4. PROJECT DESCRIPTION
4.1 Status and Overview—The Challenge

Ecological systems are breathtakingly complex. They encompass the responses and feedbacks of the
Earth’s biosphere to changes in the geosphere, hydrosphere, and atmosphere across space and time and
orders of magnitude. Ecosystems both drive and respond to global change in non-linear ways (Luo 2007,
Zhou et al. 2008). They involve the behaviors and interactions of the planet’s more than 15 million
species, from bacteria to humans, with Earth’s physical and chemical environment. A grand challenge for
the 21" century is understanding ecological systems and forecasting their responses to global change, both
natural and anthropogenic, as articulated by the National Research Council
(http://www.neoninc.org/about-neon/overview.html), the U.S. Global Change Research Program
(www.usgerp.gov/usgerp/Library/ocp2009/0cp2009-focus.htm) and other studies. Addressing this
challenge is especially critical for grasslands, a vital ecosystem that provides resources and services to
human societies worldwide and is the foundation of the life and economy of the Central Plains. As such,
grasslands are the focal ecosystem of this proposal.

Ecological forecasting encompasses complex reciprocal impacts among primary drivers and
consequences: climate, land-use, and biotic, biogeochemical and hydrological dynamics. Understanding
these phenomena is fundamental to sustaining grassland ecosystem services: supplying clean water,
recycling essential nutrients, sequestering carbon, preserving biodiversity, and guarding against invasive
species and emerging diseases. Natural factors (climate, biotas) and human use of grassland systems for
commerce and agriculture have had long-term ecological impacts (Dodds et al. 2004), affecting
hydrologic systems, soil moisture, terrestrial productivity, biodiversity, species invasions, zoonotic
diseases, population structure, and community and ecosystem patterns and processes.

The ability to address the grand challenge of ecological forecasting is severely hampered by the
absence of a unified cyberinfrastructure (CI) that mediates the science framework—i.e., data, models,
analytics, and narratives—across a CI framework of hardware, software, and collaborative and integration
environments (http://www.nsf.gov/pubs/2007/nsf0728/index.jsp?org=NSF). This disparity between the
science and CI frameworks keeps powerful CI technologies from fostering cross-domain research on
complex ecological phenomena. For the most part, CI tools are advancing research along single,
independent pipelines of ecological and biotic data, models, analyses and narrative scenarios, and have
yet to fulfill the potential for enabling unified, collaborative research across these pipelines. Essentially,
the enormous revolution in CI technologies has not yet been fully harnessed for making complex,
interdisciplinary ecological research collaborative for investigators, tractable for science, and beneficial to
society. Such harnessing, proposed here for enabling ecological forecasting, has occurred successfully in
computational biochemistry, astrophysics and other fields.

During the past two decades, ecology and biodiversity science have evolved from data-limited to
data-rich disciplines. Observatory networks with automated, long-term, in-situ measurements, space-
borne observatories, and digitized biocollection databases now provide massive streams and stores of data
for ecoforecasting. Many of these data lack sufficient resolution and/or geospatial context for modeling at
scales amenable to local and regional forecasting of ecological processes. Advanced informatics,
networking and computational tools are needed to assimilate, manage, integrate and model climate, land-
use/land-cover and biogeochemical data in near real-time. A similar digital data framework is required
for deploying biodiversity data for deciphering and modeling species-level biotic phenomena and their
impact on ecosystem function. Examples here include: georeferenced spatiotemporal distributions,
biology and natural history of native species, invasives, and disease zoonotics; and geospatial biodiversity
and epidemiological models that analyze these data to characterize and predict species’ spatiotemporal
distribution under past, current and future environmental conditions. Advanced analytics and
narratives—i.e., driver- and consequence-based scenarios—are needed to integrate and test unified
models of ecosystem dynamics.

Despite their individual strengths, no broad-based CI framework or capacity exists in the four partner
universities (Kansas—KU; Oklahoma—OU; Kansas State—KSU; Oklahoma State—OSU) for automated
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sensing, assimilation, modeling, and analysis of massive sets of abiotic and biotic data across ecological
parameters. Collectively, the challenge is the development of a CI environment that unites people in a
shared, virtual commons for research and education across ecological and biodiversity disciplines.

The Solution. The solution to this challenge is a synthesis of two frameworks: the science
framework of data, models, analytics and narratives, and the CI framework of hardware, software,
collaboration environment and
integration environment (Fig. 1).

Integration environmen

Weaving together the CI and science T  software T T A
frameworks (Section 4.4 below) will T T  THardware A
create a ‘cyberCommons’—a <> <l <> .

: . Data Models Analytics Narratives
powerful, integrated environment for

knowledge discovery and education i . .
in complex environmental phenomena. Figure. 1 Integrating the science and Cl frameworks.
4.2 Results from Prior Research

Bowman-James, K., PI, L. Krishtalka, W. Dodds, (co-Pls), EPS-0553722, $6.75 M, 4/1/06-3/31/09,
Phase V: Building Research Infrastructure to Address Grand Challenge Problems in Ecological
Forecasting. www.k-state.edu/ecoforecasting/

Researchers at KU, KSU, and Fort Hays State University established a collaboratory for
ecoforecasting across the Kansas River Basin to sense, model and predict the effects of climate and land-
use on ecosystem function, hydrology and biodiversity, and, in turn, on social systems. The project
increased research capacity and expertise with recruitment of four new faculty in biodiversity and
ecosystem modeling (KU), and ecophysiology and biogeography (KSU), now sustained by each
university. The project also improved critical research infrastructure with the: (1) purchase and
installation of ecosystem sensors, 3 carbon flux towers, a large aperture scintillometer, prototype soil
moisture network, 10 multi-parameter water-quality sondes, and a mass spectrometer; (2) acquisition of
remote sensing data from flyovers and LIDAR images; (3) databasing and georeferencing approximately
300,000 biocollection vouchers of Central Plains animals and plants; and (4) development of an
integrated USGS-Kansas statewide soils database for watersheds and ecoregions.

These infrastructure activities increased the spatiotemporal coverage and resolution of essential biotic
and abiotic data across the larger Kansas River Basin. Biodiversity data records are served by KU at
(http://www.nhm.ku.edu/Hdocs/Collections.html) and can be queried using DiGIR and SPECIFY, an
NSF-funded biocollections management program. A new land-cover map of the Kansas River Watershed
is served at http://www.kars.ku.edu/projects/ecoforecasting/. GIS scientists programmed the next version
of the Lifemapper software tool (www.lifemapper.org/index.shtml) for automated modeling and
visualization of biodiversity data.

Researchers at KU, KSU and partner institutions integrated these and other tools and data to analyze,
model and predict changes in biogeochemical cycles, species populations, and the potential spread of
invasive species and emerging diseases, such as West Nile Virus, rabies, and Lyme disease. To date, the
research results have been reported in 36 peer-reviewed papers (designated with a T in the References
Cited); an additional 19 are in various stages of publication.

Signal research accomplishments include the use of remotely-sensed data to estimate
evapotranspiration (Brunsell et al. 2008a, 2008b), a framework of scalable parameters for clusters for
high-performance computing (Bulatewicz et al. 2007), an expanded view of fundamental trophic
properties of aquatic ecosystems (Dodds and Cole 2007), ecological economic assessment of wetlands
(Gelso et al. 2008), improvement in groundwater flow modeling (Jin and Steward 2007, Steward 2007),
scaling estimates of ecosystem fluxes to continental scales (Marshall et al. 2008), characterization of gas
flux rates in grasslands (Tiemann and Billings 2008), a framework for analyzing the biogeography of
zoonotic diseases (Peterson 2008), and using biocollections data to monitor and predict the loss of
biodiversity (Sober6n and Peterson 2008).
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The project supported research and training for 33 undergraduates, 38 graduate students, and 4
postdoctoral researchers in a cross-disciplinary collaborative environment. Outreach to state and local
government officials increased the potential of the research to inform public policy on health, natural and
water resources, and land-use. Importantly, the project created institutional partnerships and united
research expertise in ecoforecasting between Kansas and Oklahoma through research symposia and
retreats, the result of which is this EPSCoR Track II proposal.

Luo, Yigi. DEB-0444518, $280,000 2/15/05-2/14/08, Data-model fusion at AmeriFlux sites: Towards
predictive understanding of seasonal and interannual variability in net ecosystem exchange.

This research: (1) investigated the application of probabilistic inversion and Markov chain Monte
Carlo method to an ecosystem model and isotope data analysis; (2) examined general issues on parameter
identification; (3) analyzed seasonal and inter-annual variability in soil respiration and mechanisms
underlying biomass growth; (4) and characterized latitudinal patterns of inter-annual variability in net
ecosystem production, gross primary production, and ecosystem respiration. The project contributed to
development of new software—the prototype of EcoPAD, Ecological Platform for Assimilation of Data,
which incorporates the probabilistic inversion approach to data assimilation, and has been adopted by
several research groups worldwide and targeted for further development (see Section 4.4.3). To date, the
project has resulted in 11 publications (indicated by * in the References Cited) and supported the research
of one graduate and two undergraduate students, and one postdoctoral fellow on data-model fusion.

4.3 Cl-enabled science: Two critical ecological questions for science and society
Understanding and forecasting ecological states across the Central Plains grasslands encompasses two
critical questions identified as grand challenges by the NRC, NSF and other agencies:

1. What are the impacts of changes in land-use/land-cover and climate, both natural and
anthropogenic, on biogeochemical cycles and ecosystem function? In turn, what are the feedbacks
among these drivers and consequences?

2. What are the impacts of changes in land-use/land-cover and climate, both natural and
anthropogenic, on biodiversity—its composition, patterns and dynamics? In turn, how do these changes
in biodiversity affect the spread of plant and animal diseases and invasive species, and how do these
phenomena influence ecosystem structure, function and services?

The CI challenge in addressing these questions requires advancing four informatics components—
data, models, analytics and narratives—for the research community to monitor, diagnose, forecast and
synthesize ecological and biodiversity systems under scenarios of changing climate and land-use/land-
cover. Section 4.4 (below) describes how the cyberCommons will develop and integrate these
informatics components.

