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EarthCube Domain End-User Workshop:  
Engaging the Critical Zone community to bridge “long tail” science with big data 

 
A.  Project Summary 

Critical Zone (CZ) scientists take as their charge the effort to integrate theory, models and 
data from the multitude of disciplines studying processes on the Earth’s surface – from the 
atmosphere at the vegetation’s canopy to the lower boundary of actively cycling groundwaters.  
As such, critical zone scientists and their data managers are at the front line of efforts to 
effectively compile and use the “dark data in the Long Tail” of earth science (i.e. Heidorn 2008) 
and integrate that data with the “Big Data” produced by hydrologists, atmospheric scientists, 
geospatial modelers and molecular biologists.   

The NSF EarthCube initiative recently solicited proposals for domain workshops “designed 
to listen to the needs of the end-user groups that make up the geosciences and to understand 
better how data-enabled science can help them achieve their scientific goals.”  We propose a 
workshop to bring together critical zone domain scientists with computer scientists active in 
EarthCube.  Although several critical zone domain scientists are currently involved in EarthCube 
activities, they represent only a few of the scientific disciplines represented by critical zone 
science.   

This workshop would thus serve two objectives:  
1. engage ~45 cyber-literate critical zone scientists in the EarthCube process,  
2. inform ~20 of EarthCube’s cyberscientists of the diversity needs of CZ science.   

The overall goal of the workshop would be to develop a set of unifying requirements the 
integration of “long tail” data and “big data” and to develop an interactive community of domain 
and cyber scientists to pursue solutions.  Specifically, after a morning of invited introductory 
talks introducing the various needs and capabilities of represented geo- and cyber-science 
communities, participants will break out repeatedly into six groups to discuss and produce draft 
documents that will contribute to each of the five specfic workshop outcomes. Breakout group 
lists will be briefly presented at the end of each breakout session and collated in near-real time 
using Google Docs, and thus accessible by all breakout groups for subsequent rounds of 
discussion.  A workshop report will be redacted from these documents, summarizing all 
workshop findings. 

The intellectual merit of the workshop is two-fold. The CZ geoscience community will 
benefit from understanding new cyber-infrastructure possibilities, envisioning present and future 
solutions to their current needs and engaging in the EarthCube process.  The EarthCube cyber-
science community will benefit from understanding the challenges and needs of one of the most 
highly multi-disciplinary geoscience efforts to integrate diverse datasets. No current or previous 
effort exists to integrate the full range of datasets currently being produced by CZ scientists nor 
to incorporate optimization offered by many technologies and approaches being considered by 
EarthCube.   

These are many examples of how cyber-infrastructure developed for geoscientists have 
broader impacts to the public.  The national weather service data and model forecasts are 
highlighted on television and other media outlets.  Fishermen, rafters and canoeists rely on 
USGS gauging data for their recreational activities.  The existing Model My Watershed platform 
is harnessing GIS and hydrological modeling for educational purposes in classrooms and 
informal settings and also by citizen scientists.  The pending Monitor My Watershed module will 
directly access water flow and quality data from various sources via the one-stop-shopping 
offered by CUAHSI HIS web services.  
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EarthCube Domain End-User Workshop: Engaging the Critical Zone 
community to bridge “long tail” science with big data 

 

C.  Project Description 
C.1. Workshop Objectives 
The NSF EarthCube initiative (http://www.nsf.gov/geo/earthcube/) was launched in June 2011 to 
seek “transformative concepts and approaches to create integrated data management 
infrastructures across the Geosciences.”  After a year of intensive collaborative activity 
(http://earthcube.ning.com/), NSF and the community of geoscientists and cyberscientists have 
recognized that “for EarthCube to achieve its potential as a new data and knowledge 
management system for the 21st Century, the collective needs and desires of geoscientists 
across the disciplines must be made known so similarities and difference between user groups 
and disciplines can be identified and addressed.”  Thus, NSF GEO recently solicited proposals 
for domain workshops “designed to listen to the needs of the end-user groups that make up the 
geosciences and to understand better how data-enabled science can help them achieve their 
scientific goals.”  Here we propose such a workshop for the Critical Zone science community. 
Critical Zone scientists take as their charge the effort to integrate theory, models and data from 
the multitude of disciplines studying processes on the Earth’s surface – from the atmosphere at 
the vegetation’s canopy to the lower boundary of actively cycling groundwaters 
(http://criticalzone.org/).  As such, critical zone scientists and their data managers are at the 
front line of efforts to effectively compile and use the “dark data in the Long Tail” of earth 
science (i.e. Heidorn 2008) and integrate that data with the “Big Data” being produced by 
hydrologists, atmospheric scientists, geospatial modelers and molecular biologists.   
We propose a workshop to bring together critical zone domain scientists with computer 
scientists active in EarthCube.  Although several critical zone domain scientists are currently 
involved in EarthCube activities, they represent only a few of the scientific disciplines 
represented by critical zone science.  This workshop would thus serve two objectives:  

1. engage ~45 cyber-literate critical zone domain scientists in the EarthCube process,  
2. inform ~20 of EarthCube’s cyberscientists of the diversity needs of integrative critical 

zone science.   
The overall goal of the workshop would be to develop a set of unifying requirements the 
integration of “long tail” data and “big data” and to develop an interactive community of domain 
and cyber scientists to pursue solutions.  Specifically, after a morning of invited introductory 
talks introducing the various needs and capabilities of represented geo- and cyber- science 
communities, participants will break out repeatedly into six groups to discuss and produce draft 
documents that will contribute to each of the five workshop outcomes: 

1. List of scientific challenges for next 5-15 years; 
2. List of data and cyber-infrastructure constraints to those challenges; 
3. List of all known community data and modeling resources; 
4. List of data and cyber-capabilities required to meet challenges, by matching constraints 

(2) w/ resources (3) and identifying/imagining unmet needs to develop; 
5. Develop three strong use cases with important/transformative science drivers  

Breakout group lists will be briefly presented at the end of each breakout session and collated in 
near-real time using Google Docs, and thus accessible by all breakout groups for subsequent 
rounds of discussion.  A workshop report will be redacted from these documents, summarizing 
all workshop findings. 
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C.2. Need for Workshop 
Critical Zone scientists take as their charge the effort to integrate theory, models and data from 
the following 16 major disciplines, as identified by the national Critical Zone Observatory (CZO) 
network (http://criticalzone.org/): 

