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Preface

The Second USGS Modeling Conference was held February 11-14, 2008, in Orange
Beach, Ala. Participants at the conference came from all U.S. Geological Survey (USGS)
regions and represented all four science disciplines—Biology, Geography, Geology, and Water.
Representatives from other Department of the Interior (DOI) agencies and partners from the
academic community also participated. The conference, which was focused on “painting the
big picture,” emphasized the following themes: Integrated Landscape Monitoring, Global
Climate Change, Ecosystem Modeling, and Hazards and Risks. The conference centered on
providing a forum for modelers to meet, exchange information on current approaches, identify
specific opportunities to share existing models and develop more linked and integrated models
to address complex science questions, and increase collaboration across disciplines and with
other organizations. Abstracts for the 31 oral presentations and more than 60 posters presented
at the conference are included here.

The conference also featured a field trip to review scientific modeling issues along the
Gulf of Mexico. The field trip included visits to Mississippi Sandhill Crane National Wildlife
Refuge, Grand Bay National Estuarine Research Reserve, the 5 Rivers Delta Resource Cen-
ter, and Bon Secour National Wildlife Refuge. On behalf of all the participants of the Second
All-USGS Modeling Conference, the conference organizing committee expresses our sincere
appreciation for the support of field trip organizers and leaders, including the managers from
the various Reserves and Refuges.

The organizing committee for the conference included Jenifer Bracewell, Sally Brady,
Jacoby Carter, Thomas Casadevall, Linda Gundersen, Tom Gunther, Heather Henkel,

Lauren Hay, Pat Jellison, K. Bruce Jones, Kenneth Odom, and Mark Wildhaber.
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Conversion Factors

Multiply By To obtain
Length
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
Area
acre 0.4047 hectare (ha)
square mile (mi?) 2.590 square kilometer (km?)
Volume
acre-foot (acre-ft) 1,233 cubic meter (m?)
Flow rate
cubic foot per second (ft¥/s) 0.02832 cubic meter per second (m>/s)
mile per hour (mi/h) 1.609 kilometer per hour (km/h)

Concentrations of chemical constituents in water are given either in milligrams per liter (mg/L)

or micrograms per liter (pg/L).

Multiply By To obtain
Length

centimeter (cm) 0.3937 inch (in.)

kilometer (km) 0.6214 mile (mi)

meter (m) 1.094 yard (yd)

Area

square kilometer (km?) 247.1 acre

hectare (ha) 0.003861 square mile (mi*)
square kilometer (km?) 0.3861 square mile (mi*)
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Monitoring Snow Water Status With a
Distributed Snowmelt Model (Poster)

By Guleid A. Artan’, Jodie L. Smith', and James P.
Verdin?

!Science Applications International Corporation, Sioux Falls, S. Dak.

2U.S. Geological Survey, Sioux Falls, S. Dak.

A large amount of the Afghanistan water supply comes
from reservoirs fed by snowmelt; therefore, monitoring
the status of snow water in key areas during the winter and
spring is an important function of the water resources and
disaster management entities of the country. In this study,
we illustrate the utility of monitoring the status of the snow
across Afghanistan by employing a spatially distributed snow
accumulation and ablation model forced solely with remotely
sensed data, weather model assimilation fields, and globally
available meteorological data in near-real time. The snowmelt
model we used was a spatially distributed version of the Utah
Energy Balance model. The model calculates the melt and
accumulation of snow using physically based calculations of
advective, latent, sensible, and radiative heat exchange. The
Utah Energy Balance is forced by air temperature, aver-
age horizontal wind speed, humidity, precipitation, and total
incoming solar radiation recorded at a standard height. The
model time step can vary from 1 to 6 hours. The model state
variables are liquid water equivalent content, snow energy
content, and snow surface age. We also tested the model
uncertainty decrease accrued by using a dynamic Moderate
Resolution Imaging Spectroradiometer (MODIS)-based albedo
product instead of a simple parameterization. The MODIS-
based snow albedo we used was an integrated 8-day running-
average value calculated for areas that were established to be
cloud-free by the MODIS cloud mask and snow-covered by
the MODIS snow algorithm. Model input meteorological data
were estimated from satellite or weather-model output. We
downscaled the grid resolution of Mesoscale Model, version
5 (MMS) model fields of air temperature, air relative humid-
ity, and solar radiation variables to 10 kilometers (km) from
45 km. The downscaling algorithms rely on the topographic
data to downscale the coarse weather-forecasting model’s

output fields to the higher resolution. The meteorological data
that we used, except for the rainfall, have a 6-hour time step,
which is sufficient to resolve the diurnal cycle. The spatial
distribution of the simulated snow-water equivalent compared
well with MODIS-observed snow cover. Furthermore, mod-
eled snow-water equivalent provided a good early indication
of the relative magnitude of the water available for irrigation
in the upcoming summer. The modeled snow-water maps were
also useful in mapping basins that were likely to experience a
higher risk for floods after anomalously high snowmelt.

