
LULC categories in the Neuse River Basin on a seasonal time scale. This
assessment is being supphed to EPA's Landscape Characterization
Branch, National Exposure Research Laboratory, Research Triangle Park,
- NC, for inclusion in a hydrologic model to predict seasonal fluxes of N from
the terrestrial landscape to surface receiving waters and groundwater in
the Neuse River Basin. : '

3. STUDY PLAN
The analysis was performed in the following five steps:

(1) development of a conceptual mass balance model to predict potential
excess N on land,

(2) a literature review to parametrize N fluxes under LULC categories
found in the Neuse River Basin,

(3) acquisition of high resolution (15-m pixel) LULC data from EPA's
National Exposure Research Laboratory, in Research Triangle Park, NC,

(4) acquisition of a soil N inventory map for the Neuse River Basin,

(5).GIS calculations of potential excess N on a seasonal basis for the
entire Neuse River Basin. :
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The technical approach outlined in this report can be used to assess the
effect of changes in terrestrial N fluxes on potential excess N and how
best management practices might be implemented on the landscape to
mitigate the likelihood of nonpoint source N pollution.

4. CONCEPTUAL MODEL

A “long-term concept” for N mass balance on agricultural land was
described more than 25 years ago by Fried*® and subsequently modified

by Tanji et al.” Since those precedents, numerous studies have

employed a mass balance approach to estimating N losses from terrestrial -
Ia n dsca pes . 20,21,22 23,24,25,26,27,28

In the present model, potential excess N was calculated as the difference
between inputs to and outputs from an inorganic N pool. Generally,
inorganic N does not accumulate in soils, thus the difference between
inputs and outputs was assumed to be excess N subject to loss through
surface runoff and leaching below the root zone.

Even though nitrate is more readily leached than ammonium, no
distinction was made between ammonium- and nitrate-N as potential
‘contributors to N leaching. For this reason, the calculations of N export
are "conservative" and may overestimate potential N losses. Like other
mass balance calculations of this kind, it was assumed that the soil-plant
system is at steady state with respect to the soil N inventory.

Potential excess N (X) for a particular LULC category was calculated
according the following mass balance equation (units are g N m-2 per unit
time): : '

X =(I+F+M)-(U+D),

-where I is atmospheric N deposition, F is fertilizer N inputs, M is net N
mineralization, U is uptake of N by plants, and D is denitrification.

The difference between N inputs and outputs (X) is called "potential
excess N" for the following reasons:

1. atmospheric N deposition will be highly dependent on local conditions
(e.g., the proximity to localized N sources) and is largely controlied by
precipitation which can exhibit significant spatial and temporal variation,
therefore the actual N deposition to a given pixel may vary widely from



the regional average used in the model,

- 2. in many cases, fertilizer N inputs are not precisely known and are
approximated on the basis of best available information,

3. net N mineralization was summarized as a potential annual rate which
may or may not be realized depending on variations in soil properties and
climate,

4. plant uptake of available inorganic N is based only on estimates of
aboveground biomass production (measurements of belowground
biomass production are rare in terrestrial ecosystems and, consequently,
this flux is usually unknown), and

5. estimated annual losses of soil N through denitrification for each LULC
category are approximate because this process is highly episodic and is
strongly affected by the timing of precipitation events.

Fluxes in the model are illustrated in Figure 1. Equation 1 was solved on
a seasonal basis. Seasonal N fluxes were estimated by multiplying each
annual N flux by an associated seasonal factor representing the fraction
of the annual flux that occurred during spring, summer, autumn, and
winter. Seasonal factors were derived on the basis of the literature
review, expected intra-annual variations in climate, and best professional
judgment.

Using equation 1, different LULC categories can be a potential N source or
N sink depending upon the mass balance between N loading and N losses
from inorganic N stocks (X). When inputs exceeded outputs, potential.
excess N assumed a positive value. In other words, potential excess
inorganic N was indicated when the estimated assimilative capacity of
plant biomass and denitrification was exceeded by N loading from
atmospheric deposition, fertilizer applications, and net N mineralization.

Net primary production in terrestrial ecosystems in the southeastern

- United States is frequently limited by available inorganic soil N.
Widespread N deficiencies create the potential for some LULC categories
to act like potential N sinks. Forest ecosystems are generally N sinks and
wetlands are generally strong N sinks. -Negative values for potential
excess N identify potential sinks for N on the landscape or areas were the
potential assimilative capacity of vegetation and denitrification exceeds
estimated ‘N inputs. Beyond this theoretical significance, negative values



for potential excess N have no true biological meaning.

Finally, we arbitrarily defined some LULC categories as borderline or "too
close to call" with respect to whether the areas were N sources or N
sinks. A final qualitative analysis of potential excess N in the Neuse River
Basin divided the landscape into 3 broad categories: (1) potential N
sources (X =1 g N m-2), (2) potential N sinks (X <-1 g N m-2), and (3)
potentially either a N source or Nsink ((k1 g Nm2 <X <+1gNm-2).

Figure 1. Conceptual model of processes contributing to potential excess
N. Potential excess N (X) is at risk of export from the terrestrial system to
surface receiving waters and groundwater.
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5. LITERATURE REVIEW

Data on five primary processes that contribute to potential excess N
under different LULC categories were obtained from a literature review.
Inputs to inorganic N include atmospheric deposition (I), additions of
fertilizer N (F), and inorganic N released through decomposition of organic
matter or net N mineralization (M). Outputs from the inorganic N pool
included N uptake by plants (U) and denitrification (D).

The purpose of the literature review was to derive best estimates of
process flux rates under different LULC categorles for use in the mass
balance N model. Factors were also estimated to apportion annual N
fluxes among different seasons (spring, summer, fall, and winter). The
timing of inputs and outputs can be a critical determinant of potential
excess N and the possible export of N from terrestrial to aquatic
ecosystems.

