
 

 
 

Towards a USA-National Phenology Network 
 

What is phenology? 
 Phenology is the study of periodic plant and animal life cycle events that are influenced 
by environmental changes, especially seasonal variations in temperature and precipitation driven 
by weather and climate. Included are the timing of leafing and flowering, agricultural crop 
stages, insect emergence, and bird, fish, and mammal migration. All of these events are sensitive 
integrators of both weather and climate, and are relatively simple to record and understand.  
 
Why is phenology important? 
 Phenological events record, in a real and immediate manner, the consequences of 
environmental variability and change vital to the public interest. Phenological events such as the 
beginning of the growing season can vary by three weeks or more from year to year. Such 
variations have important environmental and socio-economic implications for Health (allergens 
and infectious diseases), Recreation (fall colors and wildflower displays), Agriculture (planting 
and harvest times, pest control), and Management of Natural Resources (water and timber) and 
Hazards (monitoring and prediction of drought and fire risk).   
 
Why do we need a USA-National Phenology Network? 
 Phenology is a far-reaching component of environmental science but is poorly 
understood. Critical questions include how environmental factors affect the phenology of 
different organisms, and how those factors vary in importance on different spatial and temporal 
scales. Moreover, we need to know how phenology affects the abundance and diversity of 
organisms, their function and interactions in the environment, and their effects on fluxes in 
water, energy, and chemical elements at various scales. 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. 
 Despite their obvious importance, broadly distributed phenological data that take 
advantage of environmental gradients are almost non-existent in the USA. Lilac phenology is an 
important exception that previously was monitored at many locations across the country, but 
these measurements have been taken only sparsely since the early 1990s and need to be 
extended. The predictive potential of phenological data requires a new data resource- a national 
network of integrated phenological observations and the tools to analyze them at multiple scales. 
This network is essential to evaluate ongoing environmental changes, and can now capitalize on 
integration with other observation networks and remote sensing products, emerging technologies 
and data management capabilities, myriad educational opportunities, and a new readiness of the 
public to participate in investigations of nature on a national scale. 
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USA-NPN Vision Statement 
USA-NPN will provide phenological information that can be used to understand the role of the 
timing of life cycle events in the biosphere. It will establish a nationwide network of phenological 
observations with simple and effective means to input, report, and utilize these observations, 
including the resources to provide the right information at the right time for a wide range of 
decisions made routinely by individual citizens and by the Nation as a whole. 
 
How will USA-NPN operate? 
A five-tiered, expandable observation network is proposed:  
 
1.  A backbone network of ~2000 evenly distributed sites with observations of indicator/native  
     plant species linked to existing climatic networks, especially the National Weather Service 
     COOP program;  
2.  Observations driven by specific research questions and made by technicians/scientists at  
     established research sites, especially those in the Ameriflux, Long Term Ecological Research  
     (LTER), and Agricultural Experiment Station networks; 
3.  Observations taken by students as a part of regular science curricula on school campuses; 
4.  Observations reported by a wide network of volunteer “citizen scientists”; and  
5.  Remote sensing observations that will allow “wall-to-wall” coverage in the U.S. 
 
These observations will be entered into a database management system and made available to the 
public in mapped form and near real time (see prototype web page at http://www.npn.uwm.edu).   
 
Who will benefit from the USA-NPN? 
 Many government agencies, economic sectors, and scientific disciplines will benefit from 
the data collected by the NPN and the subsequent analyses that will be possible for the first time.  
The Table below summarizes six major areas to which phenological research can contribute.  
 

Scientific Research 
Effects of climate variability & change, 
ecological forecast models, ecological 
synchrony, carbon sequestration, ground 
truthing for remote sensing, ecohydrology 

Human Health 
Timing and prediction of allergy (hay fever) 
and pulmonary (asthma) problems.  Study 
of vector-borne diseases (lyme disease, 
West Nile virus) 

Agriculture 
Timing of management activities (pest and 
disease control, planting, harvesting, and 
provision of pollinators), drought monitoring, 
range management 

Natural Resources 
Prediction of forest pest and disease 
outbreaks, fire management, invasive 
species management, watershed 
management 

Tourism and Recreation 
Informing tourists when and where to go for 
seeing bird migrations, wildflower displays, 
and fall colors 

