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EXECUTIVE SUMMARY 
 

Phenology is the study of recurring life cycle events in animals and plants, such as migrations of birds 

and fish, reproductive events such as reproduction, egg-laying and hatching, emergence of animals from 

hibernation, and leafing, flowering, fruiting and senescence of plants. Variations and trends in the timing 

of phenological events are widely recognized as indicators of the 

effects of climate variability and change on managed and 

unmanaged ecosystems. Phenological data and associated 

information (e.g., climate data) can be used to understand and 

inform food production and security, pest control, wildlife 

management, fire risk management, pollen forecasting, carbon 

dynamics and recreational planning.  Moreover, spatially-

extensive and long-term phenological data are essential to both 

calibrate and validate phenological algorithms based on weather 

variables or remote sensing data, and to parameterize and 

exercise seasonal routines in ecosystem models. 

 

Because long-term and spatially-extensive observations of phenology are lacking, it is challenging for 

scientists and decision-makers to understand how environmental factors affect seasonal timing in 

different organisms, and how those factors vary in importance from local to continental scales. Until 

recently, routine and universal collection of phenological data using nationally-standardized methods 

was limited, constraining the potential application of phenological data and models for science, 

management, and policy.  A guiding principle for selecting what, when and where to monitor, and for 

what purpose, is the explicit recognition that the power and value of understanding and forecasting 

increase with the degree and spatial scale of synchrony in the response and sensitivity of different 

species to climate variability. 

 

Established in 2007, the USA National Phenology Network (USA-NPN) was created to collect, synthesize 

and apply high-quality phenological data and information to address fundamental science and societal 

needs.  Products, tools and information produced by the Network are designed to be widely used for 

research, and to facilitate decision-making relative to ecosystem services and climate change adaptation 

for natural resource management, agricultural systems, and human well-being.  The Network is 

comprised of scientists, resource managers, educators, and volunteer observers – supported by a 

National Coordinating Office – who share a common goal of collecting and utilizing national-scale 

phenological data. 

 

This five-year Strategic Plan—which reflects recommendations from stakeholder workshops, the USA-

NPN Advisory Committee, and key agencies and organizations involved in the USA-NPN—outlines a 

course to enhance scientific understanding of phenology, improve decision-making using phenological 

data and information, support adaptive natural resource management, facilitate societal adaptation to 

environmental variation and change, and improve public understanding of climate change and the 

Photo: Brian F. Powell 
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science of phenology. In particular, this Five-Year Strategic Plan outlines three themes, each supported 

by a set of corresponding goals (Box 1): 

 

Theme 1. Advance Science: Improve understanding 

of plant and animal phenology as a key response to 

environmental variation and change.  

 

Theme 2. Inform Decisions: Develop and distribute 

derived phenological information to inform human 

land use, risk management, and the conservation 

and management of natural resources in variable 

climates and changing environments.  

 

Theme 3. Communicate and Educate: Improve public understanding of phenology, science and 

environmental change to build public support for science and proactive adaptation to environmental 

change. 

 

The elements in this Strategic Plan will require careful and considered implementation, particularly 

within a constrained federal budget environment and with the many stakeholders already participating 

in Network activities.  As such, this Plan includes a broad Implementation Strategy, including guiding 

principles for operations, an approach for governance and program coordination focused on national 

and regional interests, approaches for program planning and implementation on timescales of shorter 

duration than those outlined in this five-year Plan, and guidelines for evaluation and communication of 

progress towards the vision and goals outlined in this Plan. 

 

 

Photo: Brian F. Powell 
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  Box 1.  USA-NPN Strategic Plan Five-Year Themes and Goals 

 

Theme 1. Advance Science: Improve understanding of plant and animal phenology as a key response to 

environmental variation and change.  

 Goal 1.1.  Evaluate spatial and temporal patterns of plant and animal phenology on a national 

scale. 

 Goal 1.2.  Determine relationships between observed patterns of plant and animal phenological 

response and their proximate biotic and abiotic drivers. 

 Goal 1.3.  Understand how phenological changes affect the structure and function of 

populations, communities, and ecosystems, and the goods and services provided by ecosystems 

to society. 

 Goal 1.4.  Cultivate and promote a broad, integrative, multi-disciplinary community of practice 

focused on phenological research and applications. 

 

Theme 2. Inform Decisions: Develop and distribute derived phenological information to inform human 

land use, risk management, and the conservation and management of natural resources in variable 

climates and changing environments.  

 Goal 2.1.  Demonstrate phenology as an important tool for guiding conservation and natural 

resource management, particularly in an era of rapid climate change. 

 Goal 2.2.  Provide a framework for standardized monitoring of plant and animal phenology in 

protected or managed areas within the context of adaptive management and, more broadly, 

climate change adaptation. 

 Goal 2.3.  Develop phenology data products and tools to help natural resource managers apply 

phenological information and models to natural resource management. 

 

Theme 3. Communicate and Educate: Improve public understanding of phenology, science and 

environmental change to build public support for science and proactive adaptation to environmental 

change. 

 Goal 3.1.  Engage the public in making high quality phenological observations that can reveal, 

through time, patterns and trends in plant and animal phenologies within natural and managed 

ecosystems. 

 Goal 3.2.  Communicate and translate scientific information to the public to improve public 

understanding of phenology and the impacts of environmental change on natural and managed 

ecosystems. 

 Goal 3.3.  Sustain data collection and participant engagement directly and through partner 

organizations. 
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Changes in timing of phenology 

inform “a globally coherent 

fingerprint of climate change 

impacts across natural systems.”  
Parmesan and Yohe, Nature, 2003 

 

INTRODUCTION 
 

A. Phenology, Environmental Variation and Climate Change 
 

Phenology refers to recurring plant and animal life cycle stages, such as leafing and flowering, 

maturation of agricultural plants, emergence of insects, and migration of birds.  It is also the study of 

these recurring plant and animal life cycle stages, especially their timing and relationships with weather 

and climate. Phenology is a critical component of many aspects of human life, including agriculture, 

gardening, health, cultural events, and recreation, and nearly all ecological relationships and processes, 

including plant-pollinator and predator-prey relationships, competition, and carbon and water cycling.  