Question 1 rationale: Grasslands are highly sensitive to global change phenomena that affect
biogeochemical cycles at local, regional and global scales (Albertson and Weaver 1954, Samson and
Knopf 1994, Reich et al. 2001, Knapp et al. 2002, Shaw et al. 2002, Briggs et al. 2005, Sherry et al.
2007). Changes in biogeochemical cycles are both a response to, and driver of, global change
(Schlesinger 1997) with feedbacks that affect ecosystem and atmospheric processes, and water quality.
Anthropogenic changes in abiotic drivers, including temperature, precipitation, nutrient deposition and
CO, concentrations, directly influence biogeochemistry and ecosystem structure and function. For
example, local and regional grassland productivity is tightly coupled to climate and potential climate
change (Knapp ef al., 2002). Climate change can also alter grassland soil CO, flux (Harper et al. 2005,
Zhou et al. 2007). Elevated atmospheric CO, concentrations or enhanced regional N deposition rates
drive changes in the composition of plant and microbial communities and alter ecosystem processes
(Zavaleta et al. 2003, Stevens et al. 2004, Luo et al. 2006, Clark and Tilman 2008).

Changes in local and regional land-use/land-cover also affect biogeochemical processes in the Central
Plains. Widespread changes in land-use/land-cover, such as conversion of native grasslands to cropland,
and invasion of grasslands by woody species, can substantially alter biogeochemistry, for example,
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ecosystem-level C and N storage (McKinley and Blair 2008). Likewise, cropland has vastly different
rates of N cycling and decreased C sequestration relative to native grasslands (Ajwa ef al., 1998), and
conversion of cultivated lands back to perennial grasses for the Conservation Reserve Program (CRP) or
biofuels leads to long-term changes in N cycling and C sequestration (Baer ef al., 2002, Baer and Blair
2008, Luo et al. 2009). Grassland management also affects soil N availability and trace gas flux (Blair
1997, Johnson and Matchett 2001, Tieman and Billings 2008).

The Central Plains are an ideal laboratory for the study of these changes in ecological states, which
are as significant for science as for society. The Central Plains grasslands harbor vast stores of carbon—
second only to the Arctic tundra (Schlesinger 1997, Schimel et al. 2000)—making it critical to understand
the processes that affect net ecosystem C exchange. Along with worldwide grasslands, those of the
Central Plains have been altered by anthropogenic activities perhaps more than any other biome on Earth.
Land-use changes, such as agricultural conversion, have altered ecosystem structure and function on an
unprecedented scale (Samson and Knopf 1994)—changes that are well documented across strong regional
precipitation and temperature gradients. Further, rates of land-cover change in the Central Plains, such as
conversion of grasslands to woodlands, or to food crop and biofuel production, are likely to increase.

Question 2 rationale: Biodiversity is an excellent indicator of ecosystem function and response to
environmental change (Naeem et al. 1995, Schlapfer and Schmid 1999, Wardle et al. 2000, Loreau et al.
2001, Hooper et al. 2005, Schmid et al. 2002). Biodiversity is a complex phenomenon, including the
geographic and ecological distribution of species and their interactions, which are governed by their
changing biotic and abiotic landscapes (Soberén and Peterson 2005, Dodds in press). Further,
biodiversity patterns and dynamics are intrinsically linked to the spread of invasive species and infectious
diseases. Climate change, global connectivity, agricultural demands, and changes in natural and
anthropogenic landscapes are increasing species extirpations and the emergence or re-emergence of
infectious diseases that threaten humans, biodiversity and ecosystems (Cohen 2000, Bengis et al. 2004,
Daszak et al. 2000, 2007; Jones et al. 2008, Dodds 2008). On the Central Plains, biodiversity and
ecological processes vary locally and regionally with climate, soils, topography, natural disturbances and
land management, which, in turn, are affected by a strong east-west precipitation gradient and a north-
south temperature gradient (Dodds 2008).

For example, on the Central Plains, increasing demands for surface and ground water for agriculture
and biofuel production is resulting in the extirpation of fish populations. In the U.S., the range of vector-
borne infectious diseases (e.g., Lyme disease and West Nile Virus) has expanded rapidly (Chen ef al.
2006, Diuk-Wasser et al. 2006). The spread of West Nile Virus, mediated by birds and mosquitoes over
the past decade, has caused declines in several avian species in the U.S. and worldwide (LaDeau et al.
2007). Large changes in risk factors (e.g., climate, land-use, social, and economic conditions) are
affecting the pathogen-vector-host relationships of infectious diseases, their spatial and temporal
dynamics, and their consequent introduction, geographic spread and persistence.

Spatially and temporally explicit biodiversity data are held by many regional, national and
international institutions in a variety of forms, including biocollections at museums and herbaria,
government agencies, research laboratories, and print publications. Herbaria at the four partnering
universities in Kansas and Oklahoma hold more than 1 million vascular plant specimens, roughly 50% of
which constitutes the most comprehensive documentation of the floras (and rare and invasive plant
species) of the two states and the Central Plains, beginning in the late 1800s. Similar extensive,
vouchered biodiversity data document the arthropods (aquatic and terrestrial), fishes, amphibians, reptiles,
birds and mammals of the Central Plains.

The four partner Kansas and Oklahoma institutions are among the international leaders in modeling
and forecasting the effects of changing climates and land-use/land-cover on biodiversity phenomena,
encompassing the potential occurrence, spread and extirpation of mammals, birds, reptiles, fish, insects
and plants (Peterson et al. 1999, 2002; Soberon 2007, Soberdn et al. 2007, Soberon and Peterson 2008,
Gido et al. 2002, Falke and Gido 2006) and the spread of infectious diseases (Peterson 2006, 2007, 2008,
Xiao et al., 2007, Gilbert et al., 2008). The current Kansas EPSCoR RII grant supported digitizing and
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georeferencing of more than 225,000 biocollections records for Kansas and Central Plains plants,
arthropods and vertebrates held at KU and KSU.

4.4 The ClI solution: A cyberCommons to integrate the Cl and science frameworks

Meeting the challenge of forecasting future ecological states requires a powerful computational
paradigm that unites ideas, people and tools across disciplines and institutions in a seamless, dynamic
research architecture. The two overarching science questions (Section 4.3) are themselves dynamic,
evolving new complexities as new knowledge is discovered. Addressing them requires a cyber-
environment for organizing, connecting and harnessing distributed resources (e.g., data, codes, software
libraries, hardware, expertise) as reusable services that can be composed by an emergent organization of
research teams to address complex, interdisciplinary questions. Such cyber-environments are the
emerging medium for integrative, collaborative research and building virtual research and educational
communities.

Our envisioned environment is a cyberCommons. Its architecture integrates the traditional CI
framework (hardware, software, research environments) to the scientific process framework of data,
models, analytics and narratives. These four informatics components (Table 1, next page) are provided as
services though individual files, databases and executables for the research community and for
deployment in specific environments that target specific questions.
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Figure 2. The cyberCommons components

The cyberCommons provides both portal- and service-based functions for investigators to manipulate
data, parameterize models, select analytics tools, and formulate narratives (Figure 2). As a web portal, the
cyberCommons allows users to browse, manipulate, and download data and models from distributed sites.
The network service functions provide mapping, analytics, and computational functions. Light-weight
analyses can be served online, such as web GIS mapping and geovisualization. Users will download
advanced functions and models to their workstations for analyses. A High Performance Computing
(HPC) workbench offers access to supercomputing facilities at OU and other HPC sites.
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4.4.1 The science framework—data, models, analytics, narratives

Data sources include sensor measurements, satellite imagery, field surveys and museum vouchered
biocollections at different spatial and temporal scales. Data ingestion to mathematical models requires a
coherent framework of schemas to transform the data into common georeferenced spatial and temporal
values, and common ontological commitments, in turn enabling the development of tools and ecological
models for data assimilation and query (Zhang and Gruenwald 2008, Yuan 2007). Common data models
such as ArcHydro and OpenMI provide additional tools for bridging ecological data and analytical tools
through shared data formats. Building on these approaches to data and metadata, we will develop an
object-relational framework for a common ecological data model for the cyberCommons.

The informatics deliverable is: a unified data model using meta-model information, Universal
Modeling Language (UML) and Geography Markup Language (GML); ontological schemas defined
using the Web Ontology Language (OWL); and the Protégé editor for semantic consistency in the
database (http://protege.stanford.edu/overview/protege-owl.html).

Table 1: Informatics components of the cyberCommons science framework

- Models
e Categories: Analytics fives
Sources: Climate Change Modes: Scenarios:
Sensor Networks LULC Change Queries Driver-based
'S::atelllste Observations Biogeochemical Multidimensional scaling Consequence-based
A'dﬁ_ ul“’ezs ) Lifemapper Mapping and geobrowsing Location-based
renivalandspedmans - gpecies niche models Visual analytics Time-based
Management: Epidemiology Data mining Management:
hon’;tt‘:‘;g:’a Management: Management: Meta-scenarios
Meta-model Meta-analytics Narrative structures
Data-base Models Model-base models Tool-base models Narrative-base Models
. Model components Tools and toolboxes Narrative components
Handling:
ITfa"SfO'T“a"°“ Handling: Handling: Handling:
J;Zgaztsw“ Model updates Analytics processing plans Updates
i Model plans Analytics updates Synthesis
: Model connections Dissemination Dissemination
Georeferencing Dissemination

System Models. In parallel with the development of data models, the cyberCommons will integrate
system models developed in the four institutions, as well as other models and tools, most of which are
now driving ecological research along single pipelines that are not interoperable (see Section 4.4.3
below—-Science Cases). Critical here is developing approaches to representing the mathematics of
ecological models. System models will be organized into a model base to capture their components and
structures, i.e., known real-time and historical ecological processes and interactions among drivers and
consequences. Users will select and query models from this model base, and build new models from
existing model components.

Analytics. The science of analytics develops computational techniques and tools for exploring
potential correlates and embedded patterns in complex, multidimensional data that, ultimately, form
scientific hypotheses. The cyberCommons will integrate the collection, management, processing, mining,
visualization, and dissemination of data for ecological forecasting into a coherent, comprehensive,
accessible analysis environment.

The massive amounts of data from sensor networks, remote sensing platforms, and biocollections
databases to be archived and served by the cyberCommons, are prime candidates for data mining
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protocols to discover new knowledge. However, data transmitted by wireless sensors to servers are more
susceptible to losses, delays, and corruption than the wired alternatives, and require techniques to estimate
corrupted or missing data. As such, the cyberCommons will expand existing techniques, one for data-
stream mining called CFI-Stream (Jiang and Gruenwald 2006), and two for estimating missing data,
called WARM and FARM (Gruenwald et al. 2007), both developed at OU.

In addition to data mining and other knowledge discovery algorithms, our research will focus on
mining of geographic dynamics (Yuan 2009), association rules, scalable decision tree classifiers, and
probabilistic decision tree methods (Jiang and Gruenwald 2005; Zhang et al. 2007, McGovern et al.
2008). These protocols will advance recognition of spatio-temporal patterns among ecological drivers
and consequences, e.g., the probability of vegetation phenology responding to shifts in climate patterns.

