Climate Change and
Vegetationn Phenology

Introduction to vegetation phenology as a marker of a changing climate
Temperature metrics are the most obvious way to study weather and climate
patterns but it is often the impacts of temperature on our ecosystems that are of
concern. Here we explore how a changing climate might impact ecosystem function,
with specific focus on vegetation phenology. (Power Point required)

a. Explore the range of impacts of a changing climate on ecosystem structure and
function.
«  How does temperature impact plants, soils, wildlife, water?
©  Which ecosystem components might be most sensitive to climate
change?
© Which components can respond and adapt most easily?
«  How might these changes in ecosystems impact us?

b. Discuss the use of vegetation phenology as a marker of climate impacts.
© Why do scientists study phenology?
©  Whatare some ways to quantify and measure vegetation phenology?
 How would we expect vegetation phenology to be changing over
years?
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Climate Change

Variations of the Earth's surface temperature for...

R s .. * Inthe Northeastern US
the past 140 years (global)

" mean annual
«~  temperature increased
=« 0.7°Cover 30 years
(0.26° C per decade)

« e Expected another 2-
*  6°Cover next century

00 (Ollinger, S.V. “Potenail effects of
climate change and rising CO2 on
ecosystem process in northeastern
wn U.S. forests)




Why does it matter?

Impacts on plant

Carbon balance of

productivity terrestrial ecosystems
* Competition between * Feedback into
plant species atmosphere
* Interaction with other ~ « Water, energy
organisms exchange
* Food production * Timing of migrations
* Shifts in agricultural and breeding
* Pest and disease
control * otherideas?

Pollen forecasts
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Phenology is the science that measures the
timing of life cycle events in all organisms

Earlier Springs

Listening to the story they tell year s
after year can tell us about climate
change

Plants provide an excellent context to
understand changes in the
environment

They are extremely sensitive
to:

* temperature change

* precipitation change
e growing degree days




Phenology: A glimpse of
ecosystem Impacts

Some potential effects:
— Wildlife populations
— Vegetation health

— Species composition and
ranges

— Water availability

— Nutrient cycling and
decomposition

— Carbon storage
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Measuring Phenology

Field Observations Satellite Remote Sensing

How do scientists monitor vegetation phenology?
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Measuring Phenology on the ground

Field Observations

Timing of sugar maple leaf drop
Monitored at Proctor Maple Research Center

Days differentfrom long-term average

Sandra Wilmot Tom Simmons|

ermont
onitoring
ooperative

Helps us “see” the canopy as a
satellite might see it
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Hemispherical Imagery
» Scientists spend big bucks to purchase the
equipment and software necessary to link
ground measurements with satellite imagery.

¢ Calculate canopy closure, transparency, leaf
area index, vegetation indices, gap fraction, etc.

Measuring Phenology

Satellite Remote Sensing

Land surface phenologies in 2000 revealed by
three AVHRR biweekly composites.”

From USA National Phenology Network
(USANPN)

How do you see phenology from space?
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Chlorophyll, strongly abs visible light for photosynthesis.
* Leaf cell structure reflects\near-infrared light.
* NDVI exploits these characteristics of
vegetation reflectance to quantify how NV = (NIR — VIS)
much, how dense and how productive (NIR + VIS)
vegetation is.

http://wwisfao.org/docrep/003/ T0446E/T0446E04 ht |




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.
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Corn/Soy belt
Central Illinois

7 i 1

Kirsten M. de Beurs, Ph.D.

Virginia_Tech Universit,

-<oz

Death Valley

What would this :
NDVI curve look like?|

Kirsten M. de Beurs, Ph.D.
Virginia Tech University
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o Forest

Southwest Virginia
N,
Voo
I

What would this

NDVI curve look like:

Kirsten M. de Beurs, Ph.D.
Virginia Tech University
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o Tundra Northern Alaska

01

03

What would this
NDVI curve look like:

Kirsten M. de Beurs, Ph.D.

Virginia_Tech Universit,

comparison of
NDVI values for
different dates

*  http://www.seiswaves.com, i ims/leicester,
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Plotting NDVI
Use of NDVI to identify key phenological dates
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How do you determine dates?