● Biogeochemistry 
● Biology/Ecology 
● Biology/Molecular 
● Climatology/Meteorology 
● DataManagement/CyberInfrastructure 
● Engineering/Method Development 
● Geochemistry/Mineralogy 
● Geology/Chronology 
● Geomorphology 
● Geophysics 
● GIS/RemoteSensing 
● Hydrology 
● Modeling/ComputationalScience 
● Outreach/EducationResearch 
● SoilScience/Pedology 
● WaterChemistry  

These disciplines represent both “Big Data” science and what is now being increasingly referred 
to as “long tail” science (Heidorn 2008).  Big Data is typically produced by large-scale, well-
funded initiatives using automated in-situ sensors and instruments that generate millions of 
homogeneous records that are centrally maintained and openly shared in national repositories 
by a team of full time staff.  On the other hand, 80% of grants awarded by NSF corresponding to 
nearly 40% of total granted funds are less than $300,000 in size and are typically managed on a 
part time basis by 1-2 faculty and 1-2 graduate students (Heidorn 2008).  The data produced by 
the long tail of this distribution is typically laboratory generated by unique procedures that 
require extensive and heterogeneous metadata and are maintained by individuals in personal, 
protected repositories. 
The Critical Zone Observatory program is thus at the front line of efforts to effectively compile 
and integrate the “dark data in the Long Tail” with earth science’s Big Data.  The challenge is 
enormous and in many respects mirrors the entire EarthCube effort, but the needs are 
immediate.  As such, the national CZO data management effort has to date taken the practical 
approach of harnessing the existing cyber-infrastructure of the Consortium of Universities for the 
Advancement of Hydrologic Science, Inc. (CUAHSI) Hydrologic Information System (HIS) 
(Zaslavsky et al. 2011).  However, this system was designed only for point observations and 
has limited metadata capabilities for sample-based data types and thus serves only a limited 
subset of the data produced by CZ scientists.   
Two recently funded two-year projects take the next practical steps to extend the capabilities of 
CZO Data system.  The “Integrated Data Management System for Critical Zone Observatories” 
project (NSF-EAR-1153164) will expand capabilities by develop additional parallel but centrally 
cataloged data systems that leverage the existing cyber-infrastructures of EarthChem, the 
System for Earth Sample Registration (SESAR) and other components of the Integrated Earth 
Data Applications (IEDA) facility; the OpenTopography LiDAR repository; the NANOOS 
Visualization System; and DataONE.  The second project, entitled “Developing a Community 
Information Model and Supporting Software to Extend Interoperability of Sensor and Sample 
Based Earth Observations” has been recommended for funding by NSF Geoinformatics and will 
develop the foundation for deeper integration between the various cyberinfrastructures currently 



C-3 

and soon to be leveraged by the CZOs.  However, none of these funded projects will integrate 
the full range of geospatial, geophysical or molecular biological datasets currently being 
produced by CZ scientists.  In addition, all CZO Data efforts would be substantially enhanced by 
the findings from other EarthCube activities, such as regarding Workflow, Modeling or 
Governance. 
The proposed workshop is critically needed to envision beyond the low-hanging fruit of 
practically attainable solutions to the most immediate issues.  The CZ geoscience community 
will benefit from understanding cyber-infrastructure possibilities, envisioning present and future 
solutions to their current needs and engaging in the EarthCube process.  The EarthCube 
cybersciene community will benefit from understanding the challenges and needs of one of the 
most highly multi-disciplinary geoscience efforts to integrate diverse datasets.  
 

C.3. Recent Related Meetings 
To date, we know of no community-wide meeting with the objective of bringing together all 
disciplines of critical zone scientists with cyberscientists in order to develop a set of unifying 
requirements the integration diverse types of “long tail” data and “big data”.  However, there 
have been a number of meetings and workshops in recent years that have brought together 
subsets of our target group in order to address related objectives.  These include: 
 

2010 May 19-20.  National CZO Data Management Kick-off Meeting.  Boulder, CO.  22 
participants from CZOs, CUAHSI and EarthChem to coordinate data sharing and begin 
understanding requirements.  Followed by monthly teleconferences and several 
smaller meetings. 

2010 Oct. 4-5.  Creating a Scientific Software Innovation Institute (S2I2) for the 
Environmental Observatory Communities.  Arlington, VA.  44 participants distributed 
about ⅔ between cyberscientists and ⅓ geoscientists leading various environmental 
observatory programs (i.e. LTER, CZO, OOI, NEON, CUAHSI). Report available at 
http://www.acsu.buffalo.edu/~abani/RENCI_NCSA_NSF_1049273_workshop_report.p
df 

2011 Jun. 22-24.  CUAHSI Conference on Hydrologic Data and Information Systems.  
Logan, UT.  37 participants presenting relevant results from research projects. 
http://his.cuahsi.org/conference2011/.  

2011 Sep. 21.  Open Geospatial Consortium (OGC) Oceans/Met/Hydro Water Cycle 
Summit.  Boulder, CO.  Participants convened to learn what has been accomplished 
so far by the two working groups and to discuss what remains to be done.  
http://www.opengeospatial.org/event/1109omh. 

2011 Oct. 13-14. Workshop: Development of a HydroChemical Database, StreamChemDB. 
Corvallis OR.  25 Participants primarily from the LTERs and the US Forest Service to 
initiate the development and use of a shared database. 
http://web.fsl.orst.edu/streamchem/news.  

2012 Jun. 24.  EarthChem Community Workshop at Goldschmidt 2012.  Montreal, Canada.  
Training and engagement workshop for geochemical and geochronological data 
resources.  http://www.vmgoldschmidt.org/2012/event-earthChem.htm. 

 

C.4. Organizing Committee 
Bringing together cyber-literate critical zone domain scientists with interest in EarthCube will be 
a primary challenge of the workshop organizers.  We thus propose the following three 
individuals to co-convene the workshop, and the following organizing committee to assist in 
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developing the list of attendees and the agenda, and identifying breakout group facilitators and 
note takers. 
 
