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Vegetation Phenology

Quantifying climate impacts on ecosystems:
Field and Satellite Assessments
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Phenology (the timing of leaf out and leaf off) is a
common metric of climate impacts.

This is typically quantified in two ways:

Field assessments Satellite Observations




Really a combination of field and satellite
observations are best

A

A

S N

S (o))

< O

o Y

3 S

e S

= w o

"6 )] c

Q. Q) Q

) S £

(@) | -

< a5

v o= 0

o C OCC

\}) ‘GDQ)

Q ¢ Oy-

O 8460
=0

George R. Kish U.S. Geological Survey



The goal of this
module is to introduce
students to these
concepts by linking
ground and satellite
measurements at their
own intensive research
site.




You should have a location nearby
that students can visit frequently

during times of rapid change.

(ideally this would be weekly in early
spring and then 3-5 day returns as buds
burst and expand)

— Look for a dense forest canopy

— Mark plot center for accurate
returns

— Determine geographic
coordinates for plot center




There are many dlfferent Ways to quantlfy phenology

We suggest including both visual assessments and digital measurements

Field Phenology Ranks

For each tree on the “plot”
determine the dominant
bud stage. This means that
a value of 1,2,3 or 4 will be
recorded for each tree.
Average all of these values
to come up with one
summary field phenology
rank for the plot.

Leaf Development Stage
Rating

Bud/Leaf Characteristics

Bud is swollen

Green tip of leaf showing

Leaf emergence

Leaves fully expanded



There are many dlfferent ways to quantlfy phenology

We suggest including both visual assessments and digital measurements

Digital Canopy Metrics

At the center of each plot take a digital
photograph looking strait up at the
canopy.

Automatic settings should ensure consistent
lighting over time.

Be sure to always orient the camera strait up,
with the top facing the same direction and with
no obstructions in the field of view.



There are many dlfferent ways to quantlfy phenology

We suggest including both visual assessments and digital measurements

Digital Canopy Metrics

These digital metrics help us to “see”
the canopy as a satellite might see it.

While most scientists use a hemispherical
camera, any digital camera will work.

From these images we can use specialized
software to calculate lots of different
canopy characteristics:

“greeness”, canopy closure, gap
fraction, leaf area index, etc.




Over time you can quantify changes in canopy characteristics,

compare rates of change and timing of changes.




Specialized software can quickly calculate a suite of different
canopy metrics we can use.
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Gap Light Analyzer (GLA)

Modelling and Application Design
rde Fr Ur

re Engineering

Library

Download

Unzip

Double click “setup.exe
to install

Here is the catch:

It only runs on 32-bit
versions of windows (so
use an older machine if
possible)


http://www.caryinstitute.org/science-program/our-scientists/dr-charles-d-canham/gap-light-analyzer-gla
http://www.caryinstitute.org/science-program/our-scientists/dr-charles-d-canham/gap-light-analyzer-gla
http://www.caryinstitute.org/science-program/our-scientists/dr-charles-d-canham/gap-light-analyzer-gla
http://www.caryinstitute.org/science-program/our-scientists/dr-charles-d-canham/gap-light-analyzer-gla
http://www.caryinstitute.org/science-program/our-scientists/dr-charles-d-canham/gap-light-analyzer-gla
http://www.caryinstitute.org/science-program/our-scientists/dr-charles-d-canham/gap-light-analyzer-gla
http://www.caryinstitute.org/science-program/our-scientists/dr-charles-d-canham/gap-light-analyzer-gla
http://www.caryinstitute.org/science-program/our-scientists/dr-charles-d-canham/gap-light-analyzer-gla
http://www.caryinstitute.org/science-program/our-scientists/dr-charles-d-canham/gap-light-analyzer-gla
http://www.caryinstitute.org/science-program/our-scientists/dr-charles-d-canham/gap-light-analyzer-gla
http://www.caryinstitute.org/science-program/our-scientists/dr-charles-d-canham/gap-light-analyzer-gla
http://www.caryinstitute.org/science-program/our-scientists/dr-charles-d-canham/gap-light-analyzer-gla
http://www.caryinstitute.org/science-program/our-scientists/dr-charles-d-canham/gap-light-analyzer-gla
http://www.caryinstitute.org/science-program/our-scientists/dr-charles-d-canham/gap-light-analyzer-gla
http://www.caryinstitute.org/science-program/our-scientists/dr-charles-d-canham/gap-light-analyzer-gla
http://www.caryinstitute.org/science-program/our-scientists/dr-charles-d-canham/gap-light-analyzer-gla
http://www.caryinstitute.org/science-program/our-scientists/dr-charles-d-canham/gap-light-analyzer-gla

ight Analyzer

Working Gap L

o
N

¢y Gap Light Analy:

igital image

Open your d

1.




