Proposal Summary
Intellectual Merit ⎯ The Long Term Ecological Research (LTER) Network Office (LNO)
provides critical services in support of the research and education goals of the LTER Network,
represents the Network in its interactions with other scientific networks and centers, facilitates the
operation of the Network as a cohesive research entity, and fosters new, broadly-based initiatives
that extend LTER science, education, and cyberinfrastructure to new communities. Significant
changes in the vision for LTER Network science have taken place since the last renewal of the
LNO Cooperative Agreement in 2003, and this proposal reflects those changes. The Decadal
Plan for LTER, the result of an intensive three-year planning effort by the LTER Network,
describes a broad vision for LTER science that encompasses substantial new levels of synthesis
and transdisciplinary research. In this plan, the LTER Network envisions collaborations between
ecologists and social scientists to create a new body of theory in social ecology that draws on and
incorporates information technology and the most advanced educational approaches to amplify
the societal impact of this vision.
To address the goals set out in the Decadal Plan, the LNO requests $15,662,179 to carry out 17
activities reflecting four groups of functions: Support for Research Synthesis, Cyberinfrastructure,
Core Services, and Development and Outreach. The request includes $10,350,000 to support
Continuing Operations of the LNO, which represents a 15% increment over current funding and
maintains the historical funding trajectory of the LNO and the LTER Network. Continuing
Operations include organization of two All Scientists Meetings in 2009 and 2012; basic
cyberinfrastructure support for the LTER Network; stewardship of Network databases; continued
development of the Network Information System; information technology, database, and web
consulting to LTER sites; facilitation of Network governance meetings; development of a strategic
communication plan; communication of information about LTER to a variety of audiences; and
creation and maintenance of strategic partnerships.
In consultation with the LTER Executive Board and the LTER Information Management
Committee, the LNO identified needs for additional funding beyond this core request to address
new Network research, cyberinfrastructure, and governance goals defined in the LTER Decadal
Plan ($5,312,179). Activities addressing new science and governance goals include expanded
funding for research working groups, support for meetings to capitalize on the intellectual
momentum developed in the planning process, and funds to support the activities of the LTER
Science Council and Chair. Activities addressing new cyberinfrastructure goals include
completion of the Network Information System, management of increased numbers of Network
data bases created through the EcoTrends project, the creation of new synthetic databases, and
increased training opportunities for LTER information managers and scientists. The proposal
outlines new approaches to assessment and evaluation of the outcomes of proposed activities
that will inform a flexible and responsive management strategy for the LNO.

Broader Impacts ⎯ The impact of the proposed work extends well beyond the bounds of the
LTER Network to include the broader social-ecological and informatics communities. The LNO
will stimulate the interdisciplinary interactions necessary to begin to address Decadal Plan goals.
By supporting research working groups, the LNO will encourage interactions between ecologists
and social scientists and will provide opportunities for increasing synthesis and expanding
collaborations. These developing collaborations will encourage a broader-scale of
transdisciplinary activity as envisioned in the Decadal Plan. Additional impacts will result from
development of distributed data services and their use for new synthetic research, codevelopment of standards of practice for ecological information management, development of
new cyberinfrastructure tools, increased access to data for education and underserved groups,
and collaboration with other environmental observing networks to plan a robust and efficient
national cyberinfrastructure for ecological research.

1.0 Results from Prior Support from Cooperative Agreement
DEB 02-36154 ⎯ A Proposal for the Network Office of the U.S. LTER Program
March 1, 2003 ⎯ February 28, 2009; Principal Investigator: R. B. Waide
In 1983, the National Science Foundation (NSF) created the Long Term Ecological Research
Network Office (LNO) to support and coordinate network and site activities of the U.S. Long Term
Ecological Research (LTER) Network. In 1997, responsibility for operating and managing the LNO
shifted from the University of Washington to the University of New Mexico (UNM) through a Cooperative
Agreement (CA) with the NSF. A Scope of Work (SOW) within the CA defined the tasks of the LNO in
detail and grouped them into ten categories of activities [1]. Sections 1.1 through 1.10 below report the
most important accomplishments in each of these categories from the past six years of successful LNO
operation. More detailed descriptions of accomplishments can be found in LNO annual reports [2]. Links
to additional information appear as bracketed numbers in the text and refer to items in Section 7.0 of this
proposal. Supplemental material submitted with this proposal includes a list of acronyms used in the text.

1.1 Network Office Administration and Service Activities
Interactions with external entities ⎯ LNO staff (Waide, Michener, Vande Castle) served as the
principal point of contact and coordination between the LTER Network and NSF, other Federal agencies
(e.g., U. S. Geological Survey (USGS), Forest Service, Agricultural Research Service, National
Aeronautics and Space Administration (NASA)), other national and international networks (e.g.,
Organization of Biological Field Stations, National Ecological Observatory Network, Water and
Environmental Research Systems Network, National Phenology Network (NPN), India Flux Network),
non-governmental organizations (e.g., Internet2, American Distance Education Consortium), and
individual sites and scientists.
Administration of funds ⎯ From 3/1/2003 to 3/1/2008, the LNO administered $10,973,280 in
funds from the CA and supplements as well as funds from competitive proposals to address LTER
Network objectives. Funds by source were: $8,099,998 in yearly increments for continuing activities,
$1,711,236 in supplemental awards, $1,150,711 in cost share, and $11,335 in program income.
Administration of funds (McConnell) included fiscal compliance with University, State, and Federal
regulations, annual fiscal accounting and reporting, timely budget analysis, accurate projection rates, and
managing day-to-day activities of project goals.
Proposal preparation (supplements and competitive proposals) ⎯ The LNO prepared ten
supplement proposals to support specific activities of the LTER and International Long Term Ecological
Network (ILTER) Networks. These included supplements: for the All Scientists Meetings (ASM) in 2003,
2006, and 2009; for maintenance of the ILTER databases and web page; for increases in LNO efforts
resulting from LTER Network growth; for planning meetings to implement the Decadal Plan; for
preparation of an ILTER Brochure; and for web applications development in support of the EcoTrends
project [3]. In addition, the LNO prepared 11 competitive proposals to support and enhance core
activities and to strengthen partnerships with the broader ecological and informatics communities and
emerging networks such as the National Ecological Observatory Network (NEON) and the Water and
Environmental Research Systems (WATERS) Network [4].
Meeting coordination ⎯ To increase the pace of synthesis and facilitate new research and
governance initiatives, the LNO, in the span of five years, coordinated 219 research and governance
meetings with more than 4,200 participants [5]. Meetings and workshops took place at a wide range of
LTER sites and other locations around the country. LNO meeting coordination services included
negotiating hotel contracts, direct payment of meeting and travel costs, reimbursements to participants,
general logistics, invitations to international participants, and computer/software and audiovisual support.

1.2 Computational and Communication Infrastructure
Implementation and maintenance of network cyberinfrastructure ⎯ The LNO provided a
critical service to the LTER community by maintaining basic computing, communication, and collaboration
infrastructure. Specifically, LNO staff maintained the servers required for hosting web sites, managing
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data, archiving documents, forwarding email, storing source code, tracking requests, and managing
videoconferences. In addition, LNO staff (Brunt, Wyman) retooled the server infrastructure, making it
more secure, modular, and redundant, and enabling it to host new applications such as virtualization.
The retooled server infrastructure represents a major step towards participating in a service-oriented
architecture (SOA).
Collaboration tools ⎯ The LNO greatly expanded collaboration capabilities within the LTER
Network by implementing a high-quality, low-cost, video-teleconferencing (VTC) system. With funds
obtained from UNM, the LNO (Brunt) purchased and installed a Polycom MGC50+ Communications
Bridge valued at over $100K. The bridge enables multiple, simultaneous, multi-party conferences using
internet protocols over existing connections. The LNO (Brunt) purchased and installed seven high-end
VSX 3000 VTC units for Executive Board members and purchased two desktop VTC software licenses for
each LTER site. LTER governance and research working groups have used the VTC system extensively
(Figure 1). LNO staff, both independently and with synthesis working groups, evaluated a wide range of
collaboration software products [6] to identify potential additional tools for LTER scientists.
Training laboratory ⎯ In cooperation with the project Enabling the Science Environment for
Ecological Knowledge (SEEK; see Table 1), the LNO designed and implemented a state-of-the-art
information technology training facility (Figure 2) that prepares the LTER Network to meet the workforce
training needs outlined in the Decadal Plan. LNO staff (Michener and Brunt) designed the facility’s
unique configuration to maximize interaction between instructors and participants.

1.3 Information Management and Methods Development
Promotion of metadata standards ⎯ The LNO worked with leaders of the informatics
community, the Information Management Committee (IMC), the Network Information System Advisory
Committee (NISAC), and one-on-one with site information managers to define best practices and
implement Ecological Metadata Language (EML) after it was adopted as the Network standard by the
LTER Coordinating Committee in 2004. All LTER sites now produce EML documented data sets and
participate in the LTER Network data catalog. LNO staff (Brunt, Servilla, Costa, Michener, San Gil)
collaborated with the National Center for Ecological Analysis and Synthesis (NCEAS) and LTER
information managers to fix errors in and improve and enhance EML. This year, the LNO will contribute
to a corrected version of EML, thereby improving the ability of LTER sites to work with and generate
compliant metadata. The LNO also fostered a relationship with the genomics standards community and
promoted the use of EML for environmental genomics metadata [7].
Curation, maintenance, and expansion of LTER Network databases ⎯ LNO staff (Brunt,
White) maintained interfaces and access to the LTER personnel, bibliography, and site characteristics
databases, and they expanded the bibliography to include unique accession and digital object identifier
(DOI) numbers from each site. These improvements facilitated an analysis of changes in social
networking within LTER over the last 20 years [8].
Web services interface ⎯ LNO staff (Brunt, Servilla, Costa, San Gil) developed a prototype web
services interface to LTER Network databases that are routinely updated by sites (personnel, site, and
bibliography). This interface provides a mechanism for individual site information systems to have
programmed synchronization with the LTER Network databases. Functionality includes secure “query”,
“insert”, “update”, and “delete” record commands for all centrally-managed databases. This year, the
LNO will release to the community a request for comments on this interface along with example code and
information on use case scenarios.
Remote sensing archive ⎯ LNO staff (Vande Castle) maintained and curated a historical archive
of remote sensing data for the LTER Network. The archive consists of Landsat, SPOT, MODIS and
AVIRIS data from LTER Network acquisitions starting in 1990 and from past NASA and USGS research
projects [9]. The LNO provided links to other collaborators and agencies that acquire data useful to the
LTER, including MODIS data from the Oak Ridge National Laboratory Distributed Active Archive Center,
International Space Station (ISS) imagery acquired as part of the ISS science plan, and Global Fiducial
Library Reconnaissance imagery. Access information for other types of data, such as LIDAR and more
recent SPOT imagery, was made available, and a collaboration with the Center for Rapid Environmental
Assessment and Terrain Evaluation at UNM provided access to near real-time direct broadcast Terra and
Aqua MODIS data through automated acquisition and processing. Standard data products were acquired
and archived for 22 of the 26 LTER sites [10].
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1.4 Network Development, Community Outreach and Training
Network development and community outreach included an array of activities to benefit LTER
scientists and educators as well as the broader community of environmental scientists and teachers. A
consortium, the Partnership for Biodiversity Informatics (PBI), consisting of the LNO, NCEAS, the San
Diego Supercomputer Center (SDSC), and the University of Kansas Center for Biodiversity Research,
provided leadership for several of these activities (Table 1). The PBI continued their collaboration in
2008 to produce two additional cyberinfrastructure proposals currently pending at NSF: INTEROP and
DataNet (see below).
Network development ⎯ The LNO (Michener, Brunt), the Organization of Biological Field Stations
(OBFS), NCEAS, and numerous other institutions collaborated to facilitate storage, discovery, and access
to the strategic environmental information resources collectively held at North American biological field
stations through a Research Coordination Network (RCN). The LNO assisted in revamping the OBFS
web site [11, 12], in maintaining mailing lists, and in infusing informatics and geospatial technologies into
field stations and marine laboratories.
Community outreach and Network linkages ⎯ LNO staff maintained and expanded
synergistic communication, collaboration, or coordination with institutions, partnerships, networks and
other groups. Table 1 describes some of these collaborations and their outcomes.
LNO staff (Michener, Brunt, Waide) were key participants in SEEK, a six-year, multi-institutional,
multi-national initiative designed to create cyberinfrastructure for ecological, environmental, and
biodiversity research and to educate the ecological community (especially, under-represented groups)
about ecoinformatics. This collaboration helped the LNO develop the training laboratory described in
Section 1.2 above.
LNO staff (Michener) developed a strategic partnership with the National Biological Information
Infrastructure (NBII) that led to NBII support for hiring a Senior Application Support Analyst (San Gil) at
the LNO. This partnership focused on metadata standardization and led to several key LTER and
community-wide outcomes (Table 1).
During 2003-2007, LNO staff (Michener, Waide) participated in design activities for several emerging
U.S. environmental observatories (NEON, CLEANER, WATERS, NPN), environmental monitoring
networks in India and Portugal, and related US planning activities and workshops. Michener was on
assignment to NEON, Inc. from February 2006 through August 15th, 2007. In this capacity, he and Dr.
Bruce Hayden (University of Virginia) completed the NEON Measurement Book for use in detailed
network design and cost analysis. NEON stands to both complement and benefit LTER, especially those
LTER sites selected as NEON sites.
In addition, Michener collaborated with Dr. Jan Poley of the American Distance Education Consortium
and others in a proposed effort to enhance communications and networking for approximately one-third of
the LTER sites as well as for several additional field stations and international research sites. Michener
led a collaborative effort focused on enhancing the interoperability of data collected and archived by
LTER, NBII, NASA, NCEAS, the National Evolutionary Synthesis Center (NESCent), and other research
networks and centers. This effort resulted in submission of an NSF proposal entitled INTEROP: Creation
of a Virtual Data Center for the Biodiversity, Ecological and Environmental Sciences. He also coordinated
a collaborative effort to enhance data preservation and use across a broad array of biological and
environmental research networks, including LTER, resulting in a proposal to the DataNet program at
NSF.
Training ⎯ The LNO CA does not have funds specifically targeted for training LTER scientists and
students. Nevertheless, funds associated with the SEEK, RCN, Mellon Foundation and NBII projects as
well as supplement funds in 2007 supported training for many LTER scientists in ecoinformatics,
geospatial analyses, wireless communication and advanced sensing technologies, web site development,
metadata management, and cybersecurity.

