Project Summary: During the past five years, the Biosphere-Atmosphere Stable Isotope
Network (BASIN) Research Coordination Network has brought together ecologists, ecosystem
scientists, and atmospheric scientists interested in using the stable isotope composition of trace
gases from ecosystem gas-exchange studies to better understand the controls on gas
exchange processes, to understand the relationships between gas exchange and climatic
factors, and to stimulate interdisciplinary cooperation, collaboration and training through
workshops, national and international meetings, and student exchanges. The result has been to
foster interactions among more than 150 scientists across traditional biological and atmospheric
science disciplinary boundaries to a level that had not been achieved before.
Here we propose to continue BASIN, broadening and refocusing the group to become
the Biogeochemistry and Atmosphere Stable Isotope Network and incorporating ecohydrology,
land-use change, and urbanization issues. A major thrust of this new phase of BASIN will be to
push for better integration of stable isotopes in the ecohydrological studies with a new emphasis
on transpiration and evaporation processes and a continuing emphasis on biosphereatmosphere interactions. The first phase of BASIN emphasized the carbon cycle; the new
emphasis here will be on water in biological, hydrological and atmospheric systems and
on how the hydrological cycle has been changed as land-use change and urbanization
have intensified. The urbanization focus will explore how isotope analyses inform water supply
(flux), quality and security issues and the research coordination will promote the synthesis of
common data sets among ecologists to help advance the field and explore how land-use
change and urbanization have influenced the hydrological cycle. This second phase of
BASIN can link directly to stable isotope hydrology while retaining the initial emphasis of
biosphere-atmosphere interactions.
The second phase of BASIN will involve ecologists, hydrologists and atmospheric scientists
with the goals of (a) fostering consensus on common approaches for stable isotope
measurements within the liquid, vapor and solid phases of water that would facilitate cross-site
and cross-study comparisons, (b) identifying areas where meta-analyses will yield new insights
on how the hydrological cycle has changed or is changing, (c) providing opportunities for
training a new generation of scientists at workshops targeted to draw younger and more
experienced scientists together, (d) coordinating efforts which allow the development of an
eventual linkage to NEON, (e) merging stable isotope data with modeling and remote sensing
information to generate maps for the purposes of sourcing and spatial-trend analyses (for
example see www.waterisotopes.org), (f) initiating INEWS (Isotope Network of Ecological
Warning Signals), a framework where stable isotope analyses are used as a diagnostic tool for
identifying rapid changes in the nation’s terrestrial, aquatic and atmospheric conditions; another
link to land-use change, spatial analyses and modeling, and (g) further developing webbased/web-accessed databases for investigations focused on water and land-use change and
climate modeling. Therefore, in BASIN II there will be enhanced interaction with climate
modelers where isotope information can be combined with water and latent heat flux data from
diverse landscape types. Conversely, BASIN participants will be able to draw on GCM products
for baseline input to hydrology and ecohydrology models so that the community could better
design experiments to test dynamical climate processes using water isotopes.
The primary intellectual merit of our program will be the development of a generalized
stable isotope approach for use by modelers and empiricists studying the exchange of water
between the biogeosphere and the atmosphere within and across biomes and in wildlands and
urban settings. The proposed RCN program will also have broader impacts for human
resources by providing graduate and post-doctoral training opportunities and involving
underrepresented groups from the United States and abroad in scientific activities that highlight
the use of stable isotopes across the disciplines of biology, hydrology and atmospheric science.
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1. Results from Prior NSF support: DEB 0090135 “Biosphere-Atmosphere Stable Isotope
Network (BASIN)”, $325,901, 1-1-00 to 12-31-05; PI: J.R. Ehleringer
In 2001, Jim Ehleringer, University of Utah, was awarded an RCN grant for BASIN, an
international consortium of atmospheric scientists, ecologists, and earth system modelers
interested in using the isotopic composition of the atmosphere as a tracer of terrestrial
processes and how these processes are modified by global change. In 2002, N. Buchmann,
then at the Max Planck Institute for Biogeochemistry, received a matching grant from the
European Science Foundation to fund European contributions to the network. These programs
produced 5 workshops that brought together more than 100 scientists from the U.S. and abroad
over the course of 4 years. The initial RCN funded workshop held in Banff, Canada in 2002
produced an edited volume published by Elsevier Press in 2005 that summarized our current
understanding of the processes underlying the isotopic composition of the atmosphere,
particularly the greenhouse gases CO2, CH4, and N2O (Flanagan et al. 2005). Additional
synthetic papers have resulted from workshops and network activities (Pendall et al. 2002,
Pataki et al. 2003a, Pataki et al. 2003b, Aranibar et al. 2005, Suits et al. 2005). In addition,
BASIN produced a website (http://basinisotopes.org) that serves as a publicly available
database of the isotopic composition of CO2 measured near the land surface, a tutorial on
applications of isotopes for studying ecology, global change, and the carbon cycle, and a web
portal for BASIN participants around the world. Other BASIN activities included funding for
student travel to participating BASIN laboratories, special sessions at the annual American
Geophysical Union meeting, and joint activities between BASIN and other networks such as
TransCom (inverse modeling) and the Elevated CO2 Network (global change manipulative
experiments).
Workshops:
1. “Biological controls on the stable isotope composition of atmospheric carbon dioxide,
methane and nitrous oxide: processes and applications,” May 12-14, 2002, Banff,
Canada. At this meeting, approximately 60 participants discussed recent advances in
our understanding of the mechanisms underlying the isotopic composition of
atmospheric trace gases at various scales. At the conclusion of the workshop, it was
clear that several important new issues were emerging in understanding patterns and
processes in trace gas isotopes. These issues were summarized in the synthetic
volume “Stable Isotopes and Biosphere-Atmosphere Interactions,” edited by BASIN
steering committee members Flanagan, Ehleringer, and Pataki and published by
Elsevier Press in 2005.