Working Gap Light Analyzer
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Working Gap Light Analyzer

File Edit \ Configure [Image | Calculate Utilities Help

24 Gap Light Analyzer

i Working Image
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Working Gap Light Analyzer

@4 Gap Light Analyzer ~ [F=ro

Flvléc ;dng‘:‘;:‘q:cnf‘\iurc ;vlmage | Calculate | Utilities Help ] - 1 ) O pe n yo u r d igita I i m a ge

i1 Registered Ir

2. Register your image

3. Set the light/dark
threshold

4. Run calculations

Canopy Stucture

g Canopy Structure and Transmitted Gap Light

" Log Details to File.

Cancel [ Calculate |

User Field
User Field
User Field

Append J&J
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There are many different ways to quantlfy phenology.

We suggest including both visual assessments and digital measurements

Satellite Assessments

Satellites cover a large
geographic area, making
them useful for regional,
continental or global
assessments.

You sacrifice spatial detail
and accuracy, but gain a
larger perspective




How do you see phenology from space?
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e Chlorophyll, strongly abs®rbs visible light for photosynthesis.

* Leaf cell structure reflects\near-infrared light.

 NDVI exploits these characteristics of : I
vegetation reflectance to quantify how |Sgpity = (NTR — VI5)

much, how dense and how productive (NIR 4 VIS)
vegetation is.



http://www.fao.org/docrep/003/T0446E/T0446E04.htm

Normalized Difference Vegetation Index
NDVI

*Negative values of NDVI correspond to water.

*Values close to zero correspond to barren areas of rock,
sand, or snow.

*low, positive values represent shrub and grassland
*high values indicate temperate and tropical rainforests.



Global Agricultural Monitoring Project
Test Interactive Products

MODIS Overview

1strument is op

the Earth every one io days
three spatial resolutions: 2: 500-m, and 1,000-m



http://pekko.geog.umd.edu/usda/test/

Global Agricultural Monitoring Project
Test Interactive Products



http://pekko.geog.umd.edu/usda/test/

Getting NDVI Data for your location

250-meter MODIS/NDVI Time Series Database from the Global Agriculture Monitoring (GLAM)
Project
Please select your region of interest by clicking on the globe (2 I selecting from the list

Go to Data Access App @
Go to Data Delivery Directory @

Select Region | (None - Return To Front Page) B &

Dataset Status * Feedback » Version 0.3.14 (5/31/2013)

Select US- Northeast from the drop down list to zoom to our region



Getting NDVI Data for your location

250-meter MODIS/NDVI Time Series Database // US Northeast // 2013-Jul-12 to Jul-27 (FAS NRT

The full region is shown
by default but you can
click over an area of
interest to see a
zoomed image for more
accurate data
extraction.

LANCE)

Select Region | US Northeast E| 1]

S -
: i Product Type

Data Source

MOD44/MYD44 (16-day) [+| @

Terra (AM) Only \_ @

Use FAS NRT? |Yes - Use FAS NRT when MODAPS data is not available E{ 12/

Regional Image [view]

Click to Show Detail. Red box indicates bounds of detail image. Each pixel is 2.5km.

¥ ; En '{:’ :
Image [ NDVI | NDWI

SN [T T

[](0t0.10) Sparse
[J(1110.20) Vegetation
[] (2110 .30)

[ (3110 .40)

[] (:41 10 .50)

[ (51 10 .60)

[l (6110 .70) Dense
[ (71101.00) Vegetation
- Water

[] No Data

US Northeast

2013-Jul-12 to Jul-27 (FAS NRT LANCE)
UL: 47.73256° -78.14014°

LR: 39.86351° -68.24999°




Getting NDVI Data for your Iocatlon

0 MODIS NDVI (Terra) (MOD44 16-day) Graph [view] [view old Graph
lis 250 [ Download Graph Data] {Download Graph Data (Alterate] | [ Download Graph Data [Alternate #2}] [ NOVI Smoothing |

MODIS NDVI (Terra) (MOD44 16-day)

Once you zoom in you
will see other options to
select different time
periods or graph values
from a given point or

polygon. ' "

Click on a location in the
map on the left, select a
time period on the
right, and your data will
be graphed for you.
Hover over a point and
the data value will
appear.