Three-Dimensional Circulation and
Transport Modeling in Devils Lake,
North Dakota (Oral Presentation)

By Jerad Bales'and Rochelle A. Nustad'

'U.S. Geological Survey, Raleigh, N.C.

The Devils Lake basin is a 3,810-square-mile (mi?)
subbasin of the Red River of the North. The basin is closed at
Devils Lake levels of less than 1,446.5 feet (ft) above sea level
(asl), but spills into Stump Lake at higher levels, and subse-
quently spills into a tributary of the Red River of the North
at elevations greater than 1,450 ft asl. As a result of generally
greater than normal precipitation, the Devils Lake water level
has exceeded 1,446 ft asl more or less continuously, and the
surface area of the lake has essentially doubled to the current
area of 128,600 acres. In the same time, the volume of the lake
has increased by 107 percent to 2,512,000 acre-ft. Hundreds
of homes and businesses and thousands of acres of productive
farmland have been lost as a result of the lake-level rise. More
than $450 million has been spent relocating roads and bridges
and building levees, and additional work is planned.

Most of the inflow to the lake occurs in the late spring
during snowmelt. The inflow may take as long as 1 month to
move through the lake. Following the inflow period, circula-
tion in Devils Lake is driven primarily by wind, which sets
up fairly large water-level gradients across the lake. The lake
has a complex morphometry, with large bays separated by
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narrow passes, and bridges cross the lake at several locations.
The water at the downstream (eastern) end of the lake is poor
in quality and has high solute concentrations, and there is
concern that the solutes are moving west.

In this study, the magnitude of the differential lake levels
and their effects on flooding, water circulation, and solute
transport have been simulated by using the three-dimensional
model UnTRIM. An extensive campaign was conducted
to collect synchronous data throughout the lake, includ-
ing streamflow at all the major inflows and at the outflow
to Stump Lake. Weather data were measured at three sites
around the lake; the lake level was recorded at eight sites; and
an Acoustic Doppler Current Profiler (ADCP) was deployed
at one site in the lake. The model grid was developed up to
a shoreline elevation of 1,453 ft asl to account for possible
future flooding. The unstructured grid contains five vertical
layers and more than 10,000 computational cells. The model
was calibrated for existing conditions and will be applied
using stochastically generated inflow to investigate the effects
of various inflow and wind conditions on flooding and solute
transport.

Addressing the Vulnerability of
Western Mountain Ecosystems

and Water Resources to Climate
Change With RHESSys, the Regional
Hydro-Ecological Simulation System
(Oral Presentation)

By Jill S. Baron', Christina Tague?,
Lindsey Christensen®, Nate Stephenson®, Craig Allen®,
Dan Fagre®, David Peterson’, and Donald McKenzie’

'U.S. Geological Survey, Fort Collins, Colo.
2University of California, Santa Barbara, Calif.
3Colorado State University, Fort Collins, Colo.
‘U.S. Geological Survey, Three Rivers, Calif.
SU.S. Geological Survey, Los Alamos, N. Mex.
°U.S. Geological Survey, West Glacier, Mont.
7U.S. Forest Service, Seattle, Wash.

Western mountain ecosystems are changing rapidly
in response to climate change. Earlier onset of snowmelt,
larger forest areas affected by wildfire and insect outbreaks,
and increasing rates of evapotranspiration are beginning
to strain the ability of mountain environments to provide
water, wood products, carbon sequestration, biodiversity,
and recreational opportunities. The Western Mountain Ini-
tiative, a U.S. Geological Survey (USGS) global change
program, uses the Regional Hydro-Ecological Simulation
System (RHESSys) model in conjunction with long-term

monitoring, regional assessments, paleoclimate and paleoeco-
logical reconstructions, and synthesis workshops to under-
stand the sensitivities, thresholds, resistance, and resilience
of Western mountain ecosystems to climatic variability

and change. RHESSys is a geographic information system
(GIS)-based hydro-ecological modeling framework designed
to simulate carbon, nutrient, and water fluxes. By combining
a set of physically based process models and a methodology
for partitioning and parameterizing the landscape, RHESSys
is capable of modeling the spatial distribution and temporal
interactions between different processes at the watershed
scale.