In most cases, median values were chosen as the summary statistic best
suited to estimate N fluxes. The median is a "robust" nonparametric
measure of central tendency and is less sens:twe to anomalous or
extreme data than the arithmetic mean. Frequency distributions for many
of the summarized ecosystem processes suggested that N fluxes are not
normally distributed, but it was impossible to make unequivocal
statements about the probability distributions that describe N flux data
within a particular LULC category in North Carolina. The use of median
values also allowed us to preserve the original units of measurement
rather than working in abstract units derived through a data
transformation (e.g., logarithms).

5.1 Atmospheric N Deposition (I)

Atmospheric N deposition is comprised of wet (precipitation, snowfall, and
cloud or fog water) and dry deposition (gases, aerosols, and coarse
particle deposition). Data on wet deposition were obtained for five
monitoring stations that are part of the National Atmospheric Deposmon
Program/National Trends Network (NADP/NTN)® in North Carolina (Table
2). Data from Sampson Lewiston, Rowan Scotland and Wake counties

Over a 5-year perlod ‘the medlan valuevfor wet deposmon was 0.5 g N
m-2 yr-1 (similar to the mean value of 0.48 g N m-2 yr-1),
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Table 2. Average seasonal and annual wet deposition of inorganic N at
five NADP/NTN monitoring stations in North Carolina (1993 to 1997).

NADP/NTN e e
Station NC County Spring Summer Autumn Winter Annual
NC 35 Sampson 0.11 0.24 0.10- 0.07 0.51
NC 03 Lewiston  0.12 0.16 0.08 0.07 0.41
NC 34 Rowan 0.13  0.18 0.08 0.10 0.54
NC 36 Scotland 0.10 - 0.16 0.09 0.08 0.42
NC 41 Wake 0.17 0.15 0.09 0.08 0.50

Mean ; 0.13 0.18 0.09 - 0.08 0.48
a (27%) (38%) (19%) (16%)

A scaling factor to convert wet deposition to total N deposition (wet + dry
deposition) was derived from data collectéed during the Integrated Forest
Study.***' This scaling factor averaged 2.0 across four sites in the
southeastern United States (Table 3). Thus, total atmospheric N
deposition, not directly influenced by strong atmospheric sources (like
livestock operations), was assigned a value of 1.0 g N m-2 yr-1 in the
Neuse River Basin.

Seasonal factors for atmospheric N deposition were derived from
NADP/NTN data. The fraction of annual wet deposition that occurs in a
given season was averaged over 5 NADP/NTN stations in eastern North
Carolina to arrive at seasonal factors for N deposition (Table 2). The
seasonal pattern in atmospheric N deposition indicated a summer
maximum (0.38) and a winter minimum (0.16). These factors are
approximate and we recognize that large inter-annual variability in
precipitation may be an important control on N fluxes from the terrestrial
landscape to surface receiving waters.*

Our model assumes that the NADP/NTN data represent a regional mean
value for deposition that includes all sources. However, there are a
number of localized sources that will affect N deposition at any given pixel
on the map. In particular, the ventilation systems, waste lagoons, and
manure spray fields at animal operations represent major local sources
within the Neuse River basin. To the extent that these sources can be
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quantified on a'spatial basis, they could be incorporated into later
versions of the current model. Lacking such information, however, we
have restricted the model to consider only non-point sources.

Table 3. Atmospheric N deposition over a three year period (1986-1989)
at four locations in the southeastern United States.

Dry Wet Total Ratio

‘ - e ------Dry + Total:
Location NO3-N NH4-N Total NO3-N NH4 N Total Wet Wet

Coweeta, NC 2.5 0.63 3.1 2.1 1.9 4.1 7.2 1.76

Duke, NC 5.5 1.4 6.9 2.8 4.3 7.1 14 1.97

Eatonton, GA 4.4 0.9 5.3 2.1 1.6 3.7 9.1 2.46

Oak Ridge, TN 4.1 0.36 4.5 3.0 2.5 5.5 10.0 1.82

Mean ‘ 2.00

Coefficient of variation : 0.16

- - - g

Source: Lovett, G. M., and S. E, Lindberg. 1993, Atmospherlc deposmon
and canopy mteractlons of nitrogen in forests. Canadian Journal of Forest
Research 23: 1603-1616. '

5.2 Nitrogen Fertilization (F)

Data on major agricultural crops in the Neuse River basin were obtained
from McMahon and Lloyd* (as summarized by Osmond et al.*) More than
95% of the agricultural land in the Neuse River Basin is planted in the
following six major crop types: soybeans, cotton, corn, tobacco, wheat,
and hay. Fertilizer N mputs were based on crop specific rates of fertilizer
application.

Recommended rates of N fertilizer for row crops and forage pastures. in

North Carolina range from 0 to 25 g N m-2 yr-1.* Annual rates of N
fertilization for major crop types in the Neuse River basin were estimated
from national, regional, and state data (Table 4). \

Although soybeans fix atmospheric N2, 1995 agricultural statistics
indicated that 44% of the soybeans planted in North Carolina received

fertilizer at a rate of 4.6 g N m-2 yr1 (41 Ibs acre-1). Averaged over all
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soybeans planted, the annual rate of N fertilization was estimated at 2.1

g N m-2 yr-1, Fertilizer usage statistics for 1995 also indicated that 98%
of the corn planted in North Carolina received fertilizer at an annual rate
of 24 g N m-2 (215 Ibs acre-1). For other crops, fertilizer rates vary from
8.6 to 21.8 g N m-2 yr-1, 'Depending on crop type, current estimates of
fertilizer N inputs were similar to or different from those recently
published. ’

Table 4. Estimated rates of N fertilization for agricultural field crops in the
Neuse River basin. Data are from the National Agricultural Statistics
Service (http://www.usda.gov/nass/) and the North Carolina Agricultural
Statistics Service (http://www.agr.state.nc.us/stats/).

o . 0 s S e S B O A A D S P S o A S O S Sl e e P M O S O P B GRS S B e ——— o - - - - -

