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Human activity has increased the amount of 
nitrogen flowing into surface waters and 
estuaries in the northeastern U.S by 10-

fold or more (Howarth et al. 2005). In estuaries 
such as the Chesapeake Bay, such large increases 
in nitrogen are severely damaging populations of 
aquatic plants and animals and also increasing 
harmful and toxic algal blooms. At global and 
national scales, agriculture is the major source 
of nitrogen pollution. However, atmospheric 
deposition is also a major source in many regions, 
and it contributes 25 to 50 percent of the nitrogen 
inputs to the Chesapeake Bay.

The Susquehanna is the largest U.S. river 
draining to the Atlantic, the largest tributary of 
Chesapeake Bay, and the single largest source of 
nutrients to the main stem of the Bay. Therefore, 
better understanding of the sources and sinks 
of nutrients and sediment in the Susquehanna 
River watershed will support better management 
of nutrients and water quality in the Chesapeake 
Bay. 

The Agricultural Ecosystems Program is a 
multidisciplinary program of the College of 
Agriculture and Life Sciences at Cornell University 
designed to increase our knowledge of the sources 
and sinks of nutrients and sediments in the New 
York portion of the Susquehanna watershed. Such 
knowledge will benefit not only the Susquehanna 
River watershed and the Chesapeake Bay, but 
will be valuable for improving understanding and 
management of nutrients in many other portions of 
the U.S. The program is truly multi-disciplinary, 
with forty participants from seven academic 
departments of Cornell University as well as Cornell 

University’s Mann Library, and representatives of 
six other academic or governmental organizations, 
including the Upper Susquehanna Coalition, a 
multi-agency group focused on improving water 
quality in the Upper Susquehanna River Basin.

Program Objectives
Our program has the following five objectives:

Improve estimates of the amounts of 
nitrogen, phosphorus, and sediments moving 
into the upper Susquehanna River, and 
ultimately to the impaired Chesapeake Bay.
Determine which factors control nutrient 
pollution in rural landscapes containing a 
mixture of forest and agricultural land uses.
Determine the importance of agricultural 
sources compared to other sources of 
nutrient pollution.
Determine how climate variability and 
climate change are affecting nutrient 
pollution.
Gain knowledge, tools, and techniques that 
will help maintain agricultural productivity 
and environmental quality throughout the 
northeastern U.S. and beyond.

The following approaches are used to promote 
creative research across disciplines:

Improve knowledge of key nutrient cycling 
processes by funding innovative field and 
laboratory studies via grants to Cornell 
researchers. 
Leverage and expand upon a) existing 
agricultural ecology research at the Harford 
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Agricultural Teaching and Research Center, 
and b) atmospheric deposition research at 
the Connecticut Hill atmospheric deposition 
site. We fund data collection and synthesis 
at these sites in support of multiple research 
projects. 
Use computer models to understand nutrient 
and sediment sources and sinks at different 
spatial scales: watershed, landscape, farm, 
field, plot, and micro-scale. We use two 
models at the watershed scale and provide 
grants to four modeling groups to model 
specific processes at finer spatial scales.

Thus, the Agricultural Ecosystems Program 
uses a mixture of field work, laboratory research, 
modeling, and data dissemination. The field work 
and laboratory research are facilitated by grants to 
faculty and students. These projects cover a range 
of topics, from determining sediment sources in 
the Upper Susquehanna to analyzing the effects 
of cropping systems and snow depth on nitrogen 
cycling and leaching to evaluating whether or not 
increasing soil carbon promotes nitrogen retention.  
Further information can be found in a recent 
program report (Woodbury and Porter 2007) and 
at the program web sites (http://www.eeb.cornell.
edu/biogeo/nanc/usda/index.htm,  h ttp://www.
usaep.mannlib.cornell.edu/).  In this article we 
focus on two elements of the program: whole 
watershed modeling, and managing, curating, and 
sharing research data.