2. “Stable isotopic signals of the terrestrial biosphere: Linking ecosystem C fluxes to
isotopic signals of plant components,” November 18-21, 2003, Orvieto, Italy. This
workshop was organized by Jim Ehleringer, Diane Pataki, Enrico Brugnoli, and Nina
Buchmann. At this meeting, approximately 50 participants discussed recent advances in
our understanding of the mechanisms underlying the isotopic composition of carbon
dioxide fluxes and of the known fractionation factors that influence our interpretations of
those observations. Discussions emerged on several important new issues in
understanding fractionation events and time lags that occur in microbial and higher plant
respiration. Subsequent workshops further elaborated on these issues:
3. "Technical aspects of isotope ratio measurements of trace gas species,” March 31,
2004, Interlaken, Switzerland. Organized by Jim Ehleringer and Diane Pataki, this
workshop was an experts meeting to discuss and agree on the methodologies and
interlaboratory exchange protocols necessary to ensure that the scientific community
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has the correct calibration and measurement procedures in place to allow the melding of
datasets from individual laboratories. This is critical for producing integrated, global
datasets that can be used for carbon-cycle model testing and validations.
4. "Partitioning of fluxes between the biosphere and atmosphere across spatial scales,"
April 1-3, 2004, Interlaken, Switzerland. This workshop was organized by Rolf Siegwolf,
Nina Buchmann, Jim Ehleringer, and Diane Pataki. At this workshop, approximately 120
participants discussed the applications of stable isotope ratio analyses to partition
photosynthesis and respiratory fluxes at the leaf, plant, ecosystem, and regional scales.
The workshop was a series of critical discussions on the utility and limitations of using
stable isotope ratio measurements as a tool to partition trace gas fluxes (water and
carbon dioxide) within and among ecosystem processes at the individual plant through
regional scales. A synthetic paper summarizing the emerging understanding of isotope
effects in respiration and the implications for plant, ecosystem, and global scale studies
as discussed at this meeting is in preparation.
5. "Oxygen isotopes as a tracer linking global O2, CO2, and H2O cycles," Marconi Center,
California, September 19-22, 2004.” This workshop brought together US and European
scientists focusing on oxygen isotopes in global biogeochemical cycles. The stable
isotope ratios of oxygen (18O/16O and 17O/16O) in CO2, O2 and water vapor are regulated
simultaneously by multiple biospheric and hydrologic processes. As identified in the
previous BASIN workshops, the variety and interactions between mechanisms
underlying observed variation can be complex, but in this complexity is enormous
potential for utilizing oxygen isotopes as a tracer of global biogeochemical cycles. Over
the last few years, a number of research groups have made considerable progress
measuring this variability, understanding oxygen isotope fractionation, and developing
new applications of these tracers for the study of O2, CO2, and H2O fluxes. This
workshop reviewed this progress and made suggestions for how coordinated efforts
could be directed in the future. A manuscript summarizing the results of this workshop is
in preparation.
Cross network activities:
1. "Tracing carbon in elevated CO2 experiments: a workshop on isotopic analyses of where
the carbon is going." Durham, NC, October 19-21, 2001. This workshop was organized
by David Ellsworth and Diane Pataki and held jointly with the Elevated CO2 Network, a
consortium of studies manipulating CO2 concentrations in chamber and Free-Air CO2
Enrichment (FACE) experiments to study the effects of global change on ecosystems.
The goal was to discuss the application of the isotopic tracer in CO2 fumigation for
tracing the fate of high CO2 in the atmosphere. This workshop produced a meeting
report (Pendall et al. 2002) and a synthetic paper describing the application of the CO2
tracer as well as other isotopic techniques in elevated CO2 studies (Pataki et al. 2003b).
Weltzin and Williams (2005) wrote a commentary about this latter manuscript for the
journal Bioscience.

2. "TransCom III." Fort Collins, CO, March 1, 2002. BASIN sponsored a one day

discussion at the TransCom III meeting focusing on integrating a mechanistic
understanding of terrestrial isotope fractionation into global carbon cycle studies.
TransCom is a consortium of scientists using measurements of CO2 concentrations and
isotopes in the atmosphere to infer terrestrial and oceanic sources and sinks of carbon.
The isotopic composition of CO2 can be used to distinguish between oceanic and
terrestrial sinks if isotope discrimination by photosynthesis and respiration can be
2

estimated at regional and global scales. This discussion produced a model-data
comparison using the model SiB2 and data from the BASIN Keeling plot database (Suits
et al. 2005).

3. “Workshop for NEON stable isotope measurement, training and monitoring, September

16-17, 2004, Park City, UT and “Developing a plan for an isotope Network within
NEON,” Feb. 28 – Mar. 1, 2004, Tucson, AZ. Dave Williams of the University of
Wyoming took the lead in organizing these workshops, directed at understanding how
stable isotope analyses might play an integrated role in the atmospheric, aquatic, and
terrestrial studies that would form the basis of long-term observations in a NEON
program. The workshops had invitees from all interested federal agencies and from
each of the different ecological regions. Materials from these workshops were sent
directly to the NEON INC effort and we understand that the research, network, training,
and outreach components have had a positive impact in the national NEON efforts thus
far. . A report from these workshops is available at:
http://basinisotopes.org/basin/BASIN_workshops/Isotope_network_12.pdf.