We applied RHESSys to catchments in Glacier, North
Cascades, Rocky Mountain, and Yosemite National Parks to
examine how ecosystem properties, including ecosystem water
use (evapotranspiration, or ET), productivity or net primary
production (NPP), and stream runoff, are affected by climate
variability, and where these effects are most pronounced on
the landscape. The sites were selected because of the extensive
databases associated with them. Annual precipitation was
positively correlated with ET, NPP, and runoff at all the sites.
Temperature, however, was negatively correlated with ET,
NPP, and runoff at the Mount Rainier catchment, and had
no relation to ET, NPP, and runoff at the Glacier and Rocky
Mountain National Park catchments.

There was a positive correlation with ET and NPP but a
negative correlation with runoff at the Yosemite catchment,
suggesting a tradeoff between ecosystem and stream pro-
cesses. The middle elevations at Yosemite were most respon-
sive to changes in precipitation and temperature, similar to
many empirical studies. Topographic complexity in the West
reduces our ability to generalize from the four sites to other
Western catchments at different elevations and aspects, but
we are beginning to see what may be regional and elevational
differences in ecosystem response. Future work will place the
National Park watersheds in a West-wide vulnerability context
by coupling model output that identifies the processes most
responsive to climate change, including forecasts, with climate
and geographic filters.

The Puget Sound Integrated Landscape
Monitoring Project (Poster)

By Susan Benjamin’

'U.S. Geological Survey, Menlo Park, Calif.

The deteriorating environmental quality of the waters
of Puget Sound has raised alarms at private, local, State,
and Federal levels. The U.S. Geological Survey (USGS) is
working with many partners in the Sound to understand the
effects that a changing landscape has had on the second larg-
est estuary in the United States. Determining the impacts of
natural processes and human actions, predicting their effects,



Proceedings of the Second All-USGS Modeling Conference, February 11-14, 2008 3

and developing models and tools to evaluate different actions
as expressed through changes in the landscape are critical

to ensuring a sustainable future for all, both ecologically

and economically. In the Puget Sound Integrated Landscape
Monitoring Project (PS-ILM), a conceptual model of the
landscape is being developed to describe the components of
the landscape (structure) and the interactions among those
components (function). This conceptual model will also be
used to develop an interdisciplinary approach to measuring
and evaluating potential indicators of landscape condition and
change at scales necessary to understand management issues
and develop successful management practices. Providing this
information to partners with regulatory and advisory responsi-
bility may assist efforts to restore the environmental health of
Puget Sound.

A New Method of Multiscale
Topographic Analysis: Extracting
Landforms (Poster)

By Norman B. Bliss'

'Science Applications International Corporation, Sioux Falls, S. Dak.

Most existing algorithms for topographic analysis make
use of moving windows (for example, for slope or aspect)
or accumulate statistics on upstream areas (for example,
flow accumulation). This poster introduces a new method of
analysis that uses the standard flow direction and streamline
calculations to create a vector dataset of flowpaths. Using
the nodes of the streamline vector dataset, a new data struc-
ture of pointers relates each node to the nodes upstream and
downstream. The current implementation creates pointers to
nodes at distances away on the network for each power of 2
(for example 1, 2, 4, 8, 16 nodes away). It is then possible
to calculate slopes and curvatures on actual flowpaths and to
identify areas of concavity and convexity on the landscape at
multiple scales.

I anticipate applications of this method for delineating
landforms with great precision. Such features as floodplains,
low hills, and steep mountains can be identified using criteria
at generalized scales (for example, over distances of hundreds
of meters), and yet boundaries for the features can be delin-
eated near the resolution of the digital elevation model (for
example, 30 meters).

The customized landform delineations will have applica-
tions in many areas of integrated landscape monitoring (for
example, vegetation productivity and phenology), climate
change (for example, the influence of soil wetness on soil
carbon storage or release to the atmosphere), and hazards and
risks (for example, locating the probability of debris flows fol-
lowing wildfires and heavy rains).