Visual analytics uses interactive visualization interfaces to facilitate analytical reasoning (Thomas
and Cook 2005). Although visual analytics is a young field, useful and general techniques have already
been developed into interactive tools, such as Jigsaw (Stasko 2007), for flexible exploration and analysis
of both large-scale patterns and fine-grain relationships in multidimensional spatial+temporal+relational
data sets. The IMPROVISE environment has been used to develop numerous visual analysis tools by
promoting the synthesis of tool interfaces as an integral part of exploration and analysis (Weaver 2004,
Weaver et al. 2007). Project participants McGovern and Weaver will focus on coupling data mining
algorithms with highly interactive visualization techniques, with IMPROVISE as the basis for the
interactive analysis aspects of the cyberCommons user interfaces.

Recent advances in web service technologies, such as SOAP and REST, have improved web GIS
services. The Open GIS consortium has developed standards for web map, image, and feature services.
The cyberCommons will deploy applications currently used at the four institutions (Map Server, ArcIMS,
and ArcGIS Server) as well as other web GIS services in a multi-platform approach to maximize the
diversity of applications available to meet specific needs.

Narratives are scenarios of change involving drivers and consequences across geospatial and
temporal parameters. Each narrative is the model output and analytics outcome resulting from the
specific data, models and parameters employed by the investigator to study the relationship among
particular drivers and consequences. When narratives are organized in a database framework (a narrative
base), they can be searched, compared and explored with narrative analysis tools for consistency and
singularity. The cyberCommons will develop a narrative base for ecological research, incorporating
representation, management, and process functions to permit examination of narrative ontologies and
structures.

4.4.2 The CI framework—hardware, software, collaboration environment, integration
environment
Each of the four informatics components in the science framework is mediated through the CI
framework of hardware, software, a collaboration environment and an integration environment that
compose the CI framework.

Hardware and core CI — The core CI consists of storage, computing and visualization components
at each of the four institutions and the campus and regional networks that link them. The hardware will
comprise two layers: (1) dedicated hardware, i.e., virtual machine (VM) servers, database servers and file
servers allocated to researchers at each site, and (2) a virtual data center, an integrated consortium
gateway to these resources, with virtual organization management, job submission, and monitoring
functions.

Core CI deliverables are allocations of existing high performance computing (HPC) and storage
resources available to this project from the OU Supercomputing Center for Education Research
(www.oscer.ou.edu/education.php), the OU Center for Informatics, the OSU HPC Center, cluster systems
at KU and KSU, and systems dedicated to the project participants (see Facilities). This diversity of
resources includes compute systems ranging from small workgroup clusters to a large cluster (34.4
teraflops peak) and a large Condor pool (13 teraflops peak), as well as file storage and database servers
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aggregated from all sites, including an OU 132 terabyte storage system that is scheduled to expand to 400
terabyte in 2009. In addition to the integration of local resources, we will establish virtual machine
servers at one or more sites to support the development and management of new services. Portals and
services, i.e., software and data components with Web Services Definition Language (WSDL) or REST
interfaces, will be provisioned as virtual machines and executed on the consortium’s pool of VM servers.

Field sensors, as described below (Section 4.4.3, Science Case 4: Sensor networks for monitoring
ecological response) will be deployed at the Konza Prairie Biological Station (an NSF LTER—Long
Term Ecological Research—site), the KU Field Station and Ecological Reserves, and OU’s Kessler Farm
Field Laboratory (KFFL). Oklahoma’s Mesonet was funded previously by NSF EPSCoR. Real-time data
from the proposed Picarro G1301 WS-CRDS Multi-Species Analyzer and from meteorological stations,
stream stations and flux towers included in this part of the CI will be continuously aggregated into a data
management system for use by model components.

Networks are a critical piece of the CI, binding the sites and other external resources. Kansas and
Oklahoma both have research and education networks, KanREN and OneNet, respectively, and all four
institutions are linked by the regional Great Plains Network and the national Internet2 Network. Both OU
and OSU are connected to the National LambdaRail (http://www.nlr.net/). Connection speeds for
consortium members range from 1Gbps to 10Gbps. Network connectivity from field stations will be
provided through KSU, KU and OU network support groups.

Software. Above the core CI hardware level, are the software, middleware and data service
components needed to build the cyberCommons. Software CI development will focus on packaging and
deploying models and analytical software as composable services using enterprise Web services (WSDL)
and Web 2.0 RESTful interfaces. The initial set of services will form the core of a community-driven
model system, and will include the following applications both deployed and under development at the
member institutions: Lifemapper (Ecological Niche Modeling), the plant biodiversity model, the
Ecological Platform for Assimilation of Data (EcoPAD), and the Terrestrial Ecosystem Monitoring and
Diagnosis System (TEMDIS). Each of these systems is described in Section 4.4.3, Science Cases; the
section on Integration Environment (next page) describes approaches to composing and reusing services.

Integration of these models and additional analytical services will provide the CI to support the
following activities across the consortium: 1) data analysis, visual analytics and mining algorithms to
identify embedded features, patterns, and relationships taxonomically, spatially, and temporally; 2)
analysis of relationships among data inputs to determine interactive/reciprocal effects of global change
drivers and responses; 3) improving the precision of ecological niche modeling and ecosystem modeling
across the Central Plains; 4) data integration, management, and interoperability models to fuse
heterogeneous, multiscalar, and multidimensional data; 5) analysis of effects of model input variables,
individually and interactively, on model output and model behavior; and 6) refinement of models to
address the two science questions discussed above.

Specific data sources to be aggregated and integrated include biodiversity data from vouchered
biocollections (e.g. http://vertnet.org/, www.gbif.org/), land-use/land-cover data from Landsat images in
USGS archives, MODIS data and other remote sensing sources (http://www.ecomf.ou.edu); climate data
from local and national sources; carbon flux data from the ORNL AmeriFlux network and other regional
carbon flux networks; and biogeochemical data from analytical facilities within the consortium. We will
also leverage newer paradigms such as social networking and crowdsourcing for citizen-based data
acquisition and sharing. Examples include the georeferenced field photo library at OU for tracking land-
use/land-cover and water use (http://www.eomf.ou.edu/photo-browset/), and the NSF GLOBE program
for schools. One key project deliverable, enabled by the software layer, will be evaluations of new
multidisciplinary models using data from these repositories.

We will also field middleware services for locating and delivering data to models and analytical
software, and for linking computational components into workflows. These include ontology-based
service repositories, and workflow systems for composing new applications. Portals and associated
portlets will provide end-user interfaces tailored to the consortium’s varied constituents, including

0919466



researchers, students, educators, government officials and the general public.

Collaboration environment. A key aim of the cyberCommons is to enable exploration of new,
highly integrated models of the interaction and reciprocal feedbacks of climate, land-use/land-cover,
biogeochemistry and biodiversity. Its achievement, as well as education and outreach, mandates the
formation of interdisciplinary communities of practice (Wenger 1998). Developing such a collaboration
environment will encompass: social networking tools such as blogs, wikis, interest profiles, link libraries
(e.g. Del.ici.ous) and shared bibliographies (e.g., Connotea); video conferencing and on-line meeting
tools such as AccessGrid, H.323, and on-line web meeting services at all sites to support real-time
collaboration. The myExperiment site (http://myexperiment.org) exemplifies the type of collaboration
environments we will develop to integrate and extend CI for the consortium (DeRoure 2007).

Integration environment. Developing a research environment for multidisciplinary exploration,
model building and testing of theory requires the integration of data, models, analytical tools and other
components across research teams and physical sites in a flexible manner. In addition to the Web portals
as a tool for presenting integrated views of data and models, we will explore and develop models, data
and analytical codes as service components, and the composition of service components as
cyberinfrastructure into new services. As appropriate, these components will be implemented as Grid
services (using WSRF and Globus 4), standard ‘enterprise’ Web services, and as RESTful services that
can be combined in mashups with other web-based services such as GoogleMap and Yahoo Pipes. The
use of “Web 2.0” approaches to leverage the ongoing creative explosion on the web as a development and
production environment for eScience has been extensively described (Pierce 2007; Fox et al. 2007).
These data and compute services can be organized as workflows using conventional tools such as Kepler
and Taverna or, as REST service URLs, can be combined in mashups to create highly interactive web-
based tools. Shifting the CI framework from cycles and storage to reusable and extensible services is a
novel and cardinal feature of the cyberCommons.

4.4.3 Science Cases

Researchers in the four universities have independently developed research expertise, web-based data
portals, web applications, and models dealing with the ecological drivers and consequences encompassed
by the two scientific questions: how do changes in climate and land-use/land-cover affect (1)
biogeochemical cycles; and (2) biodiversity, invasive species and emerging diseases. Although
successful, these efforts—described as Science Cases 1—4 below—are primarily local, incremental and
single pipeline, lacking the capability of cross-domain fusion of research across these drivers and
consequences. To that end, the cyberCommons will enable transformative research collaboration for
modeling and synthesis of ecological complexity.

Science Case 1: Modeling biodiversity patterns and dynamics

The impact of climate change on biodiversity is mediated by ecological processes and their effect on
biogeospatial patterns. Global environmental change to natural systems is affecting the composition,
distribution and viability of Earth’s plants and animal species (Parmesan, 2006, and see many recent
exemplary studies on specific organisms: Parmesan et al. 1999, Harvell et al. 2002, O’Connor ef al. 2007,
Peterson and Shaw 2003, Pounds ef al. 2006, Peterson ef al. 2002b, Williams et al. 2003).

Two new capabilities, facilitated by computational approaches (simulation models, statistical
methods, GIS), have transformed analyses of geospatial patterns of species distributions and their
environmental correlates (e.g., Kremen et al. 2008): (1) ecological niche modeling uses known
occurrence data of a species to estimate its environmental (e.g. climate) constraints and its potential
distribution under scenarios of environmental change, particularly climate and land-use/land-cover; (2)
synthetic analyses of biological inventory data to examine the geospatial patterns of biodiversity on
regional and continental scales. Both approaches reveal how biotas respond to changing climate and
land-use/land-cover and are being used in research initiatives by biodiversity, ecological and informatics
scientists at KSU (Blair, Dodds, Gido), KU (Beach, Peterson, Soberon, Stewart, Vieglais, Wiley), OSU
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(Palmer), and OU (Gruenwald, Weaver, Yuan). Additionally, the emerging field of macroecology is

applying computational and quantitative approaches to analyses of large-scale biodiversity spatial patterns
(Blackburn ef al. 2004), for example, a web-services architecture for generating multi-species distribution

data grids with user-specified cell sizes and grid extents (Beach and Colwell, in review).