1.5 Network Publications and Public Outreach
LNO publications – LNO staff (Thomas) facilitated the publication of two documents in the LNO
numbered publication series, Integrative Science for Society and Environment [41] and The Decadal Plan
for LTER [42]. The LNO (Bonito) contributed support to several of the site volumes in the LTER Oxford
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book series [43]. Individual LNO staff members published journal papers, book chapters, and other
articles related to the accomplishments of the LNO and the LTER Network (see attached list of
publications).
Paper materials ⎯ Informational and promotional materials produced during the current award
include: 21 site brochures, one LTER Network brochure, and 12 issues of the Network Newsletter. LNO
staff (Thomas, Bonito) created additional brochures and programs for the triennial All Scientists Meeting
and produced scientific fact sheets and other information and promotional material to convey LTER
results to the general public.
World Wide Web ⎯ The LNO website and LTER Network web portal each underwent major redesigns based on usability studies and community input to enhance their effectiveness, and LNO staff
scanned, catalogued, and archived hundreds of historical LTER documents on the LTER portal. Based
on usability studies and user feedback, LNO staff redesigned the LTER document archive and
considerably improved the site’s overall organization and search functions to make navigation more
intuitive and materials easier to locate.
Traveling exhibit ⎯ The LNO significantly upgraded the LTER multimedia traveling exhibit and
displayed it at annual meetings of the Ecological Society of America (ESA) and SACNAS (Society for
Advancement of Chicanos and Native Americans in Science), and periodically at the American
Association for the Advancement of Science (AAAS), the American Society of Limnology and
Oceanography, the LTER All Scientists’ Meeting, and local science fairs. The LNO Public Information
Officer and Senior Web Designer conveyed information about the LTER Network to a wide-ranging
audience, including the general public, scientists and educators, and policy-makers.
Video ⎯ Using an external consultant, the LNO facilitated production of an informational DVD video
that highlights research being conducted by LTER and a similar video focusing on the International LTER.
The LTER video was subsequently reformatted for the web [44].

1.6 Synthesis
The LNO encouraged synthesis efforts across the LTER Network: by providing support and
coordination for science theme meetings of the LTER Science Council; by organizing two LTER All
Scientists Meetings (ASM) and planning a third; by funding 44 research working groups with 315
participants; and by documenting products of these meetings and archiving results [45].
In support of synthesis, the LNO staff organized and implemented the triennial ASM. The 2003
meeting in Seattle, WA (711 participants, 66 working groups, 400 posters) and the 2006 meeting in Estes
Park, CO (863 participants, 69 working groups, 439 posters; Figure 3) involved more than a year of effort
by LNO staff. These efforts included: securing supplemental and other funding for the ASM and related
meetings; contracting meeting providers; organizing lodging, local transportation and meals; providing
funding (including pre-payments and reimbursements) for meeting participants; managing registration
fees; organizing the program of speakers; and coordinating the extensive working group meetings.
Coordination by the LNO (Waide, Vande Castle) included working with the organizers to facilitate working
groups, collecting abstracts and meeting notes, and providing support through web pages, email lists and
follow-on activities of results and future plans for the working groups. The statement of appreciation
passed unanimously by the LTER Science Council [46] documents the success of these meetings.
The research working groups supported by the LNO produced a wide range of products including
reports, proposals, data sets, and publications [5]. One example of a synthesis product that was
facilitated by a research working group supported by the LNO is the recent paper in Nature from the Lotic
Intersite Nitrogen Experiment (LINX) [47], which has been cited widely in the scientific and popular press
[48,49,50].

1.7 Network Information System Design and Development
Establishing the distributed data network ⎯ LNO staff (Brunt, Servilla, Costa, San Gil) made
significant progress towards the development of the Network Information System (NIS) including the
completion and approval of the NIS Strategic Plan [51] and the development and prototyping of an
architectural framework. The modular architectural framework for the NIS, called PASTA (Provenance
Aware Synthesis Tracking Architecture) [52], leverages the LTER metadata catalog [53] and site
investment in EML (Figure 4). PASTA is a conceptual model for dynamically harvesting and archiving
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site-based data and metadata used to generate and deliver derived data products. The NISAC, the IMC,
and several community partners accepted the PASTA framework, and components of PASTA were
prototyped in support of the EcoTrends collaboration (see below).
Community collaboration and standardization efforts ⎯ LNO staff (Servilla, Costa)
collaborated with NCEAS and SEEK developers on the ‘Data Manager’ library for EML that provides
automatic insertion of well-documented data sets into a standard database management system based
solely on the metadata description. LNO staff collaborated with the IMC on: implementing EML and site
participation in the LTER Network data catalog (Figure 5); developing an advanced search interface to
enable discovery of data from the Network; creating metrics and proposed standards for data access and
data auditing of online information access using a proxy server called Data Access Server [54]; designing
an online registry of standard units for EML [55]; and prototyping the first phase of development of an
ecological vocabulary of controlled terms.
Promoting and supporting synthetic research collaboration ⎯ The EcoTrends project was
the predominant synthesis effort undertaken by the LTER Network [56]. LNO staff (Brunt, Servilla, Costa,
San Gil) worked directly with the EcoTrends editorial board and technical subcommittee, New Mexico
State University staff, and an independent web design firm to implement a time-series data model and
data delivery system tailored to the EcoTrends website design to complement the EcoTrends book due
out this year (Figure 6). LNO staff contributed significantly to this high-profile and community-supported
project while simultaneously gaining valuable implementation experience for components of the PASTA
architecture model for the NIS.

1.8 International LTER
The LNO SOW emphasized a transition of the ILTER Network from an activity largely supported by
the NSF through the LNO to an activity broadly supported through a consortium of ILTER Networks. The
U.S. LTER Network created a new standing committee (International Committee) to manage interactions
with the ILTER Network, eliminating most of the responsibilities of the LNO in this area. In 2003 and
2006, with supplemental support from NSF, the LNO (Vande Castle) helped coordinate ILTER
Coordinating Committee meetings as part of the LTER ASM and assisted the ILTER in becoming more
independent of the U.S. LTER Program.

1.9 Education
The SOW limits LNO support of education activities to maintenance of the Schoolyard LTER web
page and several short-term activities that concluded in 2003. Since NSF did not conduct a proposed
review of the LTER education program, LNO restricted its educational responsibilities to those listed in
the SOW.

1.10 Strategic Planning for the LTER Network
The LNO played a key role in facilitating LTER Strategic Planning by providing logistical support for
30 face-to-face meetings (2004-2007) with 584 participants (as well as numerous video and phone
conferences), developing email lists, and providing collaboration software support and office space. LNO
senior personnel (Brunt, Vande Castle, Servilla, Waide) contributed intellectually to the various planning
elements (Research, Education, Governance, and Cyberinfrastructure) and played a major role in
drafting, writing, and editing the planning documents. The result of the strategic planning effort was the
completion of two documents: Integrated Science for Society and the Environment and The Decadal
Plan for LTER [41,42].
The LNO, with the help of a consultant funded by UNM, developed a strategic plan to align the goals
of the LNO more closely with the goals of the LTER Network [60]. This plan provides operational goals
for the LNO and guides decisions about priorities and resource allocation. The LNO is updating the goals
of the Strategic Plan and an accompanying implementation plan to incorporate the objectives of the LTER
Decadal Plan.
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2.0 Introduction
The Long Term Ecological Research Network Office plays a critical role in the operation of the 26-site
LTER Network (Figure 7). The LNO supports the research and education goals of the Network;
represents the Network in its interactions with other scientific networks and centers; facilitates the
operation of the Network as a cohesive research entity; and fosters new, broadly-based initiatives that
extend LTER science, education, and cyberinfrastructure to new communities. Recognizing the
importance of these functions, the NSF has funded the LNO since 1982, originally through an award to
Kansas State University and subsequently to Oregon State University and the University of Washington.
As the LTER program grew during this period, LNO responsibilities, staffing, and funding levels increased
concomitantly. The present LNO, established at UNM in 1997, operates with a six-year budget of $8.5
million from NSF, additional supplemental funding from NSF ranging from $276-415K a year, and funding
from competitive sources for projects (e.g., SEEK) that complement and extend the activities of the LNO.
Since the renewal of the LNO CA in 2003, the vision for LTER Network science has changed
significantly. The Decadal Plan for LTER [42], the result of an intensive three-year planning effort,
describes a broad vision for LTER science that encompasses substantial new levels of synthesis
and transdisciplinary research (Figure 8). In this plan, the LTER Network envisions new
collaborations between ecologists and social scientists to create a new body of theory in social
ecology that draws on and incorporates information technology and the most advanced educational
approaches to amplify the societal impact of this vision. The scope and complexity of the ideas
envisaged in the Decadal Plan will require greatly increased efforts to organize and coordinate the
proposed transdisciplinary synthesis The LNO has demonstrated by its past performance that it is
ideally suited to be the catalyst for implementation of the vision of the Decadal Plan. The LNO will
play a key role in organizing people, tools, and ideas to promote the synthesis science that will
address the increasing need to understand social-ecological systems from local to global scales.
The activities described in this proposal were selected by the LTER community because they
represent important contributions that the LNO can make to stimulate the evolution of the LTER
Network from a group of associated sites to a closely integrated research community with a new
focus on synthesis and transdisciplinary research.
The Decadal Plan establishes a revised focus for LNO core services and defines the role of the
LNO in achieving new Network objectives in research, cyberinfrastructure, and governance.
Bylaws for the LTER Network, adopted in 2003, describe specific responsibilities of the LNO [59].
The strategic plan for the LNO, revised in 2008 to incorporate the objectives of the Decadal Plan,
provides additional operational guidance for LNO activities [60]. Together, these documents
created a new context for LNO activities that structured much of the formulation of this proposal.
The external Mid-term Review Panel further encouraged the LNO to explore opportunities for
facilitating evolution of the Network.
In this time of rapid change, there is need to articulate a shared vision and to work across
the Network to implement the vision. The LNO should play a key role in both emergence
and implementation of the shared vision. Proactive broad thinking fostered by the LNO
can and should have a beneficial effect on the evolution of the LTER Network.
As a specific example, there is need for broad thinking about how the synthesis goals can
be achieved across a range of funding scenarios. The Network Planning process has
created enormous energy and enthusiasm across the Network, leading to a remarkable
opportunity to advance Network science. We encourage the LNO to think about how to
capitalize intellectually on this opportunity regardless of specific funding scenarios.
….the LNO is in a strong position to encourage and support opportunities for groups of
sites to self-organize to build Network science.
Thus, when NSF invited UNM to submit a renewal proposal for the LNO CA to cover the period 20092015, the LNO and the LTER Executive Board (EB) (as specified in the LTER Bylaws) had a clear basis
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for determining the scope and funding level of this proposal. Subsequently, the EB reviewed each step of
the proposal’s preparation, recommended changes to more optimally align the proposal with Network
objectives including fostering Network synthesis, and approved the proposed activities and budget.
As a result, the LNO requests $15,662,179 to support two major functions that are detailed in Section
3. First, the proposal includes $10,350,000 for continuing operations of the LNO. This amount, a 15%
increase over present funding, will partially offset the real increases in cost-of-living and inflation that
occurred during the last six years. Second, it includes $5,312,179 in additional funding to address the
new research, cyberinfrastructure, and governance goals defined in the LTER Decadal Plan. Science
activities will include expanded funding for research working groups, support for meetings to capitalize on
the intellectual momentum developed in the planning process, and funding to support the activities of the
LTER Science Council and Chair. Cyberinfrastructure activities will include completion of the Network
Information System, stewardship of increased numbers of Network databases, creation of new synthetic
databases, and increased training opportunities for LTER information managers and scientists. The
proposal further outlines: new approaches to assessment and evaluation of the outcomes of proposed
activities that will inform a flexible and responsive management strategy for the LNO (Section 4.0); the
broader impacts of the proposed activities (Section 5.0); and the management structure and lines of
responsibility (Section 6.0). A description of the budget (Section 8.0) provides detailed information about
the cost of activities proposed for LNO Continuing Operations, Science and Education in the Decadal
Plan, and Cyberinfrastructure in the Decadal Plan, and it provides the justification upon which these costs
are based.

3.0 Project Description
The LNO proposes to implement 17 activities in four areas of function:
1. Support for Research Synthesis;
2. Development and Implementation of Cyberinfrastructure;
3. Core Services; and
4. Development/Outreach.
A description of each activity and justifications of individual and collective impacts of the activities on the
LTER Network appear below. The budget justification (Section 8.0) contains a table linking requested
human resources with proposed activities.
The proposal employs a logic model approach [61] to document the relationship among impacts,
outcomes, outputs, activities, and requested resources for each proposed activity [62]. Logic models link
cause and effect statements such as “if these resources are available, then these activities can be
conducted.” This approach facilitates close coordination among model elements and incorporates
measurement and evaluation of outputs and outcomes at the appropriate stages in each model. Section
4.0 describes the assessment and evaluation plan for the activities in this proposal.

