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Summary of Working Group Results

1.
Education, Citizen Science, and Outreach (ECSO) Working Group
Mission: NPN’s ECSO intends to collaborate on projects that motivate the public to participate in scientific processes and discovery as they integrate phenology into their understanding of their changing natural world.  This will require, first, the learning of key concepts and cognitive skills and, second, the development of a skill set involving the organization, collection, analysis and interpretation of quantitative phenological data.

Goal: The primary goal of ECSO is to bring together professional and citizen scientists, students, stewards of public and private lands, amateur naturalists, and outdoor enthusiasts to compile basic information on phenological responses to climate change; to study its nature, pace and the effects of ecosystem function; and to understand connectivity and synchrony among species.

Objectives: The ECSO committee has created a range of programs and products through which the public and scientific professionals can work collaboratively and/or independently to observe and to interpret the phenological world on an unprecedented scale. Each program is designed to achieve one or more of the following objectives:

· To engage the public in long-term phenological data collection and analysis through both formal, non-formal, and informal education programs;

· To encourage participation by populations historically underrepresented in science and math disciplines;
· To engender self-directed, voluntary learning using inquiry-based approaches;
· To engage currently active land stewards, networks, and master naturalist programs in the collection and contribution of phenological data to the NPN;

· To provide instruction in the tools and applications of phenological studies to citizens and to scientists at all stages in their careers;

· To enhance opportunities for the public to interact with professional scientists; 

· To promote novel approaches to collaboration among scientists representing historically distinct disciplines (e.g., climatology, hydrology, remote-sensing, engineering, ecology, population biology, and evolutionary ecology).
It is not realistic to assume that NPN will develop and implement the many projects that will be needed to meet the overall goals and objectives.  It is important, however, that NPN is aware of active and planned education programs that promote phenological knowledge and awareness.  As NPN matures, it may be useful to develop a set of criteria for education and outreach programs to be included in NPN.
Targeted participants: ECSO intends to reach a diverse audience through a variety of programs that have multiple levels of participation and engagement.  Different audiences will be targeted based on a combination of need within the phenology community, the ability to achieve maximum diffusion and impact, the ability to create links among user groups, and the facilitation of data transfer between user groups.  The order of roll-out is equally strategic.  The 2007 pilot effort of Project BudBurst was designed for the general public; that is, anyone could participate.  Another key audience for ECSO is K-16 formal and informal education.  Efforts are underway to develop programs and products for use by elementary and secondary students and teachers, pre-service teachers, undergraduates, and for visitors and docents at botanic gardens, nature centers, etc.  As time and resources allow, additional products and programs will be developed for land managers, land stewards, and scientists.  Primary NPN target audiences include the following client groups:

1. General public (including ‘enviro’ adults, e.g. amateur naturalists, master gardeners, docents)

2. K-16 formal and informal education

3. Land Managers (e.g., NP rangers, reserve managers, biological station directors)

4. Land Stewards & Monitors (e.g., ranchers, weather station reporters)

5. Scientists (professional development)

NPN ECSO Programs and Products
ECSO programs and products are designed to help NPN achieve its overall goals, objectives, and outcomes. Evaluation and assessment will be integral to all ESCO programs and goals/objectives/outcomes of the diverse programs will serve as the reference point for success.