Specifically, KSU researchers focus on: (1) patterns of aquatic biodiversity, primarily fishes, using
data on water depletion associated with center-pivot irrigation and construction of impoundments in the
Central Plains; and (2) trait-based biodiversity modeling that matches species traits to geographic
distributions. KU’s biodiversity informatics initiative has pioneered the application of ecological niche
modeling to predicting the potential spread and distribution of plant and animal species, including
invasives and zoonotic disease vectors/hosts/reservoirs, under scenarios of environmental change
(Soberon 2007, Soberon and Peterson 2005, Peterson 2003, 2006, 2007, 2008, Peterson et al. 1999,
2005). KU’s Biodiversity Research Center has developed (1) Lifemapper, a cluster-based, web-services
architecture for a global species niche modeling facility (www.lifemapper.org/index.shtml); and (2) the
Specify Software Project (www.specifysoftware.org, www.specify6.specifysoftware.org/), a specimen
database management system in use by more than 210 biocollections institutions worldwide. OSU has
developed quantitative tools for analysis of broad-scale spatial and temporal trends in vascular plant
diversity in North America (Palmer 2007, 2006, 2005, Palmer et al. 2002). At OU, biodiversity and
ecological informatics research focuses on (1) correlating long-term datasets on migrant land-bird
populations with disease transmission, and the effects of climate and land-use on avian populations; and
(2) use of GIS analysis, spatiotemporal databases, and visual analytics on ecosystem processes (Yuan et
al. in press).

External data or
Processes

Local data exposed via How do the
h";ezslef"ices f components of an
odeling or transformation
— web S§r3ices A Scenario T eczz%ﬂ:zm:gec’t
A Analytical services and tools database quantify /compar
dResuI_tst,_ scenario context, and Whatare effects of landscape change?
escription

climate change on
individual species?

OU, OSsU, KSU, KU GCM
prediction

of future
climate
under
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change

Modeled
species

specimen
cache transformation,
normalization,
processing, and
CRU climate multidimensional
data scaling
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land cover Lifemapper
data Remote Ecological Niche

h Other "
sensing geospatial Modeling (ENM)

data

Figure 3. Tasks and workflows associated with environmental niche modeling and Lifemapper,
including multidisciplinary data and analysis components
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The cyberCommons will be the virtual environment for computational integration of various data
sources, modeling agents, and analytical tools to facilitate multidisciplinary, cross-cutting work flows that
utilize computational techniques already in place at the four partner universities. It will extend the
research on patterns of biodiversity to comparisons of niche vs. trait-based models of species distribution
and roles played by ecological vs. evolutionary processes. For example, KSU’s tools for mapping
geospatial hydrologic conditions and aquatic species distributions should be linked to vegetation models
and hydrologic models of phreatophytes to predict the effects of woody expansion on native fish species.
OSU’s floristic data would benefit from outputs of climatic and land-cover models. OU’s web GIS tools
for mapping and visual analytics should be integrated with KU’s ecological niche modeling tools to
address the environmental complexities of species occurrence patterns and predict shifting continental
diversity patterns to land-use planning.

For example, Figure 3 (preceding page) illustrates how the cyberCommons can link data, models and
analytics associated with single-species environmental niche models (Lifemapper) to generate
multispecies predictions, macroecological grids and ultimately narratives that address the two critical
ecological questions. The environmental data layers used in Lifemapper are also deployed by research in
Science Case 2 and 3, below. Components and workflows on the left half of Figure 3 exist to varying
degrees of automation and integration. Linkages on the right side do not yet exist, and are a development
goal of the cyberCommons. For example, the cyberCommons will provide open web portal and service
access to point-occurrence biocollections and observational data, land-use/land-cover environmental
layers, and expert-derived species distribution maps—all in standard formats (Darwin Core, netCDF,
OCG)—to enable data transformation and integration. In the planned model output management system,
IPCC (Intergovernmental Panel on Climate Change) climate scenarios will be discovered, transformed
and fed into single species ecological niche models; in turn, these models will populate multi-species
grids for macroecological models and consequent narrative outputs.

Science Case 2: Forecasting the geography of disease transmission

Emerging infectious diseases have a global impact on biodiversity, human health and national
security (Jones ef al. 2008). Serious health and security threats include: the sudden appearance and
spread of West Nile Virus across the Western Hemisphere (Peterson et a/. 2009); SARS across East Asia;
H5NT1 avian influenza across the Old World (Gilbert et al. 2007, Williams et al. 2008); Hantavirus (Sin
Nombre Virus) and plague across parts of North America; and the recent anthrax attacks in the US
(Broussard 2001). These disease threats reveal the need for a deep and predictive understanding of
disease ecology and biogeography, themselves emerging fields of study (Collinge and Ray 2006).

Research on disease and invasive species systems unites expertise, predictive modeling approaches
and data at KU (Peterson, Soberon, Martinko, Egbert), KSU (Wisely, Scoglio) and OU (Xiao). Disease
geography, like ecoforecasting, is essentially a predictive endeavor. It requires a multiscalar and flexible
conceptual framework for anticipating the dynamics of diverse disease systems (Soberon and Peterson
2005, Peterson 2008, Xiao et al. 2007, Gilbert et al. 2008). In this framework, sustained disease
transmission is a function of the interaction among diverse species, i.e., pathogen, host, vector, and where
these entities can maintain populations, in turn a function of abiotic, biotic, and mobility parameters
(Peterson 2007).

Different factors are dominant at different scales. At moderate scales—i.e., landscape to
continental—ecological niche modeling, with biocomputational tools developed at KU, has predicted the
distribution of disease component species (Adjemian et al. 2006) and the occurrence of disease outbreaks
(Gilbert et al. 2007 ). Specifically, ecological niche modeling has been powerful in: (a) describing
ecological dimensions of transmission of poorly known diseases (Costa et al. 2002); (b) interpolating
poorly known spatial distributions to predict additional areas at risk (Peterson ef al. 2006, Williams et al.
2008); (c) anticipating the potential geographic spread of invading species (Peterson 2003); (d)
identifying unknown species participating in disease transmission systems (Peterson et al. 2002a,
Peterson et al. 2007); and (e) anticipating spatiotemporal dynamics of vector populations (Peterson et al.
2005). Tests against independent data sets confirmed these geospatial predictions, the accuracy of which
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increases with the integration of remotely sensed data (Gilbert ef al. 2008).

At finer geospatial scales, the analytical focus is on individuals and their interactions. Network
approaches (agent based models) can characterize complex systems involving millions of components
interacting in non-linear, heterogeneous fashion. The power of this approach to modeling disease
dynamics is its incorporation of individual behavior and spatial heterogeneity. Still-finer scales, such as
those involved in an ongoing study of skunk rabies strains in North America, entail modeling of how
seasonality, land-use/land-cover and disease etiology affect outbreaks, the adaptive landscape of pathogen
transmission, and the epidemiology of different rabies strains.

The cyberCommons will enhance the accuracy and degree of complexity in these predictive modeling
approaches to disease (and invasive species) systems. It will automate data assimilation from telemetry
systems (e.g., for rabies hosts); biodiversity, abiotic, geospatial and remote sensing realms; as well the
processing of satellite imagery, and integrate these data pipelines with tools for ecological niche
modeling. In so doing, the cyberCommons will unify ongoing research on regional and global disease
systems (e.g., rabies, West Nile Virus, Hantavirus, Lyme, HSN1 Avian Influenza, Ebola, Marburg,
references cited in this section) across laboratories at KU, KSU and OU and develop their analytical
complexity. Ultimately, the modeling results will inform strategies that minimize the risk of human
exposure.

Science Case 3: Large-scale biogeochemical cycling

Biogeochemical processes and ecosystem services (e.g., gross and net primary production, net
ecosystem production) in the Central Plains are affected by changes in climate, land-use and biodiversity,
including invasive species, as well as by natural disturbances. Three research approaches are widely
deployed for data collection at KSU, KU and OU: CO, eddy flux towers, satellite observations, and in-
situ field experiments (e.g., climate warming, altered precipitation and biofuel feed stock harvest at
KSU’s Konza Prairie and OU’s Kessler Farm Field Laboratory. Researchers at OU are developing two
major complementary biogeochemical modeling frameworks described below: EcoPAD and TEMDIS.

EcoPAD: Ecological Platform for Assimilation of Data — The accuracy of ecoforecasting increases
with the continuous assimilation of data for testing of ecological theory and models (Clark and Gelfand
2006). The cyberCommons will enable development of a data-model fusion tool, the Ecological Platform
for Assimilation of Data (EcoPAD), for application to data and models encompassed by the science
questions. EcoPAD is supported by meta databases of biogeochemical variables, libraries of modules of
process models, and a toolbox of inversion techniques for data assimilation and forward predictions. The
functions of EcoPAD’s inverse mode will be: (1) parameter estimation, (2) evaluation of different model
structures, (3) uncertainty analysis, and (4) quantification of information contained in data sets in
diagnostic modeling. EcoPAD’s forward mode will incorporate estimated parameter values, their
variances, and other sources of information into
prognostic models to project future states of
ecological systems and associated uncertainties. of processimodels techniques

EcoPAD’s development will require (1) high
performance computational power for data
assimilation and Optimization; (2) more efficient Parameter Evaluation of Information content Unce:'tainty
data assimilation algorithms; (3) improved estimation model structure of data sets analysis

capacity to estimate parameter uncertainty and \ // /
predicted ecosystem states; (4) improved software Forecasts of future states
workflow; (5) improved integration of EcoPAD’s vith confidence intervals
components, (6) conversion of ECoPAD into an
operational software system for integration with EcoPAD
NEON’s planned CI (www.NEONInc.org) and (7) schematic
user-friendly interfaces.

EcoPAD’s data assimilation techniques will include: (1) genetic algorithms; (2) simulated annealing;

Library of modules Toolbox of inversion

Meta-databases

12

0919466



(3) the Levenberg-Marquardt minimization method in combination with a quasi-Monte Carlo algorithm;
(4) Markov chain Monte Carlo sampling with Metropolis-Hasting (Metropolis et al. 1953, Hasting 1970);
(5) ensemble Kalman Filter (Kalman 1960); and (6) an adjoining function of ecosystem C processes for
inverse analysis. This work builds on success in data assimilation using the CASA model (Cooperative
Adaptive Sensing of the Atmosphere) for net primary productivity in combination with a layered soil
carbon dynamic model (Zhou and Luo 2008). Previous work, using the Terrestrial Ecosystem Model
includes development and application of six assimilation techniques to multiple heterogeneous datasets
from Duke FACE, eddy-flux sites, and spatially distributed measurements of plant and soil carbon pools
and fluxes (Luo et al. 2003, Xu et al. 2006; White et al. 2002, 2005, 2006).