Crop Specific ’ Estimated Fertilizer Rate
Fertilizer Rate (yr-1) (g N m-2yr1l)
Ibs N gN
Crop acre-1 m-2 Current Previous (a)
Soybeans 24 (b) 0.41
Soybeans 39 (o 4.6 2.1 0
Cotton , 100 (b) 8.6
Cotton : 92 (d) - 10.3 9.5 9.0
Corn 133 (b) 14.9 ‘
Corn 114 (e) 12.8
Corn 215 (f) - 24.1 24.1 15.7
Winter wheat 61 (b) 6.8
Spring wheat 67 (b) 7.5 7.2 12.3
Tobacco 88 (b) 9.8 _
Tobacco 86 (e) 9.6 9.7 5.6
Hay/other crops  -- -- - 10.0 10.1 - 15.7

Notes:

(a). estimates from McMahon and Woodside (1997)*

(b) average over all US acreage planted '

(c) 44% of the soybeans in NC received N fertilizer at a rate of 41 Ib
acre 1 in 1995 '

(d) average for southeastern states

(e) data specific to North Carolina -

(f) 98% of the corn in NC received N fertilizer at a rate of 215 Ib acre-1 in
1995 '
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Although commercial. fertilizers are used in urban areas, nonfarm uses of
commercial fertilizers are only 15% of the U.S. fertilizer demand.”
Maintained herbaceous vegetation (primarily lawns) and unspecified
agricultural categories were assigned a default fertilizer value of 10 g N
m-2 yr-1, Negligible inputs of commercial N fertilizer (F = 0) were assigned
to barren land, fallow agricultural land, natural herbaceous vegetation,
forests, wetlands, and surface waters.

With the exception of row crops, seasonal factors for N fertilization were
estimated from commercial fertilizer tonnage shipped to North Carolina
from July 1998 through June 1999.* The fraction of annual N fertilization
allocated to spring, summer, autumn, and winter was 0.58, 0.17, 0.10,
and 0.16, respectively, for all LULC categories except corn, cotton, - -
soybean, and tobacco. Annual N fertilization for the latter four row crops
was evenly divided between spring (0.50) and summer (0.50).

5.3 Net Soil N Mineralization (M)

Net soil N mineralization is influenced by many factors, including
vegetation type.*®**¢#4243%45  Although rates of net N mineralization can
exhibit large variations across relatively short distances,**** some data
suggest that rates at a particular site exhibit small variations between
“years with similar climate conditions.” A review of the foregoing studies
suggested that LULC category can be used to characterize spatial
patterns in net N mineralization over a regional landscape such as the
Neuse River basin.

Data on net soil N mineralization, from the literature review, were
assigned to defined LULC categories (Appendix I). Estimates of annual
net N mineralization based on lab studies were significantly greater than
those based on field studies (Mann-Whitney U test, o = 0.001). Lab
studies may overestimate actual rates of net N mineralization in the field
because lab studies are usually performed on sieved soil under constant
temperature and moisture conditions. For this reason, laboratory studies
were omitted and estimates of net soil N mineralization for the model

were based solely on the remaining field studies.

Table 5 presents summary statistics for estimates of net N mineralization
based on the literature review. Herbaceous and forest land covers were
the only categories with a sufficient number of published field
measurements. Measurements of net N mineralization in forests were
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normally distributed while those under herbaceous vegetation were
positively skewed. Differences between rates of net N mineralization in
forest and grassland soils were statistically significant (Mann-Whitney U

test, o = 0.05).

Table 5. Summary statistics for field studies of net soil N mineralization

(see Appendix I).

Percentile

LULC e
Variable category n 10th 25th 50th 75th 90th
Net N mineralization (g N m-2 yr-1) ,

Forest , 128 2.6 4.1 7.3 9.1 11.3

Herbaceous 62 1.5 2.3 3.5 6.0 7.7

All data - 190 1.9 3.0 5.9 - 8.4 10.9
Net N mineralization rate (yr-1) -.

Forest 82 0.010 0.015 0.021 0.034 0.054

Herbaceous 62 0.009 0.018 0.028 0.044 0.062"

All data 144 0.009 0.023 0.040

- - —_— - - -

0.015

0.060

The following values for net N mineralization (g N m-2 yr-1) were assigned
to land cover categories with missing data: fallow agricultural land (3.5,
same as herbaceous vegetation), row crops and general agricultural land
(5.9, median value for all field data), barren and urban land (0), water (0),
and wetlands (10.9, the 90th percentile for all field data). :

In addition, a close inspection of the data (Appendix I) indicated that
most studies of net soil N mineralization were from locations outside the
southeastern United States. Twelve studies of net soil N mineralization
from southeastern states indicated a median value of 5.1 g N m-2 yr-1
with 10th and 90th percentiles of 0.2 and 10.8 g N m-2 yr-1, respectively.
A regional value of 5.1 g N m-2 yr-1 was assigned to M in the final model
for forest land. Overall, the literature review indicated that annual rates
of net N mineralization range from 1 to 6% of the surface soil N inventory.

The fraction of annual net N mineralization occurring in spring, summer,
fall, and winter was 0.4, 0.3, 0.2, and 0.1, respectively. The assumed
seasonal pattern was consistent with prior studies of seasonal variation
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in net soil N mmerahzatlon that indicate a spring maximum and a winter
minimum for this process.®***555% Elevated levels of N mineralization -
are expected during the spring when warming temperatures stlmulate,
soil microbial activity and decomposition of soil organic matter.

Estimates of annual fluxes (g N m-2 yr-1) and rates (yr-1) of net soil N
mineralization presented the opportunity to compare predictions of
potential excess N in the Neuse River Basin from two different landscape
based models. The first approach, referred to as "Model 1", was based
solely on LULC categories derived from remote sensing data. The second
approach, referred to as "Model 2", was partlally based on an estimate of -
soil N inventories.