Figure 1 – The carbon isotope
composition of ecosystem
13
respiration ( CR) in relation to
mean annual precipitation across
study sites in different biomes in
North and South America. From
Pataki et al. (2003a).

Symposia
BASIN had an annual presence at the American Geophysical Union meeting held each winter in
San Francisco, CA. In addition to sponsoring special sessions on biosphere-atmosphere
exchange of isotopes, invited speakers, and student participants, BASIN held several one day
or evening workshops and receptions to promote discussions among participants and discuss
special issues. One of these sessions, “The collection and interpretation of Keeling plot data,”
produced a synthetic manuscript summarizing Keeling plot data across North and South
American BASIN sites (Pataki et al. 2003). Keeling plots refer to the mixing model first
described by Keeling (1958, 1961) for the purpose of distinguishing the isotopic composition of
background CO2 from that of CO2 sources such as ecosystem respiration. The AGU
discussions and subsequent manuscript described the best practices and caveats for collecting
Keeling plot data in order to promote collection of comparable data across disparate study sites.
By analyzing all available data with the same statistical methods across the network, a new
understanding of mechanisms underlying variability in stable carbon isotope composition of
ecosystem respiration (13CR) emerged. In particular, a strong correlation between mean
annual precipitation (MAP) and 13CR was found in ecosystems with MAP < 2000 mm/yr (Figure
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1), most likely reflecting variations in water use efficiency as a function of water availability
across biomes.
Student/post-doc travel and laboratory exchanges
Promoting participation of young scientists (students, post-doctoral researchers, and junior
faculty/staff in the first two years of their appointment) was a priority of BASIN. Under the RCN
grant, BASIN funded young scientists travel to other laboratories to learn new methods and
attend BASIN workshops and AGU symposia. Young scientists funded by this program include:
Karrin Alstad, University of Lethbridge
Julieta Aranibar, Carnegie Institution
Margaret Barbour, Landcare Inc., NZ
Steve Beaupre, University of Arkansas
Teresa Bertolini, Seconda Univ di Napoli
Sharon Billings, University of Kansas
Gabriel Bowen, University of Utah
Susan Bush, University of Utah
Jessica Cable, University of Arizona
Matthias Cunz, Australian National Univ
Christopher Gough, The Ohio State Univ
Brent Helliker Carnegie Institution
Debbie Hemming, UK Met.Office
Georg Hoffman, LSCE CEA/CNRS
Jennifer King, University of Minnesota
Alexander Knohl, UC Berkeley
Chun-Ta Lai, University of Utah
Enrico Yepez, University of Arizona
Jung-Eun Lee, U.C. Berkeley

Melanie Zauscher, INSTAAR
John Zobitz, University of Utah
Nate McDowell, Los Alamos National Lab
Behzad Mortazavi, Florida State Univ
David Noone, University of Colorado
Jerome Ogee, Inra - Bordeaux
Tibisay Perez, UC Irvine
Stéphane Ponton, University of Lethbridge
James Prater, Florida State University
Thom Rahn, Los Alamos National Lab
Sean Schaeffer, University of Arkansas
Jed Sparks, Cornell University
Heidi Steltzer, University of Colorado
Chris Still, UC Santa Barbara
Lina Taneva, Univ. Illinois, Chicago
Rebecca Trueman, Univ. Illinois, Chicago
Jianwu Twang, UC Berkeley
Lisa Welp, Caltech
Kevin Tu, UC Berkeley

Database and website
The BASIN website (http://basinisotopes.org) has created a central repository for publicly
available data, educational materials, meeting and workshop information, dissemination of
publications and products, and contact information for BASIN participants. Improvements and
additions to the website are ongoing, including expansion and searchability of the database,
which has proved to be a useful tool for both data syntheses and model-data comparisons
(Pataki et al. 2003a, Aranibar et al. 2005, Suits et al. 2005). The most recent study utilizing the
web-based database is in press by Aranibar et al. (2005), who compared BASIN data with the
output of the model ISOLSM (Figure 2). They found that in models of net ecosystem exchange
of CO2, measurements of 13CR can provide a means of constraining parameters that are
otherwise difficult to estimate, such as the empirical parameters in the Ball-Berry equation.
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A and F, ‰

a
Figure 2 – The carbon isotope
composition of foliar respiration
measured by BASIN participants (F,
squares) and the carbon isotope
composition of photosynthate modeled
with ISOLSM (A, dots). From Aranibar
et al. (2005).
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2. CURRENT PROJECT DESCRIPTION
Biogeosphere-Atmosphere Stable Isotope Network – Phase II (BASIN-II). Stable isotope
analyses of H, C, O and N have vastly improved our understanding of the Earth’s
biogeochemical cycles and the exchange of materials such as water (Dansgaard 1964) and CO2
between the biosphere and the atmosphere (Griffiths 1998). Analyses of the stable isotope
composition () of water (18O or 2H) and CO2 (13C and 18O) have also proven to be powerful
tools for interpreting the mechanisms underlying cycling and exchange processes from the
organismal (Dawson and Ehleringer 1998) to the global scales (Aranibar et al. 2005). In
particular, over the past 5-10 years 13C and 18O analyses in atmospheric CO2 have helped
deepen our understanding of the controls over the global carbon cycle because they have
allowed us to bridge our understanding of biochemical and physiological processes measured at
the leaf level with fluxes measured over entire ecosystems (Flanagan et al. 2005). With regard
to the hydrological cycle, measurements of 18O or 2H in water have also been providing new
insights at landscape and global scales (Bowen and Revenaugh 2003, Bowen et al. 2005).