Modeling
Modeling is undertaken at a number of scales to 

address a range of issues. Whole basin models are 
used to evaluate nitrogen sources and fluxes and 
to explore nitrogen management scenarios. Finer-
scale models are aimed at key aspects of nutrient 
and sediment cycling under different land use and 
land management conditions. In addition, we are 
exploring how the insights from finer-scale models 
can improve understanding at the whole-watershed 
scale.

Whole Basin Modeling 
Two models are being used in the Agricultural 

Ecosystems Program at the scale of the entire upper 
Susquehanna River basin: the SCOPE/NANI model 

3.

and the Regional Nutrient Management model 
(ReNuMa).  The SCOPE/NANI model is a simple 
mass-balance model for nitrogen that compares 
sources of nitrogen in the landscape to riverine 
nitrogen fluxes. It was originally developed for 
large regions, such as the combined watersheds of 
the North Sea or the northeastern U.S., or the entire 
Mississippi River basin (Howarth et al. 1996), but 
has subsequently been applied to watersheds of 
the scale of the Susquehanna (Boyer et al. 2002, 
Howarth et al. 2006). Despite its simplicity, a 
comparative analysis of many models demonstrated 
that the SCOPE/ NANI model is among the best 
in terms of error of prediction and assessment of 
nitrogen source determination (Alexander et al. 
2002).

Although the focus of the Agricultural 
Ecosystems Program is on the upper Susquehanna 
basin, we are developing estimates of nitrogen 
inputs to the entire Susquehanna basin in order to 
compare inputs and outputs from the upper and lower 
portions of the basin. The SCOPE-NANI model 
uses a simple mass-balance approach to compare 
riverine nitrogen fluxes to four categories of net 
anthropogenic inputs: (1) atmospheric deposition, 
(2) fertilizer, (3) nitrogen fixation by vegetation, 
and (4) food and feed imports. To date, we have 
estimated inputs primarily for the early 1990s. 
These estimates are spatially-explicit and are stored 
in a Geographic Information System so that inputs 
can be examined for any portion of the watershed. 
Wet and dry nitrogen deposition data were obtained 
from CASTNet and NADP monitoring stations and 
were interpolated separately using universal kriging 
after de-trending.  Fertilizer application rates within 
counties were obtained from the literature and 
weighted based on the proportion of each county 
in each basin. Nitrogen fixation was derived from 
leguminous crop area data from the Census of 
Agriculture multiplied by nitrogen fixation rates 
from the literature. Net nitrogen import in food 
and feed was derived from crop and animal data 
from the Census of Agriculture and data from the 
literature on crop and feed nitrogen contents and 
animal and human nitrogen requirements. 

We found that total N inputs (Table 1) were 
substantially lower in the upper basin (3,428 kg 
N per km2) than the lower basin (5,189 kg N per 
km2). In addition, the proportion of N inputs from 
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different sources differed somewhat between the 
upper and lower basins. Specifically, atmospheric 
deposition contributed 34 percent in the upper and 
27 percent in the lower basin. Net import of food 
and feed contributed 27 percent (upper) and 45 
percent (lower). Fertilizer accounted for 15 percent 
(upper) and 13 percent (lower). Nitrogen fixation 
contributed 24 percent (upper) and 15 percent 
(lower).  Both the upper and lower basins are net 
exporters of food, but net importers of animal 
feed. Thus agriculture contributed the majority of 
anthropogenic inputs to the basin, mostly through 
net imports of feed and nitrogen fixation rather than 
fertilizer. Only 22 percent (upper) and 21 percent 
(entire) of nitrogen inputs are exported in rivers, 
with the remainder stored in vegetation, soils, and 
ground water, or denitrified. 

The second model we will use at the large 
watershed scale is ReNuMa, a model we are 
developing to allow planners and other stakeholders 
to explore scenarios for reducing nitrogen fluxes 
from the landscape (http://www.eeb.cornell.edu/
biogeo/nanc/usda/renuma.htm, Hong and Swaney 
2007). Nitrogen cycling as represented in the 
ReNuMa model is shown in Figure 1 which 
we will be applying to the Susquehanna Basin. 
Additionally, we are integrating the results of more 
detailed site-specific and process-specific models, 
as summarized in the next section.  