3.1 Support for Research Synthesis
A primary function of the LNO as articulated by the Mid-term Review Panel (see Section 2.0) is to
capitalize on the intellectual investment made in developing the Decadal Plan by mobilizing support to
advance its goals. In the long-term, the success of the Decadal Plan will depend on significantly
increasing LTER site and LNO funding. In the interim, the LNO requests funding for four activities that
will sustain and increase the pace of Network research synthesis. Sections 3.1.1 through 3.1.4 below
describe background, specific activities supported, and products and outcomes for each of the four
activities.
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3.1.1 Science Council. Support annual meetings of the Science Council as well as related planning
meetings.
Background ⎯ One accomplishment of the Decadal Plan is a new governance structure for the LTER
Network [63]. As part of this reorganization, the LTER Bylaws have been amended to create a new
entity, the Science Council (SC), comprised of two members from each of the 26 LTER sites and the
chairs of standing committees. The SC “has the responsibility to provide leadership and planning for
cross-site research and education, to develop proposals for the conduct of Network-level science, to
interact with existing and emerging networks, to develop products that synthesize Network-level data and
information, and to otherwise manage the science affairs of the LTER Network” [59]. The Bylaws require
an annual meeting of the SC, and the LNO is responsible for supporting this meeting. The intended longterm impact of SC activities is an increase in operational coordination of science, synthesis, and
education across the LTER Network.
Specific activities supported ⎯ The LNO funds participant travel and lodging for the annual meeting
of the SC as well as any additional required expenses (e. g., meeting rooms, audiovisual). The LNO also
supports planning and visioning meetings associated with SC activities. The Executive Director and the
Director for Synthesis Support help develop the agenda, supervise meeting preparations and logistics,
prepare materials, participate in the meetings, and record the accomplishments of the meetings.
Products and outcomes ⎯ Synthesis activities of the SC produce Network-level science publications
and synthesis volumes, lay the groundwork for proposals to conduct Network-level science and
education, and result in updates to the Network research and education objectives. In addition, the SC
performs several administrative functions, including resolution of issues from sites or the Executive Board,
approval of Bylaw changes, and election of the Chair. The LNO supports the SC by producing a
persistent record of its activities and decisions. Outcomes of the operations of the SC include enhanced
Network-level synthesis, increased scientific coordination across and beyond the LTER Network,
increased funding for synthesis, evolving strategic plans, and effective governance.

3.1.2 All Scientists Meetings. Foster integration within and among Network research projects by
organizing periodic meetings of the entire LTER research community.
Background ⎯ The LTER Bylaws charge the LNO with organizing the triennial ASM. Key outcomes
of past ASM include: formation of new collaborations; sharing of data and ideas; integration of graduate
students, educators, and international collaborators into the LTER community; advancement of theory
through comparison of conceptual models; identification of transformative research; and coordination of
research strategies and standards across the LTER Network. The LTER Network recognizes the value of
ASM and enthusiastically endorses continuation of these meetings. The impact of periodic ASM is an
increase in the cohesiveness of the LTER scientific enterprise.
Specific activities supported ⎯ The Executive Director and the Director for Synthesis Support will
supervise the organization of the ASM in 2009 and 2012 and will plan the 2015 meeting. They will
coordinate the activities of the LNO staff who provide logistical support throughout the ASM. They will
identify possible meeting venues for consideration by the Executive Board, contract the meeting venues
and make down payments, work with the program committee to develop meeting agendas, coordinate
other activities associated with the meetings, work with a professional meeting organizer (The Schneider
Group) to contract service providers (e.g., audiovisual, poster boards, coffee breaks and refreshments),
issue invitations, write supplement proposals to fund half of the participants, and preserve meeting
documents and materials.
Products and outcomes ⎯ LNO efforts will result in well-organized and cost-effective meetings that
meet the varied needs of the LTER community, generate new ideas and synthesis products, and build
new partnerships and collaborations that enhance the breadth and productivity of LTER research. The
LNO will obtain supplemental resources to support at least 400 meeting participants and to create a
persistent record of meeting activities and products.
The outcomes from successful ASM include measurable increases in cross-site and Network-level
science (Figure 9), an increased pace of development of synthesis products, the formation of new

8

collaborations, the development of new LTER science themes, and better integration of graduate
students and new scientists into the LTER community.

3.1.3 Research Working Groups. Provide support for Network research goals by funding working
groups and intensive research visits for project scientists.
Background ⎯ The activities that produced the Decadal Plan also created new collaborations among
LTER scientists and with scientists from other disciplines, especially the social sciences. These new
collaborations need additional resources to encourage their further self-organization. The LNO currently
provides small grants (up to $10,000 per group from a total budget of $50,000/yr) for this purpose. The
working groups that received LNO support are highly productive [5,45] and support for them is repeatedly
identified in the annual surveys of site needs [64] as a valuable LNO service.
Specific activities supported ⎯ The LNO proposes increasing support for self-organizing groups of
sites and scientists to $100,000/yr. The Executive Director and the Director for Synthesis Support (0.10
FTE/yr) will organize and maintain records of annual competitions to disburse these funds, with proposals
evaluated by the EB or their delegated representatives. In addition, the LNO proposes new funding to
support two LTER scientists per year to focus for one to two months on completing publications or plans
emerging from these working groups. Surveys of LTER scientists show that obtaining support for such
intensive efforts is a high priority and will significantly enhance the pace of synthesis. To advance the
goals of the Decadal Plan, one criterion for awarding funds for research working groups and research
visits will be evidence of an interdisciplinary focus linking social sciences and ecology. The LNO will
support self-organizing groups of sites and scientists by funding working group meetings to produce
specific research products such as publications, experimental designs, new databases, or common
standards. The LNO will provide salary support to allow LTER researchers to focus on short-term (one to
two months) synthesis projects that support the Decadal Plan research objectives.
Products and outcomes ⎯ Research working groups will establish new partnerships and
collaborations that advance a new body of theory in social ecology as one element of a developing
strategy to meet Decadal Plan objectives over a range of funding scenarios. The working groups will
enhance the breadth of LTER research and increase the pace of synthesis by producing multidisciplinary,
multi-site publications such as books, monographs, or special issues of journals.

3.1.4 Activities of the Decadal Research Plan. Provide support for Network research goals by
facilitating planning and visioning meetings to address the objectives of the Decadal Plan.
Background ⎯ The Decadal Plan focuses on long-term, social-ecological questions in three thematic
areas: 1) land and water use change in urban, exurban, and working systems; 2) climate change,
variability, and extreme events; and 3) nutrient mobilization and species introductions. The Decadal Plan
presents the broad outlines of a research program in each thematic area, but additional specifics need to
be developed. Network science workshops that ask participants to identify individual questions,
observations, experiments, and modeling activities within thematic areas, and to identify the
corresponding education and cyberinfrastructure needs can help develop the details required to advance
the Decadal Plan, and the Executive Board has requested the LNO to support these workshops.
Specific activities supported ⎯ The LNO requests new funding to provide support for six to eight
additional planning meetings in the first two years of the CA. By the end of Year 2, the NSF and LTER
will likely reach an agreement on long-term support for the science agenda in the Decadal Plan.
Products and outcomes ⎯ The proposed planning workshops will produce: detailed steps for
achieving the science goals of the Decadal Plan; a timeline for the staged implementation of those steps;
and interim objectives for LTER sites and scientists. The proposed workshops will lead to a better
balance between support for site-based research and Network-level collaborative synthesis. The
eventual outcome will be achievement of the goals of the Decadal Plan.
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3.2 Development, Implementation, and Maintenance of Cyberinfrastructure
For over two decades LTER science has been interconnected with developments in
cyberinfrastructure (CI). The LNO has supported Network CI by offering services that both met the needs
of the community and kept pace with evolving technology. As part of the Decadal Plan, the LTER
Network developed a CI Strategic Plan that outlines an expanded vision to support the decadal science
agenda. Through a broad process of gathering input from community collaborators, investigators, and
information managers, the LNO has provided leadership and support in the development of this plan.
The proposed LNO CI activities are supportive of and in harmony with the implementation of the CI
Strategic Plan, and will provide critical services to the LTER community through four activities:
1. supporting improvement, operation, and maintenance of the LNO computing, communication, and
collaboration infrastructure;
2. providing leadership in researching, developing, and implementing Network-wide information
management procedures, policies, and practices;
3. completing the development and implementation of the LTER Network Information System (NIS)
framework; and
4. offering on-site, group, and individualized consulting services for improving and maturing site
information management practices.

3.2.1 Basic CI Support. Provide basic CI support to the LTER Network to enable collaboration,
communication, and security.
Background ⎯ The LNO Chief Information Officer (CIO), System Administrator and Systems Analyst
maintain and operate the hardware and software that provides basic computing services for management
of Network databases, web sites, access to site databases, administrative functions, software
development, archives, and training. In addition, they maintain collaboration and communication
technologies. For example, the LNO supports high-quality, low-cost, standards-based VTC for the
Network, including regular monthly VTCs for the LTER EB. To date, LNO has supported eleven VTCs for
the EB (more than 30 hours of conference time), thereby extending the level of interaction and
substantially lowering costs as compared to traditional telephone conferencing. The LNO Systems
Analyst verifies the details of each call, programs the request into the teleconferencing software, confirms
participation and connection accuracy for each participant, and monitors the call for quality. This
experience has increased the quality of the process for handling regular VTC for the Information
Management Executive Committee (IMEXEC), the NISAC, and numerous ad-hoc conferences for LTER
working groups. New members to specific groups (e.g., EB) are provided new conferencing units or
software, along with installation and configuration support. Another area of responsibility is security,
which affects all LTER Network activities that rely heavily on public networks and computers. The LNO
has significant experience in securing networks, computers, and data against threats and misuse.
Specific activities supported ⎯ The LNO will support activities in four areas:
1. Technology improvements ⎯ The LNO CIO and System Administrator will operate and
maintain computing infrastructure to support Network database management and information
services by upgrading server hardware and peripherals twice during the CA period. The LNO
Systems Analyst will perform a similar upgrade to the Informatics Training Laboratory (see
Section 3.4.4 below). Finally, the Systems Analyst will perform annual updates of desktop
computing equipment on a phased schedule that provides complete replacements every
three years.
2. Collaboration ⎯ The LNO Application Support Analyst will augment the current web and
email support for Network committees, working groups, and special interests with basic
collaboration tools for hosting web-based conferencing and interactions through shared
applications and virtual workspaces. The LNO has performed a thorough analysis of such
collaboration tools [6] and will match the appropriate application with the level of integration
determined necessary by NISAC and scientists’ requests. The LNO, working with the
NISAC, will promote the evaluation and use of identified collaboration tools for LTER working
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groups as recommended in the Decadal Plan. The LNO will continue to monitor the
development of new tools and support their implementation when deemed appropriate by
NISAC. The LNO Application Support Analyst will deploy web-based collaboration tools to
support scientists and synthesis groups during Year 1.
3. Communication ⎯ New funding for an LNO Systems Analyst will support the continued
operation of VTC services for LTER committees and working groups. In addition, the LNO
Systems Analyst will acquire, deploy, and maintain “rich media” recorders to capture and
stream presentations via the World Wide Web. Through an investment by UNM in this
technology, the LNO will be able to leverage additional recorders for loan to working groups
and committees as needed. The annual LTER mini-symposium at NSF and the triennial
ASM are examples of events that should be preserved through recordings.
4. Security –The LNO CIO and System Administrator will maintain up-to-date security practices
on all LNO CI and will increase communications about security issues to site system
administrators through web-seminars and podcasts developed for this purpose. Each year,
the LNO will offer four security-oriented technology transfer web-seminars including “how to”
and “best practice” guidelines on network and computer security. In addition, the LNO CIO
will participate in annual cybersecurity summit meetings sponsored by the NSF.
Products and outcomes ⎯ The LNO will provide a secure, modern, and efficient computing and
communication environment that will increase the pace and productivity of interactions among LTER
scientists and educators. The new capacity to record and stream LTER presentations will improve
outreach to the LTER and broader scientific and information management communities. The continued
availability of VTC services will result in more frequent and more productive interactions for LTER
committees and working groups. In addition, the activities described above will improve access to
common collaboration tools for LTER scientists and increase awareness and understanding of security
issues for LTER information managers.

3.2.2 Information Management. Improve information management for the Network by supporting
communication and coordination among site information managers, strategic data integration, data
stewardship, curated data storage, and other data operations that promote Network synthesis and the
creation of data legacies.
Background ⎯ Since 1988, the LNO has actively promoted standards and standard approaches to
information management, and it has actively managed LTER Network data sets since acquiring Networkwide satellite data and developing the first personnel database in the early 1990s. LNO support for the
annual LTER Information Management Committee (IMC) meetings and workshops keeps LTER sites
informed of developing information management practices and technologies. Lack of staff resources has
limited the number of databases managed by LNO and the level of management. While the LNO
currently manages the personnel directory, all-site bibliography, site directory, data catalog and several
synthetic databases (e.g., Net Primary Production), involvement in this valuable Network activity will
increase by dedicating new management and curatorial personnel to address the migration of existing
site data sets and new synthesis-oriented data sets to the LNO data holdings via the NIS. One new
challenge facing the LNO is stewardship of more than 1,200 derived data products from the current and
growing EcoTrends (Figure 6) project database that is dependent on a largely manual process for
updates. The planned NIS framework calls for automated updates in the future.
Specific activities supported ⎯ The LNO will support activities in five areas:
1. Information Management Committee meetings ⎯ The LNO will coordinate and support IMC
meetings and workshops to develop Network standard procedures and protocols, and to
exchange techniques and technical information. IMEXEC will meet once a year to plan and
address critical issues, with meetings taking place at the LNO to reduce costs and increase
interactions with the LNO staff. These meetings will identify and address Network information
management challenges through the development of new information management
approaches.
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2. Working visits to the LNO by information managers ⎯ The LNO will increase support to
information management (IM) by funding working visits to the LNO by one or two site
information managers per year to develop and implement solutions for specific information
management challenges affecting multiple sites. In addition, the LNO will fund several
product oriented workshops each year to address critical IM issues. For example, site
database personnel will meet to determine functional requirements necessary to implement
the water chemistry database requested by the SC.
3. Maintain Network databases ⎯ LNO staff will continue to manage the personnel database,
site characteristics database, and bibliographic databases for the Network through webbased forms and requests to the LNO email-based support system
tech_support@LTERnet.edu). The LNO Application Support Analyst supports security for
web-based access that allows individual users to change their profile information and site
information managers to manage all their project relevant sections of the personnel,
bibliography, and site databases.
4. Migrate and create Network databases ⎯ The new LNO Information Manager will work with
staff from the H.J. Andrews LTER to migrate the climate and hydrologic databases (ClimDB
and HydroDB) to the LNO where these databases will be integrated into the Network
Information System (NIS) architecture (see Section 3.2.3). As requested by the EB, the LNO
Information Manager and Application Support Analyst will also work with scientists and the
IMC to develop new synthetic databases resulting from SC and Decadal Plan activities, along
with interfaces to such databases, and integrate them into the NIS framework.
5. Manage and extend the EcoTrends database ⎯ Funding for the new LNO Information
Manager will support the management and curation of existing EcoTrends data, and allow
collaboration between NIS developers and site scientists and information managers to
implement a dynamic process for the creation of new derived data products. The new LNO
Information Manager will: 1) identify new data sets and validate them for quality of metadata
and completeness of data using the “EML Data Manager” library; 2) develop program scripts
or workflows to transform data from native formats to the EcoTrends time-series format, 3)
oversee harvesting and loading data from site repositories into the NIS data “cache”, and 4)
confirm the transformation and loading of site data into the EcoTrends database.
Products and outcomes ⎯ These LNO information management activities will improve information
management practices, increase the accessibility of existing Network databases, increase the number of
synthetic data sets, and increase the quality and number of Network data sets accepted for management
and curation by the LNO. New information management approaches will be embodied in new standard
procedures and protocols that will be published as “best practices” documents. By improving information
management at a Network level, the LTER Network will become a high quality data provider for scientists
and educators and a repository of scientifically rigorous, richly documented data available for synthesis.

