


Overview
This module:

Å Describes how to select and define a GLOBE Phenology Protocol Study Site
Å Provides a step by step introduction of the protocol method

Learning Objectives

After completing this module, you will be able to:
Å Define phenology and what is meant by tree and shrub green-up
Å Describe the importance of quality control steps in the the collection of 

accurate data
Å Describe why green-up data is important for understanding our changing Earth 

system
Å Identify a tree and shrub  green-up study site and conduct measurements in 

the field
Å Upload data to the GLOBE portal
Å ±ƛǎǳŀƭƛȊŜ Řŀǘŀ ǳǎƛƴƎ D[h.9Ωǎ Visualization Site 

Estimated time of completion of module: 1.5 hours



The Biosphere

The Biosphere is 9ŀǊǘƘΩǎzone of life. Every
organism on Earth belongs to the biosphere.
GLOBEhas severalways to explore and measure
components of the Biosphere through
investigations in land cover and phenology. As
well, the Hydrosphereinvestigationsinclude the
macroinvertebrates and mosquito larvae
protocols.

Tree and Shrub Green-Up is one of the GLOBE
phenologyprotocols.

You can found more information in: 

Biosphere Introduction

Photo Credit: Shelley E. Olds

https://www.globe.gov/documents/355050/efb91c50-32cb-4733-a2f6-1e2acaebc575


What is Green- Up?

Å Phenologyis the study of living ƻǊƎŀƴƛǎƳǎΩ
responseto seasonaland climaticchangesin
the environmentin whichthey live.

Å The plant growing season is the period
betweengreen-up andgreen-down.

Å Plantgreen-up is initiated when dormancy(a
state of suspendedgrowth and metabolism)
is broken by environmentalconditions such
as longer hours of sunlight and higher
temperaturesin temperate regions,or rains
andcoolertemperaturesin desertareas.



When is Green-Up?

Å Formanyplacesaroundthe world, there isonegreen-up andgreen-down
cycle,e.g., onewarmandcoldseason.

Å Thereareplaceswheremultiple wet anddry seasonscanoccurin a single
year,resultingin multiple green-up andgreen-down cycles.



Why Collect Green-Up Data?
Scientists are very interested in when leaves appear in spring and how quickly they expand. 
The timing and rate of fall leaf changes, such as color changes and leaf drop, are also 
important. These plant phenological events are directly related to global carbon fixation 
and the amount of carbon dioxide in the atmosphere. Also they affect and are affected by 
air temperature and humidity and soil moisture. Green-up data are used by scientists to:

Å To calculategrowing seasonlength and monitor interannual
changesin growingseasonduration

Å To determine how environmentalconditionssuchas air and
soil temperature,precipitation,soil moisture,and day length
affectplant growth

Å To monitor the nature and extent of climate changeand its
effectson plantsandanimals

Å Tohelp interpret satellite observationsof greenness

Å usein climate and ecologicalmodels,and predictingforested
or grasslandareasusceptibilityto fire.



How Your Measurements Can Help

ÅMonitoring the lengthof the growing
season is important for society so
that it canbetter adapt to variations
in the length of the growing season
and to other impacts of climate
change, which may affect food
production, economic growth, and
humanhealth.

ÅHere is a link to a scientificvisualizationthat showschangesin early spring
frost-free regions,comparingaveragevaluesin the early1950s with the late
2000s:

http://svs.gsfc.nasa.gov/cgi-bin/details.cgi?aid=4154


Green-Up data help scientists to interpret satellite 
images 

Many scientistsuse data from
a NASAsensor,the Moderate
Resolution Imaging
Spectrometer (MODIS), to
monitor the seasonaldynamics
of vegetation. Green-up/green-
down data gatheredby GLOBE
students, using consistent
methods all over the world,
are one of the best tools with
which to verify the accuracyof
thesesatelliteproducts.

The NormalizedDifferenceVegetationIndex is the analysisof the greennessof Earth
viewed from spacethrough the examinationof two different spectralwavelengthsof
light (near infrared and red). Scientistcan use this data to track major changesin the
densityof 9ŀǊǘƘΩǎvegetationand study changesin plant growth asa result of climate
andenvironmentalchangesaswell ashumanactivity.