Merging these broad-scale analyses with information collected at the leaf, canopy and
ecosystem scales is only now getting underway (Yakir and Sternberg 2000, Dawson et al. 2002)
and much research is still needed. As such measurements and monitoring are taking place,
landscapes and river catchments are changing at perhaps the most rapid pace ever on Earth
(Kendall and Coplen 2001). The first phase of BASIN focused primarily on isotopes of CO2 as a
tracer in the global carbon cycle, and increased our understanding of the dynamic nature of the
role of terrestrial ecosystems in the exchange of atmospheric CO2 (Pataki et al. 2003a, Suits et
al. 2005). There is a great potential to similarly advance our understanding of tracers of the
water cycle in response to global and regional change (Ingraham 1998). BASIN II will provide a
framework for facilitating research applying stable isotope measurements to studies of the role
of ecosystem processes in the hydrological cycle at various scales, particularly in response to
environmental change. While previous efforts have focused largely on the use of isotopic tracers
in studies of atmospheric and climatic change, BASIN II will emphasize the application of these
tracers in the study of responses to land use and land cover change, which was identified as a
critical future research direction in the first phase of BASIN (see Pataki et al. in Flanagan et al.
2005). BASIN II will therefore serve to foster interactions among scientists working across the
traditional disciplinary boundaries of biology, hydrology, atmospheric science and geography
that will advance stable isotope studies of the hydrological components of global and regional
change. In so doing, BASIN II will seek common approaches for stable isotope measurements
of water that would facilitate cross-site and cross-study comparisons and alert scientists,
resource managers and policy makers of changes in ecological and hydrological conditions.
2.1. Scope of BASIN-II
2.1.1. Justification and Need for the BASIN-II Program
Why is a network necessary?
A survey of the literature reveals that stable isotope analyses in both the bio-geosphere and
atmosphere have informed research in and across the disciplinary boundaries of biology,
ecology, the atmospheric, environmental and ecosystem sciences as perhaps few modern
methods have (Griffiths 1998). As highlighted in section 1, BASIN has uniquely helped to
facilitate discussion and coordinate research activities and as a result has identified data gaps
and research areas across the biological and physical sciences in need of further development.
In the second phase of BASIN we propose to expand and re-focus the program activities to
explicitly include isotope hydrologists and emphasize the role of O and H isotopes in
understanding the hydrological cycle and biosphere-atmosphere exchange of water. The new
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BASIN program will include previous participants from the atmospheric and carbon cycle
science disciplines, but will also include many new members and feature research progress
employing stable isotopes at the intersection between the atmosphere, the hydrosphere, and
the biosphere. Of particular importance for this second phase of BASIN is the new emphasis
on water in biological, hydrological and atmospheric systems and on how the
hydrological cycle has been changed as land-use change has intensified. In particular, we
will explore how isotope analyses inform water supply (flux), quality and security issues in
response to urbanization (Pataki et al. 2005), water redistribution, changes in demography
(Covich 1993), and deforestation (Dawson and Ehleringer 1998). The research coordination will
promote the synthesis of common data sets among ecologists studying similar systems (e.g.
arid and semi-arid cities) to help advance the field and our understanding of how land-use
change has influenced the hydrological cycle (Pataki et al. 2005). This second phase of
BASIN will link directly to stable isotope hydrology while retaining the initial emphasis of
biosphere-atmosphere interactions.
Why water and biogeoshpere-atmosphere exchange?
There are a host of reasons why a focus on biogeosphere-atmosphere exchange of water is
critical area of research. We know for example that water vapor is an important greenhouse gas
because clouds and other atmospheric/tropospheric moisture alters the radiative energy hitting
the Earth’s surface (Gat 1996). We also know that precipitation, the major input of water to
terrestrial ecosystems, has an important control on transpiration and productivity (Clark and
Fritz 1997). The Earth’s surface energy balance and water balance are brought together via the
process of evapotranspiration (ET) that in turn connects processes at the land surface to those
in the atmosphere (Ehleringer and Dawson 1992, Yakir and Sternberg 2000). Further, the
cycling of carbon and other important elements are linked to the hydrological cycle. And most
importantly, the provisioning of fresh water is one of the most critical services provided by
natural systems (Covich 1993). Studies linking ecology, hydrology, and atmospheric science to
address these questions are becoming more common, and could benefit from research
coordination and collaborative activities to facilitate data synthesis and planning across
disparate study sites. In particular, stable isotope information can inform these activities
because they can trace, record, and integrate across a range of spatial and temporal scales
(Kendall and McDonnell 1998).
Thematic Areas that BASIN II will feature
The primary themes that this phase of BASIN will address and where isotope information
collected from water in biogeosphere-atmosphere exchange under different land-use types are:
(a) constraining hydrological budgets within and across biomes or across wildland to urban
gradients using isotope partitioning – information that can help quantify the contributions of
evaporation, transpiration and advection to the atmospheric water balance; (b) using isotope
data as indicators of change in hydrological and ecological budgets in relation to land use/cover
change; (c) using isotope data to improve closure of isotope mass balance of watersheds,
regions, continents; (d) using isotope data to constrain and validate general circulation models;
(e) using isotope data to understand integrated ecosystem functioning in response to changing
water availability through an analysis of 18O (and 13C) of organic matter in leaves and tree
rings, carbonates, ice cores, sediment layers (tree rings, leaf photosynthesis); and (f) using
isotope data to determine the nature and trajectory of past environmental responses to climate
that appear to have impacted the hydrological cycle.