3.2.3 Network Information System. Complete the design, development, and implementation of the
LTER Network Information System in collaboration with NISAC, IMC, and strategic community partners.
Background – In 2003, the LNO acquired its first funds for personnel dedicated to the development of
the LTER Network Information System. This initial support led to the production of the LTER data catalog
[53], design of the forward-looking PASTA framework for the NIS (Figure 4), and successful
demonstration of key PASTA modules in the EcoTrends project (Figure 6). These successes laid the
groundwork for completing the implementation of the LTER NIS framework in this proposal cycle.
Similarly, emphasis on large-scale data integration in the Decadal Plan for LTER and the specific call in
the CI Strategic Plan for completion of the NIS in support of such data integration generated timely
momentum for these efforts.

12

Specific activities supported –
1. Complete the LTER NIS ⎯ The LNO CIO, NIS Developer, and Analyst/Programmer will
complete the design, implementation, and deployment of the PASTA framework (Figure 4) in
support of the LTER NIS, thereby providing access to all LTER site data sets for the
advancement of Network-level science and data synthesis. Accomplishing this objective
involves the following major steps.
•

Complete the Data Access Server (DAS, [54]) to support LTER data access policy
compliance for access to LTER site data repositories. The DAS will act as a proxy
interface between requests for LTER data and the actual data source, thereby
authenticating users who request data and confirming their acceptance of the LTER
Data Policy. All requests will be logged for reporting purposes, and the data owner
will receive notification of access to their data resource. Use of the DAS would be
optional; sites may instead support proxy access for any public interface (e.g., the
data URL in the EML) but allow direct access to their data for internal users.

•

Complete a single point-of-access portal for the NIS to support federated
authentication (e.g., single sign-on). A NIS portal would provide a single point-ofaccess to all NIS supported data sets for both LTER scientists and the broader
community. Using a federated authentication system will simplify the user
experience by allowing reuse of common “log-in” information across LTER sites and
other affiliated networks (a similar approach is in use with the EcoTrends web site).
The portal will provide a unified data discovery and access process for all NIS data
sets, including EcoTrends, ClimDB, and HydroDB, along with comprehensive and
complete metadata in the EML.

•

Create an automated extraction and loading process to move site data into a
centralized data archive. The PASTA interface to sites will automatically extract site
data and then load it into a centralized data cache. The EML “Data Manager” library
(see Section 1.0) and the complete documentation of site data in EML make this
extraction possible. The cache acts as a replica and permanent archive of the site
data, thereby preserving the site and LTER data assets into the future.

•

Develop an interchangeable transformation engine for generating derived data. The
PASTA transformation engine provides a seamless mechanism for creating derived
data products used in synthesis projects (e.g., EcoTrends). The PASTA framework
decouples the transformation engine interfaces (both input and output) from other
PASTA components, thus allowing new engines to be deployed without disrupting
the entire process.

•

Implement an automated provenance tracking system for all LTER derived datasets.
The PASTA framework employs the power of metadata documentation through EML.
Currently, EML is fully capable of capturing provenance information that can describe
the methods used to create derived data products as well as the originating data
documentation. The metadata product emerging as a side-effect of generating
derived data will contain this provenance information.

Because PASTA is only a conceptual framework, the NISAC will review and vet the
major implementation and deployment steps described above before any development
project begins. NISAC committee members cross both scientific and technical domain
boundaries. Their vetting takes different forms depending on the anticipated impact of the
project but typically consists of a request-for-comment (RFC) process. The Network
Developer will ensure that the NISAC reviews and advises on all PASTA implementation
milestones and deployments (see below).
2. Integrate Network databases in the LTER NIS Framework ⎯- Integrating existing Network
data products is a primary function of the LTER NIS. Specific tasks are listed below.
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•

The Network Developer will work with database designers, site information
managers, and scientists at LTER sites and the broader community to assess and
build an integration path for the EcoTrends, ClimDB, and HydroDB databases into
the PASTA framework for inclusion in the LTER NIS.

•

An RFC process will gather requirements for user query, sub-setting, and descriptive
analysis of data residing in the LTER NIS. The Network Developer and
Programmer/Analyst will evaluate these requirements, determine a course of action
for satisfying such requirements, and integrate desired functionality into the NIS
framework. NISAC will review and prioritize all requirements.

•

The Network Information Manager and Senior Application Support Analyst will work
with LTER site information managers to prepare relevant site data for automated
integration into the LTER NIS data modules, including EcoTrends, ClimDB, and
HydroDB (See 3.2.2).

•

The Network Developer and Programmer/Analyst will make derived data from the
ClimDB and HydroDB databases available to the Consortium of Universities for the
Advancement of Hydrologic Science (CUAHSI) Hydrologic Information System
through the CUAHSI web-service API.

3. NISAC Meetings – All NIS activities will be conducted with the oversight and guidance of the
NISAC, which is responsible for planning, prioritizing, and evaluating all NIS activities.
NISAC was established to support development of the NIS for facilitating collaborative and
synthetic research efforts and improving the quality of LTER synthetic data products and
databases. The NISAC consists of site lead PIs, information managers, and LNO personnel.
Funding in this CA will provide support for NISAC to meet twice a year in person (once at the
LNO) and twice a year by VTC to review and evaluate the outcome of planned projects and
to help identify and prioritize critical tasks for NIS development.
Products and outcomes – The PASTA framework will support automation of data extraction and
loading from LTER sites through structured data integration and publication of such data through webbased applications. More flexible and interoperable access to LTER data provided by the NIS will
stimulate and increase LTER science, improve the quality of LTER data and metadata, foster the use of
data for synthetic projects, and thereby enhance both national and global research. The NIS, when fully
realized, will provide an increasing volume of LTER data to scientists for years to come.

3.2.4 Information Technology, Database, and Web Consulting. Provide information technology
(IT), database, and web consulting to LTER sites and synthesis working groups.
Background ⎯ The LNO has, with resounding success, gained site participation in Network
standards and synthesis activities through the use of individualized consultation and “hands on” technical
help for issues ranging from web site design to EML implementation (Figure 5). One-on-one support
provides an opportunity to accommodate site-specific needs in the development of Network standards.
Individualized technical help provided to LTER sites will increase their capability and desire to participate
in Network science and education goals defined in the Decadal Plan.
Specific activities supported ⎯
1. Technical support ⎯ LNO staff will provide information technology, database, and web
application consulting services to sites and working groups.
2. Site visits ⎯ With funding for this activity, LNO staff may travel to each site twice during the
site performance period to consult and work on site-specific issues related to information
management and meeting Network standards for information management. A site preparing
for review, working on renewal proposals, or improving its information system to meet
increasing site requirements may request assistance for strategy planning and system
development, and/or the site can confer with LNO staff to propose reciprocal site visits to
update the site’s information management plan. LNO personnel may visit the site to develop
an understanding of the site's requirements and help evaluate the level of effort required to
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make needed improvements. In addition, the site information managers may be provided the
opportunity to spend two weeks at the LNO to work with LNO staff on design or coding issues
(see 3.2.2 above) and to prototype needed functionality where feasible. Collaboration
software tools can help a site complete its information management plan when direct
interaction is not possible.
Products and outcomes ⎯ Face-to-face interactions with site personnel are the most productive way
to understand site needs and provide optimally crafted technical solutions. The outcome of LNO
technical support and site visits will include improvements in information management plans and
techniques across the LTER Network.

3.3 Core Services
Many services the LNO provides to LTER scientists, sites, and the Network are of long-standing,
some going back to the original call for proposals for a Network office. The SOW in the current LNO CA
documents an extensive list of services, many of which have been automated and only require routine
maintenance (e.g., the Network bibliography). These continuing activities are not discussed here;
however, a complete description of LNO services can be found on the LNO web page [65]. The several
core services requiring more substantial effort, and therefore requiring more resources, are discussed
below. While these services are varied, they have the common goal of enabling the network of sites to
function efficiently.

3.3.1 Facilitation of Meetings and other LTER Activities. Provide financial and logistical
support for meetings of Network governance and scientific committees.
Background ⎯ The LTER Network Bylaws and the Decadal Plan provide for meetings of key Network
committees to advance research and education goals and to govern the Network. The LNO supports or
facilitates almost all of these meetings, including:
•

annual meetings of the SC, the IMC, and the LTER National Advisory Board (NAB);

•

semiannual meetings and frequent videoconferences of the EB, the IMEXEC, and the NISAC;

•

the annual LTER Network science forum to present research results for agencies at the NSF; and

•

meetings and VTCs or teleconferences for up to 20 research working groups active at any time
(see Section 3.1.3).

When possible, the LNO facilitates ad hoc meetings of other standing committees (Education,
Publications, Graduate Students, Climate, International, Social Science). In addition to research and
governance meetings, the LNO supports and organizes triennial ASM involving 800 participants from the
26 LTER sites and other national and international networks and research sites (see Section 3.1.2).
Organization of these meetings requires significant LNO staff time during the year preceding the meeting.
Specific activities supported ⎯ The LNO facilitates efficient and cost-effective meetings by
encouraging pre-planning, including the development of budget goals. The LNO helps meeting
organizers identify venues and arranges support services. An agreement with a local travel agency
allows the LNO to pay airfares directly, thereby controlling costs and eliminating the need for individual
meeting participant payments. Similarly, the LNO negotiates prices with other vendors and sometimes
pays meeting costs directly to reduce the burden on participants. The LNO reimburses participants and
vendors, provides cost accounting, and maintains a record of meeting participation.
Products and outcomes ⎯ During the next six years, the LNO will support an average of 30 meetings
a year involving 400 participants. In 2009 and 2012, the LNO will organize ASM. The LNO’s central
facilitation of meetings reduces the organizational burden on sites and individuals, increases efficiency
and productivity, and controls costs by reducing redundancy and by negotiating reduced prices for
lodging and related meeting costs. The LNO also provides clear communication of meeting logistics.
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3.3.2 Persistent Record of LTER Activities. Ensure a persistent record of LTER activities,
achievements, and decisions by creating, acquiring, and archiving datasets, documents, still and video
images, and audio recordings.
Background ⎯ In its 28 years of operation, the LTER Network has produced an extensive record of
its activities that includes publications, reports, minutes, notes, datasets, audio recordings, and visual
images. The LNO acquires, archives, and manages these records and makes them accessible. The
LNO adopts or adapts new technology to improve accessibility and security of the LTER archive, which
will provide an historical record of LTER Network activities for future generations, increase understanding
and appreciation of accomplishments of LTER Network, and allow more effective governance.
Specific activities supported ⎯ The LNO maintains an extensive database of information related to
LTER personnel, bibliographies, site capabilities, committee activities, research, scientific initiatives and
collaborations. The LNO documents the achievements and decisions of the Network by establishing a
record of meetings and their minutes and by acquiring and archiving datasets, documents, audio, and still
and video images. Through database activities, web content generation, and data curation, the LNO
maintains an active on-line archive of information and activities of the LTER Network [66].
Products and outcomes ⎯ The LNO provides easily accessible information from a persistent printed
and digital record of key Network products and decisions. Database products resulting from these efforts
form the primary content for the various LTER web pages. By creating easily accessible records, the
LNO can more effectively disseminate LTER scientific accomplishments, document the relationship
between resources and outcomes, provide for well-informed and consistent decision making, and enable
smooth transitions in leadership over time.

3.3.3 Acquisition of Data, Hardware, and Software. Facilitate the acquisition of commercial and
public data, hardware, and software products for site-based and Network synthesis activities.
Background ⎯ Communication and data sharing are facilitated by common hardware and software,
which can often be acquired at reduced cost through joint purchases. On several occasions in the past,
the LNO has served as the Network’s agent in acquiring common cyberinfrastructure, and it will act in this
capacity more frequently in the future to fulfill the goals of the Decadal Plan. The Network research and
education goals developed in the Decadal Plan emphasize synthesis using comparable datasets over
broad spatial scales. To address issues of land use, climate change, and invasive species, LTER
scientists will require time series of remotely-sensed data. Specific examples of such data sets include:
satellite data collected by mission-oriented agencies such as NASA, NOAA, or DOD; field data collected
through networks of monitoring stations; and photographic images. The LNO facilitates collection of such
data by interacting with LTER sites and the data providers to ensure accurate and complete geographic
coverage of LTER sites.
Specific Activities Supported ⎯ The LNO works to fulfill needs for cyberinfrastructure and
communication tools as identified by sites and the goals of the Decadal Plan. By evaluating the utility and
cost-effectiveness of different alternatives, the LNO assists the Network in making decisions about
hardware and software acquisitions. Through proposals and partnerships, the LNO obtains resources to
acquire common cyberinfrastructure and communication tools. Network-level acquisition and
implementation includes communication and coordination with site personal for site-specific needs,
negotiation of costs for hardware and software, and distribution of resources across the LTER Network.
The LNO works with private vendors and with partners at UNM centers, NASA, USGS, DOD, and
other agencies to identify and acquire data that contribute to LTER research and education goals. The
Director for Synthesis Support oversees the collection of information on site needs and the
communication of this information to the data provider. The Chief Information Officer is responsible for
ensuring delivery of the acquired data to LTER users through a web portal. When required, the LNO
provides or requests funding for data acquisition.
Products and outcomes ⎯ Central acquisition of cyberinfrastructure and communication tools
reduces cost and improves interoperability while reducing redundant effort at each LTER site. The
consistent acquisition of standard and new data products across the LTER Network provides
opportunities for cross-site synthesis [67-76]. Direct collaborations with private companies and
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government agencies have reduced redundancy of effort by individual LTER sites and enhanced access
to a variety of data including remote sensing data products.