Taking SPARROW Predictions to
the Web: A Tool For Research and
Resource Management (Poster)

By Nate Booth' and Eric Everman’

'U.S. Geological Survey, Middleton, Wis.

The U.S. Geological Survey (USGS) National Water
Quality Assessment Program (NAWQA) is developing water-
quality predictive models for eight major river basins of the
conterminous United States. In addition to extrapolating mea-
sured water-quality conditions to unmonitored areas to help
assess water-quality status, a calibrated Spatially Referenced
Regressions On Watershed Attributes (SPARROW) model can
be used to produce statistically defensible estimates of load,
flow-weighted concentration, or yield of any modeled constit-
uent under different land use and management scenarios.

A decision support infrastructure is being developed to
offer sophisticated prediction capabilities for research and
resource management. The intention is to provide users of
the system with these capabilities through a standard web
browser without the need for proprietary software licenses or
significant training. Development and operations costs of the
system will be mitigated by defining a common data storage
format for large geographic information system (GIS) datasets
(for example, river networks) and by centralizing the data
processing function in a set of industry-standard database and
web-application servers.

Based on previous SPARROW modeling products and
current work by the USGS Geography and Water in the
Chesapeake Bay Program, the following four general areas
of predictions are planned: (1) Estimate load or concentra-
tion for river reaches of interest for specified source input or
land use changes. Users can adjust source terms in upstream
basins individually or across source categories (for example,
waste-water treatment facilities) and view maps of source
allocations, model prediction metrics, and changes from
model baseline; (2) Investigate reaches in nonattainment
(305b/303d reporting) to allow users to rank and map nonat-
tainment reaches and produce summary reports for river miles
impacted; (3) Rank incremental delivered yield by catchment
to show reaches that contribute the most significant load to a
targeted downstream reach of interest; and (4) Develop cost
optimization procedures for either (a) targeted load reduction
or (b) defined amount of available treatment resources to allow
users to choose reaches on which to focus treatment dollars
based on incremental delivered yield and treatment cost esti-
mates by input source type.
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Strategic Habitat Conservation (SHC)
and the Importance of Ecosystem
Models (Oral Presentation)

By Laura A. Brandt!

'U.S. Fish and Wildlife Service, Davie, Fla.

The U.S. Fish and Wildlife Service (FWS) bears
the Federal Government’s final legislative accountability for
realizing the public trust interests in sustaining migratory
birds, threatened and endangered species, interjurisdictional
fisheries, and some marine mammals. That responsibil-
ity is shared legislatively by State governments as well as
other Federal agencies and voluntarily by nongovernmen-
tal organizations. Strategic Habitat Conservation (SHC)
is an approach to conservation that focuses on the Fed-
eral Government’s responsibility to assess, monitor, and
predict the ability of landscapes to sustain populations of
public trust species and work in partnership with organiza-
tions to implement necessary actions to achieve desired
outcomes. The achievement of sustainable populations of
trust species is how the FWS will measure progress toward
its mission of working with others to conserve, protect,
and enhance fish, wildlife, and plants and their habitats for
the continuing benefit of the American people. The SHC
framework is a science-based, iterative, adaptive frame-
work that includes biological planning, conservation design,
conservation delivery, monitoring, and research. Key
elements of SHC are (1) setting explicit biological objectives,
(2) identifying factors that limit the population or ecosys-
tem function, and (3) developing models and decision sup-
port tools. Modeling at population and ecosystem scales and
making that information available to managers is a component
in developing the information needed to make decisions on
where and how much habitat is necessary to ensure popula-
tion and landscape sustainability and to forecast effects of
alternative land use scenarios. Ecosystem models will be
particularly important in projecting the effects of climate
change on species and habitats. Having such information
will put the FWS in a better position to respond proactively.
The FWS has limited capacity to develop ecosystem models
and will look to expertise within the U.S. Geological Survey
(USGS) to assist in meeting those needs. This effort will
require a stronger and expanded relationship between the
management functions of the FWS and the science expertise
of the USGS. One step in expanding the relationship between
the FWS and the USGS is to go beyond the traditional com-
munications “need-response model” toward a more function-
based relationship that is built around the elements of SHC.
This presentation will highlight how the science anticipated
by an SHC approach to conservation calls for a closer work-
ing relationship between science (USGS) and management
(FWS) if the Public Trust Doctrine is to be realized for future
generations of Americans.

