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Objective:
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The purpose of this collection methodology is to create a uniform photograph database of spring greenup phenological activity in deciduous and coniferous forests. A spatially (within and across field stations and LTERs) and temporally (intra- and interannual) consistent database will enable researchers to clearly demarcate the timing of phenological activity. Ideally this record may be tied to satellite observations of interannual phenological variability (MODIS and Landsat / ASTER). Although this methodology does not utilize radiometrically or spatially precise instrumentation, the goal is to use inexpensive, commonly available calibration tools to create as near an analog as possible in field conditions without creating a burden to LTER staff. 

In general, the methodology requires one staff member to take bi-weekly (prior to bud-swelling) to weekly (from bud-break to full leaf maturity) field excursions to photography stations. In deciduous forests, five photographs are acquired at each station. Coniferous forests require will require more of a time commitment at each station, acquiring both oblique photographs as well as close-up images of terminal stems against ruled backgrounds. It is requested that stations be located such that they provide moderate redundancy, as well as an adequate sense of landscape heterogeneity. Photographs are collected to create (1) a consistent visual record of seasonal forest activity, (b) observer indices of phenological stage, and (c) semi-quantitative evaluations of color changes using image-processing software. 
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Equipment:

A)
Digital camera (‘off-the-shelf’)
Minimum specifications: 1 megapixel resolution, manual white balance capacity, adjustable JPG compression

B)
Calibration target
 (with white, black and 18% gray sections if possible). Inexpensive plastic binders will work for this purpose, as long as they’re kept clean.
C)
Flagging tape
D)
Global Positioning System (GPS) handheld device
E)
Compass
F)
Dedicated field notebook

G)
PVC pipe (five pieces of ½” diameter and 2.5’ length each)
H)
Plastic cards (4x6”, markable, 4/station), permanent marker, and duct tape (or other weather-proof adhesive)
I)
Opaque ruler mounted on white target [coniferous forests only]

J)
Cable ties (colorful, for flagging) [coniferous forests only]
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Pre-season preparation
The following method applies to each station. This assumes that stations have been chosen previously.
Choose the point from which observer will take photographs. Ideally, this is far enough from any given stem that wide-angle oblique shots will capture a number of stems. Mark footprint as appropriate by inserting a PVC pipe with 2’ showing. Mark flag or post with station number and GPS coordinate. (see Figure 2) 
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In each cardinal direction, take 5 paces and plant a flagged stake. On a card, clearly write an LTER identifier, the station number, and the cardinal direction. Attach the orientation card 2’ from the ground, facing the observer post. This card must be visible from the observer post during every observation and will always be at the bottom center of oblique photographs. If a large stem obscures the card, the direction stake can be shifted slightly.
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The following is only done once for reference
Obtain one reference photograph in each direction (these do not need to be calibrated) from the observer post. Ensure that the camera is on wide angle (zoomed all the way out). Holding the camera as for a portrait shot (tall, rather than wide) at eye level, line up the shot such that the orientation card is visible at the center of the bottom-edge. In field notebook, record station, orientation, and photograph identifier (usually this is displayed during replay mode on most models). If possible, provide a brief sketch of the stems seen in the frame and clearly visible species. Any other site comments are useful (drainage, soil type, slope, disturbance, age, understory – anything that you might consider unique).
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In coniferous forests: Choose a branch within comfortable arms reach near each cardinal direction post (if this is too time burdensome, choose a single branch near the observation post) and flag the branch. On this branch, choose a single small stem to track over the growing season. Attach a cable tie to this stem firmly without damaging the stem. This cable tie will act as the baseline for growth measurement over the growing season.

Photograph acquisitions
Conditions appropriate for collection are ideally full sun with an uninterrupted sky. Uniform overcast skies are acceptable. In partially cloudy conditions, observers should be aware of lighting conditions at each station, maintaining consistency if possible.

If skies are sunny, the sun angle is highly significant. Observers should be cognizant of the time of day and try to maintain a similar schedule (e.g. try to stay within a similar sun-angle window).

Greenup can occur quite quickly. The objective of this collection is to capture the entire course of greenup, from bud swelling through burst to full maturity. While swelling to break may take a few weeks, once the bud breaks the system moves quickly! More frequent observations in this final phase are ideal. One week spacing is a minimum (may provide ~2 observations during leaf growth).

Camera checklist
A) Is the internal clock accurately set for local time? Photographs will be tagged with a digital timestamp, and it is critical that the date and time are accurate! 

B) Check the file-storage mode. Images approximately 1200 x 1600 pixels are ideal, generating a file slightly over a megabyte with reasonable detail. If the camera can be set for minimum file compression or reduced JPG-ing, set it for highest quality (“superfine” on cannon models).
C) Check the memory card. Is there enough space for the photographs? 12 field stations may require up to 134 megabytes of storage.