2.1.2. Science Topics Addressed and Integrated within the Network
Over a five-year period we propose to conduct a series of complimentary and interrelated
activities that explicitly focus on the six primary themes (a-f) highlighted in the aforementioned
7

paragraph. Approximately two-thirds of the proposed activities are new and build upon
accomplishments already achieved in the first phase of BASIN.
• BASIN-II will continue to feature workshops focused on modern applications and syntheses of
stable isotope information in biosphere-atmosphere-hydrosphere research. One emphasis will
be on model and data comparisons using informatics and computing algorithms currently under
development. The goal will be to use BASIN to create opportunities to push specific activities
and approaches forward, such as the previous BASIN focus on Keeling plot data to constrain
inverse modeling. One of the first of these efforts will be to draw together a group who are
using or working on incorporating isotope information into hydrological models. Finally, we will
continue to expand the BASIN databases, making them more user-friendly (searchable) with the
goal of scrutinizing isotope trends and identifying gaps so new syntheses can emerge.
• BASIN-II will provide a venue for the promotion of scientific exchange among biologists,
hydrologists, and climate modelers who employ isotopic tools. Hydrologic fluxes at the land
surface are a critical component of all climate simulations, and influence climate directly
because of the central role of evaporation and condensation in the transfer of energy between
the earth surface and atmosphere. A new generation of isotope-equipped general circulation
and land surface models are currently being implemented by the climate modeling community
(building on efforts like Jouzel et al. 2000). The isotopic output of these models constitutes
predictions that can be tested against observational isotopic data gathered and synthesized
through efforts such as BASIN-II, providing fundamental tests of the hydrological
parameterization of these models over a wide range of spatial scales. BASIN-II will foster
collaboration with the climate modeling community in order to identify suitable data-based
isotopic tests of GCM and LSM hydrology and promote the transfer of knowledge from stable
isotope studies of the water cycle impacts of land use and cover change to climate model
developers.
• BASIN-II will continue to foster student and early-stage faculty participation in our workshops
with an explicit focus on “emerging issues” that would/could impact student-led research. With
other financial assistance we intend to run targeted short-courses that would speed-up and
enhance training of younger scientists. Workshop foci would include the (1) application of
position-specific, compound-specific and laser-based isotope techniques in BASIN, (2)
advances in the measurement, modeling, and partitioning of evapotranspiration across biome
types, and (3) merging isotope data bases with GIS for geo-location (Kendall and Coplen 2001,
Bowen and Wilkinson 2002) and forensic purposes (Bowen et al. 2005), to mention only a few.
• An expanded element of BASIN-II will be dedicated to identifying other linkages with the
broader community of isotope hydrologists and programs, like the National Center for
Hydrologic Synthesis (NCHS: http://env.berkeley.edu/~rubin/NCHSselected.html), Sustainability
of semi-Arid Hydrology and Riparian Areas (SAHRA: http://www.sahra.arizona.edu/), and others
that our executive committee will help us identify and incorporate. The land-use change theme
we see as a particularly innovative new linkage because land use changes such as urbanization
are often associated with unique and traceable isotopic “fingerprints” (Pataki et al. 2005). Water,
for example, is often ‘imported’ to urban centers (e.g., the Los Angles basin) from sources (e.g.
Colorado River [high mountain/cold water]) that are isotopically distinct from the region in which
they are used. This makes them ideal as “tracers” for assessing proportional contributions to the
urbanization process. We will exploit this type of information in this new phase of BASIN.
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• BASIN-II will have an explicit link with NEON, a new direction for the network. Here, we
envision that BASIN participants will play an important role in aiding in the development of
isotope-related monitoring networks within the NEON program. This linkage is best
accomplished by including a proposed stable isotope component of NEON designed by Jim
Ehleringer, Dave Williams, Diane Pataki, and Dave Evans called INEWS (Isotope Network for
Ecological Warning Signals). INEWS is intended to be a framework where stable isotope
analyses are used as a diagnostic tool for identifying rapid changes in the nation’s terrestrial,
aquatic and atmospheric conditions.

2.1.3. BASIN-II Activities and Objectives
The second phase of the BASIN RCN program is to expand upon an established, active and
ongoing series of network activities with the goal of fostering, promoting, and encouraging
integration of stable isotope measurements into hydrological cycle studies at ecosystem,
regional, and global scales, particularly in relation to land-use change across the biomes or the
world. The seven objectives of this network are:
(1) to foster consensus on common approaches for stable isotope measurements within the
liquid, vapor and solid phases of water collected in ongoing investigations that would facilitate
cross-site and cross-study comparisons,
(2) identify areas where meta-analyses will yield new insights on how the hydrological cycle has
changed or is changing particularly in relation to urbanization and land-use change,
(3) provide opportunities for training a new generation of scientists at workshops targeted to
draw younger and more experienced scientists together,
(4) coordinate efforts with other established stable isotope networks (e.g., SIBAE in Europe),
help establish new networks (e.g., in the Americas and Africa and Asia) which allow the
development of an eventual linkage to NEON in the USA and the International Atomic Energy
Agency - Moisture Isotopes in the Biosphere and Atmosphere (IAEA-MIBA) group in Europe,
(5) merge stable isotope data with modeling and remote sensing information to generate maps
for the purposes of sourcing and spatial-trend analyses (e.g. see www.waterisotopes.org),
(6) foster the development of INEWS (Isotope Network for Ecological Warning Signals); a
framework where stable isotope analyses are used as a diagnostic tool for identifying rapid
changes in the nation’s terrestrial, aquatic and atmospheric conditions, and
(7) enhance and further develop web-based/web-accessed databases for investigations focused
on water and land-use change.