Workshop Conveners: 

Anthony K. Aufdenkampe, Associate Research Scientist, Stroud Water Research Center.   
Aquatic organic geochemistry, co-PI of Christina River Basin CZO and co-PI of 
Integrated CZO National Data Management project (CZOData). 

Christopher Duffy, Professor, Department of Civil & Environmental Engineering, 
Pennsylvania State University.  Watershed hydrology modeling, PI of Shale Hills CZO. 

Gregory Tucker, Associate Professor, Department of Geological Sciences, University of 
Colorado at Boulder.  Landscape evolution and modeling, co-PI of Boulder Creek CZO. 

 
Members of Workshop Organizing Committee (all have agreed): 

Kerstin Lehnert, Columbia University.  PI of Integrated Earth Data Applications, including 
EarthChem, SESAR, and many other cyber-infrastructures serving the “long tail” of 
geoscience. 

Ilya Zaslavski, San Diego Supercomputing Center.  Co-PI of CUAHSI HIS.  Member of 
CZOData team. 

David Tarboton, Utah State University.  PI on CUAHSI’s new HIS “HydroShare” project.  
Member of CZOData team. 

Mark Williams, Univ. of Colorado at Boulder.  PI of CZOData and PI of Niwot Ridge LTER. 
Susan Gill, Stroud Water Research Center.  Director of Education at SWRC and PI of the 

NSF-funded Model My Watershed project (http://wikiwatershed.org/model-my-
watershed.aspx). 

 
Potential Members of Organizing Committee (yet to be invited): 

James Syvitski, Univ. of Colorado at Boulder.  PI of Community Surface Dynamics 
Modeling System (CSDMS). 

Christina Tague, Univ. of California, Santa Barbara.  Co-PI of the Southern Sierra CZO and 
principal developer of the Regional Hydro-Ecologic Simulation System (RHESSys). 
Peter Troch, Univ. of Arizona.  Co-PI of Jemez River Santa Catalina Mountains CZO. 
Tim White, Penn. State Univ.  National CZO Network Coordinator and lead for annual 
CZO field camp. 
Rudy Slingerland, Penn. State Univ.  Co-PI of Susquehanna Shale Hills CZO.s 
2-4 others, selected to represent a range of geoscience domains and computer science 
approaches. 

 

C.5. Location and Probable Dates 
The workshop will take place at the University of Delaware’s Clayton Hall Conference Center in 
Newark Delaware (http://www.udel.edu/conferences/locations/newark.html).  Clayton Hall is a 
modern facility featuring a theater-style auditorium, private meeting rooms, traditional 
classrooms, an impressive ballroom and a striking, open lobby that is ideal for combined 
coffee/cocktail breaks and poster sessions.  The Courtyard Marriott, the Official Hotel of the 
University of Delaware, is a few steps away.  The Wilmington Amtrak Station and Philadelphia 
International Airport (PHL) are 30 and 50 minutes drive respectively and serviced by regular 
shuttles.  The International Workshop on Design of Global Environmental Gradient Experiments 
using International CZO Networks was held at Clayton Hall on November 8-9, 2011. 
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The workshop would take place in late autumn 2012 or early winter 2013 to allow enough time 
for meeting organization and yet provide timely feedback to EarthCube.  Possible dates for the  
workshop include: 

● November 26, 27, 28, 29 
● December 10, 11, 12, 13 
● January 21, 22, 23, 24, 25 

The workshop will be intensively advertised to the CZ science and EarthCube communities, via 
network websites, network email and listserv groups, and most importantly via invitation and 
word of mouth (see section C.7). 
 

C.6. Meeting Organization 
The workshop will host up to 100 “live” participants and 500 virtual participants for two and  a 
half days.  Virtual participation will enabled and optimized for each of the six breakout rooms 
and also for the plenary room via WebEx Meetings for Enterprise which can host up to 500 
virtual participants in up to 9 different “rooms” via high-definition video/webcam, audio and 
screen sharing (http://www.webex.com/products/compare-products.html).  PI Aufdenkampe has 
extensive experience using WebEx Meetings for weekly communications for the multi-campus 
Christina River Basin CZO. 
After setting the stage with introductory remarks by the conveners, the workshop will begin with 
six invited introductory talks from geoscientists introducing the various data management and 
cyberinfrastructure needs and challenges for various disciplinary foci within the CZO science 
community.  Six additional nvited introductory talks from EarthCube cyber-scientists will 
introduce various EarthCube working group and concept award activities 
(http://earthcube.ning.com/page/projects-4-2012) with how they might serve the CZ geoscience 
community.  
Over the next 1.5 days, participants will break out repeatedly into six groups to discuss and 
produce draft documents that will contribute to each of the five workshop outcome topics (see 
section C.1.).  The breakout group facilitator will ensure that for each topic, the group addresses 
the topic: 

1. within the discipline 
2. across disciplines within the geosciences  
3. across disciplines outside the geosciences 

Breakout group lists will be collaboratively authored in real time using Google Docs, which 
allows for multiple users to view and edit a document simultaneously, automatically saving and 
tracking every change by every user.  Thus Google Docs will be used extensively throughout 
the workshop to enhance real-time co-authoring of all documents.  Each breakout group will be 
assigned a facilitator and scribe, who will together manage WebEx participation and project the 
collaborative writing of notes in Google Docs.  At the end of each breakout session, group lists 
will be briefly presented in the plenary hall, collated in real time, and thus accessible by all 
breakout groups for subsequent rounds of discussion.  
The final morning will be used to synthesize next steps, and for the Organizing committee to 
draft the final workshop report, that will be redacted directly from these the Google Doc files 
created during breakout group sessions and summaries.  The final report will be highlighted and 
downloadable on the CZO and EarthCube websites 
A secondary purpose for the extensive use of Google Docs and WebEx for the workshop will be 
the training of all workshop participants collaborative cyber-techologies.  In addition, all 
members of the organizing committee and all breakout group facilitiators and scribes will be 
provided with advanced Google Docs and WebEx training prior to the workshop. 
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The workshop will enhance CZ science, engineering and education immeasurably by directly 
engaging a large number of CZ scientists in the EarthCube initiative’s efforts to develop critically 
important tools to share, discover, access and model data in the future. 
 
