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• Recently, conventional digital cameras taking 
repeated images of the landscape at high 
frequencies (several images per day) over 
several months or even years have obtained 
increased attention for phenological research 
(Ahrends et al., 2009; Graham et al., 2010; 
Ide and Oguma, 2010; Kurc and Benton, 
2010; Migliavacca et al.,2011; Richardson et 
al., 2009a; Sonnentag et al., 2011).
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Indoor webcam Outdoor webcam
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Plant-cam Game-cam
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DSLR camera P-and-S camera



• The color channel information of digital images can be 
extracted as separate RGB digital numbers (DN) for 
quantitative analysis. 

• Red-green-blue brightness levels are influenced by 
scene illumination,but these influences can be 
suppressed by a nonlinear transform of RGB DN to rgb 
chromatic coordinates (Gillespie et al.,1987; 
Woebbecke et al., 1995), defined as:
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• A widely used example to describe canopy 
greenness is excess green (ExG) defined as:          
2G-(R+B)
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Methods

Harvard Forest and Howland 
Forest

One-year archives of 
digital landscape images 

Diurnal, seasonal and 
weather-related changes 

Nine additional one-year archives 
and one non-vegetated site 

Calculate ExG and gcc
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Eleven additional 
three-month 

archives 

Every 30 min 
between 04:00 and 

21:30 local time

Digital camera and 
image file format 

choice
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Table 1 PhenoCam forest study sites



Table 2 Digital camera overview
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     Results and discussion
Table 3 Comparison of root mean square errors

（3.32-4.14）/4.14=-20%
Indicating that per90 is better than mmd



Fig. 1. Example images



Fig. 2. Reference panel



Fig. 3. Example data







Fig. 4. Mean diurnal patterns



Fig. 5. Three-day green excess



Fig. 6. Three-day green chromatic coordinate



Fig. 7. Example images



Fig. 8. Three-day (a) green (gcc) and red (rcc) 
chromatic coordinates at the deciduous-
dominated Harvard Forest in 2010 three-
day (b) and (c) excess green (ExG) and 
mean daily incoming photosynthetically 
active radiation (PAR) as grey-bar backdrop, 
and (d) and (e) gcc calculated from RGB 
brightness levels



Fig. 9. Comparison of between-digital camera variation



Fig. 10. Effect of different compression



(i) The use of gcc in combination with per90 as a means to 
characterize the temporal development of forest canopies based on 
high-frequency digital landscape image archives (e.g., images 
taken at 30-min intervals during daytime).
(ii) The use of outdoor webcams (e.g., StarDot, Axis or Vivotek) 
for monitoring of vegetation status with gcc  given the appropriate 
infrastructure (pre-requisites: minimal to medium-level 
photographic understanding).
(iii) The use of simple “black boxes” such as plant-cams for 
monitoring of vegetation status with gcc  at remote locations lacking 
appropriate infrastructure (no pre-requisites regarding photographic 
understanding).
(iv) The installation of reference panels with different levels of 
grey and/or single-color targets in the digital cameras’ FOV (ideally 
within the forest canopy) to provide a first-order means to assess 
the continuity and stability of gcc over time.
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My idea

Zhou Lei, 2013



Camera choice:
Colder tones: StarDot NetCam SC 1.3MP, Vivotek IP7160
Warmer tones: Axis 211
Inexpensive webcams: D-Link DCS-920 and Axis 207MW
Bad choice: D−Link C920
Moultrie Game Spy I-60 and the Canon A560 can be operated on 
external DC power.
Reference: Grasshopper GRAS-14S5C and Grasshopper GRAS-14S5M
Image file format choice: JPEG
Our results do not suggest that any valuable phenological information is 
lost in the RAW to JPEG conversion. 
Problem: The research environment has changed.

My idea



Thank  you！ 
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