Numerical Simulation of Ground-Water
Flow Within the Atlantic Coastal Plain
Aquifers of North Carolina and South
Carolina (Poster)

By Bruce Campbell’

'U.S. Geological Survey, Columbia, S.C.

The Atlantic Coastal Plain aquifer system of North
Carolina and South Carolina is an important source of potable
water for a growing population. The 2000 Census reported that
the combined populations of Coastal Plain counties in North
Carolina and South Carolina totaled nearly 6 million people,
with 3.2 million located in North Carolina and 2.5 million
located in South Carolina. In North Carolina, the population
grew by 21 percent from 1990 to 2000. The population is
projected to grow by another 13 percent by the year 2015. The
numbers are similar in South Carolina, which had a population
increase of 15 percent from 1990 to 2000 and whose popula-
tion is projected to grow by 13 percent by 2015. The Atlantic
Coastal Plain aquifer system has a large aerial extent, cover-
ing approximately 25,000 square miles in North Carolina and
approximately 20,000 square miles in South Carolina. Most
of the Coastal Plain is underlain by at least one, and in some
areas, several highly productive aquifers. Although ground-
water resources have been intensively developed in some areas
of the Atlantic Coastal Plain, large areas remain relatively
undeveloped. Some municipalities, such as Myrtle Beach
and Charleston, S.C., which developed the Atlantic Coastal
Plain aquifers in previous years and created large cones of
depression in aquifer potentiometric surfaces, have switched
to surface-water sources, thus allowing ground-water levels to
recover partially.

Saltwater encroachment is occurring in several places
within the Atlantic Coastal Plain aquifers in North Caro-
lina and South Carolina in response to the lowering of these
potentiometric surfaces. Most of the onshore parts of the North
Carolina and South Carolina Atlantic Coastal Plain aquifers
contain freshwater (total dissolved solids are less than 1,000
milligrams per liter); however, brackish water and saltwater
are present in the aquifer system, especially near the coast.
Even these brackish ground-water resources, however, are
being used by some communities because the cost and effi-
ciency of desalination technology have improved.

The complicated history of water use, along with
substantial areal variations in aquifer properties, pose chal-
lenges for the State agencies who are charged with manag-
ing these important resources. As more users demand more
water, the need for scientifically based management tools has
increased. A numerical ground-water-flow model is such a
tool; it can be used to integrate and evaluate large volumes
of ground-water data to assist in the management of these
important ground-water resources. To help State agencies
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address issues concerning the management and development
of the Atlantic Coastal Plain aquifers in North Carolina and
South Carolina, steady-state and transient ground-water flow
models are being developed by the U.S. Geological Survey
(USGS) using the USGS finite-difference ground-water flow
model, MODFLOW-2000.

The steady-state model consists of 16 layers and contains
130 rows by 275 columns of 2-square-mile grid cells. Net
recharge, upper Coastal Plain rivers, and numerous wells are
simulated as fluxes within the model. Specified-head model
boundaries are set laterally at the James River in Virginia and
the Oconee River in Georgia. No-flow model boundaries are
set at the Fall Zone and at the freshwater/saltwater interface.
The upper boundary of the model is simulated mostly as a
specified-head boundary to represent the water table, except
in the higher elevations of the upper Coastal Plain, which are
actively modeled and where direct net recharge is applied.
Model calibration criteria include predevelopment water levels
and synoptic water levels for the study area collected in 1980,
1982, 1989, and 2004. Analysis of the baseflow of selected
upper Coastal Plain streams using hydrograph separation tech-
niques also are being used to constrain the model solutions.

MOAB: Modeling Individual Movement
and Behavior Using an Expert System
Approach (Poster)

By Jacoby Carter!

'U.S. Geological Survey, Lafayette, La.