In Model 1, annual fluxes of net soil N mineralization (M) from Table 5
were simply assigned to each LULC category. In Model 2, the soil N
inventory (g N m-2 to a 30 cm soil depth) was multiplied by an annual net
N mineralization rate (yr-1), based on the literature review, to arrive at
the annual flux of N entering the available soil N pool (X) for each 15-m
pixel in the LULC-map. Thus, the flux of net soil N mineralization was a
function of both the LULC (Table .5) and the soil N inventory underlying
each 15-m pixel in the LULC map. Predictions from Model 2 accounted for
regional differences in soil N stocks within the Neuse River Basin while
predictions from Model 1 could not account for such differences. ‘

A national map® was used to derive a map layer of soil N inventories in

the Neuse River Basin. The map had a 1 km?2 resolution and was based
on total soil N measurements from the National Soil Characterization
Database (NSCD) and information on soil taxonomy in the State Soil .
‘Geographic (STATSGO) database.®

5.4 N Uptake By .Plants (U)

" Numerous factors affect soil N uptake by plants, including land cover and
land use. Data on annual N uptake by plants were assigned to previously
defined LULC categories based on published descriptions of vegetation in
each study that was reviewed (Appendix II). Only N uptake by
aboveground biomass was _considered because N storage in roots was
assumed to be returned annually to soil organic N through root mortality
and decomposntlon There are very few reliable data on which to build
estimates of root N dynamics.
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Summary statistics for annual N uptake by plants are presented in Table
6. The median values for N uptake by crops, herbaceous vegetation, and
herbaceous wetlands were similar (=12 to 14 g N m-2 yr-1) and greater
than the median value of N uptake by forests. Estimates of N uptake by
soybeans were almost twice those of other row crops due, in part, to N2
fixation. Nitrogen fixation by soybeans tends to decline with additions of
N fertilizer, but as a general value for plant uptake we assumed that 25%
of the N uptake by soybeans was derived from soil.*

Table 6. Summary statistics for N uptake (g N m-2 yr-1) by land cover
category ("n" denotes the number of measurements from literature
sources in Appendix II).

Percentile

LULC category n 10th 25th 50th 75th 90th
Agriculture (general) = 439 6.4 9.1 13.5 18.9 22.6
Row crops ’

Corn 261 5.8 7.9 12.2 16.3 20.1

Cotton 27 7.2 8.3 9.2 10.4 12.3

Tobacco 6 7.1 10.6 14.0 16.0 19.2

Soybeans 9 13.6 19.6 21.6 22.8 27.4
Herbaceous 130 3.7 6.9 12.2 21.6  42.0
Forest 58 2.5 4.5 6.2 8.8 11.6
Emergent Wetlands 13 5.0 7.1 12.5 18.1 34.0

- - - - - -~ - - -

- Frequency distributions for measurements of N uptake by agricultural
crops, herbaceous vegetation, and forests were positively skewed. The

median estimate of soil N uptake by forests (6.2 g N m-2 yr-1) compared
well with previously published mean (+SD) estimates of N uptake by

temperate coniferous forests (4.7 = 1.7 g N m-2 yr-1) and temperate

deciduous forests (7.5 = 1.8 g N m-2 yr-1).*° Plant N uptake by wooded

- wetlands was assigned the same value used for forests, and plant N
uptake by herbaceous wetlands was assigned a median value of 12.5 g N
m-2 yr-1. Negligible plant uptake of soil N (U = 0) was assumed for urban
land, barren land, and surface water. '

Seasonal variation in N uptake by plants was assumed to track expected
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seasonal differences in plant tissue production. Generally, N uptake
under all LULC categories is lowest during autumn and winter when
biomass production and plant demands for soil N decline. The fraction of
annual N uptake occurring in spring, summer, fall, and winter was 0.4,
0.3, 0.2, and 0.1 for all LULC categories except corn, cotton, soybeans,
and tobacco. For the latter four row crops, plant N uptake was evenly
divided between spring and summer.

5.5 Denitrification (D)

There are numerous environmental factors that interact to cause both
temporal and spatial variation in denitrification, including: plant
community type,®*®** soil moisture,*******” and season of the year.
Denitrification data, from the literature review, were assigned to one of
the previously defined LULC categories based on published site
descriptions (Appendix III). .

68,69,70

Denitrification rates are frequently reported in daily or weekly time units
because extreme temporal variation can result from precipitation or
irrigation events that stimulate episodes of denitrification in soil.”*”? In
order to integrate over short-term fluctuations in soil nitrate availability,
temperature, and soil moisture, the present analysis included only
reported annual denitrification rates.

Measurements of denitrification in soils under agriculture, herbaceous
vegetation, and forests were positively skewed. Table 7 presents the
median values for annual denitrification rates by land cover type.
Considering four LULC categories, higher denitrification rates were
reported under agricultural land and herbaceous vegetation than under
forest cover, but the chief difference between LULC. categories was
-greatly elevated denitrification rates in wetland soils versus non- wetland
soils. Negligible denitrification (D = 0) was assigned to urban land, barren
land, and surface water.

Our estimates of denitrification under forest and agricultural land also
.compare favorably with those reported in a recent review’® where the
median annual rates of denitrification in forest and agricultural soils were
0.22 and 1.3 g N m-2, respectively. The highest rates of denitrification
reported here included agricultural soils characterized by high water and
soil N content. The median annual rate of denitrification under agricultural
land, from the literature review, was similar to an estimated maximum
annual denitrification rate for disturbed forest soils in North Carolina.”™
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It is well established that flooding leads to anaerobic conditions in soil
that can facilitate N losses through denitrification.” Despite an
expectation of elevated denitrification rates, the data from Appendix III

indicated denitrification rates ranging between 0 to 5 kg N m-2 yr-1 for
non-wetland hydric soils. Soil drainage undoubtedly affects denitrification
within the non-wetland land cover categories, however the estimates of
annual denitrification from non-wetland hydric soils did not approach the
reported high rates of annual denitrification from wetlands. Land cover
and soil moisture status are confounded in wetlands which, by definition,
occupy hydric soils. Wetlands are a reliable indicator of hydric soils and,
therefore, elevated annual rates of denitrification.

Table 7. Summary statistics for estimated annual rates of soil N loss
through denitrification (g N m-2 yr-1) by land cover category (see
Appendix III).