It is anticipated that ECSO efforts will be collaborative across agencies and institutions. ECSO programs will be designed at three levels to capture different levels of participation and engagement and to meet the education and outreach needs of the targeted citizen science audiences and the scientific needs of NPN scientists.  Each level has unique objectives and intended outcomes. The projects and products found within the three levels are intended to be stand alone efforts; however, individuals could progress through the levels if desired.  Entry can be at any level.  
ECSO Level One Programs – The primary goal of Level One ECSO projects is increasing awareness of the importance of phenology to the broadest possible audience.  A key objective of Level One projects is to get individuals of all ages outside observing their environment.  Level One projects are entirely Internet based; that is, all information needed to participate is available online. No formal training or instruction is needed to participate.  Level One participants can choose to observe phenological events of any plant species using simple protocols. Interaction with scientists from NPN is limited and the outcome is a simple report with maps.  Level One projects do not have any established quality control methods.  Project BudBurst is an example of a Level One ECSO project.
ECSO Level Two Programs -  Level Two ECSO projects have many similarities to Level One projects, however a key difference is that participants agree to observe targeted species and may be working under the guidance of a NPN scientist in their geographic area.  Level Two participants might receive additional instruction from trained volunteers or docents at botanic gardens or nature centers.  Quality Control methods would be developed and implemented to increase the validity and reliability of the data submitted.  The output of Level Two programs would be a report by scientists at least annually to participants on how the data from targeted species was (will be) used.  Masters of Monitoring and Phenology 101 are examples of Level Two ECSO projects.
ESCO Level Three Programs -  Level Three ECSO projects engage highly trained and dedicated volunteers that work closely with NPN scientists using rigorous protocols on selected species. Level Three participants work with scientists to answer questions of scientific interest. Quality Control methods would be rigorous and the data would be of highest quality.  The output of Level Three programs would be reports, white papers, and, possibly, publications in the peer reviewed literature.  Aspects of Floral Report Card and some Phenology 101 programs are examples of Level Three ECSO projects. 
2.
Collaboration Working Group 
Phenology serves as a common thread linking a broad spectrum of scientific and societal activities.  The USA-NPN can benefit from, and contribute to, many existing organizations that are concerned with nature and climate.  Close collaboration with these organizations represents not only the best use of available resources but also the best scientific practice.  Such cooperation permits wide political and material support, national and international visibility, access to data and existing networks and volunteers, and the capability to fulfill outreach and education goals.  A successful collaboration involves activities that are mutually beneficial; a shared vision on science, education, and outreach; minimizing the demand on the capacity of partners; feedback; and transparent data and information sharing policies.  The USA-NPN contributes to collaborations by providing an integrating national umbrella to existing local and regional networks, as well as access to phenology data and volunteers thereby contributing to the understanding of climate change processes, impacts and attributions, and supporting policy and management decisions.
The steps to initiating a collaboration involve several phases: 1) research on missions and objectives of potential partners, 2) identification of common goals, perhaps through memoranda of understanding, 3) identification of a single point of contact between the cooperating organization and USA-NPN, 4) recruitment of a pool of observers, and 5) implementation.

Potential collaborators include federal agencies conducting climate change and ecological research (e.g., NOAA, NASA, USGS, USDA, etc.), land management agencies (DOI, USDA, and DoD), state and local level entities (e.g., state or city parks, botanical gardens, etc.), universities, non-government organizations (e.g., TNC), existing scientific networks (e.g., AmeriFlux, LTER, OBFS, regional phenology networks, etc.), and  national and international organizations.  Different strategies are required to solicit collaboration from members of the broader groups and there will be different collaboration agreements for different organizations.  For instance, Regional Coordinating Groups like the Northeast Phenology Network will contribute to USA-NPN by 1) vetting protocols for phenology measurements, 2) hosting workshops, 3) encouraging participation, and 4) providing synthesis of region-specific data, while the NPN provides the broader data management tasks.
Federal research and operations agencies will benefit from USA-NPN as it will address scientific guidance under which the agencies operate. For example, the international Group on Earth Observations (GEO) and its US component, US GEO, are major interagency activities of the US Government focusing on in situ and satellite observations of the Earth.  Participating agencies are charged with implementing GEO and provide funding to support GEO initiatives.  NPN and its products are relevant to many tasks currently being undertaken by GEO.  Thus, GEO offers NPN a way to raise awareness among and potentially gain support from a number of Federal agencies.  Also, the US Climate Change Science Program (CCSP) has the mandate from Congress to coordinate and provide periodic assessments of Federal research activities on global change.  Since NPN is a national effort to understand the effect of changing climate on ecosystems, communities, and species, its goals are in alignment with those of the Climate Change Science Program and its Federal agency members.  CCSP agencies have a strong rationale to support NPN.