 

Phenology is one of the most sensitive biological responses to environmental variation, which is 

important because changes in phenology serve as both forcing and constraint on biological diversity and 

ecosystem processes across scales from individuals to landscapes.  Depending on the application, 

phenology can be used as an indicator of species sensitivity to 

environmental variation, or can be combined with 

climatological data as an integrated indicator of climate 

change.  Existing phenological datasets have been critical to 

documenting impacts of climate change on biological systems 

at both global and national scales.   

 

For example, a number of recent studies have explicitly linked shifts in climate to observed and 

widespread changes in phenology. These changes in phenology have in turn been linked to changes in 

the timing of allergy seasons and cultural festivals, increases in wildfire activity and pest outbreaks, 

shifts in species populations and distributions, declines in native species, the establishment and spread 

of invasive species, and changes in carbon cycling in grasslands and forests.  The breadth of these 

impacts highlights the potential for phenological data and related information to inform management 

and policy decisions across sectors. For example, phenology data at multiple spatial and temporal scales 

are currently being used to identify wildlife species vulnerable to climate change, to parameterize and 

validate models of carbon sequestration and water cycling, to manage invasive species, to facilitate the 

planning of seasonal cultural activities, to forecast seasonal allergens, to manage agricultural production 

on working farms and ranches, and to track disease vectors between continents and in human 

population centers.  

 

However, phenological datasets for the United States are relatively sparse, and with a few exceptions 

are typically local and of short duration, and are limited to few species and narrowly-focused studies.  

Although climate is a known critical driver of phenological variation, notably at the population scale, 

critical questions remain unanswered, such as: (1) how do phenological variations in time and space 

affect species abundance, distribution, genetics, and interactions, in addition to the function of 

ecosystem processes across scales?, (2) to what degree are phenological responses to climate variability 
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“Phenology – the timing 

of seasonal activities of 

animals and plants – is 

perhaps the simplest 

process in which to track 

changes in the ecology of 

species in response to 

climate change.” 
Rosenzweig et al., IPCC AR4 - 

Climate Change 2007 

and change predictable across populations and within ecosystem types at different scales; and (3) how 

does seasonal timing influence the human capacity to adapt to continuous and uncertain environmental 

change? 

 

B. The USA National Phenology Network 
 

Given scientific uncertainties about both climate variability and change, it is 

critical to establish an integrated, analytical, and continental-scale 

framework for understanding and tracking seasonal timing in both biological 

and physical systems. The basis for this framework is a suite of national 

indicators to track conditions, anticipate vulnerabilities, and facilitate 

intervention or adaptation to the extent possible. Observed, modeled, and 

forecasted metrics of phenology and associated physical (e.g., climatological, 

hydrological) data can be combined to inform a wide spectrum of decisions 

on federal, state, and private lands in the U.S., and will be pivotal for 

international efforts to understand, anticipate, detect, attribute, and 

mitigate or adapt to the impacts of both climate variability and change. 

 

Maximizing the predictive potential of phenology necessitates a large-scale, focused data collection and 

sharing effort across a variety of spatial and temporal scales.  To this end, the USA National Phenology 

Network (USA-NPN; www.usanpn.org), was established in 2007 –as a partnership-driven program with 

leadership by USGS – as a national network that organizes and facilitates the collection and integration 

of phenological observations across space and time. 

 

The primary goals of the USA-NPN as established are to understand how plants, animals and landscapes 

respond to environmental variation and climate change, and to develop tools and techniques to 

facilitate adaptation by humans and natural systems to climate change and environmental variation. The 

Network seeks to meet these goals through the prioritization of monitoring targets, development of 

data products and decision-support tools, design of information management systems, creation of 

partnerships, facilitation of research, and promotion of education and outreach activities.  The USA-NPN 

serves not only as a data repository, but also as a hub of phenology-related activities for researchers, 

practitioners, decision-makers, and the public. In this way, the USA-NPN aims to foster a phenology 

“community of practice,” facilitating increases in knowledge and understanding specific to phenology 

through participation, interaction, discourse, and the establishment of standards and best practices. 

 

C. A Strategic Plan for the USA National Phenology Network  
  

Since 2007, when the National Coordinating Office (NCO) of the USA-NPN opened for business, the 

Network – and the services and data provided through the NCO – has grown quickly and 

opportunistically.  Between 2007 and 2010, operations of the NCO were guided by a short 
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implementation plan entitled “Towards a USA-National Phenology Network” developed by the USA-NPN 

Implementation Team at a workshop in 2006.  In 2010, the staff of the NCO drafted – and has been 

operating under – a Strategic Plan for the period 2011-2015 that has served more as an implementation 

and operational blueprint than a strategic plan. 

 

Given the success of the Network to date, and the substantial investments on the part of many 

stakeholders, in 2013 we recognized the need for a more formal Strategic Plan to maximize the long-

term (i.e., 30+ years) potential of USA-NPN to serve scientists, resource managers, policy makers and the 

U.S. public.  This new five-year Strategic Plan for the period 2014-2018 reflects recommendations from 

stakeholder workshops (comprised of educators, research scientists, resource managers and policy 

makers), the USA-NPN Advisory Committee, and key agencies and organizations involved in the USA-

NPN.  The Strategic Plan outlines a course to enhance scientific understanding of phenology, improve 

decision-making using phenological data and information, support adaptive natural resource 

management, facilitate societal adaptation to environmental variation and change, and improve public 

understanding of climate change and the science of phenology.  This plan is focused on the activities of 

the NCO from 2014 until 2018, but it is a living document, and will be modified as challenges and 

priorities change over time.  

VISION AND MISSION 
 

A. Vision 
 

The USA-NPN is broadly recognized as the national leader for collection, organization, synthesis and 

application of high-quality phenological data and information for the benefit of science and society.  Our 

products, tools and information are widely and regularly used for research and to facilitate decision-

making relative to ecosystem services and climate change adaptation for natural resource management, 

agricultural systems, and human well-being. 