Education 
School children and citizen scientist 
involvement in scientific observations; 
establish college curriculum in phenology 
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Brief History of Planning Efforts for a USA-NPN: The idea for a USA-National Phenology 
Network has many instigators. J.M. Caprio (Montana State U.) initiated lilac phenological 
research in the USA, starting in 1956. He developed a network of volunteer observers (about 
1000, growing to 2500 by 1972) eventually scattered throughout 12 Western states. Dr. Caprio’s 
program stimulated development of a similar program in the Eastern USA, starting in 1961, 
under the direction of W.L. Colville (U. of Nebraska; about 300 observers in 1970). The Eastern 
network lost funding in 1986, but was continued at a limited number of stations by Mark D. 
Schwartz from the U. of Wisconsin-Milwaukee. The Western network was terminated upon Dr. 
Caprio’s retirement, but was reactivated at a handful of sites by Dan Cayan (Scripps Institution 
of Oceanography) to complement his studies on changes in the timing of snowmelt discharge. 
Funded by NSF and other federal agencies, in August 2005 Mark D. Schwartz and Julio 
Betancourt (U.S. Geological Survey) organized a workshop to begin developing an 
implementation plan for a USA-National Phenology Network that would revitalize the lilac 
network and extend phenological observations to other native and non-native species 
(http://www.npn.uwm.edu). An Implementation Team was recruited with representation across 
disciplines and institutions, with the goal of launching the first monitoring activities in 2007: 

 
USA-National Phenology Network Implementation Team  
Baenziger, P. Stephen, University of Nebraska  
Betancourt, Julio, U.S. Geological Survey, Desert Laboratory  
Breshears, David, University of Arizona  
Brewer, Carol, University of Montana 
Cayan, Dan, Scripps Institution of Oceanography 

 Cecil, DeWayne, U.S. Geological Survey (currently on appointment at NASA) 
 Crawford, Ken, National Oceanic and Atmospheric Administration 
 Crow, Tom, U.S. Department of Agriculture, Forest Service 

Dettinger, Mike, U.S. Geological Survey/Scripps Institution of Oceanography  
Easterling, William, Penn State University  
Gross, John, National Park Service 
Inouye, David, University of Maryland  
Jones, Bruce, U.S. Geological Survey  
Law, Bev, Ameriflux/Oregon State University  
LeDuc, Sharon, National Oceanic and Atmospheric Administration  
Mazer, Susan, University of California, Santa Barbara  
Morisette, Jeffrey, National Aeronautics and Space Administration  
Pielke, Roger, Colorado State University  
Post, Eric, Penn State University  
Reed, Bradley, U.S. Geological Survey  
Schwartz, Mark D., University of Wisconsin-Milwaukee  
Sheffner, Ed, National Aeronautics and Space Administration  
Turner, Woody, National Aeronautics and Space Administration  
Van Vliet, Arnold, Wageningen University 
Waide, Jack, U.S. Geological Survey  
Waide, Robert, LTER Network/University of New Mexico  
Wolfe, David, Cornell University  
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Data to be obtained 
Weather & Climate 

 Meteorological 
Phenological (biological) 

Seasonality (“abiotic 
phenology”)

Historical data 
Weather & Climate 

Meteorological 
Phenological (biological) 

Seasonality (“abiotic 
phenology”) 

Data processing 
 Metadata description  

Standardization 
Classification (Level of reliability) 

Integration 
Quality Control/Quality Assurance

Implementation 

Outcome - analysis 
Effects of climate change 

on biosphere 
Human health projections 

Wildfire anticipation 
Agriculture 

Land management 
Conservation 

Risk assessment

NPN Resource 
Publicly accessible, 

queriable, interactive 
database 

Clients/Users 
Academic & Agency investigators (University, NIH, 

USGS, USDA, NPS, NFS) 
Public health service providers 

Diagnostic/pharmaceutical companies 
Agriculturalists 

Educators 
Public (citizen scientists) 

NGOs, Media 

Seasonality 
Watertable 

depth, icemelt, 
snowmelt, 

First frost date, 
streamflow,  

wildfire locations 
& intensities

Feedback, suggestions for improvement of data-
collection

Phenological 
(biological) 
Lilac network  

CDC 
Herbaria 
USGS 

(remote 
sensing) 

Seasonality 
Watertable 

depth, 
icemelt, 

snowmelt, 
streamflow, 

wildfire 
locations & 
intensities 

Climate 
USGS 
NASA 
NOAA 
COOP 

Ameriflux 

Climate 
USGS 
NASA 
NOAA 
COOP 

Ameriflux

Phenological  
CDC 

LTER Sites 
Citizen Scientists 
Agency observers  

(NPS, USGS, USDA, 
NASA) 

Ag. Ext. Stations 
Botanical Gardens 

Field Stations 
Schoolyard Science 

USGS (remote sensing)

Outcome - actions 
Budget allocation 

Planting date planning 
Research 

planning/scheduling 
Predict agricultural yield 
Preparation for wildfire 

Disease 
protection/education 

Curriculum development
Land management




