Percentile
LULC category n 10th 25th 50th 75th 90th
Forest 67 0.09 0.24 0.44  1.15 3.09
Agriculture ‘ 20 0.60 0.92 .1.55 13.7 17.8
Herbaceous 40 0.22 0.55 2.38 5.34 17.0
Wetlands 7 19.6 22.0 43.0 45.3 46.0

- — - - - " T o - " - - . - o o

The largest part of the annual denitrification flux was allocated to winter
(0.35) and spring (0.35) seasons. Reduced evapotranspiration, increased
soil moisture, and higher levels of inorganic N (in the absence of plant
uptake) are expected to occur during those times. Less denitrification
was expected during summer (0.15) and fall (0.15) when soils tend to be
drier and inorganic soil N has been reduced by the seasonal demands of
plant uptake. '

6. GIS DATA PROCESSING

The model was implemented in a geographic information system
database consisting of two input layers. The first layer was a high-
resolution LULC grid provided by the U.S. Environmental Protection
Agency’s Landscape Characterization Branch. This layer consisted of 35
possible LULC categories applied to 15-m pixels across the entire Neuse *
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River watershed. The second layer was a soil N map for North Carolina
generated from the Natural Resource Conservation Service’s STATSGO
database.” The values in this latter grid are total Kjeldah! N for the top
30 cm of soil. Resolution of this layer was coarse, with 1-km pixels.

The model was implemented in two versions. In the first version (Model
1), the seasonal excess N values for each LULC category from the
literature search were applied to each pixel of the LULC grid, by using an
Arc Macro Language (AML) script (Appendix 1V). This approach yields a
mass-balance model of potential excess N based simply on land cover for
each season. In the second version (Model 2), we accounted for the
effect that total soil N has on mineralization by utilizing a first-order model
for mineralization and incorporating that value into the mass-balance
calculations. Model 2 required creation of an individual grid for each N flux
(I, F, M, U, and D) for each season. The grids were generated by applying
Iiterature-derived values for each parameter multiplied by seasonal
factors to each pixel based on LULC category. The mineralization grid (M)
was derived by multiplying the total soil N inventory from the STATSGO-
based soil N grid by an annual N mineralization rate and a seasonal
factor. Once the individual grids were created, an AML script (Appendix V)
was run to combine the grids into a single grid of potential excess N. All
GIS processing was accomplished using Arc/Info”” Version 7.2.1 on a Sun
Ultra 5 running SunOS 5.6. ,

7. RESULTS
7.1  LULC Model Matrix

Parameter values for the model, seasonal factors, calculated N fluxes and
potential excess N (on a seasonal and an annual basis) are summarized

in 3 tables. Table 8 presents estimated annual N fluxes (g N m-2 yr-1) for
atmospheric N deposition (I), fertilization (F), net soil N mineralization (M),
plant uptake (U), and denitrification (D) in different LULC categories
(based on the literature review). Table 9 presents the seasonal factors
that were used to apportion the annual N fluxes between spring (spr),
summer (sum), fall (fil), and winter (win) based on the literature review
and best professional judgment. Table 10 presents calculated N fluxes
and potential excess N (g N m-2) in (1) spring, (2) summer, (3) fall, and (4)
winter and an annual estimate (Xa) based on calculations using
information in the previous tables.
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7.2 Model 1 Predictions

Several patterns emerged from a visual analysis of the seasonal N maps
used in Model 1. Fertilizer inputs to potential excess N were highest in
the spring and summer and were primarily concentrated in the middle
portion of the Neuse River Basin (Figure 2). The highest rates of soil N
mineralization occurred during spring and summer and were primarily
concentrated in pixels bordering streams and tributaries (Figure 3). The
highest rates of plant N uptake from soil also occurred during spring and
summer and were primarily concentrated in the middle portion of the
Neuse River Basin (Figure 4). Finally, the highest rates of denitrification
occurred during spring and winter and were primarily concentrated in
pixels bordering streams and tributaries (Figure 5). Predicted potential
excess N was highest during the spring and summer and was primarily
concentrated in the middle portion of the Neuse River Basin (Figure 6).
Large land areas surrounding the lower reach of the Neuse River were
identified as potential *N sinks” in Model 1.

7.3 Model 2 Predictions

Seasonal maps for atmospheric deposition (I), fertilization (F), plant
uptake (U), and denitrification (D) were the same in Models 1 and 2.
Model 2, unlike Model 1, accounted for spatial patterns in surface soil N
inventories. The highest soil N inventories were located in the middle and
lower portions of the Neuse River Basin (Figure 7). Patches of elevated
net soil N mineralization during spring and summer, in Model 2, were
associated with areas characterized by high soil N stocks (Figure 8).
Predicted potential excess N was highest during the summer and was
primarily concentrated in the middle portion of the Neuse River Basin
(Figure 9).

7.4 Model Comparisons

Model 1 and 2 were different with respect to predicted potential excess N
in the Neuse River Basin. Much. of the spatial heterogeneity in predictions
of potential excess N using Model 1, which accounted only for LULC
category, was eliminated in predictions of potential excess N using Model
2, which accounted for both LULC category and soil N inventories.
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‘Table 9. Seasonal factors for N fluxes in different LULC categories.
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Figure 2. Estimated N fertilization (F g N pixel-1) in the Neuse River
Basin. .

Figure 3. Estimated net soil N mineralization (M g N pixel-1) in the Neuse
River Basin (Model 1).

| Figure 4. Estimated plant N uptake (U, g N pixel- 1) in the Neuse River
Basin.

Figure 5. Estimated denitrification (D, g N pixel-1) in the Neuse River
Basin.

Figure 6. Qualitative assessment of potential excess N (X) in the Neuse
River Basin (Model 1).

Figure 7. Estimated soil N inventories (30 cm soil depth) in the Neuse
River Basin (Model 2).

Figure 8. Soil based rates of net N mineralization (M g N pixel-1) in the
Neuse River Basm (Model 2).