2.1.4. Program Activities
We propose a suite of diverse and complimentary program activities. These range from
workshops with a primary focus on bringing scientists together to share ideas, present talks,
debate issues and write position papers to focused meta-analyses with small working groups
and exchanges among BASIN participants. Involvement by younger scientists will be promoted
throughout these activities in order to enhance training and develop projects whose results
would fill a gap in our knowledge related to the broad objectives of the program.
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Activity 1 - Common measurements:
BASIN-II will continue to promote development of networks that will provide data to better
constrain models and improve our understanding of ecosystem component fluxes. In addition
the network will work to ensure development and promotion of common approaches for
measurements of stable isotopes that will allow cross-site data comparisons, a goal that was
identified at the initial workshop (http://ecophys.biology.utah.edu/BASIN/BASIN98.pdf). Some of
the best ways to achieve this goal are through a combination of inter-laboratory comparisons,
establishment of uniform sampling strategies, and exchanging graduate students and post-docs
among different labs for opportunities to learn experimental and modeling techniques. BASIN
will coordinate these activities among the current and emerging sites measuring biosphereatmosphere isotope fluxes with a primary goal of standardization and building protocols and
standard materials for isotope references to facilitate the network and to help NEON.
Activity 2 - Workshops to identify research frontiers and establish cross-disciplinary
linkages:
As highlighted in section 1 past BASIN workshops have accomplished a great deal in drawing
together scientists who have not traditionally interacted and in so doing has facilitated novel
syntheses (Pataki et al. 2003a, Pataki et al. 2003b, Aranibar et al. 2005, Flanagan et al. 2005,
Suits et al. 2005), identified gaps in our understanding of biogeosphere-atmosphere
interactions, and enabled research coordination among traditionally disparate groups. Through
BASIN activities, participants have identified several areas that we intend to focus on in future
activities that bring together scientific communities with different expertise or geographic
emphasis to address and coordinate BASIN efforts. These are also important opportunities to
bring together new investigators (graduate students and post-docs) to interact with more
established investigators in a common setting. This is a key BASIN-II budget item.
BASIN I in collaboration with the European Science Foundation jointly funded several
workshops (see section 1). We hope that if international funds can continue to be leveraged,
workshops will have a strong international focus (e.g. alternately in the US and in Europe). The
primary reason for these workshops is to bring investigators together to address the critical
challenges limiting progress in the field and to brainstorm over new approaches to improving our
understanding of the fundamental processes, including how to bridge across disciplines ranging
from biology to atmospheric science and geography. Specific workshop agendas will be
developed by the Executive Committee in consultation with the BASIN community to identify
emerging issues. The deliverables that will result from each workshop will depend upon its focus
and intent. Past products have ranged from journal reviews that highlight BASIN workshop
discussions (e.g., in Bioscience) to full data synthesis papers in peer-reviewed journals, to webbased data bases made available for BASIN (and other) users, to focused poster sessions and
oral presentations at national meetings (e.g., AGU and ESA) to special book volumes. Each
workshop will produce one of these types of products.
Activity 3 - Coordinating Research – towards novel meta-analyses:
We propose several other specific activities aimed at bringing together younger and older
scientists to work on innovative data syntheses, models and modeling, and to discuss plans for
measurement advances. We propose to provide travel funds to bring together BASIN
participants immediately before the annual AGU meeting (each December in San Francisco).
The focus of these workshops will be to evaluate principles and common trends emerging from
water isotope studies and to design experiments or intensive-field-campaign studies that can be
carried out at specific sites. Data exchange and developing linkages with larger-scale modeling
and GIS-based research efforts will be a focus of the initial meeting. In December 2005, we
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plan to convene our first BASIN-II workshop to highlight the new program activities and begin
promoting a coordinated effort for regional cross-site studies which allow development of
linkages between scientists working in different ecosystem and land-use types. This initial
workshop will focus on details of exactly what information can be extracted from existing data.
At this and future post-AGU meetings, we will focus on coordinating our independently-funded
research efforts to ensure simultaneously collected data across sites which will be useful data
sets for constraining catchment, regional and global scale models. Critical to these discussions
is ensuring participation from a wide range of disciplines such as hydrology and atmospheric
sciences in addition to terrestrial biology. This is another key BASIN-II budget item.
Activity 4 - BASIN-II will be an enabling activity for merging stable isotopes into NEON:
An innovative activity we propose to initiate in this phase of BASIN involves a series of
workshops aimed at investigating the theoretical basis and application of isotope monitoring in
the environment to serve as an early warning to scientists, resource managers and policy
makers of changes to ecological systems. Ecology is entering a new, uncharted, and exciting
frontier at a time when the National Ecological Observatory Network (NEON;
http://www.neoninc.org) is being developed. Among other measurements, this long-term
program will include stable isotope analyses at natural abundances as a fundamental analytical
measurement associated with ecosystem components in different observatories across the
network. Although as yet undefined, it is anticipated that NEON stable isotope measurements
would span from the molecular to whole organism levels in aquatic, atmospheric, and terrestrial
components of the ecosystem. In all likelihood, there would be both monitoring and researchproject-related isotope analyses. One of the new component activities of the BASIN RCN to the
emerging NEON Program will include efforts to provide a community-based (a) sets of
suggestions for standards, standard methods of analyses, and inter-laboratory comparisons
across network analytical locations, (b) act as an integrated and interactive group prepared to
provide framework information and feedback for the design and implementation of NEON
isotope ratio facilities and measurement programs, (c) act as a conduit to link existing federal
research on aquatic, atmospheric, and terrestrial systems that involve routine monitoring that
involve isotope ratio analyses, and (d) work to synthesize and integrate existing ecosystem,
regional, an national isotope ratio databases that relate directly to ecosystem science and
NEON interests. The composition of the NEON Executive Committee is structured to take
advantage of our scientific diversity as well as representing different scientific researchers at
universities and federal agencies that have major programs involving isotope ratio analyses.