TEMDIS, the Terrestrial Ecosystem Monitoring and Diagnosis System, is a framework in
development at OU for attribution analysis of CO, fluxes of terrestrial ecosystems in a changing world. It
is composed of several satellite-based diagnostic models, and process-based prognostic models for the
assimilation of remotely sensed data, including the Vegetation Photosynthesis Model (VPM) and the
PROSAIL-2 radiative transfer model. VPM is built upon the concepts of leaf chlorophyll content, light
absorption by leaf chlorophyll, and light use efficiency, and is driven by satellite images and daily climate
data. The VPM model has been evaluated at more than 30 CO, eddy flux tower sites, ranging from boreal
forests, deciduous forests, grassland, alpine meadow, and croplands (winter wheat, maize), to tropical
forests (Xiao et al., 2005, Mahadevan et al., 2008).

PROSAIL-2 radiative transfer model (RTM), which builds on advances in the canopy-level SAIL
(Braswell et al. 1996) and leaf-level PROSPECT models, is used to retrieve simultaneously canopy
properties and leaf properties from daily MODIS images (Zhang ef al. 2005; Zhang et al. 2006).
Inversion of PROSAIL-2 for one MODIS pixel (500-m spatial resolution) takes approximately two days
of computation on a server (Zhang et al., 2005) as it provides the probability distribution of individual
variables as estimates of uncertainty through the Markov Chain Monte Carlo simulations (a modified
Metropolis algorithm, Metropolis ef al. 1953). Landscape- and regional-level simulations (thousands to
millions of MODIS pixels) by PROSAIL-2 require access to supercomputers and grid and cloud
computing resources. The cyberCommons will provide the ready access to high performance computing
and the geospatial data repository required to run PROSAIL-2, in turn advancing ecological, weather and
climate forecasts (e.g., the NSF-funded Linked Environments for Atmospheric Discovery (LEAD)
program). The TEMDIS models will be advanced with better geospatial data (e.g., satellite imagery,
weather, climate), data visualization, work flow, resolution and statistical inference.

Remote sensing data on changes in land-use/land-cover is critical to advancing the modeling of
biogeochemical cycles. The Kansas Applied Remote Sensing Program (KARS) at KU uses satellite
imagery and aerial photography datasets to map land-cover, model land use dynamics, and analyze
landscape characteristics. Pre-processed imagery for the Central Plains includes: AVHRR time-series
NDVI imagery since 1989; MODIS time-series NDVI imagery from both the Terra (since 2000) and
Aqua (since 2002) sensors; and, for Kansas, Landsat TM and ETM+ multi-seasonal (spring, summer, fall)
imagery for 1991-1994 and 2000-2005, and statewide digital land cover maps derived from Landsat
imagery (1990, 1994, and 2005). This coverage complements the nationwide National Land Cover
Database developed by the USGS.

Access to these datasets through the Kansas Data Access and Support Center (DASC, the Kansas GIS
data clearinghouse) requires time-consuming processing steps. The cyberCommons will create an
interactive portal for researchers to identify and access specific data stacks, e.g., by watershed, ecoregion,
or political boundary. It will also provide training for researchers who need to create specialized datasets
such as local area maps of woody plant invasion and spatial patterns and landscape impacts of CRP lands,
crop expansion, e.g. corn for ethanol, and suburban growth.

Science Case 4: Sensor networks for monitoring ecological response

Forecasting biogeochemical and biodiversity responses to environmental change requires intensive
data inputs from experimental and observational studies to inform modeling and scaling activities.
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Unfortunately, data from different regions are often collected with different methods, hampering data
compatibility and integration for analysis and forecasting. Oklahoma benefits from having statewide
standard installations of Mesonet sensor networks. Kansas requires comparable sensor networks and
wireless communication capabilities in order to increase the scope and scale of ecosystem measures for
advancing the accuracy and resolution of ecological forecasting across the Central Plains. As part of the
cyberCommons, these CI enhancements will occur at focal field study sites—the KSU Konza Prairie
Biological Station (KPBS), the KU Field Station and Ecological Reserves (KSR), and the Kessler Farm
Field Laboratory (OU). The resulting near real-time assimilation of data from field experiments and
sensor networks will yield rapid data analysis and integration of modeling results with EcoPAD and
TEMDIS, which will scale up through multi-resolution satellite sensors (Landsat, Hyperion, MODIS).

The 3,487-ha KPBS field site (a NEON candidate core site) includes 60 experimental watersheds with
varied land-use (prescribed fire and grazing, agriculture) and land-cover (native prairie, restored prairie,
gallery forest, shrubland), an intensively monitored stream system, and long-term plot-scale experiments.
Three eddy covariance (flux) towers continuously monitor carbon, water and energy flux over native
grasslands and sites undergoing woody plant encroachment, a critical land-cover change in the Central
Plains. A critical CI enhancement for research will be the installation of a tower network for wireless
communication, data transmission, and automated animal tracking across KPBS. New wireless sensor
networks will measure environmental heterogeneity and abiotic drivers (i.e., wind speed, solar radiation,
surface temperature, soil moisture at three depths, relative humidity) in the footprint of the flux towers
and in other targeted areas. Soil moisture is a critical, but poorly characterized, driver of ecological
processes in grasslands (Knapp et al. 2002, 2008). A new network of automated instruments will provide
real-time access to unsaturated soil infiltration rates at multiple scales. The deployment of spatially
optimized, vadose zone monitoring networks across watersheds will advance understanding of plant and
microbial responses to environmental heterogeneity. Each node will monitor soil water content,
temperature, and soil water potential near upper and lower soil profile boundaries. These data are critical
for modeling water and energy fluxes in unsaturated soil. The cyberCommons will integrate each of these
data streams and data from a long-term climate change experiment at KPBS (Fay ef al. 2000, Knapp et al.
2002) to feed EcoPAD and TEMDIS, being developed at OU (Science Case 3, above).

The KSR site includes long-term experiments on land-cover change and an eddy flux tower that
extends our sensing network to a site with higher rainfall and aggrading forests. Two new networks will
be deployed in the KSR flux tower footprint: (1) four soil respiration chambers (Li-8100) and sensors to
monitor abiotic variables (soil temperature, moisture, etc); and (2) a wireless remote network of
microclimate stations, similar to those at KPBS, to measure environmental heterogeneity. Common
sensors and data collection methods will ensure compatible data across vegetation types, climates, and
soils. Addition of a Picarro G1301 WS-CRDS Multi-Species Analyzer to the KSR flux tower will
simultaneously monitor fluxes of carbon, water and methane. Addition of a Large Aperture
Scintillometer (LAS), to complement one at KPBS, will allow calculation of evapotranspiration across
large areas by residual measure of the surface energy balance, ultimately for upscaling measured fluxes
from the towers and validation of surface energy fluxes from satellite data.

Central Plains ecosystems will likely be strongly affected by the expanding biofuel industry. The
Kessler Farm Field Laboratory is conducting two climate warming and biofuel feedstock experiments as
test beds for CI development for ecological forecasting (Luo et al. 2001, 2009). The experiments
manipulate three environmental factors: climate warming, altered precipitation, and biofuel feedstock
harvesting. In addition, the research focus of the new OK NSF EPSCoR RII Track 1 award is the
development of ethanol from switchgrass and related crops. The cyberCommons will augment the
existing sensors in the experiments with wireless networks, which will automate measurements of
temperature, soil moisture, wind speed, precipitation, and other environmental and biological variables
and feed the data into models and data assimilation software.

The cyberCommons will assimilate data from sensor networks via a unified data model to feed
ecosystem process models (e.g., EcoPAD, TEMDIS) for scaling activities, for comparing measured
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carbon, energy, and water fluxes with model outputs, and for narrative runs under multiple climate
scenarios predicted by downscaled IPCC climate models. The multiscale, biometeorological modeling
framework uses different models at their native spatial and temporal resolutions to develop scaling
relationships, and to assess responses and feedbacks to climate change. Using IPCC AR4 results (4™
Assessment Report) as forcing fields, the Weather Research and Forecasting (WRF) model will be
coupled with ecological models (EcoPAD, TEMDIS) to assess regional-scale processes at annual-
synoptic timescales. Ecosystem process models will assess the ecological implications of these regional
climate forcings. Large eddy simulations will assess the effects of changes in land-use and surface fields
on atmospheric transfer of mass and energy fluxes. This framework will allow the scaling of high
frequency sensor measurements (20 hz) to validate the Large Aperture Scintillometer and eddy
covariance data, and to scale results up to the region to assess impacts across the Central Plains. Remote
sensing Soil-Vegetation-Atmosphere-Transfer (SVAT) model outputs will validate model runs. Field-
collected data will validate each step prior to conducting the narrative AR4 output scenarios.

A second component of the sensor network at KPBS focuses on automated tracking of animal
movements to support studies of animal-plant interactions (Science Case 1, above) and epidemiological
modeling (Science Case 2, above), both of which are also NEON goals. Patterns of host/vector/reservoir
animal movements and contact rates are key to understanding the emergence and spread of infectious
diseases and maintenance of species diversity in ecological systems. For example, in the Central Plains,
skunks are an important vector of rabies. An Automated Radio Telemetry System (ARTS) can determine
patterns of vector movement in relation to land cover, and assess how overwintering in communal dens
affects host-to-host contact and the probability of rabies transmission. Such animal tracking is critical for
developing models of the spread of Hantavirus (Peromyscus vector), Avian Influenza and other zoonotic
diseases. Data on animal movement and activity (e.g., interactions, mortality, dispersal) will be integrated
with climate and landscape features into a model of disease transmission in rural and urban environments.
Model outputs will increase understanding of the role of grassland ecosystem services in regulating the
spread of zoonotic disease.

4.4.4 The cyberCommons Deliverables and Timeline

The cyberCommons will be developed in four stages. Stage 1 (0-6 months) will involve recruitment
of personnel, acquisition of hardware and software, and establishment of virtual data centers at each site.
Stage 2 (6-18 months) will focus on development of the cyberCommons web portal configured on a
virtual machine as gateways to all four data centers. Initially, the web portal will be populated with
existing data sets and tools from the four institutions, and with customized web GIS applications for
mapping and browsing. Middleware with management capabilities and applications will be developed for
users to access the OU Supercomputer via the web portal. Concurrently, major research effort will be
devoted to analyses of: (1) data and function requirements; (2) workflow; and (3) user interface needs.
The results will specify development of an ontological system, a unified data model, and narrative
structures for ecological and biodiversity data integration and information management, which, in turn,
will specify the development of tools for visual analytics and data mining. At the end of Stage 2, project
researchers will test and evaluate the web portal and provide feedback for revision and refinement.