Draft Agenda 
 
Day 1: 

8:00 am Continental breakfast 
8:30 am Introduction (present in dinning hall) 
9:00 am Six invited presentations by geoscientists on data management and 

cyberinfrastructure needs and challenges for the CZ science community. 
10:30 am Break 
11:00 am  Six invited presentations by cyberscientists on how EarthCube activities might 

serve geoscientists. 15 min. each. 
12:30 am Lunch 
1:30 pm Charge to Participants (present in dinning hall) 
2:00 pm Breakout groups session 1: List scientific challenges for next 5-15 years 
3:00 pm  Short Break 
3:15 pm Breakout 1 reports.  5 min. each.  
3:45 pm Breakout groups session 2: List data & cyber-infrastructure constraints 
4:45 pm Breakout 2 reports.  5 min. each. 
6:00 pm Dinner 
7:30 pm Poster Session 1 and cocktails.  2 hours. 
 

Day 2: 
8:00 am Continental breakfast 
8:30 am Charge to Participants (present in dinning hall) 
9:00 am Breakout groups session 3: List community data and cyber resources 
10:00 am Breakout 3 reports.  5 min. each. 
10:30 am Break 
11:00 am Breakout groups session 4: List capabilities required 
12:00 am Breakout 4 reports.  5 min. each. 
12:30 am Lunch 

1:30 pm Charge to Participants: Brainstorm three strong use cases (present in 
dinning hall) 
2:00 pm Breakout groups session 5: Develop each use case 

3:30 pm  Break 
4:00 pm Breakout 5 reports.  10 min. each.  
6:00 pm Dinner 

7:30 pm Poster Session 2?  
 

Day 3: 
8:00 am Continental breakfast 
8:30 am Synthesis and Outline of Next Steps 
10:30 am Break (some participants may leave) 
11:00 am Organizing Committee Report Writing 
12:30 am Lunch 
1:30 pm Adjourn 
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C.7. Participant Recruitment 
The Organizing Committee will proactively invite participants to ensure at least two geoscientists 
from each of the 16 CZ disciplines (section C.2.), at least two participants from each of the 
EarthCube working or concept groups, at least 2 participants from each of the major 
environmental observatory networks, 12 speakers, 6 breakout group facilitators and more than 
12 early career scientists (many serving as speakers or facilitators).   Registration will also be 
open, until the limit of 80 participants is reached. 
 
We will actively target the following groups for participation: 

● Early-carreer critical zone scientists representing each of the CZOs and each of the 
major CZ disciplines.  Candidates include: 

○ Holly Barnard -- tree physiology, forest hydrology, stable isotopes (BC) 
○ Noah Fierer -- microbial ecology (BC) 
○ Noah Molotch -- snow hydrology (BC) 
○ Craig Rasmussen -- soils (JRB) 
○ Heather Buss -- aqueous geochemistry (LUQ) 
○ Doug Jerolmack -- fluvial geomorphology and bedload transport (LUQ) 
○ Jane Willenbring -- cosmogenic nuclides (LUQ) 
○ Cliff Riebe -- weathering and landscape evolution (SS) 
○ Diana Karwan -- fine sediment source fingerprinting and geochemistry, stream 

hydrology (CRB) 
○ Jinjun Kan -- molecular microbiology (CRB) 
○ Jennifer McIntosh -- Hydrogeology, aqueous geochemistry (JRB) 
○ Jeffrey Horsburgh -- Hydroinformatics (CZOData) 

● Cyber-savy scientists from all of the major CZ science disciplines, as described in 
section C.2., including scientists conducting their research within other earth and 
environmental observatory networks, including: 

○ CZO 
○ LTER 
○ NEON 
○ WSC 
○ USGS 
○ US Forest Service 
○ National Soil Carbon Network (NSCN), who has been building a national soils 

database since 2009.  http://www.fluxdata.org/nscn/SitePages/Home.aspx.  
● Scientists from groups underrepresented in science and engineering, including 

minorities, women, and persons with disabilities.  Our list of 12 potential early-career 
participants includes 5 women and one minority. 

 

C.8. Broader Impacts 
The cyber-infrastructure developed by the geosciences is heavily utilized by the public.  The 

national weather service data and model forecasts are highlighted on television and other media 
outlets.  Fishermen, rafters and canoeists rely on USGS gauging data for their recreational 
activities.  Most recently, the existing WikiWatershedTM and Model My Watershed platforms 
(http://wikiwatershed.org/) are harnessing GIS and hydrological modeling infrastructures to be 
used for educational purposes in classrooms and informal settings and also by citizen 
scientsists.  The pending Monitor My Watershed module will directly access water flow and 
quality data from various sources via the one-stop-shopping offered by CUAHSI HIS web 
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services. These are just a few of the examples of how cyber-infrastructure developed for 
geoscientists have broader impacts to the public. 
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BIOGRAPHICAL SKETCH 
ANTHONY K. AUFDENKAMPE 

Address:  Stroud Water Research Center, 970 Spencer Road, Avondale, PA 19311 
  Tel: (610) 268-2153 (x263) FAX: (610) 268-0490, aufdenkampe@stroudcenter.org 

(i)  Professional Preparation 
Dartmouth College Chemistry  B.A., 1991 
University of Washington Chemical Oceanography  M.S., 1998 
University of Washington Chemical Oceanography Ph.D., 2002 

(ii)  Appointments  
Associate Research Scientist, 2011-Present.  Stroud Water Research Center, PA, USA. 
Assistant Research Scientist, 2003-2011.  Stroud Water Research Center, PA, USA. 
Postdoctoral Fellow, 2002.  NSF International Research Fellow.  Univ. of South Carolina & Centro 

de Energia Nuclear na Agricultura (CENA), Brazil. 
Research Assistant, 1994-2002.  School of Oceanography, University of Washington. 

(iii)  Publications—Five Most Closely Related to this Project 
Aufdenkampe, A. K., E. Mayorga, P. A. Raymond, J. M. Melack, S. C. Doney, and S. R. Alin. 2011. 