Northwest lowa Corn Belt

. Use of NDVI
“ thresholds to
= identify key
« phenological
VAL RS Ve Ry dates

Month

NDVI

Start of Season - NOVI (SOSH)
NOVI el forbeselin) entfed f

1o day ofth yeorhaving 3 congistent
upvard rendin e series NDVE lavel

ing of measurabie phoosinesis

Start of the Season

http://phenology.cr.usgs.gov/methods_metrics.php;

Common Thresholds

0.5 of the Max:Min NDVI ratio fo approximate
the start and end of the season

[oX:)
0.7
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0.1
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Kirsten M. de Beurs, Ph.D. Virginia Tech University
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Other key phenological dates

Phenological
RSP Data Set Acranym | He O on Description
Startof Season - Time | SOST | Beginning of Day of year identified
measurable a5 having a
photosynthesis in | consistent upward
clck o antirge the vegetation trend in time series
Startof Season -NDVI | SOSN | Level of NDVI valus Cor
photosynthetic baseline) identified at
activity at the the day of year
clck o antirge beginning of identified as a
measurable consistent upward
photosynthesis trend in time series
NDVI
End of Season ~Time EOST | End of measurabls | Day of year dentified
photosyrnthesis in | at the end of
the vegetation consistent downward
clck o antirge canopy trend in time series
End of Season -NDVI EOSN | Lsvel of NDVI value
photosynthetic corresponding with
activity at the end of | the day of year
clck o antirge measurable identified at the end
photosynthesis of a consistent
downward trend in
time series NDVI
Tire of Maxirmum MAXT | Time of maximum yean
photosynthesis in | corresponding to the
the canopy rmaximurm NOVI in an
clck o antirge annual time series
Maximum NOVI MARN | Maximum level of | Maximum NDVI in an
photosynthetic annual time series
l:l activity in the
clik to enfarge canopy

http://phenology.cr.usgs.gov/methods_metrics.php

Satellite Observations....
what do they mean on the ground?

@ *How do we know our satellite derived
NDVI is accurate?

» *How does a given value of NDVI relate to
"' phenology stages on the ground?

Ground-based observations
help scientists validate
estimates of growing seasons.
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Processing and analysis of digital photographs

The analysis of digital images and remotely sensed data is central to contemporary
monitoring of our planet. Because these data are often collected by satellites, or
other sophisticated monitoring equipment, they are usually presented to students in
an intangible manner that doesn’t engage them in the collection or analysis. The
Picture Post Learning Progression introduces you to a new research tool that
standardizes the collection digital images through a series of protocols that allows
the data to be compared over time, or with that from other sites. In addition to its
own investigative value, the Picture Post is a bridge to understanding the
fundamental aspects of collecting images and analyzing them digitally.

(PicturePost Learning Progression required)
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@Y picture post
Home | StuffYouCanDo | Educators | Buy | Buld | Help | MyPage | Login ﬂ" R

Picture Post
http://picturepost.unh.edu/

Featured Picture Post
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You can.

Learn how!

ﬂ picture post

Picture Post s a part of the
Digital Earth Watch (DEW)
natwork. DEW i
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A stable permanent platform

in an ecological important location
where you take
photographs
over time
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What you can do with Picturepost

*Contribute photographs to the
scientific network i

*Track changes in
your site over time

imagery of your area

The Picture Post Process

Install a
permanent
PicturePost

Select a
Location

Take pictures
once a week

Upload
pictures to
the DEW
website

Analyze
Characteristics
of your pictures

ID and track
key
phenology
stages

Contribute to Track Track
the scientific changes over | changes over
Network seasons years

a. Using a standardized protocol, set up a Picture Post to use as the foundation for
ongoing monitoring of a specific location, as well as for comparison to other sites
throughout the state, region and country. (PicturePost Guide Required)

© Why is following a protocol important in setting up the Picture Post?
 Whatare some considerations that we should take into account when
choosing a location for our Picture Post?

7/25/2011
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What you need

» Apermanent plot to visit
Digital Camera

Camera Mounting Block and post
Compass

Computer (for image upload)
Downloaded freeware

A group committed to taking

regular photos of their site
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The Picture Post Process

*Choose an easily accessible location
*Include vegetation in each canopy level

Include a landmark feature for reference

The Picture Post Process

Install a
permanent
PicturePost

12



b. Use the Picture Post, in conjunction with a digital camera, to collect a series of
digital images. Images are uploaded to a nationwide, online database for
comparison and contribution to scientific efforts. (PicturePost Guide

7/25/2011

Required)

e What are some considerations when using an instrument such as a digital

camera to collect data for analysis?

change?

What types of information might a digital image contain, that would be
useful in monitoring an ecosystem, particularly in relationship to climate

The Picture Post Process

During a most of the year, take photographs once a week.
To study the seasonal cycles, take photographs once a
day during spring “green up” and autumn “green down.”