3.
Research Frontiers Working Group

            The field of phenology has a long history, with roots in natural history and agriculture, and at least one data set that extends for almost a millennium.  However, widespread systematic observations and research in the field are relatively recent phenomena, and many unexplored questions exist that offer opportunities for productive investigations, collaborations and management applications of research results.  The list below identifies areas that we think could profit from additional research, with benefits for basic research and management. 

            We start from the assumptions that phenological data are valuable, and phenology is currently changing in response to climate change.  In some cases, baseline data are available from historical sources, many of which are still being discovered in the records of naturalists, gardeners, bird watchers, etc. In many areas, however, there is a pressing need to begin and sustain observations in order to develop baselines for future research and applications.  We have separated, perhaps somewhat artificially, our suggestions into four areas: ecology/evolutionary biology; remote sensing; hydrology/climatology; and management of natural resources and agriculture/forestry.  For each of these areas, we identify several topics that would profit from new research. 

Ecology and Evolutionary Biology

1) Do species from different ecosystems differ in phenological responses to climate change? 

a) Are there consistent patterns in phenological responses to climate change?

b) Are there thresholds or tipping points for these changes? 

c) Do short-term and long-term responses differ?

d) Are there differences in phenology between aquatic and terrestrial ecosystems? 

2) What are the drivers of phenological change?

a) What environmental variables are significant drivers? Do they differ for plants and animals? Do they differ across ecosystems?

b) What are the limits of response by organisms to these drivers?  

3) What are the best indicators (species, phenophases) for phenological responses?

      a) Are there significant differences between plants and animals as indicators? 

      b) Do native and exotic species differ in phenological responses to climate change?

      c) Do populations or ecotypes differ significantly? 

4) Is there an ongoing decoupling of ecological interactions, or loss of historical synchrony among species?

      a) Are plants and pollinators, plants and herbivores, diverging in phenology?

      b) Can we predict what interactions are changing or will be lost?

5) Can we predict ecological and evolutionary changes?

     a) Can we identify vulnerable species and interactions for conservation?

6) What are the mechanisms (e.g., physiological, behavioral) by which individual organisms respond to environmental changes with changes in phenology?

Remote Sensing
1) How do we connect results of phenology from field measurements and from landscape / regional satellite measures?

a) Can we link field and remote sensing data to answer ecological, management and policy questions at larger spatial scales?  

b) What are satellite observations of phenology detecting physically? 

c) How do we derive discrete measures of phenology from continuous data streams (e.g., thresholds, inflection points, etc.)?

d) How do we connect intrinsically broad-scale satellite measures to locally observed phenomena?

e) Are we able to connect discrete historical phenological measurements to contemporary satellite observations?

2) What is the link between land surface processes and seasonal patterns in canopy phenology?

a) How does phenology regulate carbon cycle processes across both spatial (across ecosystem types, e.g. Mediterranean vs. temperate deciduous) and temporal scales (e.g. interannual variability)?

b) How can we use spatially extensive phenology observations (in conjunction with other data streams, e.g. AmeriFlux and remote sensing data) to improve parameterization of land surface models?

3) For what questions are remote sensing tools most useful for observing phenological variability?

a) Where do these tools break down? 

b) For what kinds of research are more extensive field observations required before satellite datasets become viable monitoring tools?

Climatology and Hydrology 

1) What are the climatic drivers of phenological response?

a) What is the influence of extreme meteorological events on phenology (e.g., freezes, droughts, heat events)?

b) How are multivariate climate influences integrated into phenological responses?

c) What climate time-lag responses characterize phenological responses?

d) What types of models can be used to characterize phenology in both space and time?

2) How does phenology affect hydrologic processes and budgets?

a) Are changes in transpiration the primary influence of phenology in hydrologic budgets?

b) Alternatively, are radiative transport or interception losses also - or even more important - ways that phenology affects water budgets?

c) Are hydrologic budgets and models really sensitive to phenological variations? If so, what aspects of phenological variation are most important to hydrology?

3) Will the addition of phenological datasets (e.g., NPN) into climate models be a valid means to improve the representation of land-surface atmosphere feedback and to capture more accurately local and regional climate processes?

a) Phenological datasets represent a potentially crucial means of capturing surface-energy and water budgets through surface albedo, surface roughness, and Bowen ratio.

b) High resolution data from NPN will provide a valuable tool for better understanding this issue, and can be used to understand better how anticipated changes in phenology may alter local and regional climate.