Site-Specific and Process-Specific Models 
Variable Source Loading Function Model. In 
the northeastern U.S., runoff is typically produced 
in locations where soils saturate from below. 
Such locations are called variable source areas 
because they expand during a rainstorm. Since 
these variable source areas are primary locations 
for denitrification, and runoff from these areas is 
the primary transport mechanism for nutrients, 
locating variable source areas is important for 
estimating nutrient loads and effects of management 
practices. However, most current models assume 
that runoff is produced in locations where rainfall 
intensity exceeds the soil infiltration capacity. 
Such models predict that runoff occurs along the 
boundary of the basin. We have developed the 
Variable Source Loading Function model, which 
predicts that runoff occurs in areas along the rivers, 
thus better matching field observations. In addition 
to implementing and validating the model in the 
upper Susquehanna basin, we will develop a web-
based tool allowing users to click on a landscape 
element and find its probability of saturation.

Improving Simulation of Management Prac-
tices and Regional Model Comparison. Three 
categories of data are being used to better characterize 
watershed nitrogen cycling and better parameterize 
the ReNuMa model. First, a meta-analysis database 
will be used that quantifies nitrate leaching from 

Entire Basin Upper Basin Lower Basin

Watershed Area 71,278 19,515 51,763

Net Atmospheric N Deposition 1,334 1,153 1,402
Nitrogenous Fertilizer Use 641 524 685
N Fixation in Agricultural Lands 788 836 770
Net N Import in Food & Feed 1,944 915 2,332

Total Nitrogen Inputs 4,707 3,428 5,189
Streamflow N export 977 753

% of N inputs exported in Streamflow 21 22
% of N inputs stored or lost in basin 79 78

--------------------------km2--------------------------

-------------------Kg N/km2/yr---------------------

---------------------------%--------------------------

Table 1. Anthropogenic N Inputs and Riverine Exports for the Susquehanna Basin.
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Figure 1. Schematic of watershed nitrogen dynamics as represented in the ReNuMa model (Hong and Swaney 2007).

paired studies of fertilizer application under bare 
fallow contrasted to cover crop management, and 
fertilizer application compared to unfertilized 
systems in which a legume cover crop serves as 
the nitrogen source. Additionally, data from the 
literature are being analyzed to quantify the effects 
of the following management strategies on nitrogen 
losses: (1) application of nitrification inhibitor, 
(2) slow release nitrogen, (3) side-dressing, (4) 
manure application, (5) legume-based rotations, 
(6) cover crop rotations, (7) pasture, (8) perennial 
or Conservation Reserve Program systems. We 
are also using the Decomposition-Denitrification 
model to simulate organic and inorganic carbon 
and nitrogen compounds as they move between the 
atmosphere, the crop, the soil, and the soil leachate. 
Experimental data from the Rodale Institute in 
Kutztown, PA on nitrate losses during a 15-year 
period under different management practices are 
being used to calibrate the model. Predictions under 
various management strategies will be compared 
to those of the ReNuMa model.
Precision Nutrient Management Model. Small 
changes in the timing and rate of nutrient 
applications (fertilizer and manure) for corn 
production can significantly affect nitrogen losses 

to surface and ground water. We developed the 
Precision Nutrient Management model to improve 
nitrogen use efficiency and reduce nitrogen 
leaching. This model simulates soil nitrogen and 
soil water based on the LEACHN model (Hutson 
2003) and maize growth and nitrogen uptake based 
on the model of Sinclair and Muchow (1995). 
Climate data are automatically downloaded from 
the Northeast Regional Climate Center, but higher 
resolution climate data for New York State are 
being developed, allowing the model to make 
separate predictions for each 5 km by 5 km area. 
The initial focus is on corn production since it is 
an important row crop in the upper Susquehanna 
basin and a potential source of nitrogen loads to 
surface waters. We are using the model to simulate 
different management, climate, and fertilizer and 
manure inputs to identify management practices 
that limit nitrogen leaching while maintaining 
crop productivity. We are also running simulations 
to make more precise side-dress nitrogen 
recommendations, because such recommendations 
can reduce environmental nitrogen losses by up to 
60 kg N/ha annually. 