Getting NDVI Data for your location

You can move your point of
interest around until you

. ) D2 15 MC‘!DIS NDVI (Terra]‘ (MOD4416-c.iay] Grap! ‘
have a geolocation close to == e e ) b o )

your field plot. \

You can select any year to
visualize from the lists here.

You can also overlay the : comn st s
mean values to see how |
anomalous a given year is.

Hover over a point and the
data value will appear.



Visualizing your complete data set

A B C D E L Q R 5 T u
1 (2011 Nb‘ rthern VT Sample Data Visualization NDVI Greenness move this marker line to see at what date (x axis) your plotted dat:
1]
Location:  Lat: 44.42082° Lon: -72.74060° 2000-2013 mean Current Year Hi he GLA greenness index predicts the start of spring (505) as
Min Min Whie the NOW MODIS product predicts 505 as 5/16/2011
find your pixel of interest on the pekko record your field measured greeness values

Max Max
website and record the NDVI values for each with gap light anaiyzer for each date . .
date available. available Half Min/Max Half Min/Max

|
these are automatically calculoted for you
— ed on the d

based on the data you enter.

[F-- IEN -  I C I R N ]

Half I—;alf
A W Min/Max Min/Max
Date NDVI  GLA greeness NDVI Greeness NDV

4/1/2011 83.5 41 505 NDV
4/2/2011 =fl=GLA greeness
4/3/2011
a/a/2011
4/5/2011
4/6/2011
4/7/2011
4/8/2011
4/9/2011
4/10/2011
4/11/2011
4/12/2011
4/13/2011
4/14/2011
4/15/2011
4/16/2011
4/17/2011
4/18/2011
4/19/2011
4/20/2011
4/21/2011
4/22/2011
4/23/2011
4/24{2011
4/25/2011
4/26/2011
4/27/2011

=505 Greeness

3/18/2011
3/232011
3/28/2011
afafa011
af7f2011
a/12/2011
a/17/2011
4/22/2011
4/27/2011
5/2/2011
5/7/2001
5/12f2011
5/17/2011
54222011
54272011
6/1/2011
6/6/2011
6/11/2011
6/16/2011
6/21/2011
6/26/2011
7/1/2001
7/6/2001
7/11/2011
7/16/2011
7/21/2011
7/26/2011
7/31/2011
8/5/2011
8/10/2011
8/15/2011
8/20/2011
8/25/2011
8/30/2011
9/a/2011
/92011
9/14/2011
9/19/2011
9/24/2011
/292011
10442011
10492011
10/14/2011
10/19/2011
10/24/2011
11/3f2011
11/8/2011
11/13/2011
11/18/2011
11/23/2011
11/28/2011
12/3f2011
12/8/2011
12/13/2011
12/18/2011

The excel template provided allows you to quickly visualize your time series data, and identify
a start of spring date based on both satellite and field measurements.




Potential explorations for this data set:

Aside from the basics (identify SOS date, quantify duration of greenup) other
guestions to be answered from this data set could include:

* How do our field metrics compare to the satellite metrics for our location?
 What might account for differences between the measurements?
 What are the strengths and weaknesses of both field and satellite

metrics?

* How does phenology at our location differ from the average phenology
response (compare to pekko mean data)?
 Did spring start earlier or later than usual at our location?

* How does phenology at our location compare to other nearby locations
(examine NDVI for the date closest to determined SOS at nearby locations)?
Why might phenology timing differ across the landscape?
 How does the general shape of the phenology curve differ across
different eco-zones (tropical, tundra, southern temperate, etc)



More advanced inquiries:

 How is the SOS data changing over time (NDVI time series could be used until
sufficient years of field measurements are obtained).

Forest Type Class Averages

 |sthere a consistent trend in this
change?

* How much variability occurs from
year to year that is not related to
long-term trends?
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e How does weather influence the
rate of green up or SOS timing?

* |s minimum, maximum or mean
temperature more important in
the timing of budburst?

Start of Spring (Julian Day)

4oL XeW sbessay