Management 
1.  Can we develop a national phenological monitoring system that will provide more precise guidance for the timing of agricultural practices and prediction of pest or health problems?  (E.g., planting, fertilizing, harvesting, etc., changing ranges of pest insects, allergenic pollen).


a. Can we use broad-scale phenological observations to improve the timing of short-term and long-term pest management practices?

2.  Can we use phenological observations to conduct rangeland condition assessments that provide information on land condition and trend?


a. Can we use remotely sensed (i.e., for large, remote areas) phenological observations to determine trends in condition of NPS units in the grasslands (Midwest) that support multi-species populations of native and domestic ungulates?

3. Can we use phenological observations to forecast the need for land use shifts, such as transferring cropland to pastures or forests?


a. Can we use trends in phenological events to predict which lands in the short-grass steppe will become economically unsuitable for intensive agriculture in the next 10-20 years?  I.e., are some of these lands, currently being cultivated, and better preserved for conservation?

4.  Can we use broad-scale phenological observations to improve our ability to manage invasive species?


a. Can we use phenological observations from a national system to identify areas with suitable growth seasons for temperature-limited invasive plants that are projected to extend north, and use these to target areas for monitoring and control?  I.e., to identify areas where invasion is likely and monitor to control incipient populations.

A few notes about methodologies:


Methodology: Include NPN data into regional climate models to identify metrics of improvement with in-situ meteorological observations.  


Methodology (for us): Use geographic patterns of phenological sensitivities (compared to 


meteorological patterns, etc.) as clues to answer these questions. A wide ranging search
of driver variables is needed.


Bring remote sensed phenology products (series), meteorological data sets, and ground-
phenological observations together to map sensitivities and as source for searching for 
phenological drivers, at regional to national scale

Methodology: Impose phenologically inferred transpiration (and canopy) on-off dates into several existing hydrological models (VIC, PRMS, BDHMS), instead of current weakly parameterized dates, and see how much difference it makes.

Then explore model/simulated-water-budget sensitivities to arbitrary phenological changes, process by process 

Methods include transects, space-for-time substitution, remote sensing, ground-truthing, etc.…

4.
Structure Working Group

Proposed potential levels of interaction (needs discussion)

Participant: collects and/or contributes data to USA-NPN, e.g., individuals, schools, community groups.

Affiliate: collects and/or contributes data and added value products, e.g., educators, researchers, citizen scientist groups, research groups, conservation groups.  

Cooperator: creates added value products and/or services within specific contexts, e.g., educators, researchers, citizen scientist groups, research groups, conservation groups.

Collaborator: works closely with USA-NPN on specific projects with defined activities and deliverables, may involve transfer of funds, e.g., educators, researchers, citizen scientist groups, conservation groups.

Sponsor: provides funding for USA-NPN activities, e.g., funding agencies, foundations, corporations, individuals.

What can USA-NPN give to potential interactors?  

1. Access to visibility

2. Use of logo

3. Access to cyberinfrastructure (eventually; need to define levels of access)

4. Access to data & metadata

5. Access to privileged information channels

6. Access to protocols

7. Access to expertise (need to define levels of access)


What does USA-NPN require from potential interactors?

1. Provide Point Of Contact information

2. Demonstrate clear institutional linkage

3. Provide evidence of track record/basis of credibility

4. Agree to abide by logo/name use rules (which need to be written)

5. Agree to provide acknowledgement in publications and presentations

6. Provide statement of group’s goals

7. Provide statement of proposed structure and function of interactor’s specific linkage with USA-NPN

5.
Species and Protocols Working Group
Procedure for Prioritizing Species Selection
(See Appendix 14 for final target list of calibration and focal species)