Take pictures

once a week

the sky

*Record the time and
date of your photos

*Take 8 photos of the
landscape (clockwise
starting N) and one of

Take pictures
once a week

The Picture Post Process

2010-05-07 08:49)
fag

2010-04-20 10:40)
flag

2010-03-20 08: 19|

R o
A o
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The Picture Post Process

Upload 1. Register and Log in to the site
SRie 2. Create your Picture Post location within the
website database

http://picturepost.unh.edu/help addpost.jsp

e | StufivouCanDo | Educators | Buy | Euild | Help | MyPage | Logout

Contribute to R 8 picture post
the scientific Name:
Network Description:

e il Farm (PHF)

Tnstall Date: [Soor | mmors [ do | e zone |

[ [ v[e vi [Eomamme =]

Location: Enter the latitude (-90.0 to 90.0) and longitude (-180.0 to 180.0) position of your post.
latitude (s34 | longitude 123028

The Picture Post Process

Upload Upload your photos on your “My Page”
pti;‘e“l;e;\;f http://mvh.sr.unh.edu/mvhtools/uploading_
website photos.htm - - - SR

R rceros

Contribute to o e e |
the scientific ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
Network

How t Upload:

TN

SWAC

c. Create hemispherical mosaics and time series animations of your site to
visualize changes in phenology over time. (PicturePost Guide and Panorama
software Required)

*  Which portions of your study site change the most? Which change the
least?

Which are the first to “green up”

Do you see changes not related to vegetation? What is causing these
differences? Where could there be error in our measurements?

14
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Download the Panorama Software

Visualize Panorama Factory
Panorama Factory hilft, die notwendigen Einzelbilder eines kiinftigen Panoramas
changes over perfekt 2u verkniipfen. Dabei werden Unregelmassigkeiten bei der Bslichtung
einzelner Fotos auf das Gesamtresultat abgestimmt. Eine Vielzahl von
Werkagugen ilft Fortge schritteren, wie abniuten Nevlingen professionelle
bnisse zu erzielen. Mit wenigen Mausklicks entstehen in Minuten passgenaue

Panoramen, Das Prog
Objektive oder Konverter. Als kleinen Vargeschmack konnen Sie hier sin Panorama

von Bielefeld ansehen, das mit diesem Programm gefertiot wurde.
T =

FOTO-FREEWARE
vownwoan U

TOP-AWARD @

time

Panarama
Factory
Software

Hersteller: John Strait
Lizenz: Freeware
Betriebssysteme: Windows 98 | ME | 2000 | XP | vista | 7

Sprache: Englisch
Dateigrésse: & 2.45 MB
[_Forum ]

Forum: Meinungen, Hilfe und Support

http://www.foto-freeware.de/panoramafactory.php

Panorama Software

o Upload your photos into the Panorama Factory
changes by clicking on the Camera Icon

over time

i The Panorama Factory - Panarazial
Fle Edt Trim Image View Jofls Window Hep

Panarama
Factory
Software

Size | Type
3,736K8 FGFle
3481KB JPGFle
3503K6 PG
3,660KB FPGFle

PGF
A49KR PGFR

>

|
Filename:  [WTPHFIEEO72211 jpg " WTPHFINED72211.|
Files of type: [l supported fomats &l (Eerend

Panorama Software

Visualize
changes |_The Panorama Factory - [Paneramai]
@ Fle £k Tim Inage View Toos Window Hep

over time EEEEEREEL
G >3 0¥ |[Be Be | I3[ 1 oid M

VX SHEEME SO0 @

—— Drag your newly imported photos
Factory into the correct order
Sciluaie Select them all with the CTRL button

Click on the Stich Icon

Tporeg mooied Toporag
QSZNXZME QZ{ZBUZMH

Tmpored Tonoreg
Q}ZEOXZMB Q‘G)ZBMZMB 326432448
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Panorama Software

The Panorama Factory - [VTPHF1PANO72211.jpg]
B €t T Inage View Toos Window Help

L tew culn

open.. culvo

Visualize
changes
over time

Save Auchive.

Panarama

o
Factory . el 1. Select your new panorama
o - _ _
Sl s . From the File Tab select Save View As
& ez
SRRt o . Now you can save your panorama as

Ext

a jpg. Or .tif for later analysis or
stacking.

More Visualization Tools

Visualize
[ENTEY

overtime Animate Your Images

Panarama
Factory
Software

Make your own Picture Story
using Windows Movie Maker
or Apple’s QuickTime Pro

-

d. Identify a specific portion of one of the images for more in-depth analysis
relating to phenology. (PicturePost Guide and ADI software required)

*  Why did you select this specific portion of the image? What species or
landscape feature is it focused on?

How do different vegetation types differ in their greenness?

How does the temporal scale (length of time for which you have data) of
your observations affect what you can infer from the data?