 

B. Mission 
 

The USA-NPN—a network of scientists, 

resource managers, educators, and volunteer 

observers supported by a National 

Coordinating Office—serves science and 

society by collecting, organizing and 

distributing phenological data and information 

to stakeholders to aid decision-making and 

adaptation to variable climates and changing 

environments.  
Photo: Brian F. Powell 
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THEMES, GOALS, OBJECTIVES AND OUTCOMES 
 

The USA-NPN has identified three broad Themes, as primary areas of activity, that capitalize on the 

importance and interdisciplinary and multi-scalar nature of phenology to meet the basic needs of 

science and society: 

 

 Theme 1. Advance Science: Improve understanding of plant and animal phenology as a key 

response to environmental variation and change. 

 

 Theme 2. Inform Decisions: Develop and distribute derived phenological information to inform 

human land use, risk management, and the conservation and management of natural resources 

in variable climates and changing environments. 

   

 Theme 3. Communicate and Educate: Improve public understanding of phenology, science and 

environmental change to build public support for science and proactive adaptation to 

environmental change. 

 

These Themes – which reflect recommendations from stakeholder workshops (comprised of educators, 

research scientists, resource managers and policy makers), the USA-NPN Advisory Committee, and key 

agencies and organizations involved in the USA-NPN—outline a course to enhance scientific 

understanding of phenology, improve decision-making using phenological data and information, support 

adaptive natural resource management, facilitate societal adaptation to environmental variation and 

change, and improve public understanding of climate change and the science of phenology.  Each Theme 

in this Strategic Plan is supported by a set of corresponding goals, objectives and outcomes, as described 

in the following sections. 

 

A. Theme 1. Advance Science: Improve understanding of plant and animal phenology as a key 
response to environmental variation and change. 
 

A key science contribution of the USA-NPN is to advance the science of phenology to capitalize on the 

fact that although phenology is a far-reaching and integrative component of environmental science – 

bridging the gap between physical and biological drivers through space and time – it is poorly 

understood from a scientific perspective.  With sufficient observations and understanding, phenology 

can be used as a predictor for other processes and variables of importance at the national scale, and 

could drive a variety of ecological forecast models with both scientific and practical applications.   

 

To advance the science of phenology, and to improve understanding of plant and animal phenology as a 

key response to environmental variation and change from both basic and applied perspectives, we have 

established the following goals for this Theme: 
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 Goal 1.1.  Evaluate spatial and temporal patterns of plant and animal phenology on a national 

scale. 

 

 Goal 1.2.  Determine relationships between observed patterns of plant and animal phenological 

response and their proximate biotic and abiotic drivers. 

 

 Goal 1.3.  Understand how changes in phenology affect the structure and function of 

populations, communities, and ecosystems, and the goods and services provided by ecosystems 

to society. 

 

 Goal 1.4.  Cultivate and promote a broad, integrative, multi-disciplinary community of practice 

focused on phenological research and applications. 

 

The following paragraphs provide additional information about each Goal within the “Advance Science” 

Theme.  In addition, this section includes a short tabular description of selected key Objectives and 

Outcomes required to meet the Goals within this Theme. 

 

Goal 1.1.  Evaluate spatial and temporal patterns of plant and animal phenology on a national scale. 

 

Variations in plant and animal phenologies are linked to many natural processes that affect human 

society, including allergy seasons, wildfire seasonality and intensity, pests and disease, changes in 

species abundance and distribution, carbon, water and nutrient cycling in natural ecosystems, 

agricultural practices and cultural activities.  Thus, analyses of local, regional and national-level 

phenological patterns can be used to better understand the broader roles that phenology plays in 

ecosystem services and climate adaptation processes that support human well-being in an era of rapid 

environmental change.  USA-NPN is unique in that it provides a national perspective on spatial and 

temporal phenological patterns through the compilation of high-quality historical and contemporary 

phenological datasets for both plants and animals.  The Network is also unique in that many 

participating organizations, and a broad range of participants – from professionals to “citizen scientists” 

– must work together using standardized protocols to obtain phenological data in locations and at scales 

otherwise unattainable without a much greater monetary investment. 

 

Goal 1.2.  Determine relationships between observed patterns of plant and animal phenological 

response and their proximate biotic and abiotic drivers. 

 

Phenology plays a multifaceted role in understanding climatic and environmental change. Changing 

phenology can be viewed as both a response to ecological changes that arise from exogenous factors 

such as climate and land use change, and as a driver of ecological change by affecting processes such as 

nutrient and water cycling or species interactions.  Proximate drivers of phenology include both abiotic 

(e.g., weather and climate, hydrologic conditions, land-use change, and altered disturbance regimes) 

and biotic (e.g., invasion by exotic species, native species range expansion, population irruptions, and 
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“Working with USA-NPN leverages 

an in-situ observational network for 

ground-based measurements with 

satellite data collected by NASA. In 

the short term, these observations 

provide excellent seasonal data 

sets. In the long term, these data 

sets provide observations linking 

climate variability to plant 

phenology. Both greatly enhance 

the value of NASA satellite data sets 

in climate research.” Jeffrey Luvall, 

Senior Research Scientist, NASA—NSSTC, 

Global Hydrology and Climate Center, 2011 

 

shifting species interactions) factors, though the relative contribution of these factors has yet to be 

determined for most species.  Regardless, net phenological responsiveness or sensitivity of a species to 

ecosystem change may be a critical component of the 

capacity to adapt to a rapidly changing environment.  Thus, 

data on phenological responses is a critical component in 

climate change risk and vulnerability assessments for 

managed and unmanaged ecosystems.   

 

Researchers have a limited understanding of phenology as a 

driver of change, e.g., shifts in ecosystem services.  An 

improved understanding of phenology as a driver of change 

will enable researchers to better forecast which 

biogeographic regions or which taxa may be most strongly 

affected by phenological shifts within populations or 

communities. Ultimately, an improved knowledge of 

phenological drivers and responses will facilitate 

identification of thresholds of ecological change across 

scales, such as biogeographic regions, communities, or 

species groups. Moreover, spatially-extensive and long-term phenological data are essential to both 

calibrate and validate phenological algorithms and models based on weather variables or remote 

sensing data, and to parameterize and exercise seasonal routines in ecosystem models.  These 

algorithms are indispensable for understanding environmental controls on phenology, and more 

specifically for extrapolating actual phenological observations across continuous surfaces and 

developing gridded products. This integration of observed phenological data and weather-based 

phenological models also will be essential for forecasting and decision support. 