Further development of NPN should build on the approach adopted by Project BudBurst, in which there was a recommended set of species to observe AND/OR observers could add information on other species of interest.  The key advantage of developing a prioritization for species observations is to encourage a larger number of observations that could span a larger part of the country.  A key disadvantage to developing a prioritization is that potential observers (at any skill level) that do not find a species in that list that is of particular interest to them might be discouraged from participating.  The Group sought to develop an approach that would have the advantage associated with a prioritization scheme while avoiding the disadvantage of discouraging participation focused on other species.  This balance between depth and breadth is important at all levels of NPN, from Citizen Scientists that might have a particular plant species in their yard or school that they wish to study to professional ecological researchers working at intensively instrumented sites such as Long Term Ecological Research (LTER) sites (http://www.lternet.edu/) or at Ameriflux sites (http://public.ornl.gov/ameriflux/) where towers are located for measuring carbon dioxide fluxes.

The Group discussed the pros and cons of different prioritization schemes.  We identified key criteria that could be important in prioritizing which species to focus on.  These included:

· Widespread distribution

· Associated with dominant plant cover type

· Have an important biological influence on other species

· Readily detectable and observable plants and phenophases

· Accessible for schools and in urban areas

· Pollinator or wind-borne seed dispersal

· Diversity of plant functional types

· Diversity of temporal responses in phenophases

· Overstory and understory relationships

· Synchrony between plants and pollinators

· Potential responses to changes in fall as well as spring

· Existing related long-term sets, including herbarium collections  

· Key influences on applied areas of interest such as recreation and tourism (fall foliage), medicine (allergens), agriculture, and natural resources management

Most of these criteria had been previously identified in previous NPN meetings.  The key challenges were to determine how long the list of prioritized species should be; whether or not to develop a tiered list (beyond “preferred” and “other” categories); how to weight the criteria above in developing the list.

Options were discussed for species lists that ranged from as few as ~10 to as many as ~100.  If only a few species are selected, they may not occur at enough of the locations.  If too many species are selected, participants could also be discouraged from participating in that the task appears too daunting.  In addition, the resulting data might be too spatially dispersed to be effective in addressing issues of concern.  

To determine how to most effectively address these issues, the Working Group returned to previous documentation on NPN goals.  In particular, we focused on a table of listing the ways in which NPN seeks to provide benefits.  These were outlined in the document “Towards a National Phenology Network” (October 2006).
Plant Protocols

Outlines were developed for three levels of plant phenology monitoring protocols from simple and largely qualitative measures, to more quantitative and intensive measures.  This structure will allow for the various levels of interest, expertise, and time commitment of our wide range of contributors, while guaranteeing a minimum value of the most basic observations. Generally we would expect citizen scientists to use the most basic set of protocols, research monitoring programs to use the second level, and intensive studies of specific species to use the third level. However, there will also likely be cases of crossover with ambitious citizen scientists taking quantitative measurements, or research monitoring programs with limited personnel and time commitment that will choose to use the more basic protocols.

We propose observing phenophases that cover nearly all phases of a plant’s above-ground reproductive life cycle, from emergence to leaf out and flowering to fruiting to senescence and leaf fall. Each of these life history stages has ecological and botanical significance on its own. For example, flowering is critical for plant-pollinator interactions, and fruit ripening is important for plant dispersal and as food for many wildlife species. In addition, it is important to understand the relationships among these stages in individual plants and species, and how these relationships may be changing in a changing climate (Post in press – phenology special issue of Ecology). For example, is the time from flowering to fruit maturation diminishing as the climate warms?

This proposed protocol system at the basic level is different from those currently used by the Lilac Observation Network and Project BudBurst. Observers will submit a data record for each observation day, rather than submitting a single record of the date a given phenophase was reached. This format should provide a method to quantify the error of the reported date a phenophase is reached (i.e. the frequency of observations and the date of the last previous observation will be reported). This format will also provide the first and last observations and the duration of each phenophase. From this information, it will be possible to calculate a rough estimate of the mean time of a particular phenophase.

It should be noted that this protocol outline is a work in progress and should evolve in the coming months and years as experts and observers comment on it.

More detailed definitions (of flowering, leaf unfolding, etc.) specific to plant families or species need to be developed by researchers or students familiar with the phenology of those plants.
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