D) Set the camera to “manual white balance” mode

E) If there is any image enhancement mode on, turn it off

White balance
Prior to starting the field route, the observer first calibrates the white balance of the camera. This is done by placing the white calibration target a few paces from the observer such that the plane of the sun is perpendicular to the shot direction (i.e. the sun is off the left or right shoulder, and the target is neither directly lit nor backlit). Instructions for setting the white balance vary by camera model. On a piece of paper, write (in bold) the date and place it next to the target. Take the first photograph (this shot will mark the start of every acquisition date in case records are lost or corrupted).

In the notebook, mark the date and time at the beginning of collection, sky conditions, and reference number of the first photograph.

If lighting or atmospheric conditions change significantly during the collection, white balance the camera occasionally. 

Archive Photographs

Minimum scenario: The observer stands at the central post and takes four photographs towards each orientation card. The observer positions the camera at eye level, orients it to a portrait format (tall rather than wide), zooms it all the way out to a wide angle, and positions the frame such that the orientation card is visible, centered at the bottom of the frame. One shot is taken in each direction. The observer then stands facing north and holds the camera (still in portrait mode) for a nadir shot (directly upwards). Finally, one or more shots may be obtained of understory, keeping an orientation card in view. It is highly suggested that one or more shots also be taken of individual buds or leaves for reference, zooming as necessary. 
Best possible scenario: The same method is employed. For each directional shot, the calibration target is placed in clear view at the same distance as foreground stems. The target can be rested on a stem facing the observer, or a field assistant can hold the target in view. Ideally, the target faces directly towards the camera.

In coniferous forests:

At each flagged branch, a photo is acquired of the small marked stem to measure growth rate. The stem is pushed flush against the white target (with the ruler attached), and a photograph acquired with the entirety of the stem (from tip to cable-tie) and ruler markings in the field of view. This will not be a color-accurate photograph, but it is critical that the stem be as close to flush against the ruled background. The distance from which this photograph is acquired is relatively inconsequential, as long as all the critical elements are in the field of view. A post-processing analysis will measure the length of the stem (from cable tie to tip) with the ruler in view as a scale-bar.
Post-acquisition
An FTP server will be established with subdirectories for each LTER. After each acquisition date, a new subdirectory within the LTER folder should be created with a datestamp as LTER_MMDDYYYY (for a May 15th 2007 collection at Harvard Forest: HF_05152007). Upload the photographs to the server.
There will be a readme file in each LTER directory. This should contain site descriptions; the GPS coordinates of the stations, and other relevant information. After each upload, the file should be appended to include the first and last photograph ID# of the day, any important notes from the field, and any significant observations. 
At the moment, no FTP server is ready for this. A quick analog can be found on the Yahoo Flickr service. An account is established with 

Username
lter_phen

Password
fieldphoto
Photographs can be uploaded to the flickr site, but until we upgrade the service, we are currently limited in total upload capacity to 100 Mg per month, so if given the option, upload smaller versions of the photographs (1200 pix max per side). Add tags to the photographs of: “LTER XX” (where XX is the LTER identifier), “phenology”, and the datecode (MMDDYYYY). If possible, adding tags of the station number, “Lat XX.XXX” and “Lon XX.XXX” would also be very helpful. 
In the processing steps, others will download these photographs and have the station number, orientation, and GPS location available for future use. Calibration targets, when available, will assist in the proper color calibration of photographs to increase the accuracy of image processing steps. 
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Initial photographs each day are black and white calibration targets. White balance is acquired on white target.





Figure 1


Layout photograph indicating relative position of central post (foreground), calibration targets, and directional post five paces away (background).





Figure 3


Directional post marked with ID (FELLS), station number (01), and direction relative to central post (South). The white card will be in the center bottom of the oblique photograph.





Figure 2


Central post marked with location identifier (FELLS [Middlesex Fells, Medford MA]) station number (01) and Latitude / Longitude of the station.





Figure 6


Directional photographs from north to west in a clockwise fashion. From left to right: N,E,S,W, nadir (directly above). Notice that lighting is critical. In this case, the sun is low on the horizon to the west in partially overcast skies (non-ideal conditions). N & E shots are clear and colorful. S & W shots are high-contrast, low color (shooting into the sun). Best efforts to acquire photographs at consistent sun angle and sky conditions are helpful.





Figure 4


Coniferous setup: single branch is flagged for reference, and small stem is marked with cable tie.





Figure 7


Coniferous stem photograph for measuring rate and timing of growth. Since measurement is from tip to cable tie, photo must have entirety of stem and some ruler markings in viewfinder. Stem must be flush against background.





Figure 8


Phenology setup 360º panorama. Central post is in foreground to the left with N marker in background. Circling to the right: E marker, S marker, and W marker. 








� Such as: PhotoVision 14" Pocket One-Shot Digital Calibration Target - Collapsible Disc Exposure Aid