®

Graph your greenness index over time to determine the start and end of the
growing season at your site. (Greenness Activity Guide and spreadsheet
software required)

e Whatare some different ways to determine when a growing season
starts?

How do greenness curves differ between eco-regions?

How does the start and end of the growing season this year compare to
previous years?
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Download the ADI Software

Measuring

Measurng Home | Awowncemens | Challonges | ForEducators | Sitap |
VS eai " Tinvestigations W |_Datalinks W_| Fros Software ¥ || Partmors ¥_|_UsefulTools ¥_|

uantify

QELY I Googe 5o ]| O W1 O Wet [ o7, 2009 [ i it versin |

Canopy

Characteristics
Each software program and guide that follows may be downloaded and used for all education uses.

New Software Bundles for Workshops in 2008
Mac 0SX versions:

Color Basice Softwars 2008
Digital Image Basice Software 2008

. eATE ATy eyt Opening AnalyzingDigitallmages.2ip
Analyzing Ermiy ey e T )
Digital {21 Analyzingbigitalimages.zip
PC Windows versions: whichis ;. 3o Fle
Images from: s anh.ecs
Software Color B: 2008
Digtal Image Basics Sofware 2008 )
Analyzing Digtal Images Sofware 2008 O gpenvin [Eoree
Forest Analycis Software 2008
etalon Analysic Software 2008 Olgavebe

] Do this gutomatically for fls ke thisfrom now on,

Measuring Vegetation

Programs ae listed n the following sequence
tools.Ukilty programs are also available and

For sach cancept grouping, saftware is e - T prograThs at ance

http://mvh.sr.unh.edu/software/software.htm
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Analyzing your imagery

Open the Analyzing Digital Imagery Program
Quantify Click Open a Picture and browse to your image
Canopy

o Select NONE for the Calibration Method

s kb ks e

) (oo ) (emarcscoon ] [ weskcoon ) (_crewcnoraueny ] (s

Analyzing
Digital
Images

Software

Chang Colors o

S ond Gl
i

spatilToots

e vt e o
el daanirs g s Salect Method to Calbrate the Pixel Size

e

ey o cacn s
Kot nages iy £ 503 o o1

s

s o1 e, s cone=n
i o o s ond

VP s ] ey
S

Analyzing your imagery

Select the Rectangle Tool to isolate an area of

Quantify vegetation in your image
Canopy
Characteristics

i s st Soecobr e Aot Colt ks 0.

Syt ] [ Emneecoos ) [ wescows | [ crevecomauan ] [ oo

Spetiel ook measure the color and size of
features i digialimages

ol Vasion fmage o iew and e

Oongnel OFmamess Owssies

Analyzing
Digital

crange o0

Images
Software

a
kot w1 187 4@
v

Color iy )

mee s 59
g “

o zomec i, sund
g by a5 o &
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Analyzing your imagery

Record your color intensities for the Red,

Quantify Green and Blue Bands
Canopy
Characteristics

o] [ Emaescons ) ([ macoon

bpatel tooks measurs the color and size of
atures n ligtal images.

Analyzing
Digital
Images

Software
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Analyzing your imagery

Calculate your greenness Index as:

Quantify

Canopy

Characteristics Gireenness index = Cireen

Red + Blue + Green

Analyzing
Digital
Images

Color  Intensity [%]

Software Auerage Red B3
Average Green i)
: 69
Average Blue 41 — = =0.398

(63+69+41)
Intensities of calors range from 0%,
tmeaning none ofthe coloris present, to
100%, when maxitmum colaris present.

Analyzing your imagery

Investigate how grass compares to trees or

Quantify how shadow compared to sunlit areas
Canopy
Characteristics

B =0.439
(11+18+12)
Analyzing
Digital
Images
Software
(32+45+22)
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Quantify
Canopy
Characteristics

Analyzing
Digital
Images

Software

Analyzing your imagery

Track changes over time
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‘Measuring Greenness Index - Activity Worksheet *
b 10
%081
508
Greenness Index Data Table ©°
Tl | el e B G £
e I e 06|
2
[
S04
o
4
Go2-
2
G index is calculated  the equation bel 00— T
e by sing e el Spring Summer Fall
G e Season

f. Compare your picture post images to corresponding MODIS images
(PicturePost guide and link to GLOBE carbon cycle website required)

* How do Picture Post images compare to corresponding MODIS images,
and what potential variables might affect the correlation between these
two data sources?

« Use the tool to explore the relationship between albedo and greenness,
and what the high and low values on the graphs look like in the images.
How might this tool be valuable in studying biomes, tree species
distribution and their response to climate change?

eons Tk kot e

19