There are three general approaches to modeling individ-
ual behavior. One is to use a stochastic model whereby indi-
viduals move across the landscape in a random walk. These
walks can be modified by using different probabilities for
different states. A second approach is to use a rigid rule-based
system, such as a decision tree or a decision matrix. A third
approach is to use techniques from artificial intelligence, such
as neural nets or heuristic approaches. The neural net approach
works by comparing the behavior of the model with measured
behavior of the observed system and adjusting the weights of
the neurons until the model approximates the observed result.
A rule-based approach uses “rules of thumb” to determine
behavior. This approach differs from a decision tree or a
decision matrix approach in that the rules can be unstructured
and state-dependent, rather than fixed. The Model of Animal
Behavior (MOAB) model allows the user to simulate move-
ment and foraging behavior across a landscape using either
a random walk model that can be modified to approach that
of a structured rules system, or an expert system mode that
uses rules of thumb provided by the user. By allowing both
approaches in MOAB, a rule-based approach can be compared
to a “null” model. Individual movement is determined by a
suite of variables, including habitat type; the presence, type,

and quantity of food; the internal state of the animal with
respect to energy, sex, and anxiety levels; the recent history of
surrounding cells; the recent history of the animal; and the ani-
mal’s ability to detect its surrounding environment. Because
the model is spatially explicit and updates the landscape in
response to animal behavior, it can be used to predict indi-
vidual responses to landscape change.

Modeling Nutria (Myocastor coypus)
Invasions Across Regional and
National Landscapes (Poster)

By Jacoby Carter!

'U.S. Geological Survey, Lafayette, La.

Nutrias (Myocastor coypus) are aquatic rodents native
to the southern half of the South American continent. They
are highly valued for their fur. Originally introduced to North
America by fur farmers, they have escaped or were released
in more than 30 states. Their populations flourished in some
regions; in other areas, they became locally extinct. The most
common reasons given for local extinction are weather related.
Nutria can be an important pest species for several reasons.
First, through their feeding activities, they can destroy a marsh
when their population densities get too high. Second, they can
cause damage to water control and retention structures with
their burrowing activities. They have also been implicated as
a disease vector and seem to out-compete the native muskrat
(Ondatra zibethicus). A general prediction of climate change
models is that winters will generally become milder and there
will be lesser differences between nighttime and daytime tem-
peratures. If these predictions are correct, we should expect
nutrias to expand their range to areas where they were for-
merly weather limited. Prevention of this range expansion will
require both monitoring of current distributions and modeling
to predict where they are likely to move. Predictive models
will assist in early detection and control. This talk will review
how the U.S. Geological Survey nutria research program is
developing and integrating multiple approaches to understand-
ing this problem. Lines of attack include geographic informa-
tion systems modeling and development of habitat suitability
models; development of movement models; and understanding
how other species (for example, beaver, alligators, muskrats,
and domestic dogs) may also play a role in the ability of nutria
to become established in new areas.
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Communicating Remote Sensing
Requirements and Working Together to
Satisfy Project Needs (Poster)

By Thomas H. Cecere!

'U.S. Geological Survey, Reston, Va.

Historically, Government users of remotely sensed data
have not been effective in communicating their requirements
and data holdings to others within the Government and often
have had difficulty finding suitable data to meet their needs.
Through the efforts of the President’s 2003 Commercial
Remote Sensing Space Policy’s (CRSSP’s) Requirements and
Shared Execution teams, Federal agencies are partnering to
make their requirements known to Government and industry,
to leverage established infrastructures for data archiving and
distribution, and to utilize existing contract mechanisms and
consortiums to help get data into the hands of those who need
them.

The first goal of this exhibit is to introduce the CRSSP
Imagery-Derived Requirements (CIDR) tool that was devel-
oped by the CRSSP Requirements team. The purpose of the
CIDR tool is to capture specifics regarding agency remote
sensing needs so these needs can be analyzed and shared eas-
ily throughout the appropriate communities of interest. The
second goal of this exhibit is to show the analysis process,
which incorporates knowledge of multiple agency holdings
and vendor archives. The third goal is to show that our efforts
are resulting in Government users having greater access to
high-resolution commercial remote sensing data and other
sources of remotely sensed data and that the key lies in the
communication process.

The process of sharing and gaining improved under-
standing of all Federal agency remote-sensing requirements
[including electro-optical, light detection and ranging (lidar),
and synthetic aperture radar (SAR)], can ultimately stimulate
ideas as to how Government agencies can work together to use
existing and future technologies to help save lives, improve
the environment, and increase the efficiency and accuracy of
day-to-day tasks.