 

Goal 1.3.  Understand how phenological changes affect the structure and function of populations, 

communities, and ecosystems, and the goods and services provided by ecosystems to society. 

 

Although recent research suggests phenology can be a leading indicator of changes in the abundance, 

distribution, genetics, and interactions among organisms, there are few generalizations that can actually 

inform species and landscape assessments (e.g., vulnerability to climate change, risk of invasive species, 

implications of land-use change) or decision-making processes for resource management planning and 

action.  For example, an understanding of relationships between organismal phenology and 

performance (e.g., abundance, productivity, distribution) could be used by resource management 

agencies charged with sustaining species of concern and habitats within protected areas for ecological 

forecasting, rapid ecological assessments, and other applications. Thus, researchers need access to high-

quality, longitudinal phenological data to facilitate understanding of relationships between phenology 

and populations, such as performance (e.g., decline, stable, increase) and community dynamics.  Federal 

agencies are emphasizing and supporting the integration of ecosystem services concepts into their 

science and management activities; therefore, a clear elucidation of how phenology contributes to our 

understanding of ecosystem services is needed. 
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Goal 1.4.  Cultivate and promote a broad, integrative, multi-disciplinary community of practice 

focused on phenological research and applications. 

 

Although phenology can serve as a construct to investigate and understand impacts of environmental 

variation on biodiversity and ecosystems, phenological data are currently limited, there are few 

conceptual frameworks for research, and there are even fewer coordinated applications of phenological 

information to decision-making for natural resource management.  In addition, phenology is often 

overlooked as a tool or approach to understand impacts of environmental change on biodiversity and 

ecosystems.  To define and demonstrate the value of phenological information to science and society in 

a time of constrained budgets, we will identify and employ innovative approaches – and leverage new 

and existing resources – to develop and maintain communities of practice for science, management, and 

policy applications, particularly in the production and delivery of collaborative research and applications.  

Promulgation of other national phenological networks around the world and the subsequent production 

of international datasets for assessments or science applications also will strengthen and demonstrate 

the position of the USA-NPN on the world stage. 

 

Theme 1 Key Objectives and Key Outcomes 

Objectives Outcomes 

1. Develop a database of phenological 

data for a variety of indicator species 

at a density and frequency sufficient 

for national-scale inference 

1. Determination of requirements necessary to engage and 

mobilize a variety of organization and participants across 

a range of skill levels – from professional to “citizen 

scientist” – to collect high-quality data suitable for 

research and resource management decision-making 

2. Organize and provide free and ready 

access to phenological data and 

models, in addition to pre-processed 

signature data products and model 

outputs 

2. High-quality and reliable data, data products, tools and 

approaches are used to inform science and resource 

management decision-making; basic and applied 

research published in peer-reviewed literature 

3. Develop and refine standardized 

protocols and methods 

 

3. USA-NPN protocols and methodologies adopted by 

major organizations responsible for research, resource 

management, and assessment, inventory and monitoring 

(e.g., NEON, LTER, NPS, USFWS); policies, guidelines and 

standards facilitate data sharing and integration 

4. Advocate and facilitate research on 

phenology 

 

4. Enhanced science infrastructure and capacity, in the 

form of a robust and collaborative community of 

practice focused on understanding relationships 

between phenology and species abundance, distribution, 

interactions and ecosystem services; contributions to 

national assessments of climate and land-use impacts on 

biodiversity, ecosystems and ecosystem services; 

publications in peer-reviewed literature 
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B. Theme 2. Inform Decisions. Develop and distribute derived phenological information to 
inform human land use, risk management, and the conservation and management of natural 
resources in variable climates and changing environments. 
 

High-quality basic and derived phenological information can facilitate the establishment and 

achievement of natural resource management goals and can support informed decision-making under 

variable and changing environments.  Phenological data and related information are already being used 

by natural resource managers, decision-makers and policy-makers to inform management and policy 

decisions across a variety of sectors, including the identification of species vulnerable to environmental 

variation and climate change, the improvement of models of carbon sequestration and nutrient and 

water cycling, the detection and management of invasive species, the planning of seasonal cultural 

activities, the forecasting of seasonal allergens, and the tracking of disease vectors among and between 

human population centers on local to regional scales.  Phenology can also be used to support activities 

embodied in contemporary natural resource management, including strategic habitat conservation, 

climate-informed monitoring, adaptive management of ecosystems and ecosystem services, and 

application of qualitative or quantitative vulnerability assessments. 

 

To apply scientific understanding developed under Theme 1, and to directly support activities that 

require phenological information for conservation and management of plants, animals, and ecosystems, 

and for decisions related to human land use and risk management in variable climates and changing 

environments, we have established the following goals for this Theme: 

 

 Goal 2.1.  Demonstrate phenology as an important tool for guiding conservation and natural 

resource management, particularly in an era of rapid climate change. 

 

 Goal 2.2.  Provide a framework for standardized monitoring of plant and animal phenology in 

protected or managed areas within the context of adaptive management and, more broadly, 

climate change adaptation. 

 

 Goal 2.3.  Develop phenology data products and tools to help natural resource managers apply 

phenological information and models to natural resource management. 

 

The following paragraphs provide additional information about each Goal within the “Inform Decisions” 

Theme.  In addition, this section includes a description of selected key Objectives and Outcomes 

required to meet the Goals within this Theme. 

 

Goal 2.1.  Demonstrate phenology as an important tool for guiding conservation and natural resource 

management, particularly in an era of rapid climate change. 

 

Because phenological variation is an important component of processes within ecological systems (e.g., 

reproduction or migration of populations; species interactions such as predation, herbivory or 

pollination; temporal niche differentiation), an increased understanding of phenological processes 
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should greatly aid decision-making in management of natural resources (e.g., setting of hunting seasons, 

timing of management activities, timing of resource assessments).  However, incorporation of 

phenological information and understanding into science, management, and decision-making presents 

institutional challenges, including the translation of phenological issues to a wide variety of audiences.  