Figure 9. Qualitative assessment of potential excess N (X) in the Neuse
River Basin (Model 2).
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Figure 2. Estimated N fertilizer (F, g N pixel'!) in the Neuse River Basin.
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Figure 6. Qualitative assessment of potential excess N (X) in the Neuse River Basin (Model 1).
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Figure 9. Qualitative assessment of potential excess N (X) in the Neuse River Basin (Model 2).
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Results from both models indicate large areas of land surrounding the
lower reach of the Neuse River as well as pixels bordering streams and
tributaries may act as potential "N sinks”. Landscape patches that
corresponded to potential “N sources” appeared to be influenced by soil
N inventories and rates of net soil N mineralization (which is a natural
process). The overall flux of N in net soil N mineralization was generally
lower in Model 2 than in Model 1.

Both models indicated large areas of the landscape were approximately in
balance (-1 g N m-2 < X < 1 g N m-2) with respect to excess N. In these
areas, future changes in land use could be a critical determinant of N
retention or N export. Finally, there are no field data to validate
predictions of potential excess N from Model 1 or 2, but we believe
predictions from Model 2 provide additional information supplied by
estimated stocks of surface soil N across the Neuse River Basin.

8. DISCUSSION

Outbreaks of Pfiesteria and other harmful algal blooms in coastal waters
of the United States, including the Neuse River estuary, may be indicative
of a national problem of too much N (and P) in runoff from terrestrial
‘ecosystems.” Large scale animal operations have definitely resulted in
the import of significant amounts of N into the Neuse River Basin, as well
as other parts of east-central North Carolina, in the form of animal feeds,
but only a small fraction of these nutrient imports have apparently
entered the Neuse River.” This indicates the overall importance of a more
complete assessment of nonpoint sources of N loading to the Neuse River
and its tributaries. '

Mass balance methods for estimating N runoff from terrestrial to aquatic
ecosystems are more comprehensive than empirically derived export
coefficients because mass balance methods include process level

- information that can be used to identify possible controls on N exports.
Despite this additional information, there are numerous shortcomings to
the current analysis which must be recognized and appreciated from the
standpoint of how they limit application of the results and how they
present opportunities for future improvements in landscape based models
of excess nutrients.

One of the primary limiting assumptions to the mass balance approach is
that terrestrial ecosystems are in steady state. This means that the
stocks of plant N and organic soil N are not changing with respect to time.
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Other assessments have included processes like N2-fixation as a means
of increasing soil N stocks.®*® The current model treats N2-fixation as an
input to organic soil N which must be mineralized in order to contribute to
potential excess N. It was assumed in the current assessment that
amounts of organic soil N do not change because N inputs to organic soil
N (through plant mortality) balance the decomposition process which
drives net soil N mineralization.

In reality, there can be significant inter-annual variations in N inputs to
soil, soil N transformation rates, and plant uptake, thus a true steady
state does not exist in terrestrial ecosystems. Steady state in the
context of this model means that although there may be significant year
to year fluctuations in N fluxes for a particular LULC category, there is no
systematic long-term trend. We do not know to what extent this B
assumption is valid because there are no long-term studies of changmg
soil N stocks within the Neuse River Basin.

Two other major limitations of mass balance models for estimating critical
N loads to forest ecosystems® also apply to the current landscape-based
model of potential excess N. The first is failure to consider episodic
events which can be extremely important in controlling the flux of N from
the landscape.” The current model operates on a seasonal time-step
because there are simply not enough studies of at a fine enough
temporal resolution to elucidate the detailed time dependent behavior of
N biogeochemistry in terrestrial ecosystems. The second limitation is a
scarcity of information on N transfers in different terrestrial ecosystems in
the southeastern United States. This latter limitation made it impossible
for us to parametrize the mass balance model at the same level of detail
as was represented in the final LULC map. Nitrogen fluxes were
estimated for many LULC categories because of missing critical data for
different types of terrestrial ecosystems. The inability of the model to
deal with episodic events (e.g., precipitation events) and the lack of field
measurements for N fluxes in different ecosystems representative of
those in the Neuse River Basin makes the current model unsuitable for
predictions of total maximum daily loads.

More than a decade ago, Kesner and Meentemeyer published a
landscape based approach to the regional analysis of potential N sources
and sinks in an agricultural watershed in southern Georgia.” In many
respects, their GIS approach to the problem of predicting spatial patterns
in excess N is similar to the one used here for the Neuse River Basin.
However, there are important differences in the conceptual mass balance
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models that are the foundation of these separate analyses. The main
difference is that Kesner and Meentemeyer used mass balance to

calculate N sinks and sources on the basis of total soil N. Most of tdtal o

soil N is organically bound and is available for uptake by plant roots or
denitrification by soil microorganisms only as a result of N mineralization.
The models used in this report on the Neuse River Basin treat potential
excess N as an inorganic N pool rather than a total soil N pool. This
difference may lead to substantially different estimates of potential
excess N, than those based on total soil N, because net N mineralization
is such an important process for producing potential excess N.

Poiani et al. also previously used a landscape based model of N leaching
to evaluate non-point source N loading in nine watersheds in central New
York state.** They calculated potential excess N (i.e., N available for
leaching”) by considering a balance between N inputs (atmospheric
deposition and fertilization) and outputs (plant uptake and
denitrification). Several important sources of uncertainty in their analysis
also apply to the current model: (1) the approximate nature of estimates
for N inputs, (2) uncertainties in GIS data (i.e., accuracy of LULC maps),
and (3) high spatial and temporal variation in N fluxes (like soil N
mineralization and denitrification). These limitations indicate the need for,
site specific studies of N cycling in the Neuse River Basin under different
LULC categories to improve assessments of potential excess N on a
regional scale. Nitrogen inputs, in particular, could be refined through
monitoring atmospheric N deposition at a finer spatial scale than the
NADP/NTN monitoring network and obtaining data on actual crop
fertilization rates through the use of farm surveys.