Data Management and Interoperability
in the USGS Volcano Hazards Program
(Oral Presentation)

By Peter F. Cervelli'

'U.S. Geological Survey, Anchorage, Alaska

During the past 5 years, the U.S. Geological Survey (USGS)
Volcano Hazards Program (VHP) has made a substantial
investment in data management. The key results of this

investment are the widespread adoption within the VHP of
Structured Query Language (SQL) databases for storing and
managing geophysical data streams, and the development

of web services that enable both the distribution of data

to outside partners and seamless interoperability among the
volcano observatories. We have also developed and deployed
specialized client applications for the visualization and
analysis of data available via web services. Our development
strategy has been to adopt and extend existing protocols

and schema where available, so as to permit backwards
compatibility with legacy applications. The web services
also answer queries for metadata that describe the geospatial
context and instrumentation details associated with the
primary data.

The rationale for our investment in data management
is threefold. First, the quantity of data collected by the
VHP currently exceeds 10 gigabytes per day; we require a
modern system for storing and serving this large and growing
data stream. Second, the VHP collects data from a variety of
different sources, including ground-based instrumentation,
field observations and measurements, and satellite imagery.
We require a fast and simple means for interpreting these
disparate data. This leads to the requirement of a system that
can quickly depict many different data types on a common
map-base or timescale. Finally, we require the capability for
offsite analysis—that is, we wish to leverage all the intellec-
tual resources of the VHP, whether those resources are local or
remote.

Though incomplete, the investment has resulted in
several production systems, which are in use throughout the
VHP and at other volcano observatories worldwide. The
Volcano Analysis Visualization Environment (VALVE) system
stores, generic data streams and geographical information
in an SQL database and implements a web service for their
distribution. The WINSTON system follows an identical
storage and presentation model but is specially tailored for
seismic data, which is characterized by high data rates (100
Hz or greater). The Seismic Wave Analysis and Real-time
Monitor (SWARM) application connects to a WINSTON (or
other legacy) server and enables rapid interactive visualization
and interpretation of seismic data. All these systems have
been ”battle-tested* in that they have been repeatedly used
for the short-term forecast of volcanic hazards. Each of these
systems and applications are written in the Java programming
language, are open source, and are freely available to all.
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Cost-Benefit Analysis of Computer
Resources for Machine Learning
(Poster)

By Richard A. Champion’

'U.S. Geological Survey, Menlo Park, Calif.

Machine learning describes pattern-recognition algo-
rithms—in this case, probabilistic neural networks (PNNs).
These can be computationally intensive, in part because of
the nonlinear optimizer, a numerical process that calibrates
the PNN by minimizing a sum of squared errors. This poster
suggests efficiencies that are expressed as cost and benefit.
The cost is computer time needed to calibrate the PNN, and
the benefit is “goodness-of-fit,” or how well the PNN learns
the pattern in the data. There may be a point of diminishing
returns where a further expenditure of computer resources
does not produce additional benefits. Sampling is suggested
as a cost-reduction strategy. One consideration is how many
points to select for calibration and another is the geometric
distribution of the points. The data points may be nonuni-
formly distributed across space, so that sampling at some
locations provides additional benefit while sampling at other
locations does not. A stratified sampling strategy can be
designed to select more points in regions where they reduce
the calibration error and fewer points in regions where they
do not. Goodness-of-fit tests ensure that the sampling does
not introduce bias. This approach is illustrated by statistical
experiments for computing correlations between measures of
roadless area and population density for the San Francisco Bay
area. The alternative to training efficiencies is to rely on high-
performance computer systems. These may require specialized
programming and algorithms that are optimized for parallel
performance.

EdGCM: An Interactive Climate
Modeling Framework for Educators
and Scientists (Oral Presentation)

By Mark A. Chandler’

!Columbia University, NASA/GISS, Madison, Wis.

Most climate researchers believe that climate change
will profoundly impact both our planet’s environment and the
world’s economic and geopolitical landscape in the coming
decades. Because these impacts have the potential to affect
everyone, a basic knowledge of Earth’s climate system is
critical to making informed judgments about climate-related
issues. To achieve that goal, educators and scientists who are
not necessarily climate specialists need accessibility to scien-
tific and technological tools used to forecast climate change.