Stage 3 (18-27 months) will prototype the cyberCommons by along two paths. First, the project’s
biologists and information scientists will continue iteratively testing and refining the web portal and tools
developed during Stage 2, i.e., the ontology, unified data model, workflows, visual analytics, data mining
tools, and user interface. Concurrently, we will develop network service capabilities, including APIs and
SOAP applications to provide geospatial analytical functions and tools for visual statistics, mapping,
graphing, and web mining. Forums, blogs, and other virtual social networking tools will be developed for
communication among and feedback from users.

Stage 4 (27-36 months) will complete implementation of the cyberCommons by evolving the
prototype to an operational CI system, including all specified functions, user registration and accounting,
security, coupling with other CI systems, and capabilities for expansion.
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Table 2. cyberCommons deliverables

Category
People

Hardware

Software

Collaboration
environment

Integration
environment

Component

Recruitment of graduate students and software engineers
Develop communication plans and reporting strategies
Establish virtual data center nodes at each site

Allocate compute and storage at each site

Connect local HPC and storage and virtual data center nodes

Sensor networks at KPBS and KU Ecological Reserves

1. specify and purchase sensors

. specify, purchase and install radio towers

. install sensor stations and field network components

. implement animal collars/ triangulation

. hydrologic sensor test network

. field network/data rate upgrade

. data models/sharing processes for assimilation into eco-models
. Data products for biological and geochemical models

oO~NO O~ WN

HPC gateways set up (management process, queues, storage
allocations)

Virtual Machine provisioning and management process

Software development of models (EcoPAD, TEMDIS)

Top-level portal and integration of existing resources

VO collaboration support services (blogs, wiki, discussion groups, video
and audio conferencing, etc.)

Resource catalogs of APIs, service addresses, and data dictionaries for
databases, models, analytical codes and other services

Portal, portlet and mashup development standards

VO authentication and authorization services (Shibboleth, Missouri
Entitlement Server software)

EcoPAD: Ecological Platform for Assimilation of Data

1. core software

2. Web interface, and

3. integration with sensor networks at KPBS, KSR, KFFL, AmeriFlux
4. forecasts based on land-use/land-cover and climate change

5. policy making and outreach applications

TEMDIS including PROSAIL-2 RMT and VPM
Ontology server and management processes

Data-assimilation and uncertainty analysis algorithms using
comprehensive ecosystem and ecological forecasting models (e.g.
NCAR Land Surface Model)

Climate change/Biofuel experiments at KFFL

cyberCommons integration environment

1. cyberCommons web portal for existing data and tools
. Geospatial data management system and query tools
. Ecological ontology and data modeling

. Develop data mining tools and algorithms

. Develop visual analytics tools and algorithms

. Develop narrative elements and structures

. Network services (SOAP and REST APIs)

. Prototype data models, tools, and narratives

. Prototype network services applications

10. Testing and evaluation

11. Make cyberCommons operational

O©oOoONO O~ WN
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Lead and
(team)
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KU/OU (All)
KU (All)
KU (All)
OU (All)

KSU (KU)
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OU (All)
KU (All)
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OU/KU
KU

OU (All)
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OU (All)
Al

KU/OU
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Education, Cl-mediated for-credit seminars for graduate and senior undergraduate
outreach and  students in aspects of computational ecology and biodiversity science, All

training including biodiversity- eco- and geoinformatics, and ecological niche o
and biogeochemical process modeling.
Graduate collaborative research program in ecological modeling using All 36

cyberCommons data and tools

Portals to introduce ecological concepts, research and tools to P-16
students and teachers, and the general public, including interactive All 36
modules for K-12 students and informal science education settings.
Implement informatics tools, such as Lifemapper Il, for use in KU and
OU (and other) natural history museums for development of next

generation informal science education programming in ecological LI
forecasting.
Graduate student training in developing integrated research All 36

environments for ecological modeling.

4.5 Education

Cyberinfrastructure creates environments and opportunities to expand education beyond the teacher-
student relationship and the classroom-laboratory. Cl-mediated education transcends disciplinary,
geographic, and institutional boundaries and affords broader participation by diverse populations. A
cyberCommons can enlarge the range of materials and modes of access and delivery for learners to
explore, for example, ecological field observations, data analysis, or team computational modeling of the
reciprocal effects of climate and land-use/land-cover changes on ecosystem structure and function on the
Central Plains. Web modeling tools for students, teachers and the general public project can enrich both
formal and informal science education by enabling inquiry-based analysis of ecological phenomena—for
example, “backyard” observations, or testing model outputs with local data.

The four universities will develop common, CI-mediated for-credit seminars for graduate and senior
undergraduate students in aspects of computational ecology and biodiversity science, including
biodiversity- eco- and geoinformatics, and ecological niche and biogeochemical process modeling. For
example, KU is developing a curriculum enhancement to prepare the next generation of researchers to use
the critical research tools of computational science and high performance computing. The new
curriculum will provide targeted, real-world learning opportunities and workforce development for
students at the cyberCommons by drawing on specific modeling and data analysis activities.

Beyond fostering individual graduate research, the CyberCommons will be a platform for enabling
true interdisciplinary graduate research, wherein teams of students from multiple disciplines, departments
and institutions bring the natural and social sciences to bear on a single project—for example, the social
and ecological consequences of expanding biofuels production across the Central Plains. Further, student
research projects in cyber disciplines will be able to bring technological and methodological innovations
to the proposed CI. These innovative resources, through open portals, will also be available to new
audiences in the states’ numerous community and four-year colleges, and state agencies. As products are
completed, the cyberCommons will have consortium-wide training on their use, e.g., how to select data
layers, use portals, compose new models and run new narratives. Broader audiences of faculty and
students will be invited to attend the training sessions. This extends OU's ongoing NSF-funded CI
education initiative, Supercomputing in Plain English (http://www.oscer.ou.edu/education.php; Neeman
et al. 2002, 2006, 2008a, b) for students, faculty and staff at dozens of institutions. In 2010 and 2011,
building on OU’s ongoing series of Supercomputing Symposia, the cyberCommons will host a weeklong
summer ecoinformatics workshop in Kansas and Oklahoma for undergraduate, graduate students,
research scientists and faculty.

In addition to higher education and workforce development, the CI environment is a logical conduit
to introduce ecological concepts, research and tools to a broader community, including interactive
modules for K-12 students and portals for the general public. For example, Kansas will be able to
incorporate and extend Oklahoma’s current suite of outreach activities that include Girl Scouts geospatial
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badges, GIS and GPS activities for high schools, summer workshops for public school teachers, and GIS
workshops for state and local government officials. In turn, Oklahoma will be able to incorporate and
extend KU’s public educational outreach on NSF’s Assembling the Tree of Life, and KSU’s broad
LTER-based educational programs affiliated with the Konza Prairie Biological Station, including online
ecological databases generated by participants, student-run research (http:/www.k-
state.edu/konza/keep/education/index.htm), the Konza Environmental Education Program (KEEP) for K-
12 students and the public (www.ksu.edu/konza/keep), the Konza Prairie Schoolyard LTER program, and
the statewide Konza SLTER program of data collection at satellite prairie sites (Prairies Across Kansas).
Finally, two of the participating universities (KU, OU) have distinguished natural history museums
with extensive outreach programs in informal science education to K-12 and the public. The
CyberCommons will bring the powerful informatics tools, such as Lifemapper, to the museums for
development of next generation informal science education programming in ecological forecasting.

4.6 Diversity Plan

During the past 15 years, Kansas, Oklahoma and regional state partners have developed high-speed
research and education networks (i.e., the collaborative Great Plains Network, Oklahoma’s One Net,
KanED, and KANREN) to link higher education institutions, K-12 schools, libraries, and government
agencies to the Internet and its increasing collection of resources. As a result, the geographically
distributed population of teachers and learners representing the gender, ethnic and institutional diversity
of the two states will be able to access and benefit from the products and resources of the
CyberCommons. Use of networks to reach diverse populations is particularly timely, as the minority
populations of both states are increasing, and now exceeds 50% of the population in four of the 18 largest
cities in Kansas.

For example, Oklahoma’s OneNet will enable science portals to be adopted and used by the 23
smaller universities and colleges distributed throughout the state mostly in rural areas and smaller towns.
Three 2-year colleges and three smaller rural 4-year colleges, all of whom are committed to incorporating
ecological forecasting models into their science curricula, will lead the effort. In Kansas, science portals
will enrich the curriculum at the state’s six universities, 19 community colleges, and 18 independent
colleges and universities. Both states will introduce CyberCommons resources to teachers and Native
American students in Oklahoma and Kansas to enable them to participate in data gathering and analysis
as an enhancement of ongoing programs in the natural and social sciences. Among the resources are
portals that the project will tailor to environmental issues across Native American lands.

In similar fashion, Kansas and Oklahoma have developed a rich array of successful diversity
programs, including those fueled by EPSCoR RII awards. For example, each year Emporia State
University in Kansas hosts Expanding Your Horizons, a program where more than 200 middle-school
girls from across the state to explore careers in STEM disciplines with women scientists as mentors, as
does KSU’s GROW (Girl’s Researching Our World: www .k-state.edu/grow/) program. Oklahoma
EPSCoR supports Supplemental Instruction (SI) and GRE preparation at the historically black Langston
University (LU), resulting in significantly increased GPA scores for participants. Using existing state
networks and the CI resources and architectures of this project, the KS-OK consortium will build on,
enrich and extend these programs for women and minorities through science portals where students and
teachers can explore and participate in 21* Century ecological science using the data, analysis and
modeling products of this project.

The consortium will invite participation at its annual symposia, targeting faculty from geographically
remote areas of the states, HBCUs and tribal colleges, and institutions serving large numbers of women
and minorities. Stipends for travel, in the state’s matching funds, will assist and encourage attendance.

4.7 Dissemination and Communication Plan

The project will implement a unified dissemination and communication plan across the two states to
communicate the value and benefit of the consortium’s work and to improve science literacy among its
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citizens. Fundamental to the plan will be identification of constituent groups, development of targeted
messages, and selection of communications channels and formats for dissemination. Expected
constituent groups include: journalists, state-level policymakers (governors, legislators, agency heads and
key staft), the federal delegation, science and cyber faculty at area colleges and universities, K-12 science
and cyber educators, symposium audiences, environmental organizations, and other groups with potential
interest in the goals of this proposal. The audiences will receive targeted announcements of and
invitations to project events, and descriptions of accomplishments and results using a range of
communication channels, formats and venues, including websites, web portals, press releases, e-
newsletters, brochures, presentations and media interviews, posters, e-mail, and annual symposia. News
releases will be the most immediate and frequent public communications, initially to introduce the project
and describe its importance to the region and thereafter to announce events and highlight
accomplishments and impacts. Project staff will leverage distribution of e-documents by engaging other
organizations to share their membership lists when appropriate.