3.3.4 Coordination of Proposal Preparation. Coordinate the preparation of proposals and
supplements to respond to opportunities for Network funding.
Background ⎯ Opportunities to obtain resources to advance Network goals come in many forms,
including development of collaborative partnerships, sharing of resources with other networks or centers,
and acquiring new funding through proposals. Certain opportunities for funding, such as the periodic
supplements provided by NSF for LTER ASM, require a proposal from the LTER Network. Other
opportunities may arise suddenly and require an immediate response. In both cases, the LNO takes the
lead in preparing proposals. The impact of these activities is an increase in Network resources to achieve
the research and education goals of the Decadal Plan.
Specific activities supported ⎯ The LNO prepares timely responses to funding opportunities related
to Network-level initiatives and manages subsequent funding. The LNO distributes information about
funding opportunities and helps to identify appropriate partners within the LTER Network. LNO staff
members facilitate meetings and video conferences to develop ideas for proposals that benefit the
Network.
Products and outcomes ⎯ The LNO will produce on average two successful proposals a year that
result in new or increased Network funding for activities such as the acquisition of data, hardware, and
software; participation in ASM; or support of research working groups. The outcomes of these proposals
include increasing numbers of participants in triennial ASM, increased funding for Network research and
synthesis, and increased resources to LTER sites.

3.3.5 Management and Reporting. Manage and report on the fiscal and administrative activities of
the LNO.
Background ⎯ A fundamental responsibility of the LNO is to manage and properly account for the
funds received through the CA and associated cost share, supplements to that agreement, and other
monies received through competitively-funded projects. In addition, the LNO is responsible for reporting
its activities as described in the CA. In order to fulfill these responsibilities, the LNO dedicates a portion
of the effort of its supervisory staff to management and reporting tasks.
Specific activities supported ⎯
1. Planning ⎯ Senior staff conduct annual reviews of the goals described in the LNO Strategic
Plan and the associated Implementation Plan. These reviews lead to revisions in office
priorities and re-allocations of resources to meet planning goals. Planning efforts are
coordinated with the Chair and the EB.
2. Administration of funds ⎯ LNO staff administer funds from the CA, supplements, and other
grants by documenting expenditures, reconciling accounts, and providing reports to the NSF.
3. Annual reports ⎯ The LNO prepares separate annual technical reports to NSF, the National
Advisory Board, the LTER Network, and UNM.
4. Annual reviews ⎯ The LNO prepares for and undergoes annual reviews by the LTER EB, the
NAB, and College of Arts and Sciences at UNM (resulting from its association with the Center
for Research Excellence in Science and Technology). As part of the review by the EB, the
LNO administers a survey on office performance with questions developed in coordination
with the EB.
5. Personnel reviews ⎯ Supervisory staff conduct annual performance reviews of staff and
determine salary increases.
6. Mid-term review ⎯ The LNO prepares for and undergoes a mid-term review of performance
by NSF.
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Products and outcomes ⎯ The products of LNO management and reporting activities include: 1) an
updated LNO Strategic Plan and Implementation Plan to guide office operations; 2) evaluations of LNO
performance and measures of site satisfaction; 3) timely and accurate annual and final technical and
fiscal reports to EB, NAB, NSF, and UNM; and 4) reviews of staff performance and development of
annual goals.
The outcomes of management and reporting activities include close coordination of Network and LNO
objectives, adaptive management to address new issues and opportunities, an increased emphasis on
broad impacts in LNO reports, a stable and efficient management structure with clearly-defined
responsibilities for senior staff, low staff turnover, and a better understanding of LNO activities by NSF
and the LTER Network.

3.4 Development and Outreach
The LNO’s development, outreach, and training activities raise the profile of LTER; benefit the
Network by creating collaborative research, cyberinfrastructure development, and education
opportunities; and transfer requisite technological skills and knowledge to LTER scientists and information
managers. Outreach supports information flows within LTER and between LTER and the broader
community of scientists, educators and the public. Network development has improved communication
between LTER and other organizations and led to numerous productive collaborations that have created
funding, research, training and other opportunities for the LTER Network. Training workshops have
brought critical technologies and skills to LTER sites and groups such as members of the Information
Management Committee. Proposed development, outreach, and training activities aim to:
1. Enhance understanding of LTER—its structure (e.g., LNO, EB/SC, sites), capabilities,
achievements and contributions to science and society;
2. Promote LTER as a center of excellence offering a network of experts engaged in understanding
long-term ecological research and processes;
3. Facilitate and contribute to partnerships between LTER and other networks, mission agencies,
and organizations that lead to new mutually beneficial research, cyberinfrastructure, and
educational opportunities.
4. Provide LTER scientists, information managers, and students with training in new technologies,
standard methods and approaches that facilitate data acquisition, integration and synthesis, as
well as communication of knowledge to the broader community of scientists, students, and the
public.
Development and outreach during 2009-2015 will focus on activities that most successfully
communicate LTER achievements, demonstrate broader scientific impacts, create significant
opportunities for collaboration and building partnerships, and provide training that is critical for LTER in
meeting its objectives.

3.4.1 Strategic Communication Plan ⎯ Create a strategic communication plan for better
enhancing public information and outreach for the Network via a seamless system of information and
outreach to the public.
Background ⎯ The principal output of the LTER Network is new knowledge generated both from
basic research at LTER sites and from synthesis efforts involving LTER and non-LTER sites. Knowledge
dissemination converts LTER data, information, and results of synthesis activities into effective and
readily assimilated communications to the various stakeholders and public. Increasingly, LTER science is
benefiting society by enhancing our understanding of complex socio-ecological phenomena and providing
information that underlies sound decision-making in the public arena. Therefore, demonstrating the
capabilities, achievements, and value of the work by Network scientists and educators is a major
objective of all LTER communications.
In conjunction with several volunteer communication specialists from LTER sites, the LNO Public
Information Officer recently identified the communication and public relations methods used within LTER
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to reach its various clients and inventoried communication materials developed by the LTER Network
Office. This study revealed that communication and outreach to the public by LTER sites and the
Network have been largely ad hoc and reactive rather than proactive in seeking publicity for LTER. Clear
opportunities exist for better coordinating public communication and outreach across the Network and for
improving the dissemination of information to LTER clients and the public. In particular, a coordinated
effort to reach underserved groups would leverage the resources of the Network towards the goal of
broadening participation in LTER science.
The LTER Executive Board has asked the LNO to develop a Strategic Communication Plan for the
LTER Network. The plan will solicit input from all LTER sites and advice from the broader community of
communication experts.
Specific activities supported ⎯ To create a strategic communication plan, the LNO will use steps
previously used to develop the LTER Network Office Strategic Plan:
1. A contextual scan will identify stakeholders, examine external drivers, and summarize site
and Network communication activities.
2. Virtual and face-to-face planning meetings will allow participants to review the contextual
scan; assess LTER strengths, barriers and opportunities; identify and prioritize strategies,
tactics, and actions; develop timelines, metrics and milestones; and assign responsibilities.
3. A Draft Strategic Plan will enable the Executive Board and Science Council to review the
plan, and the LNO to revise it accordingly.
4. The Strategic Communication Plan and a summary pamphlet will be published, and
stakeholders briefed.
5. Monitoring and feedback will occur to gather performance data, provide progress reports to
the LTER Executive Committee, monitor external events, and improve the process.
Products and outcomes ⎯ The LNO will produce a “living” Strategic Communication Plan for the
LTER Network. The plan will address: (1) who LTER wishes to communicate with; (2) why LTER wants
to communicate with them; (3) what LTER desires to communicate; (4) how the information can be
communicated most effectively; and (5) when and how often LTER needs to communicate with its
stakeholders. The plan will include suggested public communication and outreach tools and products;
proposed activities and tasks (e.g., development of an LTER media kit); and timelines, metrics and
milestones.
The strategic plan will encourage LTER sites and the Network to become more proactive in seeking
publicity for achievements by LTER scientists and educators. Findings attributable to LTER site scientists
will be increasingly cited in important media outlets (both professional and public), and LTER scientists
will increasingly be invited to participate in public decision-making (e.g., providing expert testimony).
LTER will achieve greater name recognition throughout the world for the quality of site and Network
science. The strategic plan will specifically address new ways to employ information technology to
engage underserved groups in the research and education activities proposed in the Decadal Plan.

3.4.2 Communication and Outreach ⎯ Effectively communicate information about the LTER
Network—purpose, activities, and achievements—through an array of proven, high-visibility mechanisms.
Background ⎯ The Public Information Office communicates information about LTER to the public
through a web portal (www.LTERnet.edu), video and PowerPoint presentations, a traveling multimedia
exhibit that is regularly transported to key national meetings [e.g., annual meetings of the Ecological
Society of America, Society for the Advancement of Chicanos and Native Americans (SACNAS)], and a
variety of print materials—examples of which are illustrated in Figure 10.
Specific activities supported ⎯ The Strategic Communication Plan may lead to the modification of
some existing communication and outreach activities as well as to the addition of new activities that are
approved by the Executive Board. Nevertheless, core activities that presently form the foundation for the
LNO communication and outreach program will continue. These core activities include: (1) publication of
LTER Network Newsletters, site and Network brochures, and flyers and occasional publications; (2)
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maintenance and continued upgrading of the LTER Network and LNO web sites; (3) revamping of the
LTER traveling multimedia exhibit, PowerPoint presentations, and posters; and (4) representation of the
LTER Network (including staffing of the multimedia exhibit) at scientific meetings such as the AAAS, ESA,
and SACNAS.
One new priority for the Public Information Office is to redesign the traveling multimedia exhibit. The
exhibit currently consists of multiple panels that are heavy, difficult and time-consuming to assemble, and
prone to damage during assembly. The new multimedia exhibit will consist of a high-definition display,
space for books and brochures, and, importantly, a series of modular posters that roll-up from a floor
base. The modular poster display, modeled after the exhibit adopted by the Ecological Society of
America, can be designed so that each poster is tied to a specific theme—general introduction to LTER,
scientific achievements, education, and information management. The individual posters are light-weight
and because of their low cost can be revised more frequently. Furthermore, the modular design enables
easy and inexpensive transport of only those modules needed at a particular meeting or LTER site.
Products and outcomes ⎯ Key products of the Public Information Office include:
•

Publication of the Spring and Fall LTER Network Newsletter

•

Production of two revised site brochures annually

•

One or more revisions of the LTER Network brochure

•

Maintenance and regular updating of the LTER and LNO web sites

•

Re-design of the traveling multimedia exhibit in Year 1 and the addition of one or two revised
poster modules annually

•

Production of flyers, posters, and occasional publications as requested by the Executive
Board

•

Outreach to annual meetings of ESA and SACNAS

Key outcomes include:
•

Increased understanding of LTER capabilities, achievements, and contributions to science
and society, especially with respect to understanding complex, long term phenomena and to
informing decision-making on ecological issues

•

Increased understanding within and outside LTER about how its scientific and educational
enterprise is organized and managed

•

An integrated suite of tools and strategies for disseminating information about LTER scientific
achievements

•

Identification of LTER as a center of excellence offering a network of experts on long term
ecological research, education, and ecological informatics

