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Phrenology

“The study of the shape 
and protuberances of 
the skull, based on the 
now discredited belief 
that they reveal 
character and mental 
capacity.”

—The American 
Heritage Dictionary



Phenology

“The scientific study of 
periodic biological 
phenomena, such as 
flowering, breeding, 
and migration, in 
relation to climatic 
conditions.”

—The American 
Heritage Dictionary





Phenology: All around us, all the time

“The pulse of our planet”
(USA National Phenology Network)

“The rhythm of the seasons”
(Morisette et al. Front. Ecol. Environ. 2009)





The “Father of Phenology in America”

“It is astonishing how 

soon and unexpectedly 

flowers appear, when 

the fields are scarcely 

tinged with green. 

Yesterday, for instance, 

you observed only the 

radical leaves of some 

plants; to-day you pluck 

a flower.”

Henry David 

Thoreau Journals



Plant phenology is 

highly responsive to climate change



Climate change is causing shifts in the growing season
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Phenology “is perhaps 
the simplest process in 
which to track changes in 
the ecology of species in 
response to climate 
change”

– IPCC (2007)

Fourth Assessment



PhenoCam:

Bringing a Victorian science into the

21st Century



The PhenoCam Network:
Automated monitoring of plant phenology

• PhenoCam uses imagery from 
digital cameras for continuous 
phenological monitoring

• Images recorded every 30 
minutes, sunrise to sunset, 365 
days a year

• A direct link between what is 
happening on the ground – at the 
level of individual trees – and 
what is seen by satellites 

Bartlett Experimental Forest















What do we do with the imagery?



The Red-Green-Blue
Additive Color Model



This is just like an old TV set



Quantitative analysis of PhenoCam pictures

Canopy “Greenness”

RGB Triplet
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Transition dates:
Relating “greenness” to budburst and peak color

Growing Season
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Transition dates:
Relating “greenness” to budburst and peak color
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Transition dates:
Relating “greenness” to budburst and peak color
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Start of season – leaves emerging



End of season – leaves at peak color





A continental-scale phenological observatory



A network of over 650 cameras

Imagery and data available at: http://phenocam.sr.unh.edu/





Summary & Take-home message

• The PhenoCam network uses digital camera 
imagery to track vegetation phenology across North 
America

• Data and imagery are publicly available, in near-
real-time, through the PhenoCam web page:

http://phenocam.sr.unh.edu/
• We are using the data to understand how 

ecosystems are being affected by climate change. 

Photo courtesy of Koen Hufkens, 2015