Riverine coupling of biogeochemical cycles between land, oceans and atmosphere. Frontiers in 
Ecology and the Environment 9(1): 53-60, doi:10.1890/100014. 

Zaslavsky, I., T. Whitenack, M. Williams, D. Tarboton, K. Schreuders, and A. K. Aufdenkampe. 
2011. The Initial Design of Data Sharing Infrastructure for the Critical Zone Observatory. Pages 
145-150 in M. B. Jones and C. Gries, editors. Proceedings of the Environmental Information 
Management Conference 2011 (EIM 2011). University of California, doi: 10.5060/D2NC5Z4X. 

Yoo, K., J. Ji, A. Aufdenkampe, and J. Klaminder. 2011. Rates of soil mixing and associated carbon 
fluxes in a forest versus tilled agricultural field: Implications for modeling the soil carbon cycle. 
Journal of Geophysical Research - Biogeosciences 116:G01014, doi:10.1029/2010jg001304. 

Richardson, D. C., L. A. Kaplan, J. D. Newbold and A. K. Aufdenkampe. 2009. Temporal dynamics 
of seston: A recurring nighttime peak and seasonal shifts in composition in a stream ecosystem. 
Limnology and Oceanography 54(1): 344–354. 

Aufdenkampe, A. K., E. Mayorga, J. I. Hedges, P. Quay, J. E. Richey, C. Llerena and A. Krusche. 
2007. Organic matter in the Peruvian headwaters of the Amazon: Compositional evolution from 
the Andes to the lowland Amazon mainstem. Organic Geochemistry.  38(3): 337-364. 

Five Other Significant Publications 
Battin, T. J., S. Luyssaert, L. A. Kaplan, A. K. Aufdenkampe, A. Richter, and L. J. Tranvik. 2009. 

The boundless carbon cycle. Nature Geoscience 2, 598 – 600, doi:10.1038/ngeo618. 
Aufdenkampe, A. K., D. B. Arscott, C. L. Dow, and L. J. Standley. 2006. Molecular tracers of soot 

and sewage contamination in streams supplying New York City drinking water. Journal of the 
North American Benthological Society 25(4): 928-953. 

Mayorga, E., A. K. Aufdenkampe, C. A. Masiello, A. V. Krusche, J. I. Hedges, P. D. Quay, J. E. 
Richey and T. A. Brown. 2005. Young organic matter as a source of carbon dioxide outgassing 
from Amazonian rivers. Nature 436(7050): 538-541.  

Richey, J. E., J. M. Melack, A. K. Aufdenkampe, V. M. Ballester and L. L. Hess.  2002. Outgassing 
from Amazonian rivers and wetlands as a large tropical source of atmospheric CO2.  Nature, 
416, 617-620. 

Aufdenkampe, A. K., J. I. Hedges, A. V. Krusche, C. Llerena and J. E. Richey.  2001.  Sorptive 
fractionation of dissolved organic nitrogen and amino acids onto sediments within the Amazon 
Basin.  Limnology and Oceanography, 46(8), 1921-1935. 
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(iv)  Synergistic Activities 
Advisor/Supervisor.  4 Post-Docs, 1 MS Student, 4 NSF REU Interns, 1 NASA OUR Earth Intern 

and >30 other project-supported undergraduate interns. 
Reviewer.  Aquatic Geochemistry; Analytical Chemistry; Biogeochemistry; Belgium FWO proposals; 

Global Biogeochemical Cycles; Geochimica et Cosmochimica Acta; Estuarine, Coastal and Shelf 
Science; European Journal of Soil Science; Hydrological Processes; Journal of Environmental 
Quality; Journal of the North American Benthological Society; Limnology and Oceanography; 
Marine Chemistry; Nature; NSF proposals; NSF Hydrology Review Panel; NOAA proposals; 
Organic Geochemistry; United Kingdom NERC proposals; Water Research. 

Guest Lecturer and Field Instructor. Taught lectures and week-long mini-units in: 
Introduction to Freshwater Ecology with T. Bott, University of Pennsylvania, 2004-2012. 
Isotope Geochemistry with W. Ullman, University of Delaware, 2006. 
Introduction to Field Ecology with J. Thorne, University of Pennsylvania, 2003. 
Various courses at the Univ. of Washington and Seattle University, 1997 to 2001. 

Member. American Soc. of Limnology & Oceanography (ASLO), Am. Geophysical Union (AGU). 
Sustainable Agriculture Educator, U.S. Peace Corps, 1992-1994.  Developed and implemented 

soil conservation programs and trained local extension agents.  Central African Republic. 

(v)  Collaborators  
(a) Collaborators in last 48 months (see publications for additional co-authors) 

Rolf Aalto Univ. of Washington, Seattle, WA. 
Katarina Billups Univ. of Delaware, Newark, DE 
Paul Buckavekas Virginia Commonwealth University, Richmond, VA 
Peter Hernes Univ. of California, Davis, CA 
George Hornberger Univ. of Virginia, Charlottesville, VA. 
Louis Kaplan Stroud Water Research Center, Avondale, PA. 
Alex E. Krusche Centro de Energia Nuclear na Agricultura (CENA), Brazil 
Carlos Llerena Universidad Nacional Agraria la Molina (UNALM), Peru 
Laurence Maurice Institut de recherche pour le Développement (IRD), France 
Emilio Mayorga Univ. of Washington, Seattle, WA 
Denis Newbold Stroud Water Research Center, Avondale, PA 
Jeffrey E. Richey University of Washington, Seattle, WA  
Donald L. Sparks Univ. of Delaware, Newark, DE 
William Ullman Univ. of Delaware, Newark, DE 
Kyungsoo Yoo University of Minnesota. Minneapolis, MN 

(b) Graduate and Postdoctoral Advisors: 
John I. Hedges M.S. & Ph.D. Advisor University of Washington, Seattle 
Jeffrey E. Richey Ph.D. Co-Advisor University of Washington, Seattle 
James W. Murray M.S. Co-Advisor University of Washington, Seattle 
Ronald Benner Postdoctoral Supervisor University of South Carolina, Columbia 