3.4.3 Development ⎯ Build and maintain strategic partnerships and collaborations that benefit
science, cyberinfrastructure development, and education in the LTER Network, as well as the broader
community of scientists, students, and educators.
Background ⎯ Following recommendations made in the 10- and 20-year reviews of the LTER
Network and responding to directives in the CA with NSF, the LNO has participated in a number of
partnerships and collaborations that have benefited LTER and the broader community. Partnering
activities have included developing or sharing research resources and cyberinfrastructure, creating
informatics research and training opportunities, and designing and coordinating efforts among
environmental observatories, organizations and societies to improve efficiency and cost-effectiveness of
the LTER scientific enterprise. Table 1 provides examples of past activities, collaborating institutions,
and key outcomes that have benefited LTER, partnering institutions, and others.
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Specific activities supported ⎯ Development encompasses two activities. First, LNO staff will
facilitate communication between the LTER Network and other scientific, cyberinfrastructure
development, and education enterprises and disseminate information regarding pertinent activities and
opportunities to LTER sites and scientists. Second, LNO staff will participate in cross-site, LTER
Network, and collaborative research, education, and training proposals that complement the LTER
planning effort, provide new research opportunities for LTER scientists, and build or leverage
cyberinfrastructure for the Network. LNO personnel will participate in specific collaborative activities that
are identified, evaluated, prioritized, and approved according to the procedures documented in the LNO
Strategic Plan [77]. Coordination and communication with partners and collaborators encompass a range
of activities that are necessary to build and maintain a collaboration including: email, phone and
videoconferences among the collaborators; reports of activities and results to participants and the broader
community; and reports and contracts that meet the requirements of funding agencies and Memoranda of
Understanding that may exist among the partnering institutions.
Important ongoing collaborations beneficial to the LTER Network and its partners will continue.
These collaborations include: (1) the LTER—NBII Partnership that supports Iñigo San Gil and his efforts
to upgrade metadata management systems across the LTER Network (central activities include support
and enhancement of the metadata editor/entry tool, outreach efforts to promote adoption of the metadata
editor, training sessions, editor usability tests and focus groups to improve the tool, continued help-desk
support for assisting LTER sites with data and metadata management, designing protocols for QA/QC
and metadata content enrichment, and creating tools that facilitate data integration and synthesis); (2)
LTER and NCEAS support of www.ecoinformatics.org—a community web portal that provides access to
open source cyberinfrastructure for ecologists and information managers; (3) LTER engagement in the
Kepler Core Project—a follow-up effort to the SEEK Project that is providing free and open access to
powerful scientific workflow software (i.e., Kepler) for use by LTER scientists; and (4) partnering with the
Organization of Biological Field Stations in development of mutually beneficial research,
cyberinfrastructure development, and training activities such as those supported in the recently completed
Research Coordination Network project (see Results of Prior Support).
The LNO will continue recently initiated partnerships and pursue new collaborative opportunities that
benefit the LTER Network, including:
1. Participation in proposals and strategic planning sessions with the Internet2 and National
Lambda Rail to enhance high-bandwidth connectivity across the Network and to add new,
powerful collaboration technologies to LTER sites.
2. Collaboration with the Oak Ridge National Laboratory Digital Active Archive Center, the two
major synthesis centers supported by NSF-BIO (NCEAS, NESCent), the digital library
community, NSF-funded supercomputer centers (e.g., SDSC, NCSA, NCAR), NBII, and the
Global Biodiversity Information Facility to enhance LTER archive and preservation capacity
and to promote interoperability across related research networks and archives.
3. Communication and coordination with research networks (and their supporting agencies) that
overlap to some extent in membership and mission with LTER, for example, the USGS
National Phenology Network, NEON, WATERS, OOI, the USDA-FS experimental forest
network, the Urban Long Term Research Areas (ULTRA; USDA FS), and the Long Term
Agricultural Research network (LTAR; USDA Cooperative State Research, Education, and
Extension Service).
Products and outcomes ⎯ Products include participation in at least two proposals annually.
Outcomes of successful proposals are projected to include increased opportunities for training of LTER
scientists, CI staff, and students; increased numbers of LTER personnel engaged in collaborative
research and CI activities; increased funding for cross-network and cross-agency activities; and increased
leveraging of partner contributions (e.g., CI interoperability) to achieve LTER goals.
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3.4.4 Training ⎯ Provide or coordinate training for LTER scientists and information specialists in
support of Network science and CI development.
Background ⎯ The dissemination of technical information throughout the LTER Network raises
understanding to a common level, facilitating productive interactions and promoting the adoption of best
practices. The LNO has facilitated various training exercises focusing on LNO partnerships with the
Organization for Biological Field Stations and the SEEK project. While LTER scientists and information
managers have enrolled in these training opportunities, this will be the first effort to develop a training
program focused specifically on LTER. To accomplish this goal, the LNO will seek partnerships with
other research networks and scientific enterprises to provide mutually beneficial training opportunities.
Network in-reach will be mirrored by similar in-reach programs at the individual LTER sites.
Specific activities supported ⎯ Each year, the LNO will organize and host one three-day training
workshop that reaches scientists or information managers at the 26 LTER sites. As part of this exercise,
the LNO will coordinate workshop planning and training activities, cover participant support costs, capture
lectures and live demos on a rich media recorder, and produce formative and summative evaluation tools.
Technology training for scientists could alternate with information technology training. At present, LTER
information managers have proposed several possible IT training topics, including cybersecurity and
advanced GIS analysis. Possible science technology training topics include: creating and running
scientific workflows for complex analyses (e.g., Kepler) and establishing sensor networks for in situ
measurement programs (e.g., communications, QA/QC, analysis).
Products and outcomes ⎯ This activity will result in annual training sessions that will increase the use
and proficiency of use of advanced technologies across the LTER Network. This increased proficiency
will lead to an increase in cross-disciplinary and cross-site publications based on use of new technologies
or scientific approaches.

4.0 Assessment and Evaluation
The LNO’s main goals are to facilitate, enhance, or expand the research, education, and synthesis
activities of the LTER Network through a set of 17 activities, each with measurable outcomes. Specific
areas for evaluation were selected by using logic models to analyze and illustrate the relationship among
LNO goals, activities, and outcomes. A logic model graphically depicts how a program will work to
achieve identified outcomes [78]. Figure 11 shows one of these logic models.
LNO staff, the LTER Executive Board (see Section 6.0), and external evaluators will conduct
formative and summative assessment of LNO programs at least annually by employing a mixture of
qualitative and quantitative approaches. Figure 12 shows assessment data previously collected by the
LNO. The Senior Program Manager and her staff will expand and institutionalize this process during the
next six years. The formative component will generate feedback about what works and what does not,
thereby enabling the LNO and key stakeholders to modify plans or redesign activities to increase the
likelihood of meeting LNO goals [79]. The summative component will use qualitative and quantitative
measures to produce an objective analysis of LNO outcomes. In some cases, these metrics can be
quantitative; in other cases, qualitative descriptions of the impacts of LNO activities on the LTER Network
and the broader scientific community will best measure progress. In all cases, assessing the impact of
LTER activities will be correlative, since no control data are available [80].
Measures of progress will be similar within categories of proposed activities, but somewhat different
among categories. The initial suite of measures is listed below. Annual evaluations of the LNO by the
Executive Board may modify this list.
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Goal: Facilitate Scientific Synthesis
•

Are users of synthetic datasets satisfied with delivery mechanisms, quality, etc.?

•

Are collaborations formed among sites that have not collaborated previously? Is the number of
sites collaborating on individual projects increasing?

•

Does the LNO organize or support at least 12 working groups designed to increase collaboration
across sites per year?

•

Are the number and quality of products arising from All Scientists Meetings, Science Council
Meetings, and research working groups increasing over time?

•

Is progress being made towards achievement of Decadal Plan objectives for research?

Goal: Develop, Implement, Operate, and Maintain Cyberinfrastructure to Support
LTER Activities
•

Are users of communication and collaboration services satisfied with ease of use, reliability, and
functionality?

•

Are users of the NIS satisfied with ease of use, reliability, and functionality?

•

Are the volume of data and the number of data sets in the NIS increasing over time?

•

Are the number and quality of products (reports, standards, best practices documents, publications,
and presentations) from IM activities increasing over time?

•

Is the number of data sets managed by LNO increasing over time?

•

Is progress being made towards achievement of Decadal Plan objectives for cyberinfrastructure?

Goal: Provide Core Services
•

Are participants in meetings facilitated by LNO satisfied with the timeliness and detail of information
transfer, meeting logistics, speed and ease of reimbursement, and availability of results from the
meeting?

•

Are users of the LTER document archive satisfied with ease of use, reliability, and completeness of
the archive?

•

Are the volume and diversity of data in the remote sensing archive increasing? Are the number of
users and the number products generated from the use of the remote sensing archive increasing?

•

Does the LNO prepare at least two successful supplement proposals per year?

•

Does the LNO prepare a timely and informative annual report to the Executive Board each year?

•

Is the LNO Strategic Plan reviewed annually and revised at least every three years?

Goal: Enhance Development and Outreach
•

Did the LNO develop a strategic communication plan for the LTER Network during the first year of
the CA?

•

Are members of the LTER community satisfied with the breadth, detail, and timeliness of
information about LTER activities that they receive through the LNO?

•

Are members of the broader scientific community satisfied with the breadth, detail, and timeliness of
information about LTER activities that they receive through the LNO?

•

Are the number and value of strategic partnerships between LTER and other entities increasing
over time? Are the benefits accruing to the LTER Network from these partnerships increasing over
time?

•

Does the LNO participate in at least two proposals annually that are based on these partnerships?
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•

Does the LNO conduct an annual training for LTER scientists and information specialists in support
of Network science and cyberinfrastructure development? Are participants satisfied with the course
structure and content?

•

Are LTER scientists participating in an annually increasing number of collaborations (e.g.,
workshops, standards-setting organizations, training sessions)?

The LNO staff will measure progress directly by collecting data and analyzing regular surveys of LTER
investigators. Surveys of participants in ASM and training sessions will provide feedback on the
satisfaction and success of those activities.

5.0 Scientific Merit and Broader Impacts
The impact of the proposed work extends well beyond the bounds of the LTER Network to include the
broader social-ecological and informatics communities. A major accomplishment of the LTER Network
during 2007-2008 was completion of two key planning documents, Integrated Science for Society and the
Environment (ISSE) and the Decadal Plan for LTER [42]. Together, these documents lay out strategies
for an integrated social and ecological science program for the LTER Network and broader scientific
community. The scientific merit of this new science program lies in its potential to galvanize a new body
of theory spanning the social and ecological sciences. The LNO will facilitate increased synthesis across
disciplines, and in so doing simulate the interactions necessary to begin to address Decadal Plan goals.
Funds for research working groups requested in this proposal will encourage interactions between
ecologists and social scientists and will provide opportunities for increasing synthesis and expanding
collaborations through proposals to NSF programs that link human and natural systems. These
developing collaborations will encourage a broader-scale of transdisciplinary activity as envisioned in the
ISSE and Decadal Plan documents.
Additional scientific and broader impacts will result from development of distributed data services and
their use for new synthetic research, co-development of standards of practice for ecological information
management, development of new cyberinfrastructure tools, increased access to data for education and
underserved groups, and collaboration with other environmental observing networks to plan a robust and
efficient national cyberinfrastructure for ecological research.

National High-quality Distributed Data Services ⎯ The distributed data repositories of
the 26 LTER sites reflect the actual distribution of most ecological data, which are held in separate data
management systems developed by field stations, museums, academic institutions, state and local
governments, and individual scientists. The structure of these data often differs from repository to
repository, making integration of semantically similar data a difficult task. The Network Information
System being developed by the LNO and LTER sites using the PASTA architecture model will address
the problem of delivering distributed ecological data. For example, the LTER NIS will leverage the value
of metadata to facilitate the extraction, transformation, and loading of source data into a database system
with a rich, shared lexicon, while supporting experimental data reproducibility and quality assessment
through the capture of data provenance and quality metrics. The NIS will provide access to data from the
26 LTER sites through a single point of access and at the same time ensure long-term preservation of
site data through centralized stewardship. In addition, the NIS will provide access to derived data
products through targeted web-services and by enabling non-LTER sites to participate. The broader
impact of completing this project in the next six years will be the dramatic expansion of access to the
wealth of LTER data and information in a readily discovered and useful format that promotes learning and
scientific discovery by scientists, students, and citizens.
Standards of Practice for Ecological Information Management ⎯ LTER Information
managers have a history of leadership and partnership in informatics dating back to the inception of
LTER. During the next six years, LNO will nurture partnerships with environmental observatories and
federal agencies which share the goal of developing community standards and disseminating robust
LTER IM practices widely. For example, the partnership between the LNO and the NBII will continue the
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LTER Metadata Standardization project to develop metadata standards of practice to optimize cross-site
synthesis and the Metadata Crosswalk project that bridges two commonly-used metadata standards for
the geospatial, biological and ecological disciplines. These efforts will provide the genesis for standard
metadata management practices applicable to both LTER and non-LTER sites (e. g., field stations,
international LTER sites) that frequently adopt LTER standards in lieu of developing solutions of their
own.

Community Cyberinfrastructure Development ⎯ The LNO provides leadership and
plays a key role in defining the importance of informatics in ecology and in disseminating knowledge
about ecoinformatics throughout the ecological community. Partnerships with NBII, the San Diego
Supercomputer Center (SDSC), NCEAS, the National Center for Supercomputer Applications (NCSA),
and the University of Kansas are promoting the integration of informatics, computer science, and ecology
through large-scale collaborative projects such as SEEK. During the next six years, the LNO plans to
expand these partnerships to involve the Oak Ridge National Laboratory, NESCent, the California Digital
Library, the Global Biodiversity Information Facility, and many individual scientists at a range of
institutions through joint proposals to develop cyberinfrastructure that benefits the LTER Network and the
broader scientific community. For example, pending proposals involving many of these partners will
develop interoperability standards via participation in the proposed INTEROP and DataNet networks.
The broader impacts of the effort include enhanced integration and synthesis of data, improved data
sources for geo-statistical and modeling studies, and enhanced access to data for scientists not
associated with large projects, large agencies, or major universities.
Increased Accessibility to Data ⎯ The LNO engages in a suite of CI activities to improve
access to LTER data and information. Although the primary target of these activities is the research
community, increased data accessibility also benefits other groups. Achievement of the education
objectives of the Decadal Plan will be facilitated by improved data accessibility and enhanced tools to
manipulate and share data. Beyond LTER, the availability of LTER data for educational purposes will
enhance instruction at all levels. Open access to LTER data and information through public web portals
will benefit underserved groups that have limited access to academic data sources. The LTER Strategic
Communication Plan to be developed with funding from this proposal has an explicit goal of identifying
and implementing information technology to engage underserved groups in LTER science and education.
Coordination of Shared Cyberinfrastructure with Environmental Observing
Networks ⎯ The LNO is committed to sharing large CI with other environmental observing networks.
In the last six years, LNO staff have used their growing expertise and experience to facilitate the design
and development of several national and international environmental observatory systems, including
NEON, CUAHSI, WATERS, NPN, LTAR, the Collaborative Large-scale Engineering Analysis Network for
Environmental Research (CLEANER), and the IndoFlux Network. The LNO will continue to collaborate
with these networks as they develop and it will be an integral partner in efforts to leverage shared CI. For
example, LNO staff members are part of an observatory working group convened by the NSF to
coordinate development and use of CI. One of the group's initial goals is to provide shared access to a
national data repository and indexing system. The LNO anticipates strong future interactions with these
networks as well as with newly emerging national and international observing networks.