We have already discussed providing this input to help develop isotope ratio analyses in
NEON with both the NEON Program Director at NSF (E. Blood) and members of the senior
management team at NEON Inc. (J. MacMahon, B. Hayden, W. Michener). All were strongly
supportive of an active, community-based BASIN-RCN effort to provide constructive input into
the development and implementation of isotope ratio analyses in NEON. We have also had
initial discussions with organizing members of the Consortium of Regional Ecological
Observatories (http://www.neoncoreo.org/) so that all parties at various levels will be aware of
this resource and will receive community-based inputs that should be of interest as NEON
develops.
Changes in climate and land use/cover have important impacts on ecosystem functions
and biogeochemical cycles. Because stable isotopes integrate source and process information
from ecosystems and landscapes, isotope monitoring of the environment will continue to expand
as an important tool for detecting ecological changes that potentially affect ecosystem services.
The theoretical basis and validation for using isotopes in this way is emerging. BASIN can
foster the maturation of this approach for regional and continental-scale applications and
provide the framework for linking existing and planned isotope monitoring networks in the
hydrological, ecological and atmospheric science communities. In this way, BASIN will foster the
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intellectual development of isotope monitoring as an important diagnostic tool for detecting
ecological change – what is currently being called the INEWS (Isotope Network for Ecological
Warning Signals) program (see “basinisotopes.org” link below).
Many of NEON-related activities over the next several years can be conducted using email, teleconferencing, and a WIKI-based approach (http://en.wikipedia.org/wiki/Wiki). This
would be complemented by an annual 2-day meeting at UC Berkeley following the Fall AGU
meeting that is widely attended by the ecological and environmental isotope ratio communities.
We have obtained the URL (http://NEONisotopes.org) to serve as a common location for
discussions of NEON-related isotope-ratio activities, hosting and modifications of documents
and protocols as they develop, and as a database server of all interested in NEON and stable
isotopes. That website will be hosted initially at the University of Utah. This will be an open,
inclusive effort. As a starter, we will begin with the 50+ individuals from each of the potential
NEON observatory regions that have expressed interest and participated in meetings in
December 2004 at AGU and in February 2005 in Tucson. Those efforts resulted in a document
provided to NEON Inc. that has been useful in the initial stages of the design of isotope ratio
analyses in NEON (http://basinisotopes.org/basin/BASIN_workshops/Isotope_network_12.pdf).
Activity 5 - Web-based & Web-accessed databases for investigations:
A post-doctoral program coordination assistant will work with BASIN participants to build userfriendly, searchable data bases that can accessed over the internet. Models for these types of
web-based data sets are in place at the current BASIN website (http://basinisotopes.org).
Results from synthesis efforts that have made use of these data bases can be found in Pataki et
al. (2003a), Aranibar et al. (2005), and Suits et al. (2005). We propose to maintain and expand
upon these efforts, adding the capacity to handle new data types and distribution models much
like the recent work of Bowen and Revenaugh (2003) and Bowen et al. (2005). An important
component of this expansion will be the development of a GIS portal allowing BASIN users to
contribute and access data within a spatial reference frame, and to analyze data spatially with
reference to common geospatial data layers sourced from a variety of US and international
meta-analytical efforts. Our goal will be to begin initially by maintaining these well-developed
resources at the University of Utah where they now reside. As we add, reorganize, and utilize
the data base, it will eventually be moved to a centralized site to be determined by the ExCom in
consultation with its users. The post-doc salary to oversee and lead this activity is a key BASINII budget item.
Activity 6 - Exchange Opportunities
Providing opportunities for cross-site training of both young and under-represented investigators
in the latest methodologies, methods comparisons and analytical approaches was a successful
component of BASIN I. We request funds that will allow graduate students and post-docs from
different BASIN sites to visit appropriate labs where they can learn how the latest methods in
isotope analyses and automated sample collection can be and are being merged with newer
generation modeling techniques like GIS geospatial meta-analyses. This activity has an added
benefit of facilitating communication among network participants and across disciplines. Funds
will be allocated in a competitive program where graduate students and post-docs will apply to
the BASIN executive committee with a brief proposal request for funds to cover these training
expenses. This is another key BASIN-II budget item.
3. Management and Coordination Plan
BASIN-II will have a 8-member executive committee (ExCom) that consists of former and new
people who can advise the main elements and themes of the program, bring different areas of
expertise into the BASIN activities, and represent government agencies and universities with a
mix of younger and older participants, male and female scientists and geographical
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representation in the USA. The committee will consist of Todd Dawson (Chair; University of
California – Berkeley), James Ehleringer (past Chair; University of Utah), Diane Pataki (past
BASIN program coordinator; University of California – Irvine), David Williams (University of
Wyoming), Carol Kendall (USGS - Menlo Park), Bruce Vaughn (INSTAAR, University of
Colorado), Renee Brooks (EPA/ NHEERL Corvallis, and Gabriel Bowen (Purdue University).
We will also have two international, at large, members Nina Buchmann and Dan Yakir who will
assist the ExCom in coordinating joint U.S.-European workshop activities.