The cyberCommons web site will describe the purpose, goals and expected impact of the project, and
provide links to web resources and research and educational portals that result from project activities.
Staff will advertise the website to constituents and recruit the nation’s other state EPSCoR programs to
avail their constituents of the resources provided by the cyberCommons. In order to put a “local face” on
the cyberCommons, staff will arrange for project scientists to make informal presentations to local
educational and civic groups in each state (Rotary, Lions, Chamber of Commerce, associations of science
teachers), journalists, and various media, which also will be posted on the project website.

Semi-annual symposia for all project participants will be the cornerstone event for both internal and
external communications. Each year, the symposia will alternate between KS and OK and include
demonstrations of the developing infrastructure. In Year 1, the symposia will target local and state
agency policymakers from departments such as agriculture, health and environment, wildlife and parks,
and water resources. The objective will be to raise their awareness of the project and discuss with them
the potential utility of project results to their respective missions. In Year 2, the symposia will target
higher education institutions, including community colleges, historically black colleges and universities,
tribal colleges, and private colleges and universities in the two states. Objectives will be to increase
institutional diversity, introduce this constituency to the research and education applications of the
developing cyberinfrastructure, and enlist their participation as users of emerging products at project
portals and websites. To facilitate attendance among this constituency, the project will offer travel
stipends on the basis of distance and need. The Year 3 symposia will target elected officials and their
staff members to showcase the collaboration between states and the value of the cyberinfrastructure and
modeling products as tools to enhance research and education and inform public policy.

Symposia will feature presentations from leaders in CI innovation, and be scheduled to maximize
attendance by members of the AAAS Assessment Team, the External Advisory Team, the State EPSCoR
Committees and targeted groups. Programs will feature presentations, demonstrations, and posters that
illustrate the power of the cyberCommons for advancing knowledge discovery of environmental
phenomena for science and society. Press releases will announce each symposium, with space reserved
for journalists who wish to attend.

4.8 Evaluation and Assessment

The consortium will use both formative and summative evaluation to assess, monitor, and improve
project activities. Two groups of external experts will contribute to this process: (1) the American
Association for the Advancement of Science (AAAS); and (2) an External Science Advisory Committee
(ESAC). The consortium will define an internal process to gather and prepare data for the AAAS and
ESAC teams to conduct their assessment and for the project’s Leadership Team to monitor on-going
activities.

AAAS Panel. The AAAS will assemble a five-member panel, including one AAAS senior staff
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member and four experts in the CI areas proposed for improvement in this proposal. Early in the award
period, the AAAS panel will meet project participants, review implementation plans, and provide
supplemental or alternative strategies for successful implementation where warranted. The panel will
review the benchmarks and metrics of the program and advise on the best methods for tracking progress.
Thus, the panel will be providing formative project evaluation and program guidance on implementation.
Near the beginning of the second year, the AAAS panel will assess progress and suggest areas for
improvement and alternate strategies, if needed, for completing the project goals. In the final six months
of the award period, the panel will begin a summative evaluation and address the sustainability of the
project. Each of the panel meetings will occur on-site and alternate between Kansas and Oklahoma. At
the conclusion of each visit, the panel will prepare a report of its findings for dissemination to all project

stakeholders.

External Advisory Committee. An External Advisory Committee (EAC) will provide scientific,
CI and management review and counsel to the project teams throughout the award period. The EAC will
attend the semi-annual project symposia, meet with project leaders and participants, and prepare reports
describing the strengths and weakness of the work underway and suggesting course corrections for
improvement. Members of the EAC will be available to advise project teams on an informal basis as
needs arise. To date, four distinguished scientists have agreed to serve on the EAC: Peter Arzberger,
Chair, PRAGMA—Pacific Rim Applications and Grid Middleware Assembly (and, at UC San Diego,
Director, National Biomedical Computation Resource); Geoffrey Fox, Professor, Computer Science,
University of Indiana (web-based integration environments); Deanna Pennington, Informatics Research
and CI Outreach, LTER Network Office, University of New Mexico; and David Schimel, CEO of
NEONInc (and Senior Scientist, NCAR).

Metrics. Table 3 lists examples of the quantitative and qualitative metrics that will be used to

evaluate and assess the project’s progress and outcomes.

Table 3. Sample Evaluation and Assessment Metrics

Indicator Quantitative Metrics Qualitative Metrics
Publications in ecological, biodiversity,
GIS and computer science Interdisciplinarity and collaboration in the
Presentations at professional venues dissemination of project results
New datasets, tools, models, etc. Data, model fusion and disciplinary fusion in
served though web portals generating research results

Research Specification, acquisition, installation of New research areas and synergies

] It , CYERTCOMINENS METETE (F2E Ve 2 Sustainable research clusters
implementation Deliverables) . .
: Major research success stories

Implementation of software, Invited particioati t professional f
e nvi eI pardlctljpa |gn at professional conferences,
integration environment layers (see pane s,.an oards
Table 2 Deliverables) Professional awards and honors
Interdisciplinary doctoral and masters Students and faculty working in interdisciplinary
projects teams
New courses, seminars, etc. fusing Integration of research, education, and

Education, science and informatics innovation through courses, seminars, and

training Junior faculty supported and mentored program development
and through cyberCommons activities Students prepared for STEM workforce in
mentoring Training in HPC and related Cl for ecoinformatics and cyberinformatics

faculty and students

Ecoinformatics seminars, workshops,
symposia
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* Establishment of research and educational

* Outreach activities to and participants relationships with targeted constituents and

Diversity, from K-12, regional community articioating institutions
outreach colleges, HBCUs, etc. part |p. INg Institul
. Participant ited f d * Integration of portal-based research and
a"",’ , articipants recruited from women an educational resources into institutional curricula
communication underrepresented groups

. . o * Public recognition of cyberCommons
* Public relations and communication

* cyberCommons resources enable projects within
* cyberCommons-generated research and beyond consortium and ecoforecasting

and education proposals . .
Sustainability Additional d institutional * Expansion of supercomputing networks and Cl
S SRS Elie] [Tl * Contribution to KS and OK S&T development

investments in cyberCommons-related ) ) i )
research and education * Interaction, collaboration and partnerships with

LEAD and other successful external Cl groups

4.9 Sustainability Plan
The consortium will sustain the cyber-enabled activities and impacts in several ways.

Eight new faculty. Both states have demonstrated long-term commitment to the science to be
enabled by the cyberCommons by creating eight new full-time tenure-track faculty positions in ecological
and biodiversity forecasting. Specifically, at OU, two positions are devoted to ecological research and
two to software engineering and ecoinformatics of data and models. Two positions at KU cover global
biodiversity and ecological modeling; at KSU, the two recent faculty hires study ecogeography and
ecophysiology. These eight faculty augment one of the strongest research groups nationally and
internationally in ecological and biodiversity science and informatics.

Building on existing programs. The cyberCommons will increase research competitiveness by
integrating the consortium’s existing people, ideas and tools in a new CI framework for cross-domain
investigation of complex environmental phenomena. Specifically, the cyberCommons will leverage and
combine the strengths and expertise of: at OU—the Supercomputing Center for Education and Research,
the Center for Informatics, the Center for Spatial Analysis, the Earth Observation and Modeling Center,
and the Center for Ecological Forecasting and Data Assimilation; at KU—the Biodiversity Research
Center, the Natural History Museum, the Kansas Biological Survey, the Kansas Applied Remote Sensing
program, and the Kansas Ecological Reserves, a candidate NEON satellite site; at KSU—the Konza
Prairie Biological Station, an LTER site and candidate NEON core site.

Further, the cyberCommons complements and builds upon existing NSF EPSCoR programs in both
states. In Kansas, the current Track 1 RII award is funding the science infrastructure for ecological
forecasting; in Oklahoma, the previous Track 1 award supported the cross-disciplinary area of plant virus
biodiversity and ecology. Its recent Track 1 award, which focuses on ethanol production from
switchgrass and related crops, as well as the pending Track 1 proposal from Kansas will strengthen the
research infrastructure for understanding environmental phenomena related to changing climates and
land-use/land-cover.

Building for future programs. The cyberCommons pre-adapts researchers in both states to
participate fully in NSF’s planned installation of NEON (www.neoninc.org) as a continental-scale
research platform to sense the environment for forecasting ecological states. Similarly, The Department
of Homeland Security’s recommended placement of the National Bio and Agro Defense Facility in
Manhattan, Kansas (www.dhs.gov/xres/labs/gc_1188509623607.shtm) will generate enormous
opportunity for research partnerships that integrate ecological and biodiversity science with the genetics
and epidemiology of zoonotic disease systems.

Finally, sustainability also entails sustaining knowledge discovery for society—a fundamental
educational deliverable. The research and educational programs fostered by the cyberCommons and its
integrative, collaborative environment will prepare a new generation of students, trained across
biocomputational disciplines, to increase our knowledge of complex environmental systems. Further,
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CyberCommons educational portals will sustain public understanding and recognition of these systems,
their application to environmental management, and the states’ investments in these S&T enterprises.

4.10 Management and Coordination Plan

The KS-OK CI consortium will use a stable structure of teams and CI tools to manage and coordinate
the activities of the cyberCommons through shared tasks and accountabilities. Cross-state and cross-
institution teams will have specific tasks, responsibilities and performance measures; cross-team
membership, in combination with the leadership team, will ensure coordination and synchrony among
component areas. By encouraging shared leadership rather than hierarchy, the project will foster the
capacity, ethic and work environment to share information and ideas freely—a cardinal property of
creative and productive organizations.

Our primary coordination principle is a continuous focus on clarity—of project goals and milestones,
of communication mechanisms and expectations, and of personal and group expectations and
responsibilities. In practice, appropriate cyber tools will link people and activities, e.g., list-serves, blogs
and wikis, dedicated websites, data and model sharing and visualization software, and science portals
designed to address the needs of the project’s constituents. Table 4 below lists the project management
entities and their roles and mechanisms; Table 5 below lists the project participants.