6.0 Management
The LTER Network Office operates through a CA between NSF and UNM. The CA outlines the
conditions of the award and contains a scope of work that defines tasks and objectives. Under a CA,
changes to the scope of work and funding level can be made during the course of the Agreement with the
mutual consent of NSF and UNM. The principal point of contact for UNM in the CA is the Executive
Director of the LNO, and the contact person for the NSF is the LTER Program Officer in the Division of
Environmental Biology.
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The LNO is located administratively at UNM in the Center for Research Excellence in Science and
Technology (CREST) in the College of Arts and Sciences. In response to a recommendation in the last
LNO renewal, the Dean of Arts and Sciences created CREST in 2004 to manage the CA and related
grants and contracts under a separate administrative unit. CREST has two defined positions, a Director
who reports to the Associate Dean for Research in Arts and Sciences, and a Senior Program Manager.
At present, the Executive Director of LNO is also director of CREST. As stipulated in UNM rules, CREST
receives an annual review by the College of Arts and Sciences, and the Associate Dean for Research
conducts an annual performance review of the director. The Department of Biology provides support
services to CREST for purchasing and personnel matters.
The LNO occupies physical space on UNM Main Campus in the Center for Ecological Research,
Informatics, and Art (CERIA) building, along with the Sevilleta LTER program and the Museum of
Southwest Biology. This space is within a few minutes walk of the administrative offices of the College of
Arts and Sciences and Department of Biology.

Chair of the Science Council and the Executive Board ⎯ The LTER Bylaws specify
the responsibilities of the Chair as well as compensation for the position. The present CA does not
include compensation for the Chair, and therefore we request new funds for this purpose.
Article VI, Section 1. Chair: The Chair shall preside at all meetings of the Science
Council and the Executive Board and, along with the Executive Board, generally oversee
and supervise the governance of the LTER Network. The Chair shall facilitate
communication to Network Sites regarding decisions of the Executive Board; provide a
receptive ear for any Network member who wishes to raise an issue of concern; and
serve as or appoint liaisons to NSF, other agencies, associations, networks, the public,
and to Network committees. The Chair, with assistance from the Executive Director and
Office, is responsible for preparing meeting agendas and overseeing the taking of
minutes at all Science Council and Executive Board meetings and for ensuring that such
minutes are available to Sites within the time frames specified in these Bylaws. The
Chair will orient the Chair-Elect to the duties of the office.
Article VI, Section 3. Compensation: The Chair-Elect receives no compensation other
than reasonable expenses. The position of Chair requires a substantial level of effort,
equal to one-third (1/3) to one-half (1/2) of an FTE. In recognition of the time and effort
required of the Chair, the Executive Director of the Office, in consultation with NSF, shall
negotiate the mechanism for compensation appropriate to the situation no later than 6
months after the Chair's election.

Executive Director ⎯ The position of Executive Director is defined in the LTER Bylaws:
Article IX, Section 4. Executive Director: The Executive Director of the Office is the
Principal Investigator and scientific leader of the Cooperative Agreement. The Executive
Director is an employee of the contracting institution, and operational supervision of the
Executive Director resides with the contracting institution. The Executive Director is
responsible for the day-to-day operation of the Office. The Executive Director will
implement programmatic recommendations of the Executive Board, consistent with the
Cooperative Agreement with the NSF.
The current Executive Director holds the position of Research Professor in the Department of Biology.
UNM provides salary and fringe benefits for this position as cost-share. The general responsibilities of
the Executive Director include cooperation with the EB to set priorities for the LNO, development and
implementation of a strategic vision for the LNO, management and evaluation of staff, oversight of LNO
efforts as outlined in the CA, and communication with the NSF, LTER, other agencies, and the general
public. The Executive Director reports directly to the Chair of the EB (presently Phil Robertson of
Michigan State University). Communication between the Chair and the Executive Director occurs through
frequent telephone and video conferences. The Executive Director orients incoming chairs and EB
members and provides organizational continuity for the LTER Network.
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The Executive Director supervises four senior staff members: the Director for Synthesis Support, the
Chief Information Officer, the Director for Development and Outreach, and the Senior Program Manager
(Figure 13). The Executive Director conducts annual reviews of performance for members of the senior
staff and meets with them several times each year to update and revise goals.

Senior Staff ⎯ The four senior staff members (see Section 8.0), along with the Executive Director,
constitute the management team of the Network Office. They advise the Executive Director on matters
pertaining to their areas of expertise and work with the Executive Director and other staff to further the
goals of the LTER Network. They may assume the duties of the Executive Director in his absence. The
Director for Synthesis Support, the Chief Information Officer, and the Director for Development and
Outreach have appointments as research faculty in the Department of Biology and serve as co-principal
investigators on this proposal. The Senior Program Manager is a regular staff member.
Under the overall supervision of the Executive Director, senior staff members have responsibility for
the four categories of activities described in this proposal and supervise the technical staff assigned to
these activities (Figure 13).

Goals and Priorities ⎯ The SOW that is part of the CA, the strategic plans of the LTER Network
[42] and the LNO [77], and the EB all define the goals and activities of the LNO. The LNO Strategic Plan
contains the operational objectives of the LNO and the means to prioritize these objectives. The
Executive Director annually reviews the LNO Strategic Plan, and the management team revises the plan
every three years.
Evaluation ⎯ The NSF reviews the success of the LNO in meeting its goals through annual
reports [2], mid-term site visits [81-82]), and renewal proposals every six years. In addition, the
Executive Director reports on activities to the LTER Program Officer frequently via videoconference and in
person several times during the year. The LTER Bylaws stipulate an annual review of the LNO by the
Executive Board:
Article IX, Section 2. Review of Network Office Performance: An annual review of
Office performance shall be conducted by the Executive Board at its first meeting of the
year. The review will be based on 1) the annual report of the Office, which will be
circulated to LTER Sites on January 1 of each year, 2) a survey of Sites administered by
the Office in October of each year, and 3) goals set in the LTER Strategic Plan. The
Executive Board will recommend modifications to Office tasks. Those recommendations
approved by the Executive Board will be submitted by the Office to the NSF for possible
incorporation into the Cooperative Agreement.

Linkages to the LTER Network ⎯ The SC and the EB are the governance bodies of the
LTER Network (Figure 14). Under the ultimate authority of the SC, the EB is empowered to make
decisions regarding the management of the LTER Network. The Executive Director is an ex-officio, nonvoting member of the SC and the EB, and is thus involved in every LTER governance meeting. Other
LNO staff members participate in these governance meetings as required and may also be members of
standing committees. The LNO has two operational responsibilities within the LTER Network. Namely,
the LNO works on both strategic and tactical planning with the SC and EB, LTER standing committees,
the NAB, and the NSF. The LNO also has responsibility for implementing some of these plans by
facilitating compliance by individual LTER sites and scientists.
National Advisory Board ⎯ The LTER Network has established a NAB [83] to provide regular
review and advice regarding LTER programs. Members of the NAB are nationally recognized scientists
chosen to encompass a wide range of disciplines and backgrounds. The NAB also provides independent
review and advice to the LNO. The NAB meets annually and produces a report to NSF and the EB [84].
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Table 1. Selected key activities and outcomes supported through strategic partnerships and collaborations.
Strategic Partnership
The Knowledge Network for
Biocomplexity
• LNO staff – Brunt, Waide
• Collaborators – NCEAS, SDSC

Resource Discovery Initiative for
Field Stations
• LNO staff - Michener and Brunt
• Collaborators – OBFS, NCEAS,
SDSC, SEV/CAP/VCR LTER
sites, California Natural Reserve
System (CaNRS)
Science Environment for
Ecological Knowledge.
• LNO staff - Michener, Brunt,
Waide
• Collaborators - NCEAS, SDSC,
CAP LTER (ASU), U. North
Carolina, U. Kansas, U. Vermont,
UC-Davis, Napier University
USGS National Biological
Information Infrastructure (NBII)
• LNO staff - Michener, Brunt
• Collaborators - NBII

Activities
•
•
•
•

•
•
•
•
•
•
•
•
•

Environmental Observatory (EO)
Design.
• LNO staff – Michener, Waide
• Collaborators: NEON, CLEANER,
WATERS, NPN, IndoFlux

•
•
•

Key Outcomes, Products, and Publications[#]

specified the Ecological Metadata Language
content standard for ecological metadata
developed Morpho and Metacat—two
software tools that support entry and
management of ecological metadata records
held multi-institutional graduate training
created several new databases that are used
by both OBFS field stations and LTER sites
(e.g., summer courses, site descriptions,
personnel, administration, bibliography)
revised the OBFS web site
implemented OBFS Data Registry
held two week-long training activities annually
created cyberinfrastructure for ecological,
environmental, and biodiversity research
provided education and outreach to the
ecological community (especially, underrepresented groups) about ecoinformatics
state-of-the-art ecoinformatics training lab
developed

1) EML adopted as the metadata standard by all
sites in the LTER Network; 2) all databases
documented using EML-compliant metadata; 3)
Metacat is used nationally (LTER, etc.) and
internationally for metadata management.
http://knb.ecoinformatics.org [13]
1) EML-compliant Data Registry adopted by ESA,
PISCO, CaNRS, and OBFS; 2) thousands of data
sets now easily discoverable by scientists,
students and educators; 3) 13 LTER sites are
OBFS members and benefited from having new
information managers trained in ecoinformatics
and ArcGIS. http://www.obfs.org/ [12, 14-16]
Created an integrated data grid (EarthGrid) for
accessing a wide variety of ecological and
biodiversity data and analytical tools (including
Kepler—an open-source scientific workflow
solution developed as part of SEEK; see
http://seek.ecoinformatics.org/ and http://keplerproject.org/). [17-31]

provided direct metadata and data
management assistance to all 26 LTER sites
achieved interoperability between EML (the
LTER metadata standard) and the USGS
Biological Data Profile
participated in the new ISO standard working
groups for the Biological Data Profile
served on teams involved in planning
environmental observatories
completed planning activities for a continental
scale-environmental science research agenda
completed a National Research Council
publication focused on linking space-based
and ground-based observing networks

1) Exposed 6,090 LTER metadata documents
through the NBII & ORNL clearinghouses; over
half contain information that enable automated
data retrieval and integration; 2) co-developed a
metadata entry tool that facilitates metadata
creation and storage.
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1) Completed NEON design documents; 2)
designed an environmental monitoring network in
India; 3) organized a Special Session at ESA
(Annual meeting in San Jose) focused on Decadal
Science Planning for the Ecological Sciences.
http://neoninc.org [32-40]

4.4 Training

4.3 External Relations

3.5 Management and
Reporting
4.1 Strategic
Communication Plan
4.2 Communication and
Outreach

3.4 Proposal Preparation

3.1 Facilitation of Meetings

2.2 Information
Management
2.3 Network Information
System
2.4 IT, Database, and Web
Consulting

0.25 0.25 0.25 0.10
0.15 0.20 0.10 0.10
0.05 0.05

3.2 Persistent Record of
LTER Activities
3.3 Acquisition of Data,
Hardware, Software

Core Services

Cyberinfrastructure

2.1 Basic CI Support

1.3 Research Working
Groups
1.4 Activities of the
Decadal Plan

1.2 All Scientists Meetings

FTE
Executive Director (UNM)
1.00
Chief Information Officer
1.00
Director Synthesis Support
0.75
Director Development/Outreach
0.50
Senior Program Manager (CREST)
0.50
Office Manager
1.00
Accounting Technician
1.00
Public Information Officer
1.00
Sr. Application Support Analyst (NBII)
1.00
Application Support Analyst
1.00
NIS Developer
0.75
NIS Programmer/Analyst
1.00
System Administrator
1.00
Systems/Analyst
1.00
Information Manager
1.00
Total FTEs
13.50
Sub-total - FTEs by category of activity

1.1 Science Council

Synthesis

Development/
Outreach

0.10
0.05
0.05 0.05 0.05 0.25 0.10
0.05 0.05 0.05 0.15 0.20
0.70 0.10 0.10
0.10
0.70
0.10 0.10 0.10
0.10 0.90
0.50
0.50
0.20
0.20

0.30 0.30

0.05
0.05

0.75
1.00
1.00
0.80

0.10
0.10
1.00
0.15 0.20 0.10 0.10 2.35 1.60 2.05 0.80 1.45 0.15 0.45 0.25 0.60 0.15 1.15 0.75 0.20
0.55
6.80
2.90
2.25

Table 2. The LNO proposes to allocate staff effort to 17 activities in four categories. Eight full-time equivalent (FTE) positions funded by
the Cooperative Agreement will support Continuing Operations. Another two and one-half positions supported from other sources will
contribute to Continuing Operations. Funding for three new positions will support activities related to the objectives of the
Cyberinfrastructure Strategic Plan.
Key:
Green = supported by funds other than the LNO CA
Yellow = positions dependent on new funding.
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Figure 1. Video teleconferencing (VTC) is improving the way the LTER Network gets business done.
The 2006 Executive Board, under the leadership of interim chair John Magnuson, began holding its
monthly meetings by VTCs instead of by telephone conferences. The experiment has been a great
success. The VTC system establishes connections using a variety of client technologies including
desktop software (A), conference room units, and personal standalone VTC units. The Polycom MGC+
MCU bridge at the LNO harmonizes the connection idiosyncrasies and the LNO Systems Analyst
monitors VTCs for quality via a full-featured administrative interface (B).

30

Figure 2. The LTER Informatics Training Laboratory - Here participants receive hands-on instruction in
Ecological Metadata Language creation and management. The LNO and the SEEK project codeveloped a modern information technology training laboratory that is optimized for student-to-instructor
communication, while remaining ergonomically comfortable for long periods of instruction.

Figure 3. The 2006 LTER All Scientists Meeting in Estes Park, CO attracted 863 participants, including
members of the LNO team (first row, left to right): Mark Servilla, David Farris, Jeanine McGann, Duane
Costa, Steve Carpenter (NTL), Bob Waide, John Vande Castle, Bill Michener, George Garcia, Marshall
White, James Brunt, and McOwiti Thomas.
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Figure 4. The PASTA (Provenance Aware Synthesis Tracking Architecture) framework is a conceptual
model for transforming LTER site-collected data into Network-ready derived products. Diagram (A)
shows the sequence of steps used to transform the data and the respective PASTA components that
perform the operations; Diagram (B) shows the component layout and data flow. The system uses
interoperable components (B) based on existing standards and commonly accepted programming
approaches, and it leverages investments in existing community-developed software tools like Metacat,
Harvester, and the Ecological Metadata
Language. The PASTA model utilizes a
(A)
dynamic data repository that automatically
tracks the provenance of derived datasets.
Interchangeable workflow engines can be used
to produce specific synthetic data products.
PASTA is based on an open-source philosophy
where modular components that conform to
standard specifications can be seamlessly
interchanged to meet the needs of the
community.
Site data are loaded into a common data
“Cache” that serves as a permanent Network
archive. The “Cache” makes the data available
to analytical applications through a standard
interface, enabling development of derived data
products. Metadata created for all derived data
become part of a Metacat repository, thereby
providing resources for data discovery and
access through various community accessible
channels (e.g., browser, web services).