Computer-driven general circulation models (GCMs) are the
primary tool used today in climate research, but until now
they have been little more than black boxes to most people.
As a practical matter, few educators or researchers have had
access to GCMs because they typically require supercomput-
ing facilities and skilled programmers to operate. The resulting
lack of familiarity with climate modeling techniques has often
engendered public distrust of important scientific findings
based on such methodologies and has kept many researchers
from using these important simulation capabilities. Education
Global Climate Modeling (EdGCM) addresses this problem
by providing a research-grade GCM within a user-friendly
interactive framework that can be run on desktop computers.
Our primary goal is to improve the quality of teaching and
learning of climate-change science through broader access to
GCMs, and to provide appropriate technology and materials to
help educators use these models effectively. However, second-
arily, we hope to increase greatly the number of scientists who
have access to the tools that form the backbone of the global
climate forecasting system. With research-quality resources in
place, linking educational institutions to actual research and
development labs is not only possible, but will be beneficial to
both the education and research communities alike.

Mutually Interactive State-Parameter
Estimation of a Carbon Cycle Model
Using a Smoothed Ensemble Kalman
Filter (Poster)

By Mingshi Chen', Shuguang Liu', and
Larry L. Tieszen?

!Science Applications International Corporation, Sioux Falls, S. Dak.

2U.S. Geological Survey, Sioux Falls, S. Dak.

The General Ensemble Biogeochemical Modeling
System (GEMS) is designed to simulate terrestrial carbon
dynamic processes and predict carbon trends from plot to
regional scale. Accurate forecasts by GEMS rely on a fairly
accurate estimation of the state variables and parameters and
proper treatment of various sources of uncertainties stemming
from inputs, outputs, and parameters. In this study, we used a
Smoothed Ensemble Kalman Filter (SEnKF) to sequentially
assimilate measurements from eddy covariance tower sites
and from a Moderate Resolution Imaging Spectroradiome-
ter (MODIS) into GEMS over a mixed forest area of
10 kilometers (km) x 10 km surrounding the Howland, Maine,
site to estimate state variables and parameters simultaneously.
Measurements, field estimates, and satellite observations
included half-hourly net ecosystem exchange (NEE), daily
gross primary production (GPP), and ecosystem respiration
(Re) at the Howland site and monthly net primary produc-
tion (NPP) from MODIS. All measurements were scaled up
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to monthly data to match GEMS. Our analyses demonstrate
that important parameters, such as the maximum ecosystem-
specific net production rate, varied with time, although it was
traditionally treated as a static parameter in GEMS. Results
also show that model predictions with parameters modified
by the SEnKF were remarkably improved compared with
those without progressive data assimilation. Furthermore, the
SEnKF dramatically reduced the variances of state variables
stemming from uncertainties of parameters and driving
variables.

Hydrodynamic and Water Quality
Modeling of the A.R.M. Loxahatchee
National Wildlife Refuge, North

Everglades, Florida (Poster)

By Chunfang Chen', Michael G. Waldon',
Hongging Wang? Matthew C. HarwelP?,
Alonso G. Griborio®, Ehab A. Meselhe?

'U.S. Fish and Wildlife Service, Lafayette, La.
2University of Louisiana at Lafayette, Lafayette, La.
3U.S. Fish and Wildlife Service, Vero Beach, La.
“Hazen and Sawyer, Hollywood, Calif.

The Arthur R. Marshall Loxahatchee National Wild-
life Refuge (Refuge) is a 58,000 hectare (ha) remnant of
the Northern Everglades in Palm Beach County, Fla. The
U.S. Fish and Wildlife Service has determined that changes
in water quality, quantity, and timing are introducing negative
impacts to the Refuge’s ecosystem. A priority of the Refuge is
to ensure appropriate water quality and quantity that maximize
benefits for fish and wildlife, flood control, and water supply.
To this end, a better understanding of the impacts of contami-
nants and excessive nutrient loading is needed.

Hydrodynamic and hydrologic models coupled with
water-quality models are valuable tools to provide projections
of water movement and water-quality constituent concentra-
tions. To study the water budget and water quality of the
Refuge, two modeling approaches were employed. The first
approach, named the Completely Mixed Flow (CMF) model,
uses a compartment-based model to study water budget and
water constituent transport. The model was developed using
Microsoft Excel and the U.S. Environmental Protection
Agency’s Water Quality Analysis Simulation Program
(WASP).

A complex spatially explicit set of linked models has
also been developed using the MIKE FLOOD and ECO Lab
modeling frameworks (DHI, formerly the Danish Hydrau-
lic Insitute) to provide fully dynamic hydrodynamic and
water-quality models. These models link a one-dimensional
channel model with a 400 meter regular grid marsh model. In

addition to water stage and flow, constituent transport through
advection and dispersion, and transformation through 