Leadership Team. The two PIs and four co-PIs from OK and KS will form the Leadership Team:
PIs Risser (OK) and Bowman-James (KS), and co-PIs Krishtalka and Dodds (KS) and Luo and May
Yuan (OK). This team will have ultimate responsibility for managing and guiding the project and
ensuring its success. Paul Risser has extensive EPSCoR experience, previously serving as chair of the
OK State EPSCoR Committee and in scientific and academic leadership roles nationally and
internationally, e.g., President of Oregon State University, OK Chancellor for Higher Education, Interim
Director of the Smithsonian’s National Museum of Natural History. Kristin Bowman-James, a
distinguished professor of chemistry, is project director for Kansas NSF EPSCoR and PI of the current
RII grant. Yiqi Luo is an internationally recognized scientist with experience in multi-investigator
projects in ecology and informatics. Leonard Krishtalka, professor of ecology and evolutionary biology,
is director of the KU Biodiversity Institute and serves on national and international advisory bodies for
biodiversity science and informatics. He and Walter Dodds are co-Pls on a multidisciplinary, multi-
institutional ecological forecasting project in Kansas. Dodds, professor of biology at KSU, serves as co-
PI for the Konza Prairie LTER site. Supported by the OK/KS Project Coordinators, the Leadership Team
will maintain regular e-mail and telephone communication, meet monthly by tele- and videoconference,
quarterly by videoconference and semi-annually at the project symposia.

State EPSCoR Committees. The Leadership Team will report regularly to the State EPSCoR
Committees, which will provide general project oversight and represent the accomplishments of the
cyberCommons to respective state constituencies.

Project Directors Team. Four co-Pls, Krishtalka, Dodds, Luo and Yuan, will have primary
responsibility for working with the two project coordinators and the project teams to: (1) monitor and
guide the accomplishment of project deliverables and milestones across both states; (2) provide interstate
and inter-institutional coordination of the science and CI components of the project plan.

The CI Team unites CI and science expertise across the collaborating universities in ecological and
biodiversity informatics: James Beach and Rick McMullen, (KU); Dan Andresen (KSU); Luo, Yuan and
Henry Neeman (OU). This six-person team, reporting to the Project Directors Team, is responsible for
planning and implementing the hardware, software, collaborative environment and integration
environment of the cyberCommons according to the scheduled project deliverables and milestones. The
CI team will consult regularly and iteratively with project scientists to ensure that the CI solutions are
meeting the science needs.

Ad hoc Teams will be appointed by the Project Directors Team and/or the CI Team to address new
issues, ideas, technologies and new user constituencies that become important to the success of the
project. These ad hoc teams could draw members from within or outside the project’s current consortium,
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such as government agencies, scientific societies, educational institutions, and industry.

Project Coordinators Barbara Paschke (KS) and Lynda Snake (OK) will provide support and
logistical services for the project teams, such as scheduling meetings, travel and symposia, coordinating
hardware and software purchases, and fostering public relations and educational outreach. Paschke
served as Associate Director of Kansas NSF EPSCoR, has coordinated statewide and interstate
multidisciplinary projects, and has conducted public relations and communications for agencies and
programs. Linda Snake has been the research grant manager for five Botany/Microbiology department
faculty, with responsibilities for financial reports, personnel actions, travel, and coordination of meetings

and special projects.

External Evaluation Panel. Through a contractual services arrangement, the American
Association for the Advancement of Sciences (AAAS) will evaluate the project and report their findings
to the State EPSCoR committees, the State EPSCoR directors, the Leadership Team, and the project
participants. The AAAS panel’s protocols are described in Section 4.8 Evaluation and Assessment.

External Advisory Committee. As described in Section 4.8, an external advisory committee will

help the consortium implement the cyberCommons.

Table 4. Management and Coordination Structure, Roles, and Mechanisms

Who What: roles
* Procure state matching funds
el * Provide state-level oversight
EPSCoR . .
Committees * Provide public and government
advocacy
* Responsible for entire project
 Fiscal oversight
» Timely completion of project
deliverables
Leadership * Implementation of AAAS and EAC
Team review recommendations
» Submission of annual and final
reports
» External relations
* Ensure grant compliance
* Daily project management
* Monitor progress toward
deliverables and milestones
Project ¢ Assess need for ad hoc teams
Directors * Monitor budget and review
Team requested expenditures

» Coordinate project activities

* Provide evaluation materials to
AAAS, EAC

* Disseminate project results

» Develop detailed implementation
plan for the cyberCommons

Cl Team * Manage, schedule and adjust
tasks to build the cyberCommons

» Disseminate project results

How: management/coordination mechanisms

Promote project and state investment (match)
Review progress reports semi-annually
Meet with public and governmental bodies

Hold monthly video conferences to monitor activities and
progress, resolve issues, and discuss emerging
opportunities

Communicate regularly with team members by e-mail
and conference calls

Serve as spokespersons for the project to external
audiences

Organize and compose documents for external
constituents

Review annual and final report documents

Serve as members of the Leadership Team

Hold monthly videoconferences with Cl Team, quarterly
videoconferences with all project personnel

Appoint and charge ad hoc teams

Organize and hold annual project symposia
Communicate regularly with all project personnel
Organize and compose project documents for external
evaluators

Present project results to professional and public
audiences (e.g., publications, society meetings)

Develop and supervise detailed tasks and timelines for
implementation of hardware and software deliverables
Review implementation plan and progress with Project
Directors Team, AAAS panel, EAC and project
scientists; emend plan based on feedback

Deploy communication technologies (wikis, blogs,
listserves, websites, etc.)

Present results at project, professional and public
meetings
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* Provide logistical and support
services to the Leadership, Project
Directors and Cl teams

* Coordinate activities and

Project communications across teams,
Coordinators institutions and states
¢ Assist teams with dissemination
and document preparation
communications
* Foster educational and public
outreach
Ad hoc * Address new and/or unanticipated
Teams issues and opportunities requiring
specific expertise
AAAS Panel o Providg formative and summative
evaluation
External * Provide periodic assessment of
Advisory and recommendations for the
Committee success of the project, primarily

the Cl and science components

Attend team meetings; prepare agendas, minutes,
budget reports, etc.

Maintain records of project personnel, correspondence,
reports, etc.

Arrange and schedule meetings, workshops,
videoconferences, symposia and other events

Distribute/solicit information

Prepare project reports, documents, Web materials,
press releases, brochures, newsletter

Assist project teams in serving as liaison to educational
organizations

To be determined by the assignment and charge from
the Project Directors or Cl teams.

Annual on-site reviews with project personnel

Annual reports to State EPSCoR Committees,
Leadership Team and project participants

Attend annual project symposia, meet with project teams
and review project documents

Participate in videoconferences as needed

Prepare reports for the Leadership Team

Table 5. Project participants

Name Univ Department

D. Andresen KSU Computer & Information Science
Kansas Biological Survey; Ecology

(% LRI TR = & Evolutionary Biology

J. Beach, co-PI KU Biodiversity Research Center

- Kansas Biological Survey; Ecology

S il = & Evolutionary Biology

J. Blair KSU Biology; Konza Prairie

K. Bowman-James, Pl KU KS NSF EPSCoR; Chemistry;

J. Briggs KSU Konza Prairie

N. Brunsell KU Geography

D. Brunson OoSu HPC center

D. Caragea KSU Computer & Information Science

D. Chandler KSU Civil Engineering

W. Dodds, co-PI KSU Biology; Konza Prairie
Kansas Applied Remote Sensing;

S. Egbert KU Geography:;

C. Ferguson KSU Biology; Herbarium

C. Freeman KU Blodlver3|.ty Rgsearoh Center;
Kansas Biological Survey

K. Gido KSU Biology

C. J. Grady KU Biodiversity Research Center

J. Grissom ou Center for Informatics

L. Gruenwald, co-Pl ou Computer Science
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Expertise
Sensor networks; HPC systems

Ecosystem modeling

Research management; biodiversity
informatics; Cl education and training

Biogeochemistry

Biogeochemistry

Research management

Remote sensing and environment
Biogeochemistry

Physical ClI

Data mining; information visualization
Ecohydrology

Biogeochemistry

Remote sensing data
Biodiversity data and informatics
Biodiversity data and informatics; training

Biodiversity informatics

Geospatial data and software engineering
Software engineering/development
Databases, data models, data mining
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J. Kelly

L. Krishtalka, co-PI

S. Lakshmivarahan

Y. Luo, co-PI

E. Martinko

A. McGovern

R. McMullen, co-Pl

H. Neeman

J. Nippert
M. Palmer, co-Pl
B. Paschke

D. Peterson

A. T. Peterson

C. Rice
P. Risser, Pl

C. Scoglio
L. Snake
J. Soberon

A. Stewart

D. Vieglais

C. Weaver

E. Wiley
S. Wisely

X. Xiao

M. Yuan, Co-PI

G. Zolnerowich

ou

KU
ou
ou

KU

ou
KU
ou

KSU
OSuU
KU

KU

KU

KSU
ou

KSU
ou
KU
KU

KU

ou

KU
KSU
ou

ou
KSU

Oklahoma Biological Survey

Biodiversity Institute; Ecology &
Evolutionary Biology

Computer Science

Botany/Microbiology

Kansas Biological Survey; Ecology

& Evolutionary Biology
Computer Science
Center for Research
OSCER

Biology

Botany

Kansas Biological Survey
Kansas Biological Survey
Biodiversity Research Center;
Ecology & Evolutionary Biology
Agronomy

Research Cabinet

Electrical and Computer
Engineering

Botany/Microbiology

Biodiversity Research Center;
Ecology & Evolutionary Biology

Biodiversity Research Center

Biodiversity Research Center

Computer Science

Biodiversity Research Center;
Ecology & Evolutionary Biology

Biology
Botany/Microbiology

Atmospheric & Geographic
Science

Biology
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Animal biodiversity, infectious disease
modeling

Research management; biodiversity data
and informatics

Data assimilation

Biogeochemical modeling, data/ model
assimilation

Research management; biodiversity;
remote sensing technologies

Data mining/knowledge discovery,
machine learning

Cl architecture; Research computing

Physical Cl, HPC software development;
Cl education and training

Ecophysiology
Plant biodiversity, biostatistics
Project coordination, outreach, education

Remote sensing databases; land-cover
mapping

Biodiversity informatics, ecological niche
modeling, disease modeling;

Biogeochemistry, soils
Research management; Ecology

Overlay and virtual networks; modeling

Project coordination and management

Biodiversity informatics and modeling;
Global biodiversity policy

Geospatial data and software engineering

Biodiversity informatics, data mining and
modeling, software engineering; Cl
training

Human computer interaction,
visualization, visual analytics

Biodiversity, informatics, ecological niche
modeling

Ecology and disease epidemiology

Remote sensing, biogeochemical
modeling, ecology & disease modeling

Temporal GIS, data modeling, web
mapping; science education

Biodiversity informatics
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