(c) Theses Advisor and Postgraduate-Scholar Sponsor: 
Diana Karwan Post-Doc SWRC. 2010-present. 
Carl Rosier Post-Doc Univ. of Delaware. 2010-present. 
Olesya Lazareva Post-Doc Univ. of Delaware.  Co- w/ D. Sparks.  2010-present. 
Rebecca Hays Post-Doc Univ. of Delaware.  Co- w/ K. Billiups.  2010-2011. 
Linda Carter Post-Doc Stroud Water Research Center.  2005-2006. 
Michelle C. Cogo M.S. Universidade de São Paulo, Brazil.  Co- w A. Krusche 



Christopher J. Duffy 
Professor of Civil and Environmental Engineering 
The Pennsylvania State University 
212 Sackett Building 
University Park, PA 16802 
Phone: (814) 863-4384 
Email: cxd11@psu.edu  
 
Education 
B.S. (1975) Environmental Engineering, New Mexico Institute of Mining and Tech. 
M.S . (1977) Hydrology, New Mexico Institute of Mining and Technology 
Ph.D. (1982) Hydrology/Geoscience, New Mexico Institute of Mining and Tech. 
 
Appointments 
1999-pres   Professor, The Pennsylvania State Univ., Dept. of Civil & Environ. Engrg. 
2006-2007  Visiting Professor, Ecole Polytechnique Federale Lausanne, Fluid Dynamics Lab 
2007-2008  Senior Fellow Smithsonian Institution, Smithsonian Environmental Research Center 
1997-1998 Visiting Scientist, Los Alamos National Laboratory, Earth & Environmental Sciences 
1981-1989 Assist.-Assoc. Prof., Utah State University, Civil Environmental Engineering Dept. 
1987-1988 Visiting Assoc. Prof., Cornell University, Civil & Environmental Engrg Dept. 
 
Five Recent Publications 

Li, S, C.J. Duffy, 2011, Fully coupled approach to modeling shallow water flow, 
sediment transport, and bed evolution in rivers, Water Resources Research, 47, W03508, 
doi:10.1029/2010WR009751 

Duffy, C. J., 2010, Dynamical modeling of concentration–age–discharge in watersheds, 
Hydrological Processes, 24(12), 1711–1718, doi: 10.1002/hyp.7691 

Kumar, M. C.  C. Duffy and K. Salvage, 2009, A Second-Order Accurate, Finite 
Volume–Based, Integrated Hydrologic Modeling  (FIHM) Framework for Simulation of Surface 
and Subsurface Flow, Vadose Zone Journal, doi:10.2136/vzj2009.0014.   

Kumar, M., G. Bhatt,  and C.J. Duffy, 2008, An efficient domain decomposition 
framework for accurate representation of geodata in distributed hydrologic models, International 
Journal of Geographical Information Science, 23(12), 1569-1596. 

Qu Y., C. J. Duffy (2007), A semi-discrete finite volume formulation for multiprocess 
watershed simulation, Water Resour. Res., 43, W08419, doi:10.1029/2006WR005752. 
 
Five  Other Publications 

Reed P. M., Duffy, et al. (2006), Bridging river basin scales and processes to assess 
human-climate impacts and the terrestrial hydrologic system, Water Resources Research, 42, 
W07418, doi:10.1029/2005WR004153. 

Newman B. D., B. P. Wilcox, S. R. Archer, D. D. Breshears, C. N. Dahm, C. J. Duffy, N. 
G. McDowell, F. M. Phillips, B. R. Scanlon, E. R. Vivoni (2006), Ecohydrology of water-limited 
environments: A scientific vision, Water Resources Research, 42, W06302, 
doi:10.1029/2005WR004141. 

mailto:cxd11@psu.edu�


Entekhabi, E., G. R. Asrar, A.K. Betts, K.J. Beven, R.L. Bras, C.J. Duffy, T. Dunne, R.D. 
Koster, D.P. Lettenmaier, D.B. McLaughlin, W. J. Shuttleworth, M.T. van Genuchten, M. Wei, 
E.F. Wood (1999), An Agenda for Land-Surface Hydrology Research and a Call for the Second 
International Hydrological Decade, Bulletin of the American Meteorological Society, 80(10). 
Pp. 2043-2058. 

Shun, T. and C. J. Duffy (1998), Low Frequency Oscillations in Precipitation, 
Temperature and Runoff Across a West-Facing Mountain Front: A Hydrogeologic Interpretation, 
Water Resources Research,  35(1), 191-201. 

Brandes, D., C.J. Duffy and J.P. Cusumano (1998), Instability and Self-Excited 
Oscillations in a Two-State Variable Dynamical Model of Hillslope Soil Moisture, Water 
Resources Research, 34(12), 3303-3313. 
 
Synergistic Activities 

• PI Chesapeake Bay Watershed Modeling Technical Support to the EPA Chesapeake Bay 
Program, 2011-2017.  

• The Susquehanna/Shale Hills Critical Zone Observatory, Principal Investigator and 
leading the modeling and stable isotope groups.  

• Funded by the European Commission through the SoilTrEC  Critical Zone Observatory 
program for integrated modeling at 4 EC sites located in Greece, Wales, Switzerland and 
Czech Republic,  Co-PI Duffy and T. White  level:$250,000. 

• Hydrologic Forecasting for Characterization of nonlinear responses of freshwater 
wetlands to climatic and landuse change in the Susquehanna River Basin. With Kevin 
Dressler, Ray Najaar and Denice Wardrop. 

• Lead development of eKo multi-hop wireless sensor network team with Colin Duffy, 
Ken Davis, Lorne Leonard and Gopal Bhatt.  

• Lead the Penn State Integrated Hydrologic Modeling System team with G. Bhatt, L. 
Leonard, Xuan Yu, Yuning Shi, Ken Davis.  

 
Collaborators and Co-Authors in Last 48 Months 
Suzanne Andersen, UC Boulder, Brent Newman (IAEA, Vienna), Roger Bales (UC Merced), 
Upmanu Lall (Columbia U.), Cliff Dahm, Univ. of New Mexico, Larry Winters (Univ. of 
Arizona), Fred Phillips (NMIMT), Danny Marks (USDA_NRCS), Laura Toran (Temple), Karen 
Salvage, (Univ. of Binghamton), Michael Dettinger (USGS), Peter Lichtner (Los Alamos 
National Lab), Jeff Dozier (UCSB). 
 
