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Timing of life-cycle events 

of plants and animals: 

Causes and consequences

Phenology



―Phenology…is perhaps the simplest process in 

which to track changes in the ecology of species 

in response to climate change.‖ (IPCC 2007)

http://www.science.psu.edu/alert/photos/miscphotos/PostCaribou1.jpg
http://en.wikipedia.org/wiki/File:Loggerhead_Sea_Turtle.jpg


• Easy to observe

• Sensitive to environmental variation

• Scales from 'leaf to globe'

• Linked to most aspects of ecosystems

http://www.science.psu.edu/alert/photos/miscphotos/PostCaribou1.jpg
http://en.wikipedia.org/wiki/File:Loggerhead_Sea_Turtle.jpg


Changes in spring timing for many organisms

Parmesan and Yohe 2003 Nature

Parmesan and Yohe

• Meta-analysis

• 677 species examined

• 16-132 years (med = 45)

• 62% advanced in timing
Camille Parmesan



Fotolia

Steve Scott

Field skipper:  1 day/year

Red admiral:  1 day/year

Forister and Shapiro 2003 GCB

Earlier flight by butterflies

34 years (1972-2006)

83,000 records

“23 species in Central Valley

average 24 days earlier”

Art Shapiro



English Oak

Winter Moth

Pied Flycatcher Both et al. 2006 Nature

EARLIER

SAME TIME 

EACH YEAR

EARLIER

A three-way 

mismatch



Willis et al. 2008 PNAS

Moller et al. 2008 PNAS

Willis et al. 2010 PLOS Biology

Hulme 2010 New Phyt.

Ozgul et al. 2010 Nature 

Change in phenology
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• Science  

• Predictive services

• Health

• Resource mgmt

• Conservation 

• Agriculture

• Ecosystem services

• Recreation

Applications and decision-support tools
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Phenology

Observations

Satellite Imagery

Predictive 

Modeling

Allergen Alerts

Pollen early warning systems



Buffelgrass Phenology 

Reporter

July 2

July 3

July 4

July 5

July 6

July 1

Precip Green

Phenology Model

http://java.arid.arizona.edu/bgpheno

http://java.arid.arizona.edu/bgpheno


Disaster management

The Cornell Laboratory of Ornithology



Education and 

outreach for K-Gray

Steve Ringman, The Seattle Times

Ross Franklin, AP



What is USA-NPN?

Services & partnerships



Evolution of USA-NPN

IPCC WGII AR5, AR6

Whitehouse, OSTP, USGCRP

National Climate Assessment

DOI - CSC, LCC, Working Groups

USGS - CEN, NCCWSC

Many stakeholders

http://pubs.usgs.gov/circ/2007/1309/


A new data resource—a national network of

integrated phenological observations across 

space and time

Key Goal

Understand how plants, animals and landscapes 

respond to environmental variation and climate change



• A national biological science and monitoring program

• Agencies, NGOs, academia, the public

• Standard protocols for plants, animals & landscapes 

• Facilitate scaling from 'leaf to globe'

• Integrate with other monitoring networks

• Business to Business and Business to Customer

USA-NPN in a nutshell



• Develop a national phenology information management 

system

• Develop a national phenology monitoring system

• Develop partnerships for implementation

• Conduct and facilitate education and outreach

• Facilitate phenology science and research

• Facilitate development of decision support tools

Core functions



Native 

American 

Tribes

Scientists
Specialized

Networks

Public

Agencies

NGOs

Educators

Citizen

Scientists
National 

Coordinating Office

Information Management

Monitoring Programs

Communications
Resource 

Managers

Services for stakeholders and partners



Key sponsors and collaborators…

The Great Sunflower Project

http://www.fws.gov/
http://wilderness.org/
http://www.neoninc.org/


Phenology monitoring



Adapted from CENR-OSTP

Remote

sensing

Intensive science sites

Extensive monitoring sites

Volunteer & 

education networks

Multi-tiered monitoring



White et al. 

2009 GCB

Estimating start of season (SOS)



Organizing remote sensing of phenology

2005 Start of Season 

(SOS)

• Standardization

• Validation

• Integration across products 

and scales

• Research into utility and 

accuracy of products 





• Go to www.usanpn.org

∙ 253+ plant species

∙ 58+ animal species

∙ Core protocols

• Species on demand

• Abundance reporting

• User profiles

a project of the USA-NPN

Coming soon

Metadata: method used, effort reporting, condition of site & organism



Cumulative

Participants across the 

nation

http://www.usanpn.org/lilac


www.usanpn.org/results/data

Real-time data now available



Networking the Networks

• What Pete Murdoch said!

• Progressive data management, sharing, integration

• Open-source

• Web-services

• Crosswalk-algorithms for data and metadata

• Crosswalk protocols and standards

• Co-location and resource sharing

• 3 Cs:  Communication, coordination, collaboration

http://nadp.sws.uiuc.edu/
http://nadp.sws.uiuc.edu/
http://nadp.sws.uiuc.edu/
http://www.neoninc.org/


Workshop:  "Monitoring climate change and its impacts: 

sources for indicators, detection, and attribution"

(1) identify and suggest ways to prioritize indicators for 

monitoring

(2) identify existing observation and monitoring networks that 

are collecting or could collect data on these indicators

(3) identify the needs, gaps, and challenges associated with 

collecting data on these indicators

(4) develop a framework to implement existing network to 

collect indicator information [sic]

USGCRP National Climate Assessment

Ecosystems Interagency Working Group (EcoIWG)

Goal:  Effective and efficient design of integrated monitoring 

networks to detect the effects of and responses to climate change in 

US ecosystems and their biodiversity



www.usanpn.org