For example, although phenology writ broad is often an implicit component of natural resource 

management (e.g., when to flood, burn, plant or harvest), more explicit and recently developed 

applications of phenological information and understanding (e.g., as a component of population 

vulnerability assessments, or as part of “climate-smart” monitoring for adaptive management) are often 

overlooked as tools for natural resource management. Ongoing science-management dialogues will be 

necessary to determine resource management and policy-relevant endpoints.  Nonetheless, phenology 

is increasingly recognized as a key indicator of climate change impacts and more resource management 

organizations are taking notice of the importance of such information. As such, coordination, 

communication, and collaboration on phenology-related activities are critical, as both proof-of-concept 

via local implementation and for setting high-level organizational or programmatic priorities. 

 

Goal 2.2.  Provide a framework for standardized monitoring of plant and animal phenology in 

protected or managed areas within the context of adaptive management and, more broadly, climate 

change adaptation. 

 

Although a number of phenological datasets exist across the nation, they tend to be species-specific, 

site-specific, or of relatively short duration, and they almost always employ non-standardized 

methodologies for monitoring which constrains integration and synthesis.  The development and 

promulgation of conceptual multi-scalar frameworks for monitoring phenology, including standardized 

protocols and advanced tools for integration, analysis and synthesis, 

would facilitate data interoperability and leverage the value of 

participating organizations within a national network.  We will 

collaborate with large key partners (e.g., NPS, USFWS, USFS, DoD) to 

develop conceptual frameworks for implementing phenology 

monitoring in support of strategic decision-making for high priority 

management concerns.  A variety of resource management 

organizations – from federal resource management agencies to 

states, counties and tribes, to local preserves or working farms and 

ranches – can partner and leverage on USA-NPN as a “hub” for standardized protocols, data 

management, and communication tools and materials.  This approach to partnerships facilitates sharing 

of information and lessons-learned across jurisdictions, creates multi-scale frameworks for conservation 

planning, minimizes redundancies and inconsistencies in methodologies, and ultimately ensures 

interoperability of data in support of adaptive management and adaptation to changing environments. 

 

 

 

 

Photo: Brian F. Powell 
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“Web-enabled tools, such as 

those the Network seeks to 

develop, will open up the 

marketplace of ideas for citizens 

to synthesize ecological data into 

meaningful information, resulting 

in innovative uses of that 

information for discovery and 

learning.”  Brian Wee, Chief of External 

Affairs, National Ecological Observatory 

Network, Inc., 2011 

 

Goal 2.3.  Develop phenology data products and tools to help natural resource managers apply 

phenological information and models to natural resource management. 

 

USA-NPN can provide information management services and value-added products to critical partners 

to facilitate their participation as well as the continued growth 

and development of the National Phenology Database.  Data, 

data products and tools can also facilitate the translation of 

phenological information and projections into relevant issues 

such as adaptive management, assessments of ecosystem 

services, agricultural decision-making, or strategic 

management of invasive species. The reality of limited data 

requires modeling to understand trends, patterns and variation 

within and among species and habitats over time at scales 

appropriate to resource management (e.g., within protected 

areas). Resource managers need quick and easy access to high-

quality raw, derived and value-added synthetic data products, 

tools, and model outputs -- with associated best practices for interpretation and implementation. This 

not only maximizes confidence in participation and increases value and usability of the data, it can also 

facilitate decision-making processes for natural resource management and policy makers.   

 

Theme 2 Key Objectives and Key Outcomes 

Objectives Outcomes 

1.  Communicate and translate the importance 

of phenology information to natural resource 

management for stakeholders and partners 

1. Stakeholders and partners coordinate and 

collaborate with the USA-NPN on projects that 

demonstrate the value of phenological 

information to decision makers and the public 

2. Develop data management policies and 

practices that ensure data, data products, 

tools and research results are shared and 

interoperable among organizations 

2. Data are interoperable and scalable across 

organizations and jurisdictional boundaries, can be 

integrated with ancillary datasets, and are readily 

available for repurposing and novel applications 

3. Develop and deliver decision-making 

frameworks for using phenological 

information in conservation and natural 

resource management 

 

3. Major natural resource agencies incorporate 

phenology monitoring in their conservation, 

management and climate response plans; multi-

scale frameworks enable cross-jurisdictional 

landscape-scale management; minimization of 

start-up time, redundancies and inconsistencies in 

methodologies 

4.  Develop stakeholder-inspired data products 

and tools useful for wildlife management and 

biodiversity conservation 

4.  Phenological information is readily being used to 

inform decision-making processes related to 

conservation, management, and climate adaptation 
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C. Theme 3. Communicate and Educate:  Improve public understanding of phenology, science 
and environmental change to build public support for science and proactive adaptation to 
environmental change. 
 

Phenology is a cross-cutting science, the core of which embodies concepts that the public already 

understands and observes on a regular basis.  Reframing public conception of seasonal changes already 

being observed – using the lens of phenology as a science – encourages people to take a closer look at 

what they see around them day-to-day and year-to-year and to better understand how our ecosystems 

are responding to environmental changes, including directional climate change.  A variety of educational 

and communication models can be used to assist in reframing the public conception of seasonal 

changes, species response and subsequent impacts on human society.  Providing programmatic 

educational resources, communication tools, and conceptual materials to educators, scientists, resource 

managers and other key stakeholders assists in improving the public's understanding of the importance 

of phenological change, increases 

scientific literacy, and offers a 

framework for engaging in conversation 

about climate change and 

environmental variation.  Active 

engagement of a variety of participants 

in a meaningful scientific activity, and 

improvements in scientific literacy, may 

encourage the development of a diverse 

workforce for environmental and 

climate change applications and careers. 

 

To support activities and information under Theme 1 and Theme 2, we will use phenology as a construct 

to improve public understanding of science and environmental change to build public support for 

science and proactive adaptation to environmental change.  We have established the following goals for 

this Theme: 

 

 Goal 3.1.  Engage the public in making high-quality phenological observations that can reveal, 

through time, patterns and trends in plant and animal phenologies within natural and managed 

ecosystems. 

 Goal 3.2.  Communicate and translate scientific information to the public to improve public 

understanding of phenology and the impacts of environmental change on natural and managed 

ecosystems. 

 Goal 3.3.  Sustain data collection and participant engagement directly and through partner 

organizations. 

 

The following paragraphs provide additional information about each Goal within the “Communicate and 

Educate” Theme.  In addition, this section includes a description of selected key Objectives and 

Outcomes required to meet the Goals within this Theme. 