Burkart and James also recently published an assessment of N loading to
the Gulf of Mexico from agricultural nonpoint sources in the Mississippi
River Basin and concluded that the largest potential excess N (i.e.,
“residual N”) was located in the Upper Mississippi River and Ohio River
Basins.®® Their assessment treated some processes, in particular
volatilization and redeposition of ammonia, differently than the manner in
which they are treated in the current model. '

Ammonia (NH3) volatilization is a widely reported occurrence following the
surface application of manure and N fertilizers.®® A weighted average
emission factor, derived from data on fertilizer shipments to North
Carolina in 1997, indicated that only about 4% of fertilizer N is lost
through volatilization.” Although considerable research is being done on
the transport and fate of NH3 from agricultural operations,® there is still a
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-lack of consensus on the range over which redeposition occurs. The
present model incorporates the following two assumptions: (1) most of
the NH3 is redeposited on the same pixel (so no volatilization parameter
is included), and (2) the regionally dispersed fraction of volatilized NH3 is
captured as part of the NADP/NTN data used to estimate atmospheric N
deposition. Clearly, both of these assumptions are suspect, but they are
logically consistent from a mass-balance standpoint.

Manure application is, perhaps, more like a point source than a nonpoint
source of N loading on the landscape because it is most commonly
associated with large scale animal operations. Based on estimates from
Burkart and James, applications of N in manure can approximately balance
manure N losses through volatilization. Because animal operations
represent point sources, they are not included in this version of the

- model. - Future versions of the model may address the location of large
scale animal operations and the N loading associated with land disposal
of animal wastes but more data will be required on the frequency and
amount of spray field operations in the Neuse River Basin.

Like the current model, other mass balance models for N frequently make
no distinction between soil NH4-N and NO3-N and they generally assume
that all excess N is at risk of export from the landscape. This is a fairly
conservative assumption that many tend to overestimate potential
excess N on the landscape. Nitrate, and not NH4-N, is the chemical form
that is more readily leached from soil. Future versions of the model could
be improved by additional data on the contribution of ammonification and
nitrification to the process of net soil N mineralization under different
LULC categories in the Neuse River Basin. This is especially important
given the fact that net N mineralization is the process that apparently
contributes most to potential excess N on nonagricultural lands.

Few of the terms in the current mass balance model for potential excess
N in the Neuse River Basin were actually derived from studies in North
Carolina. We consider the highest uncertainties in the model to be
associated with estimates of N inputs through fertilization and net soil N
mineralization (two large N fluxes). The uncertainty associated with
atmospheric N deposition is somewhat less simply because the size of the
flux is small relative to the two former inputs. Uncertainties associated
with plant uptake of soil N and denitrification are aiso high due to a wide
range of possible values depending upon the nutrient demands of the
vegetation, land management practice, and soil properties. Although
median values were used in the current model to approximate the inputs
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to and outputs from a pool of potential excess N, there is the opportunity
and the need to reduce uncertainties in landscape based models through
site specific studies under different LULC categories.

A final important limitation associated with the current model is lack of
validation. We view the “validation” process as an mtegral and |mportant
step in model development, but one that is beyond the scope of the
current research. It has been suggested that the model could be tested
against measurements of stream N. There are basuca!ly three problems
associated with “validation” of the landscape model using stream data:
(1) potential excess N exists only as a theoretical concept and not as a
truly measurable entity, (2) the uncertainty bands are so wide that
testing for a specific predicted value becomes trivial, and (3) attempts to
validate the terrestrial model by looking at N values in the stream are
confounded because they also require validating the model used to
transport N to the stream and they require some understanding of in-
stream N processing. What is ultimately important from the perspective
of best management practices is whether the pixel in the LULC mapisa N
source or a N sink. Qualitative assessments of potential excess N may be
sufficient to accomplish the original stated goal of best management
practices, but are not sufficient for the purpose of establishing total
maximum daily loads to surface receiving waters.

Despite many shortcomings, predictions from the model are useful for the
original objective of this research: helping to develop a landscape based
tool for implementing best management practices to abate N loading to
surface receiving waters in the Neuse River Basin through the
identification of potential N sources and sinks by LULC category. With this
model landscape patterns of potential excess N in the Neuse River Basin
can be evaluated in the context of the nutrient storage capabilities of
different terrestrial ecosystems, the proximity of terrestrial N sources to
streams and rivers, and the likelihood of intercepting N runoff from the
landscape as it moves through vegetated riparian buffer zones, wetlands,
or soils, where removal processes (like denitrification) might help to
reduce N loading to aquatic systems. Both Model 1 and Model 2 predicted
that there are large land areas in the Neuse River Basin that cannot be
classified as either a N source or a N sink. Such areas are potentially
sensitive because future changes in land use, or small alterations in N
fluxes, could convert areas that are essentially in balance with respect to
N biogeochemistry into the N source or N sink category. In this respect,
model predictions indicate that the timing of N inputs and outputs on the
landscape can be a critical determinant of potential excess N and the
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possible export of N from terrestrial to aquatic ecosystems.
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APPENDIX 1. Literature review of annual net soil N mineralization. RN = record
number; SITE = state abbreviation or other geographic location; BRIEF
DESCRIPTION = vegetation cover; LULC = forest (F), agriculture (A), herbaceous
(G), emergent wetland (EW), woody wetland (WW); L/F = laboratory (L) or field (F)-
study; M = potential net soil N mineralization; Mr = annual rate of net soil N
mineralization; SOIL = soil depth (cm); SOIL N = soil N inventory; REF = reference
source.
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APPENDIX II. Literature review of annual N uptake by plants. RN = record number;
SITE = state abbreviation or other geographic location; BRIEF DESCRIPTION =
vegetation cover; LULC = forest (F), agriculture (A), herbaceous (G), emergent
wetland (EW), woody wetiand (WW); SOIL TYPE = sand (S), loam (L), loamy sand
(LS), silt loam (SIL), loam (L), sandy loam (SL), sandy clay loam (SCL), clay loam
(CL); F = reported N fertilization (g N m~2); U = annual N uptake by aboveground
plant biomass; REF = reference source. -
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APPENDIX III. Literature review of annual soil denitrification rates. RN = record
number; SITE = state abbreviation or other geographic location; BRIEF
DESCRIPTION = vegetation cover; LULC = forest (F), agriculture (A), herbaceci:
(G), emergent wetland. (EW), woody wetland (WW); FERT = fertilized (Y) or not
fertilized (N); HYD = hydric soil (Y) or not hydric soil (N); D = annual denitrification;
REF = reference source.
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APPENDIX IV. Arc Macro Language (AML) script 1

/*N nmodel.aml

/* Calculate potential excess nitrogen flux from each pixel in the Neuse
/* River watershed for each of four seasons. Also categorizes each pixel
/* as a source of N, sink for N, or too close to call.