Predicting Nitrogen Export from Forested 
Watersheds. To predict nitrogen export, the 
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ReNuMa model  uses a relationship predicting 
nitrogen export from nitrogen deposition. We are 
constructing an alternative method to estimate 
nitrate export from a forested watershed to increase 
the accuracy of this prediction. This method uses 
Simple Nitrogen Cycle model (SINIC, Hong et 
al. 2005), to provide a relationship between site 
conditions and nitrogen export. Clustering of 
the output from the simulations using data from 
Hubbard Brook Experimental Forest has identified 
the importance of topography, temperature, 
moisture, substrate, and vegetation on nitrogen 
export. We are currently investigating whether 
this set of variables must be expanded to work as 
well in the watersheds of the upper Susquehanna 
by establishing a data set for topography, 
temperature, moisture, and substrate, and defining 
sub-watersheds of the upper Susquehanna based 
on spatial and temporal categories defined by these 
variables. From this, we are producing predictions 
for inorganic nitrogen export. 

Managing, Curating, and Sharing 
Research Data

Research programs such as the Agricultural 

Ecosystems Program create numerous and varied 
data sets that may be valuable to other researchers 
as well as the public.  Cornell University’s Mann 
Library is collaborating with the Agricultural 
Ecosystems Program to facilitate the sharing and 
archiving of research data, both among researchers 
and with the public.  The collaboration has four 
key components, the first two of which we describe 
in this paper:

creating high quality documentation 
(metadata) for data sets produced by the group, 
depositing data sets and documentation in 
one or more online repositories, 
creating an ontology-based web portal 
(http://www.usaep.mannlib.cornell.edu/; 
Caruso et al. 2006) that presents information 
about the program and links to data sets 
regardless of their location, and 
providing tools to facilitate collaboration 
among researchers within the program.

Metadata Creation and Data Distribution
Our strategy is to provide assistance with 

metadata creation and to facilitate transmission 

1.

2.

3.

4.

Figure 2.  Model for the creation and movement of metadata and data from individuals and research groups to 
systems supporting sharing with collaborators and, eventually, with the public. Reprinted from Steinhart and 
Lowe (2007).
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of data and metadata first to a library-hosted 
repository that is accessible only to researchers 
within the Agricultural Ecosystems Program, and 
later, when the data set owner is ready to make their 
data public, to local institutional (Cornell) and/or 
discipline-based data and metadata repositories 
(Figure 2).  

Metadata describe the content, purpose, 
structure, format, and accessibility of data sets, and 
serve as a set of “instructions” to help researchers 
judge whether and how they might use data 
provided by their colleagues.  Metadata also serve 
a functional role in digital repositories, making it 
possible to display information about a dataset, and 
for search engines to index repositories and deliver 
search results to users.  We adopted Ecological 
Metadata Language, a standard developed at 
the National Center for Ecological Analysis and 
Synthesis (NCEAS) specifically for the ecological 
sciences (Fegraus et al. 2005).  A metadata editing 
application (Morpho) is available, making it 
relatively easy for researchers to create metadata 
for their own data sets.  Morpho also allows 
users to interact with Metacat (also developed at 
NCEAS, Jones et al. 2001), a metadata database, 
to upload metadata and data to a server, and to 
search, view and retrieve data and metadata on 
the system.  A local Metacat installation provides 
a mechanism for researchers to share data within 
the Agricultural Ecosystems Program.  To get 
researchers started with metadata creation, Mann 
Library hosted an Ecological Metadata Language 
and Morpho training workshop, and offers 
individual consultations to researchers on an as-
needed basis. 