Graduate Advisors 
Lynn Gelhar, (New Mexico Institute of Mining and Technology), Peter Wierenga, New Mexico 
State University, Allan Gutjahr (New Mexico Institute of Mining and Technology) 
 
Former PhD Students Mukesh Kumar (Duke U.), Peter Beeson (USDA) , Shuangcai Li (Risk 
Management Strategies Inc), Yizhong Qu (AIR-Worldwide), Tongying Shun (U. Pittsburgh), 
David Brandes (Lafayette U.), D. H. Li (Kyung Hee U.), Ying Fan Rhinefelter (Rutgers), 
Minghui Jin (consultant), Umesh Lalwani, (consultant), Flavio DeRezende (CH2M-Hill), 
Marcel Tchaou (United Nations).  



Biographical Sketch: GREGORY E. TUCKER 
 

Cooperative Institute for Research in Environmental Sciences (CIRES) and Department of 
Geological Sciences, University of Colorado, Boulder CO, 80309-0399 
Web: http://cires.colorado.edu/science/groups/tucker  Email: gtucker@colorado.edu  
       
Professional Preparation 
 
Brown University Anthropology (honors) A.B. cum laude, 1988 
Pennsylvania State University Geosciences Ph.D., 1996 
Massachusetts Institute of Technology Geomorphology Postdoctoral, 1996-2000 

 

Appointments: 

2007 – present Associate Professor, CIRES and Department of Geological Sciences, University 
of Colorado, Boulder   

2004 – 2007 Assistant Professor, CIRES and Department of Geological Sciences, University 
of Colorado, Boulder   

2000 – 2003 University Lecturer in Geocomputation, School of Geography and the 
Environment, Oxford University 

2000 – 2003 Tutorial Fellow in Geography, Brasenose College, Oxford 

1997 – 2000 Research Associate, Department of Civil and Environmental Engineering, 
Massachusetts Institute of Technology 

1996 Postdoctoral Associate, Department of Civil and Environmental Engineering, 
Massachusetts Institute of Technology 

Select Academic Honors: 
Ralph Alger Bagnold Medal, European Geosciences Union, 2012 
NASA Global Change Research Fellowship, 1992 – 1995 
SEPM Student Excellence and Development Award, 1992 
Pennsylvania State University Earth System Science Center Fellowship, 1991 – 1992 
Pennsylvania State University Graduate School Fellowship, 1990 – 1991 
 

Five Most Closely Related Publications: 

Tucker, G.E., and Hancock, G.R. (2010) Modelling landscape evolution: Earth Surface Processes 
and Landforms

Tucker, G.E., and Bradley, D.N. (2010) Trouble with diffusion: reassessing hillslope erosion laws 
with a particle-based model: 

, v. 35, p. 28-50. 

Journal of Geophysical Research

Yanites, B.J., Tucker, G.E., and Anderson, R.S. (2009) Numerical and analytical models of 
cosmogenic radionuclide dynamics in landslide-dominated drainage basins: 

, v. 115, F00A10, 
doi:10.1029/2009JF001264. 

Journal of 
Geophysical Research

Wobus, C.W., Kean, J.W., Tucker, G., and Anderson, R.S. (2008) Modeling the evolution of 
channel shape: balancing computational efficiency with hydraulic fidelity: 

, v. 114, F01007, doi:10.1029/2008JF001088. 

Journal of 
Geophysical Research, v. 113, F02004, doi:10.1029/2007JF000914. 

http://cires.colorado.edu/science/groups/tucker�


Clevis, Q., Tucker, G.E., Lock, G., Lancaster, S.T., A., Gasparini, N., Desitter, and Bras, R.L. 
(2006) Geoarchaeological simulation of meandering river deposits and settlement 
distributions; a three-dimensional approach: Geoarchaeology

 

. v. 21, no. 8, p. 843-874 (DOI: 
10.1002/gea.20142). 

Five Other  Related Publications: 

Tucker, G.E. (2004) Drainage basin sensitivity to tectonic and climatic forcing: implications of a 
stochastic model for the role of entrainment and erosion thresholds. Earth Surface Processes 
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(Amsterdam); H. Viles (Oxford); A. Whittaker (Imperial) 

Advisors:  Rudy Slingerland (Penn State; doctoral), Rafael Bras (MIT; post-doctoral) 
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Current: Mariela Perignon (Ph.D.); Abigail Langston (Ph.D.); Francis Rengers (Ph.D.); Alison 
Duvall (post-doctoral) 
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Scott W. McCoy (Ph.D. 2012); Tumbikanani Mtika (M.Sc. 2001); Peter Sólyom (D.Phil. 2005); 
Cameron Wobus (post-doctoral, 2005-8); Clare Winter (M.Sc. 2002); Brian Yanites (Ph.D. 2009) 
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Facilities, Equipment, and Other Resources 
 
Overview: The Stroud Water Research Center (SWRC) will oversee organization and 
administration of the workshop project.  The conference will be held at the University of 
Delaware (UD) Clayton Hall Conference Center.  SWRC and UD are equal partners in 
managing the Christina River Basin Critical Zone Observatory, and have co-organized The 
International Workshop on Design of Global Environmental Gradient Experiments using 
International CZO Networks at the same venu on November 8-9, 2011. 
 
1. Stroud Water Research Center 
 
The Stroud Water Research Center (SWRC, www.stroudcenter.org) is located on White Clay 
Creek, and housed in a 38,820-square-foot combined research and teaching facility, including 
14,000 sq. ft. LEED Platinum addition that opened in May 2012.  Research laboratories occupy 
12,130 sq. ft. of space and include a greenhouse and wet laboratories that are continuously 
supplied with stream water and a “14C-Clean Lab” to enable contamination-free processing of 
samples for natural abundance radiocarbon analyses. These are complimented by an 
expansive meeting/conference room (2,400 sq. ft.), four meeting rooms, two teaching 
laboratories and offices.  
 