Resource Allocations
Financial resources will be allocated to four main program elements: (a) a half-time postdoctoral program coordinator, (b) annual workshops (alternating locations with 2 per year and
also jointing with European participants if funding allows), (c) annual post-AGU workshops, and
(d) student / post-doc exchange visits. Resource allocations for these activities will be decided
upon by a Resource Allocation Committee. Guidelines for fund allocations are provided in the
detailed table in the Budget Justification Section of this proposal. This committee will consist of
the 8 members of the ExCom and two other BASIN members decided at large annually.
Decisions will be based on e-mail and teleconference meetings.
Web-based data sharing activities
We will continue ongoing BASIN activities to collect, organize, archive and analyze isotope data
collected throughout the network. Our proposed plan for information and material sharing
will be through further enhancements of web-accessed databases and via our workshops and
lab exchanges (see below). The databases will be open to use by terrestrial ecosystem
ecologists, hydrologists and modelers working on global carbon and water cycle studies. We
will encourage all users to focus some of their efforts on land-use and land-use change. Funds
are requested for a 0.50 FTE post-doc to assist investigators with putting their data sets online
and facilitating data exchanges. These efforts have already been set-up on two websites and
these will be expanded as BASIN-II comes on-line (see: http://basinisotopes.org, and
waterisotopes.org). Here, several dozen data sets have already been synthesized and are
online available for new types of syntheses and cross-site studies. We expect the following
products to emerge from these web-based network activities:
• continental-scale and global-scale maps of 18O and 2H in meteoric, river, and tap
waters, water vapor, and ecosystem or biome-wide d-excess and their variation with
environment; a time series of these parameters that can be used in testing continental scale
climate and hydrological modeling efforts and inter-site and inter-biome comparisons
• a spatial GIS map and related time series of 18O and 2H in meteoric, river, and tap
waters, water vapor, and ecosystem or biome-wide d-excess and their variation with land-use
history.
Coordinating Efforts Within the Network
Our network coordination activities include (i) annual post-AGU meeting for synthesis and
planning future data collection activities, (ii) annual workshop focusing on future areas for
development and integration, (iii) a continuing e-mail list server with archiving and searchengine capacities, and (iv) an expanded web-based data and information dissemination
(http://basinisotopes.org).
BASIN Membership
Membership will be open to everyone involved in research aimed at ecological, hydrological and
atmosphere-biosphere applications of stable isotopes. Younger participants who are especially
interested in working “across” traditional disciplinary boundaries will be encouraged to attend
meetings, workshops and lab exchanges. As before, participation in BASIN-II workshops and
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exchange opportunities is open to all scientists interested in the broad-based area of
biogeosphere-atmosphere interactions. In the past we have found that using national meetings
like AGU and ESA as well web-sites is an effective means for further communication and
increased participation outside of the currently listed members. Of special interest in the coming
years has been communication with under represented groups from diverse geographical areas
(see below) to increase their awareness of this network and of their participation. We are
finding that training opportunities and agreement to jointly share experiences and data are key
elements attracting new participants, fostering new collaborations and expanding the awareness
of using stable isotopes in ecological, hydrological and atmosphere-biosphere investigations.
Plan to increase participation of under-represented groups
Using an explicit geographical framework is an effective way of including under-represented
elements in the BASIN network. The initial BASIN focus began in the United States but then
rapidly merged with ongoing isotope network efforts in Europe. With BASIN-II we will continue to
hold meetings in diverse geographical locations within the USA (once per year) and target
applications and invitations towards minority institutions and scientists working in the western
USA and other arid and semi-arid regions where water and land-use changes are critical (e.g.,
Northern Arizona University, UC Riverside and UC Merced, as well as other public institutions in
the west). Then, in cooperation with our international partners in Europe (continued ESF
funding permitting) and Canada, we will convene a second meeting each year than involves
international participants. At this “BASIN-International meeting” we intend to specifically focus
on establishing and fostering new connections with Mexico and Central America in the first three
years with the goal to eventually make the stable isotope network inclusive of all the America’s.
In years 2-4 we plan to continue working with stable isotope researchers in South America, in
conjunction with the now well-established collaborations between US scientists and South
American scientists working on the LBA-ECO program (http://www.lbaeco.org/lbaeco/). The
Large-Scale Biosphere-Atmosphere Experiment in Amazonia (LBA-ECO) program is currently
reviewing the next phase of research synthesis applications that will involve data synthesis of
the stable isotope information collected during the first phase of the LBA research at its 8 sites.
BASIN-II participants Ehleringer and Dawson will exploit their well-established collaborations
with scientists in South America in both LBA-ECO and the Woods Hole Research Center Seca
Floresta (http://www.whrc.org/index.htm) programs when organizing BASIN-II activities that
involve South America. Then, through a recent FluxNet meeting (December 2004 in Italy) initial
contacts have made with Japanese, Korean and Chinese investigators to expand coverage into
these countries as well into sites in South Africa and Botswana. We will use international
meetings and international collaborative research efforts among the BASIN participants to
increase participation by investigators in Africa and the Americas. Together with European
BASIN Steering Committee members, Drs. Nina Buchmann and Dan Yakir, we will use funds to
also encourage participation by these under-represented groups.
We have set aside specific workshop and travel funds to support participation by the underrepresented international groups (see table in Budget Justification Section). It is only through
training opportunities and participation in workshops that we will be able to attract
representation from all of the groups (both established investigators and young scientists)
critical to establishing a true global picture of the biogeosphere-atmosphere signal.
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