Photo: Brian F. Powell 
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Goal 3.1.  Engage the public in making high quality phenological observations that can reveal, through 

time, patterns and trends in plant and animal phenologies within natural and managed ecosystems. 

 

The scale and pace of recent environmental changes present substantial challenges for scientists, 

resource managers and policy-makers who are assessing, forecasting, and managing these changes. A 

key constraint is a lack of data at adequate scales to draw generalizable conclusions.  For example, 

ecological variables are generally monitored at single sites, and only rarely at near-continental scales. 

Without adequate data at appropriate spatial and temporal scales, it is difficult to know how key 

variables are changing across the landscape, which in turn hinders our ability to forecast future changes 

and develop management plans. 

 

A national network focused on the collection, synthesis and distribution of phenological data and 

information will require collaborations not only with professional scientists and resource management 

organizations, but will also need to draw on the capacity of a public ready and willing to contribute to 

meaningful scientific activities and generation of primary knowledge.  The USA-NPN will encourage 

participation by a broad set of stakeholders, including members of the public, who can make phenology 

observations that connect them with nature and involve them in the scientific process while producing 

data that scientists are eager to use. Phenology is well suited for this purpose because it is already a 

primary way that people connect with nature (despite the fact that most people are not familiar with 

the word “phenology”), and it is an area of rapidly growing scientific interest. 

 

Already, within the fields of science and natural resource conservation, unprecedented public access to 

technology and information is enabling research collaborations between scientists and members of the 

public that are not only helping collect and organize 

otherwise inaccessible information and data, but are 

also advancing scientific knowledge.  Moreover, and 

perhaps more important, the inclusion of the broader 

public in the process of science can improve science 

literacy and interest in environmental careers, and for 

applications related to climate change, may help 

improve climate literacy and move people beyond the 

“gloom and doom of climate change” by engaging 

them in the process of discovery, analysis and 

application. 

 

 

Goal 3.2.  Communicate and translate scientific information to the public to improve public 

understanding of phenology and the impacts of environmental change on natural and managed 

ecosystems. 

 

People must receive scientific information in a way that is both understandable and meaningful to them 

before they can understand the impacts of variable or changing climates on natural and managed 

Group examines leaf phenology at Barataria 
Reserve, NPS. Photo: Carolyn Enquist 
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“The National Phenology Network is 

the primary resource in the U.S. 

where scientists, informal and formal 

science educators, families and 

novice-to-expert naturalists can 

combine their observational skills in 

a collaborative and timely research 

effort that will contribute to the 

health and sustainability of our 

natural resources and to the 

ecological literacy of everyone in the 

United States.”  Susan Mazer, Professor, 

University of California, Santa Barbara, 2011 

 

ecosystems.  Climate or environmental science is often communicated to the public through examples 

that emphasize the future, or distant locations, or analytical/theoretical results. These examples often 

reflect the most current science and can utilize striking visual imagery, but they frequently fail to convey 

that climate change and environmental variation is happening now and is affecting people where they 

live.  As a result, the public tends to associate climate change with polar ice caps and other distant 

phenomena rather than local impacts and their own food security and sociocultural experiences. 

 

Because phenology is tightly linked to climate and is an integral part of the functioning of human and 

natural systems, it provides examples of climate change impacts that affect people and that are already 

occurring nearly everywhere. In addition, people already observe phenology every day in their personal 

lives – planning vacations, managing allergies, managing 

pests, harvesting crops, tracking hunting or fishing seasons. 

Thus, phenology can provide a way to highlight local effects 

of climate change that are happening now and that affect 

human well-being.  Through active engagement in a 

meaningful scientific activity, the Network has the 

opportunity to increase participants’ awareness, 

knowledge, and understanding of key science concepts, to 

increase their engagement in scientific activities, and to 

help them develop science-related skills.  Public 

participation in scientific research can also provide 

participants with the type of personal, visceral experiences 

with the effects of climate change that are often necessary 

for people to realize and respond appropriately to the 

associated risks.  In sum, a society composed of individuals 

who better understand the purpose and methodology of scientific research may be more supportive of 

science as an important activity with societal benefits, can relate changes in their own environment to 

broader-scale ecological changes, and can understand implications of environmental variation and 

climate change on their own welfare and that of future generations.  

 

Goal 3.3.  Sustain data collection and participant engagement directly and through partner 

organizations. 

 

Recruitment and retention of observers, both professional and volunteer, will be critical to sustain 

collection of high-quality data at spatial and temporal scales required for the Network to deliver local- to 

national-scale data products and information.  Thus, although the NCO will recruit, train and retain 

observers as individuals, it will be critical to establish partnerships with a variety of stakeholder 

organizations for regional or local implementation of activities that directly or indirectly support the 

Network.  Partners, including resource managers, scientists, and educators at formal and informal 

institutions, are more likely to participate in a national program if it is meaningful to their community 

and local program needs.  A distributed network of partners can thus implement activities locally, as 

well as conduct trainings, answer questions, and build relationships with participants over time and 
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across the nation.  As observers engage in phenology monitoring as part of a national, long-term 

program, outcomes may include a better understanding of how phenology relates to the environment 

and societal priorities, can enhance personal relationships with nature, and can help participants 

understand the nature of the scientific process and the importance of accurate and sustained data 

collection. 

 

Theme 3 Key Objectives and Key Outcomes 

Objectives Outcomes 

1. Engage participants as collaborators with 

scientists and resource managers in the 

collection and organization of phenology data 

for plant and animal species across the nation, 

including the development of strong networks 

where knowledge and experience are 

transferred among participants and local leaders 

1. Participants and partners collect data and 

analyze results in support of local science, 

management and research questions, and 

understand how the results relate to regional 

and national issues 

 

 

2. Develop and distribute materials and templates 

including:  

o workshop materials to promote long-term 

meaningful engagement through an 

understanding of humans and human 

activity as part of the local community and 

broader ecosystem 

o educational and curricular materials 

appropriate for formal, non-formal and 

informal education related to the science of 

phenology and climate change 

o communication materials to illustrate how 

phenology and other climate-relevant data 

are being used for research and decision-

making to benefit science and society 

2. Participants in a range of settings have 

improved understanding of: 

o phenology and ecology 

o environmental variation and climate 

change 

o how phenology responds to weather and 

climate, both locally and regionally 

o the relevance of phenology for natural and 

managed systems, and human society 

 