The 800 ha White Clay Creek watershed upstream of SWRC was designated by NSF as an 
Experimental Ecological Reserve in 1981 and an LTREB site in 1998, and the entire White 
Clay Creek and Brandywine Creek form the recently NSF-funded 1400 km2 Christina River 
Basin Critical Zone Observatory (http://www.udel.edu/czo/).  Much of the land in the LTREB 
and CZO watersheds is protected in perpetuity by conservation easements.  The 3rd-order 
LTREB watershed has extensive field infrastructure, including: electric power along the third-
order section of the stream, and a series of wells (shallow and deep), tension lysimeters, and 
piezometers are installed along 5 transects that run from the stream to the uplands. The stream 
is gauged, with a continuous discharge dataset since 1969. Precipitation and air and water 
temperature are continuously monitored. The site is protected so that equipment and 
installations can be left unattended. 
 
SWRC has a long history and commitment to curating data and samples, beginning with its 
origins in 1967 as a field station for the nation’s oldest natural history museum, the Academy of 
Natural Sciences of Philadelphia.  This commitment has strengthened over time as it assumed 
the responsibilities of maintaining data for the White Clay Creek LTREB and CRB-CZO projects. 
A central function of a CZO is to provide timely open access to quality-controlled data supported 
by metadata.  Data generated by the SWRC fits into this central function due to an institutional 
culture that emphasizes documentation and integrity of all data through a centralized data 
management system. 
 
The computing and data facilities at SWRC are structured around an array of 9 data and 
application servers in mirrored and RAID configurations and interconnected by an ultra-high 
bandwidth 1 Gbps managed switch.  Data is backed up nightly or weekly (depending on data 
type) via an HP StorageWorks 1/8 autoloader with eight data cartridge slots and an HP Proliant 
DL100G2 Storage Network Access Storage (NAS).   Backup tapes are regularly stored off site.  
Fiber Optic Internet Service (FIOS) provides 30 Mbps download and 15 Mbps upload bandwidth 
to the Internet, and Virtual Private Network (VPN) access from remote locations. SWRC has a 
four-person Information Services group to oversee hardware, software and network functions, 
and to manage and analyze data.  Data management and analysis is implemented primarily 
with SAS, using MS Excel and MS Access for data entry along with several multivariate analysis 
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software packages to complement data analysis in SAS. Geographic Information Systems 
software (ESRI ArcGIS) is installed on a dedicated GIS computer as well as on several desktop 
machines with the Information Services section providing GIS data and analyses to others at the 
Stroud Center.  We maintain a local Hydrological Information Systems (HIS) server developed 
by the Consortium of Universities for Advancement of Hydrologic Science Inc. (CUAHSI), for the 
organization, retrieval and electronic publishing of data using their Observations Data Model 
(ODM) and web services. 
 
 
2. University of Delaware – Clayton Hall Conference Center 
 
The workshop will take place at the University of Delaware’s Clayton Hall Conference Center in 
Newark Delaware (http://www.udel.edu/conferences/locations/newark.html

 

).  Clayton Hall is a 
modern, 40,000 sq. ft. facility featuring a theater-style auditorium, private meeting rooms, 
traditional classrooms, an impressive ballroom and a striking, open lobby that is ideal for 
combined coffee/cocktail breaks and poster sessions.  The Courtyard Marriott, the Official Hotel 
of the University of Delaware, is a few steps away.  The Wilmington Amtrak Station and 
Philadelphia International Airport (PHL) are 30 and 50 minutes drive respectively and serviced 
by regular shuttles.  The International Workshop on Design of Global Environmental Gradient 
Experiments using International CZO Networks was held at Clayton Hall on November 8-9, 
2011. 
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Data Management Plan 
 
Overview:  The proposed workshop has an overall goal of developing a set of unifying 
requirements for the integration of “long tail” data and “big data” produced by CZO 
geoscientists.  Specifically, the primary outcomes of the workshop will be a series of 
collaboratively developed documents on Google Docs that will be publically viewable and 
editable by all workshop participants.  These are: 

1. List of scientific challenges for next 5-15 years; 
2. List of data and cyber-infrastructure constraints to those challenges; 
3. List of all known community data and modeling resources; 
4. List of data and cyber-capabilities required to meet challenges, by matching constraints 

(2) w/ resources (3) and identifying/imagining unmet needs to develop; 
5. Develop three strong use cases with important/transformative science drivers  

At the conclusion of the workshop, these lists will be collaboratively collated and expanded into 
a workshop report by the organizing committee using a similar approach (i.e. publically viewable 
and editable by all members of the organizing committee). 
    Workshop documents and the final report are the primary data products of this project.  All 
will be publically viewable while they are being developed, and the workshop website with links 
to all documents will be featured on CZO, EarthCube and other websites.  At the conclusion of 
this project, these documents will be placed in the long-term data archives of the CZO and 
EarthCube networks. 
 
 
Types of Data and Other Materials:  Documents and reports 
 
Data and Metadata Standards: Google Docs formats, which can be exported to a wide variety 
of commonly used formats, including open formats. 
 
Policies for Data and Research Products: The documents we develop will use existing, 
publicly available data and will be freely and openly available. All products will be made 
publically available under the Creative Commons Attribution-Noncommercial-Share Alike 3.0 
United States License for open and free use.  
 
Plans for Archiving Data: As no primary data will be collected by this project.  However, we do 
plan to archive any documents and our final report in the repositories that hold the CZO data. 
 
Integration with Other Cyberinfrastructure: We will take advantage of Google Doc and 
WebEx, two cyberinfrastructures widely used by the public and business respectively. 


	PrjSum7275723_2202.pdf
	A.  Project Summary

	Desc7275723_2202.pdf
	C.  Project Description
	C.1. Workshop Objectives
	C.2. Need for Workshop
	C.3. Recent Related Meetings
	C.4. Organizing Committee
	C.5. Location and Probable Dates
	C.6. Meeting Organization
	C.7. Participant Recruitment
	C.8. Broader Impacts

	D.  References

	FacEqup7275723_2202.pdf
	Facilities, Equipment, and Other Resources
	1. Stroud Water Research Center
	2. University of Delaware – Clayton Hall Conference Center

	DMP7275723_2202.pdf
	Data Management Plan