/*

[ A e e Arguments—==——mmm-m e ———
[ r G e e Global Variables—=-—===—- Pl
Y T ettt LT Local Variables—-——==———mme——mm e e
/*

/* season = season being considered

/* '

JrR] e Input/Output Files, Coverages, etC.-—-—=———=m—o—m———ea-
/*

/* Requires a grid called "landcover"™ which contains the landcover/land
/* use categories and seasonal excess nitrogen values for each category.

/* Assumes that there is a "boundary" coverage in the .. workspace.

/* Creates two grids for each season.

/* . .

/*R----Other AML programs, Menus, or Programs Run by this AML program----
/*B---Other Aml programs, Menus, or Programs that run this AML program---
/F O e Operating System dependencies--————=--———me——cemex
/*

/* Must be run from within ARC GRID. Developed with Arc/Info 7.2.1 on
/* a Sun Ultra 5 running Solaris. . »

/*.

/FHm e e e e History-—=——=——=—=-c—m e~
S* Original coding by:

/* Tom L. Ashwood

/* Environmental Sciences Division
/* Oak Ridge National Laboratory
/> P.O. Box 2008

/* Oak Ridge, TN 37831-6036

/* Version 0, August 2000

/*E

/*

&SEVERITY &ERROR &ROUTINE bailout

/*

/* Setup the basic GRID environment

/* '

SETWINDOW ../boundary /* Make sure window is set within Neuse boundary
SETCELL 15 /* Uses 15-m pixels.

/*

/* Seasonal do-loop

/*

&DO season &LIST SPRING SUMMER FALL WINTER
/*

/* Apply seasonal excess N values to each pixel based on landcover.
/* Convert g N/m"2 to g n/pixel by multiplying by 225 m"2/pixel

/*

gseason%lgrd = CON{(landcover ne 0, INT (225 * landcover.$%season% + .5})
/* .

/* Convert pixels to red-yellow-green.schema based on excess N ranges
/* that correspond to <-225 (green or sink), >225 (red or source),

.



/* and >-225 <225 (yellow, too close to call).

/*

IF (%season%lgrd 1t -225) %season%grd = 3 /* Green
El.SE IF{%season%lgrd gt 225) %season%grd = 2 /* Red
ELSE %season%grd = 7 /* Yellow

ENDIF

&END

&CALL exit

&RETURN

/*

[ :——:'-—.:-,:—.,,-,:'A—..—u:ﬂ.——Routine Exit—-—==———w——mmm— e — e —— i ——m e
/* Exit Routine -~ Return to default GRID environment
/* -

&ROUTINE exit

SETWINDOW maxof

SETCELL maxof

&RETURN

/*

&ROUTINE bailout ,

&SEVERITY &ERROR &IGNORE

&CALL exit

&RETURN &ERRCR Bailing out of nmodel.aml
/* End of AML



APPENDIX V. Arc Macro Language (AML) script 2

/*N nmodel rl.aml

/*

/P e e e e Purpose-—-—————~ -
/*

/* This AML creates a revised set of seasonal excess N grids

/* by summing the seasonal grids for each parameter.

/* :

[ H B e e e e Arguments—-——-—— - — e e
B R Ratata b e Global Variables—==me————mm e
Y T et Local Variables—-——=m=me—mmmmr e e e
/* .

/* season = season being considered

/* sname = first three letters of %season$

/* .

JFIm— e Input/Output Files, Coverages, etcC.-=————————cmoueo
/*

/* Requires individual grids for each model parameter (i.e., atmospheric
/* deposition, fertilizer, mineralization, uptake, and denitrification).
/* Assumes that there is a "boundary” coverage in the /usr5/neuse workspace.
/* Creates two grids for each season.

/*

/*R----Other AML programs, Menus, or Programs Run by this AML program----
/*B---Other Aml programs, Menus, or Programs that run this AML program---
[ FOm e e Operating System dependencies--------------------
/*

/* Must be run from within ARC GRID. Developed with Arc/Info 7.2.1 on
/* a Sun Ultra 5 running Solaris.. :

/*

A Sttt D History-——-—---===—— e
/* Original coding by:

/* . Tom L. Ashwood

/* Environmental Sciences Division

/* Oak Ridge National Laboratory

/* P.O. Box 2008

/* Oak Ridge, TN 37831-6036

/* Version 0, August 2000

/*E

/*

&SEVERITY &ERROR &ROUTINE bailout

/*

/* Setup the basic GRID environment

/*

SETWINDOW /uer/neuse/boundary /* Make sure window is set within Neuse
. boundary
SETCELL 15 /* Uses 15-m pixels.

/*
/*
/*

Seasonal do loop

&DO season &LIST spring summer fall winter

/*
/*

&SETVAR sname = [SUBSTR %season% 1 3]

$season%rl = 225 + /usr5/neuse/nmodel/fer%sname%grd + min%sname%grdl ~
- /usrb5/neuse/nmodel/den$snametgrd - /usr5/neuse/nmodel /upt$snamesgrd

IF (%$season%rl 1t -225) %season%rlgrd = 3

ELSE IF(%season%rl gt 225) %$season%rlgrd = 2
ELSE $%season%rlgrd = 7 ’
ENDIF



&END
&CALL exit
&RETURN -
/*

/* Exit Routine
/*

&ROUTINE exit
&RETURN

&ROUTINE bailout

&SEVERITY &ERROR &IGNORE

&CALL exit

SRETURN &ERROR Bailing out of nmodel_rl.aml

/* End of AML
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