(B)

32

(A)

(B)

Figure 5. The LNO’s aggressive outreach is increasing LTER site use of the Ecological Metadata
Language and the LTER Network Data Catalog through automated harvesting of EML documents.
Diagram (A) shows progress through July 2007. The quantity and quality of metadata documents
available for harvesting from LTER sites continues to increase. Diagram (B) depicts the data harvesting
infrastructure, which derives from the Knowledge Network for Biocomplexity project (a previous LNO
collaboration), and serves as the metadata update mechanism and repository for the PASTA framework.
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Figure 6. The EcoTrends project began in 2004 as an effort to organize and make available in a simple
and common format data sets that exemplify the significant trends demonstrated in the collections of
long-term ecological and environmental observations. The original project by Drs. Debra Peters and Ariel
Lugo will produce a high-quality print volume of site descriptions and graphs of long-term trends for a
variety of variables (due to be released in late 2008). The EcoTrends web site portal
(http://www.EcoTrends.info) provides a dynamic data discovery and access interface capable of
generating multivariate plots, data set persistence, and data use tracking for greater than 1,200 derived
time-series data sets from the LTER Network and other research stations. An infrastructure goal of the
EcoTrends project is to automatically update datasets as new data become available, thereby providing
an ideal test environment for LNO developers to implement components of the PASTA framework model.
To date, EcoTrends development by the LNO has focused on the “derived-data” management aspect of
PASTA. Future work proposed under the “Cyberinfrastructure for the LTER Decadal Plan” will implement
the Ecological Metadata Language “Data Manager” software library to dynamically parse and load source
data from sites when updates are available. This process will test a variety of applications, including the
Kepler workflow system, by providing data transformation and provenance information as part of its
output. EcoTrends will incorporate the functionality and data from existing standalone value-added
network data products like the LTER Climate and Hydrologic databases into its common data delivery
framework.
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AND – H.J. Andrews Experimental

KBS – Kellogg Biological Station

Forest LTER, Oregon

LTER, Michigan

ARC – Arctic Tundra LTER, Alaska

KNZ – Konza Prairie LTER, Kansas

BES – Baltimore Ecosystem Study

LUQ – Luquillo Experimental Forest

LTER, Maryland

LTER, Puerto Rico

BNZ – Bonanza Creek Experimental

MCM – McMurdo Dry Valleys LTER,
Antarctica

Forest LTER, Alaska

MCR – Moorea Coral Reef LTER,

CAP – Central Arizona-Phoenix LTER,
Arizona

French Polynesia

CCE – California Current Ecosystem

NWT – Niwot Ridge LTER, Colorado

LTER, California

NTL – North Temperate Lakes LTER,

CDR – Cedar Creek Natural History

Wisconsin

Area LTER, Minnesota

PAL – Palmer Station LTER,

CWT – Coweeta LTER, North Carolina

Antarctica

PIE – Plum Island Ecosystem LTER,

FCE – Florida Coastal Everglades

Massachusetts

LTER, Florida

SBC – Santa Barbara Coastal

GCE – Georgia Coastal Ecosystem

Ecosystem LTER, California

LTER, Georgia

SEV – Sevilleta LTER, New Mexico

HBR – Hubbard Brook LTER, New
Hampshire

SGS – Shortgrass Steppe LTER,

HFR – Harvard Forest LTER,

Colorado

Massachusetts

JRN – Jornada Basin LTER, New
Mexico

VCR – Virginia Coast Reserve
LNO – LTER Network Office, University of New Mexico,
Albuquerque, NM

LTER, Virginia

Figure 7. The LNO provides a central point of contact and collective expertise to support the objectives of the 26 research sites that constitute
the LTER Network. These 26 sites include ecosystems spanning broad ranges of environmental conditions and degrees of human domination of
the landscape. Geographically, sites range from Alaska to Antarctica and from the Caribbean to French Polynesia. The LTER Network includes
agricultural lands, alpine tundra, barrier islands, coastal lagoons, deserts, coral reefs, estuaries, forests, freshwater wetlands, grasslands, kelp
forests, lakes, open ocean, savannas, streams, and urban landscapes. Each site develops research programs in five core areas: pattern and
control of primary production; spatial and temporal distribution of populations selected to represent trophic structure; pattern and control of
organic matter accumulation in surface layers and sediments; patterns of inorganic inputs and movements of nutrients through soils, groundwater
and surface waters; and patterns and frequency of site disturbances. Collectively, LTER sites have generated 17,198 publications and 6090
well-documented, publicly accessible data sets. Presently, 1663 scientists and 692 students are actively conducting research at LTER sites.
Two of NSF’s 50 most important research discoveries are based on research at LTER sites [57]. Thirty-eight countries around the world have
created national research networks based on the LTER model [58]. Data sources: LTER personnel directory, bibliography, and data catalog.
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Figure 8. The Decadal Plan proposes a research framework that integrates the traditional domains of
ecology and social science. The right side of the diagram represents traditional ecological research. The
human dimensions of environmental change occupy the boxes on the left and are linked to ecological
research through ecosystem services and press and pulse disturbances. Five questions (see below)
provide a common focus for synthesis across sites and across domains.

Q1:
Q2:

How do long-term press disturbances and short-term pulse disturbances interact to alter
ecosystem structure and function?
How can biotic structure be both a cause and consequence of ecological fluxes of energy
& matter?

Q3:

How do altered ecosystem dynamics affect ecosystem services?

Q4:

How do changes in vital ecosystem services feed back to alter human behavior?

Q5:

Which human actions influence the frequency, magnitude, or form of press and pulse
disturbance regimes across ecosystems, and what determines these human actions?
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Figure 9. After a hiatus of seven years, the LNO provided leadership that led to the revival of the LTER
All-Scientists Meeting in 2000. The LNO supplied funds to stimulate cross-site research on five occasions
between 2000-2006. The number of proposals submitted for these research working groups is greater in
years with ASMs, and there is a visually significant increase over time in the number of proposals
submitted after an ASM. These patterns suggest that ASMs act to stimulate cross-site synthesis, and the
effect may be cumulative. This speculation is supported by a network analysis of LTER cross-site
publications by Christian et al. [8]. This analysis suggests a 2-3 year cycle in the degree of networking
among LTER sites based on publications involving three or more sites. In 2000, 2003, 2005, and 2006,
the LTER Network has been completely engaged; all sites are connected in a single network cluster (see
Figure 12). Analytical tools such as network analysis combined with data from publications and proposal
submission records can help the LNO evaluate the effectiveness of ASMs and cross-site working groups.

37

Figure 10. One of the LNO's major roles is to promote the LTER Network's activities through publications
and other promotional material. LNO produced, helped produce, or facilitated the production of several
print and web publications, including (clockwise from upper left): Network News, the LTER Network
newsletter; a sample of informational site brochures; the Bonanza Creek volume in the LTER/OUP
synthesis series; the LTER Network Brochure; the Network News portal; the Coweeta LTER site
brochure; an NSF brochure highlighting the broader impacts of the LTER program, produced with LNO
assistance; and the LNO web site.
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Figure 11. Logic Model 1.2 — Problem: Organize Triennial All Scientists Meeting. An example of a logic model used to link a desired impact with
the outcomes that will achieve that impact, the outputs leading to the required outcomes, and the activities and resources required for each output
[61].
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A)

B)

Figure 12. Christian et al. [8] used network analysis and data from the LTER bibliography to examine
changes in co-authored publications among LTER sites over time. They determined the degree of
Network engagement based on publications involving three or more sites. A) In 1995, the Network is
only 50% engaged since two distinct interaction clusters occur. B) In 2005, the Network is completely
engaged. Analysis of publication records from 1981-2006 demonstrates a trend towards increasing
engagement, especially since 1998.
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Figure 13. The LNO operates with a lean staff and simple organizational structure. Four senior staff
members report to the Executive Director and supervise technical staff in the areas of Synthesis,
Cyberinfrastructure, Core Services, and Development/Outreach. Note that the vertical organization of
technical staff does not reflect reporting structure; all technical staff report directly to the indicated senior
staff member. During the next Cooperative Agreement period, the synthesis science goals of the
Decadal Plan will require a more robust cyberinfrastructure and additional technical competencies. To
meet these requirements, the LNO is requesting funds to support three positions: a Programmer/Analyst,
Systems Analyst, and Information Manager. Requested new positions are shaded in blue.
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Figure 14. The Decadal Plan for LTER created a new governance and reporting structure for the LTER
Network. Members of the Science Council, the Executive Board, and standing committees are drawn
from the sites (black lines). The standing committees respond to the Executive Board and the Executive
Board and Chair respond to the Science Council (green lines). The LNO responds to the Executive
Board and NSF, and provides service and leadership to the Network, LTER sites, and the scientific
community (blue lines). The LNO is a leader in the evaluation and implementation of Network-scale
cyberinfrastructure and in the development of collaborations with other networks and centers. The dual
roles of service and leadership can create conflicting expectations of the LNO.
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LTER Network Office - University of New Mexico
Facilities to Support Staff Conferencing and Workgroups
The Long Term Ecological Research Network Office (LNO) occupies a 2,700 square-foot suite comprising
seven offices, an 8 person technical workspace, and two 40-person conference rooms in the CERIA
building on the main campus of University of New Mexico. This space is ideally positioned to support the
activities and research proposed. For collaborative technology, the LNO supports a Polycom MGC50+ IP
video conferencing bridge that can support video conferences up to 48 persons. In addition, there are
polycom units that can be easily relocated in any of the working group conference facilities described
above.
The LNO and the SEEK ITR project have co-dedicated a modern information technology training
laboratory that compliments the above facilities. This training laboratory is optimized for student-toinstructor communication, while remaining ergonomically comfortable for long periods of instruction. The
center piece of this laboratory is a fire-wall protected, 24-student pod facility with the latest Dell duo-core
Pentium desktop computers for each student, including dual 20 inch flat-screen monitors that can be
shared through the instructor's computer and multimedia/video system. This training facility would
enhance all workshop related tasks of the OCI-INTEROP call.
Computing Facilities to Support Research
The LTER Network Office hosts computer facilities for the LTER Network Information System
Infrastructure; the backbone of which is the Network Office Data Center. This climate-controlled center
has scalable servers and enhanced network bandwidth to better serve the LTER Network and its partners
in the ecological community. 8 Dell Quad-Core Poweredge servers with over 12 Terabytes of disk
storage, redundant power supplies and UPS) serve as the core communication, collaboration, and data
processing, storage, and delivery components of the LTERnet.edu domain. In addition, there are modern
multi-processor development and test machines. The combination of Linux and Windows operating
systems on the Intel platform allows for maximum flexibility in incorporating new developments and
technology. The Center standardizes on both PostgresSQL and MySQL relational database management
systems, although Microsoft SQL Server is available for special purposes. In addition, the Center has a
number of large format color output devices and a variety of scanning data input devices.
The UNM campus is wired with a 10 Gigabit redundant fiber backbone for optimal intra-campus
networking needs. The CERIA building, which houses the LNO, have both fiber and copper Gigabit
ethernet networking capability. Research activities at UNM enjoy OC-3 fiber connection to the Internet II
via Denver that is connected directly to national Gigabit backbone infrastructures. In addition, the UNM is
a full member of the National LambdaRail consortium. National LambdaRail (NLR) is a major initiative of
U.S. research universities and private sector technology companies to provide a national scale
infrastructure for research and experimentation in networking technologies and applications.

List of acronyms used in this proposal
AAAS – American Association for the Advancement of Science
ASM - All Scientists Meetings
AVIRIS - Airborne Visible/Infrared Imaging Spectrometer
CI – Cyberinfrastructure
ClimDB - network climate database
CUAHSI - Consortium of Universities for the Advancement of Hydrologic Science
DAS – Distributed Access Server
DOD – Department of Defense
EB – LTER Executive Board
EML – Ecological Metadata Language
ESA - Ecological Society of America
FS – Forest Service
FTE – full-time equivalent
GBIF - Global Biodiversity Information Facility
HydroDB - network hydrological database
ILTER – International Long Term Ecological Research
IM − information management
IMC - Information Management Committee
IMEXEC - Information Management Executive Committee
IndoFLUX – India Flux Network
ISO – International Standards Organization
IT - information technology
LIDAR - Light Detection and Ranging
LNO – LTER Network Office
LTER – Long Term Ecological Research
MODIS - Moderate Resolution Imaging Spectroradiometer
NAB - National Advisory Board
NASA – National Aeronautics and Space Administration
NBII - National Biological Information Infrastructure
NCAR – National Center for Atmospheric Research
NCEAS – National Center for Ecological Analysis and Synthesis
NCSA – National Center for Supercomputing Applications
NEON – National Ecological Observatory Network
NESCent - National Evolutionary Synthesis Center
NIS – Network Information System
NISAC – LTER Network Information System Advisory Committee
NOAA – National Oceanographic and Atmospheric Administration
NSF – National Science Foundation
OBFS – Organization of Biological Field Stations
OOI – Ocean Observatories Initiative
ORNL – Oak Ridge National Lab
PASTA – Provenance Aware Synthesis Tracking Architecture
PBI - Partnership for Biodiversity Informatics
RCN – Research Coordination Network
RFC - request-for-comment
SACNAS - Society for Advancement of Chicanos and Native Americans in Science
SC – LTER Science Council
SDSC – San Diego Supercomputer Center
SEEK - Science Environment for Ecological Knowledge
SOA - Service Oriented Architecture
UNM - University of New Mexico
USDA – U.S. Department of Agriculture
USGS – U.S. Geological Survey
WATERS - Water and Environmental Research Systems Network
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