3. Provide a diverse set of opportunities for 

participation in phenology-related activities for 

multiple audiences, including people typically 

underrepresented in science  

3. Youth and individuals from groups typically 

underrepresented in science elect to pursue 

careers in a scientific or environmental field 

 

4. Cultivate relationships with media outlets and 

journalists to increase awareness of phenology 

as an indicator of change via marketing and 

outreach  

4. Phenology and climate change are regularly and 

accurately covered by media outlets; public 

understanding of relevant issues and impacts 

increases 
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IMPLEMENTATION STRATEGY 
 

This five-year Strategic Plan builds upon USA-NPN accomplishments since 2007 to further strengthen 

scientific understanding of phenology within the context of environmental variation and change at local 

to national scales.  It also outlines an approach to translate and deliver phenological information and 

understanding in support of natural resource decision-making and policy-making.  Finally, it establishes 

an approach to both communicate with – and educate – a broad variety of stakeholders, including 

professionals and volunteers, to help them understand the importance of collecting, organizing and 

applying high-quality phenological information in support of societal goals and activities. 

 

Because this Strategic Plan is ambitious, it will require careful and considered implementation, 

particularly within a constrained budget environment.  Therefore, it will be important to define and 

prioritize principles that can guide implementation activities across the duration of the planning period, 

irrespective of budget constraints.  It will also be important to develop effective governance and 

program coordination activities to ensure that stakeholders remain engaged, responsibilities are clear, 

and information and products can be delivered effectively and efficiently.  To deliver essential 

capabilities and products, and to foster collaborations and partnerships necessary to meet the goals 

outlined in the plan, we will need to establish and prioritize projects and activities on timescales shorter 

than this five-year plan.  Periodic evaluation of progress towards the goals and objectives outlined in this 

plan will be required to assess progress, and to inform modifications of the plan as necessary in the case 

of changing priorities.  Finally, it will be important to periodically communicate progress on the plan to 

all funders and stakeholders.   

 

As such, the following sections outline and discuss approaches we anticipate will be necessary to 

implement this plan, including the development and documentation of guiding principles, governance 

and program coordination in light of major stakeholders, program planning and implementation, and 

evaluation and communication of progress. 

 

A. Guiding Principles 
 

Guiding principles will assist the USA-NPN in developing near-, medium-, and long-term priorities over 

the life of this plan and beyond, and should support the development of an effective program portfolio 

under constrained and somewhat uncertain budget environments. These guiding principles, or values, 

will help ensure that implementation of the Strategic Plan is both realistic and flexible while maintaining 

research excellence and increasing the development and application of use-inspired tools and activities. 

The principles include, in priority order: 

 

1. Partnerships are key:  Partnerships with a broad range of stakeholders – including but not 

limited to data providers, data users, natural resources managers and decision-makers – are 
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critical to successful implementation and long-term operation of a national observation 

network. 

2. Data quality is paramount:  We encourage and support the accumulation and dissemination of 

phenological data collected according to standardized, broadly vetted, transparent, and 

published protocols and methodologies with appropriate and documented updates. 

3. Data are freely accessible:  Data we collect are readily and freely available to all users according 

to clearly documented terms of use, and all data are documented and maintained in a manner 

that assures their long-term relevance, accessibility, and usability. 

4. Public engagement is critical:  Public support for science and proactive resource management 

depends on public understanding of the scientific process and the natural world. Public 

understanding can be enhanced through public participation in collection and sharing of 

scientific data, which provides for active learning and engagement. 

 

B. Governance, Program Coordination and Stakeholders 
 

The USA-NPN was originally envisioned and established as a broad network through partnerships 

between governmental and non-governmental science and resource management agencies and 

organizations, the academic community, the public and other stakeholders working together to collect 

and organize phenological information to inform research, education and outreach, agriculture, tourism 

and recreation, human health, and natural resource conservation and management.  Broadly, the USA-

NPN now consists of a National Coordinating Office (NCO), an Advisory Committee, and many partners 

and affiliates, including scientists, resource managers, educators and members of the public. Partners 

represent a range of organizations including public agencies, tribes, non-governmental organizations, 

specialized networks, and academic institutions. 

 

To date, base-stable support, major funding, and responsibility for most operations of the USA-NPN NCO 

has been provided by the US Geological Survey.  Additional support, in form of a five-year Research 

Coordination Network grant from the National Science Foundation, was critical to the early planning and 

implementation activities of the Network, and informed the development and operational scope of the 

NCO.  Other key sponsoring organizations that enabled the establishment and operations of the NCO 

include University of Arizona, University of Wisconsin–Milwaukee, The Wildlife Society, US National Park 

Service, National Oceanic and Atmospheric Administration, National Aeronautics and Space 

Administration, Oak Ridge National Laboratory, and US Fish and Wildlife Service.  Many other 

organizations now provide direct and indirect support to the operations of the NCO, or to the activities 

of the broader network.  Although it is not reflected in the NCO budget, the USA-NPN community of 

practice has benefited from the vision, initiative, and substantial labor of key scientists salaried through 

other programs and institutions, including those individuals that serve on the USA-NPN Advisory 

Committee.  

 

Because of the nature of this ever-broadening and relatively new partnership, and because of the 

number and diversity of stakeholders, it will be critical to develop effective governance and program 
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coordination activities to ensure that stakeholders remain engaged, responsibilities are clear, and 

information and products can be delivered effectively and efficiently to said stakeholders.  The following 

paragraphs describe the activities and responsibilities of each major component of the USA-NPN. 

  

The USA-NPN National Coordinating Office (NCO) is a coordination and resource center working to 

advance the mission of the USA-NPN.  The NCO maintains a national phenology information 

management system, promotes the use of standardized approaches to monitoring phenology, 

encourages widespread collection and organization of contemporary and historical phenology data, 

delivers a variety of data products, and facilitates communication within and external to the USA-NPN.  

The NCO also facilitates basic and applied research related to phenology, the development and 

dissemination of decision support tools, and the development and dissemination of education materials 

and activities.   