When a data set owner is ready to share their data 
publicly, they are encouraged to deposit their data 
and metadata locally in Cornell’s digital repository, 
eCommons@Cornell (http://ecommons.library.
cornell.edu/handle/1813/2834), in a discipline-
specific repository (for example, the Knowledge 
Network for Biocomplexity or KNB, http://knb.
ecoinformatics.org/), or both.  An advantage to 
depositing data sets and metadata in eCommons@
Cornell is that the contents are indexed by search 
engines, making it possible for the data sets to be 
found via ordinary web searching.  While as of this 
writing, some data repositories (including the KNB) 
are not indexed by search engines, they provide 

access to data in a discipline-specific context, 
enhancing the likelihood that a data set would 
be discovered by ecologists who are deliberately 
searching for data.  An additional advantage to 
depositing data in the KNB is that metadata are 
harvested by other clearinghouses such as the 
National Biological Information Infrastructure’s 
metadata clearinghouse (http://mercury.ornl.gov/
nbii/). A few Agricultural Ecosystems Program 
researchers may also produce geospatial data, 
which could be documented with Ecological 
Metadata Language and deposited in the KNB, 
but such data are also appropriately documented 
using the Federal Geographic Data Committee’s 
Content Standard for Digital Geospatial Metadata.  
These data sets would be excellent candidates for 
inclusion in the Cornell University Geospatial 
Information Repository (CUGIR, http://cugir.
mannlib.cornell.edu/), a geospatial data repository 
for New York State.

Progress to Date
Many program participants have, to date, 

described their data sets as incomplete and in 
progress.  However, we have worked with one 
researcher to create an Ecological Metadata 
Language record for his data and deposit both data 
and metadata in eCommons@Cornell and the KNB 
(Nagle et al. 2007).  In addition, the research group 
has approximately 30 years of observational data 
collected by David Bouldin, emeritus professor 
at Cornell.  These data include stream and ground 
water chemistry and related measurements and are 
of interest to the Agricultural Ecosystems Program 
group, both for immediate use and as an historic 
body of data of likely use to future researchers.  We 
are currently working with Bouldin to format and 
document these data.

These two exercises in metadata creation 
provide an interesting illustration of some of the 
potential challenges to data curation.  Nagle’s 
data set was a small and simple one, collected 
recently with methods and other details fresh 
in the investigator’s mind.  Accordingly, it took 
only an hour or two to document and deposit the 
data and metadata.  In contrast, the Bouldin data 
represent a decades-long data collection effort, 
the data sets are considerably larger and more 
complex, and formatting and documenting them 
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has required considerably more effort.  Challenges 
have included migrating file formats (from Quattro 
Pro to Excel), assessing the impact of file format 
migration on data integrity, verifying geographic 
coordinates for field sites visited as many as 30 
years ago, determining analytical methods and 
instrumentation used for chemical analyses, and 
resolving questions regarding apparent outliers in 
the data.  Taken together, these observations make 
the case for early initiation of metadata creation by 
researchers.

We are optimistic about the potential for this 
type of collaboration between researchers and 
research libraries.  It supports interdisciplinary and 
collaborative research directly by facilitating the 
sharing of data, but as a growing number of funding 
agencies are beginning to require that researchers 
submit a data management plan as part of a grant 
proposal, it is also worth noting that libraries with 
expertise in data curation should be able to help 
support researchers in meeting such requirements.  

Summary and Future Directions
The Agricultural Ecosystems Program research 

program has accomplished a great deal with modest 
funding in a short time (in its second year) by 
leveraging ongoing research activities at Cornell 
University and collaborating with other groups 
within Cornell University and other institutions. 
We have developed a collaborative team of 
researchers to investigate fundamental processes 
controlling nutrient cycling while at the same time 
integrating basin-wide information with computer 
models. Also, two intensive research sites are 
supported, one focused on atmospheric deposition 
and one focused on nutrient cycling within a large 
animal research farm. Both sites have very strong 
historical records of data and research. Finally, 
student research projects are being supported that 
will contribute to training future scientific leaders. 

In sum, we are achieving our goal of developing 
new knowledge of basic nutrient cycling processes 
in large and small watersheds. This knowledge 
will provide a considerably more robust platform 
for effective environmental management of our 
valuable soil, air, and water resources and the 
terrestrial and aquatic life that depends on them.
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