 

The USA-NPN Advisory Committee consists of stakeholders from a range of organizations that 

participate in activities of USA-NPN.  The Advisory Committee provides leadership and guidance 

regarding the activities of the USA-NPN, and the NCO in particular, by holding regular meetings, 

convening topic-related committees and 

working groups, and communicating with the 

NCO and partners.  

  

Partners of the USA-NPN collect and share data 

and information, pursue basic and applied 

research projects, develop and deliver data 

products and decision-support tools, and 

conduct education and outreach activities 

related to phenology. The continuing operations 

of the USA-NPN depend on financial and in-kind 

support from sponsoring partners. 

 

Finally, because USA-NPN receives major funding from the USGS, the activities of the NCO must be 

aligned with not only the major strategic goals for USGS, but must be cognizant of priorities both within 

particular Mission Areas of USGS, as well as DOI and higher levels within the federal hierarchy.  For 

example, the Ecosystems Mission Area and Climate and Land-Use Change Mission Areas of USGS, both 

of which have provided support to the NCO, have strategic priorities recently outlined in their Strategic 

Science Plans.  In addition, the USGS 10-year Science Strategy established in 2007 outlines not only the 

broad directions for USGS Mission Areas, but also stipulates the development of the National Phenology 

Network.  Activities of USGS meet goals and priority activities outlined in the DOI Strategic Plan, as well 

as DOI Secretarial priorities.  Finally, the Offices of Management and Budget (OMB) and Science and 

Technology Policy (OSTP) jointly issue “Science and Technology Priorities” directed at Executive 

Departments and Agencies that provides top-level guidance for out-year budget and activity planning.  

Thus, activities of the USA-NPN NCO supported via Federal government spending must be traceable and 

Rancher examining juniper for pollen. Photo: A. Meixner 
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accountable at several levels of the federal hierarchy, so this should be considered during strategic and 

implementation planning activities. 

C. Program Planning and Implementation 
 

This Strategic Plan is designed as a “goals-based” (aka vision-based, purpose-driven, outcome-oriented) 

plan, and is a “living” document that charts the direction of the entire organization on a five-year time 

frame with periodic updates.  To realize the long-term vision and mission of the USA-NPN, while 

accomplishing the shorter-term goals and objectives outlined in this Strategic Plan, the NCO is 

developing a process to link the five-year Strategic Plan to implementation plans at shorter timescales.  

These implementation plans will define and prioritize short-term (i.e., 1-2 year) and medium-term (i.e., 

3-5 year) programmatic priorities that lay a ‘roadmap’ towards the five-year goals and objectives, and 

the longer-term vision for the Network.  This process will enable more effective annual prioritization and 

longer term budget development and planning.  Implementation Plans under development include both 

Action Plans and Project Plans that primarily inform the activities of the NCO. 

 

Action Plans focus on activities of different components of the NCO (e.g., Science Team, Partnerships 

Team) that describe with more detail short-term (i.e., 1-2 year) activities to meet the specific Objectives 

listed above. This is typically accomplished through team-level action-planning, with significant inter-

team communication.  Specifically, around the turn of each fiscal year, we will develop implementation 

(“Action”) plans that support the Objectives and Key Activities outlined in the Strategic Plan.  This 

process will also include programmatic assessments that inform updates of this Strategic Plan.  In 

addition, we will maintain the NCO with appropriate mission and staffing by developing a base budget, a 

work-force plan, and a risk management plan, each of which will be assessed and modified annually. 

 

Project Plans focus on a particular product, service or program, for a fixed and finite period of time. They 

include specific activities, products or outcomes requested 

by funding organizations or stakeholders; for example, in 

2012, we held a national workshop in Milwaukee, WI, 

where our stakeholders prioritized the development and 

delivery of national data products such as Spring Indices, 

national “Greenwave” maps, and state or region-specific 

phenology “calendars” for applications related to natural 

resource management and decision-making.  Project Plans 

are developed through NCO team-level planning, or by 

teams composed of NCO staff and collaborators, and may 

be implemented by the NCO, or the NCO in collaboration 

with other stakeholders in the Network. 

 
 

 

Photo: Ellen G. Denny 
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Photo: Geoff Henebry 

D. Evaluation and Communication of Progress 
 

The various Goals, Objectives, and Key Activities described in this Strategic Plan are designed to help us 

meet our Vision for each of the broad Themes described herein.  We will evaluate our progress towards 

that Vision and those Themes through development and periodic assessment of Performance Measures 

and more quantitative Metrics.  Assessment of Performance Measures and Metrics will not only be used 

to determine success, but to help identify mistakes, misconceptions, and failures as these shed light on 

fitness of the larger model.   

 

In addition, Action Plans and Project Plans as described above will be periodically and qualitatively 

evaluated and adjusted to meet the Performance Measures, Metrics, Key Activities and Objectives.  This 

strengthens our ability to evaluate program directions, effectiveness, and balance, and to modify plans 

as necessary to respond to changing conditions and program progress. The NCO will continue to consult 

with the Advisory Committee to gain a broad, independent, and scientific perspective on the program 

direction.  In addition, the goals of major stakeholders and funding organizations must be considered, 

particularly under the context of changing funding environments and priorities.  Overall, our evaluation 

process will also highlight areas where sustained planning and coordination over both the short- and 

long-term are needed to achieve program goals, such as observing capability, data management and 

service for data-intensive science, and 

opportunities for expansion – spatially, 

temporally and organizationally. 

 

We will employ a variety of tools for 

communicating our progress towards 

the Vision, Goals and Objectives 

outlined in this Strategic Plan.  Overall 

progress towards Goals will be reported 

to all stakeholders (i.e., funders, 

participants, Advisory Committee, and 

existing and potential partners) through 

our Annual Report, with highlights 

featuring projects or activities that 

support each Goal or select Objectives.  

Material for the Annual Report will be drawn from more detailed Annual Impact Statements prepared 

for each Goal and its Objectives.  In-house annual evaluations of our Action Plans will be used to refine 

subsequent Action Plans and to modify the Strategic Plan, and will be available to key funders and the 

Advisory Committee as appropriate.  NCO staff will provide high-level reports on progress via periodic 

public presentations or other appropriate outlets.  Occasionally, assessments may be communicated 

through formal programmatic reviews or through the peer-reviewed literature. 
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