Seewhere green-down beginsin your areahere. Pagethrough the monthly changesin
net primary production to seewhere greengivesway to brown and identify the time
frameyouwill want to beginyour observations.

http://neo.sci.gsfc.nasa.gov/view.php?datasetId=MOD17A2_M_PSN
http://neo.sci.gsfc.nasa.gov/view.php?datasetId=MOD13A2_M_NDVI
http://neo.sci.gsfc.nasa.gov/view.php?datasetId=MOD13A2_M_NDVI


Scientific Importance of Green-Up and Green-Down

Remote sensing from space has the
great advantageof beingable to cover
very large areasquickly and to revisit
the same area frequently. However,
someof the detail that can be seenat
groundlevel may not be detectedby a
remotesensingsystem.

Scientistsneed the data collected at
samplesiteson the groundto interpret
remotely senseddata about an area. It
is not possibleto effectivelyvisit every
place on Earth to map the land cover.
Instead, we rely on samplesςactual
ground visits ς and relate these
samples to what we can see using
variousremotesensingsystems.

As you zoom in on a 15 km x 15 km satellite image, the 
pixels (which are 30 m x 30 m in size) become visible.  You 
will be taking field measurements at sites that are 90 m x 
90 m (equal to 3 pixels x 3 pixels). 



[ŜǘΩǎ Řƻ ŀ ǉǳƛŎƪ ǊŜǾƛŜǿ ōŜŦƻǊŜ ƳƻǾƛƴƎ ƻƴǘƻ Řŀǘŀ 
collection! Question 1

1. What part of the Earth system is known as the zone of life?

A. Atmosphere

B. Biosphere

C. Lithosphere

D. Hydrosphere

Do you know the answer?



[ŜǘΩǎ Řƻ ŀ ǉǳƛŎƪ ǊŜǾƛŜǿ ōŜŦƻǊŜ ƳƻǾƛƴƎ ƻƴǘƻ Řŀǘŀ 
collection! Answer to Question 1

1. What part of the Earth system is known as the zone of life?

A. Atmosphere

B. Biosphere- correct J

C. Lithosphere

D. Hydrosphere

Were you correct? 



[ŜǘΩǎ Řƻ ŀ ǉǳƛŎƪ ǊŜǾƛŜǿ ōŜŦƻǊŜ ƳƻǾƛƴƎ ƻƴǘƻ Řŀǘŀ 
collection! Question 2

True or False: In every part of the world, there is one green-up 
and green-down cycle. 

Do you know the answer?



[ŜǘΩǎ Řƻ ŀ ǉǳƛŎƪ ǊŜǾƛŜǿ ōŜŦƻǊŜ ƳƻǾƛƴƎ ƻƴǘƻ Řŀǘŀ 
collection! Answer to Question 2

True or False: In every part of the world, there is one green-up 
and green-down cycle.  False 

Were you correct? 



[ŜǘΩǎ Řƻ ŀ ǉǳƛŎƪ ǊŜǾƛŜǿ ōŜŦƻǊŜ ƳƻǾƛƴƎ ƻƴǘƻ Řŀǘŀ 
collection! Question 3

Why are scientists interested in green-up data? The data can be 
used to:

a) to help interpret satellite observations of greenness, such as 
imagery of the   Normalized Difference Vegetation Index (NDVI)

b) to determine how environmental conditions affect plant growth

c) calculate changes in growing season length and onset over 
years

d) monitor the nature and extent of climate change and its effects 
on plants and animals

e) All of the above

f) Only A and B

Do you know the answer?



[ŜǘΩǎ Řƻ ŀ ǉǳƛŎƪ ǊŜǾƛŜǿ ōŜŦƻǊŜ ƳƻǾƛƴƎ ƻƴǘƻ Řŀǘŀ 
collection! Answer to Question 3

Why are scientists interested in green-up data? The data can be 
used to:

a) to help interpret satellite observations of greenness, such as 
imagery of the   Normalized Difference Vegetation Index (NDVI)

b) to determine how environmental conditions affect plant growth

c) calculate changes in growing season length and onset over 
years

d) monitor the nature and extent of climate change and its effects 
on plants and animals

e) All of the above ςcorrect J

f) Only A and B

²ŜǊŜ ȅƻǳ ŎƻǊǊŜŎǘΚ [ŜǘΩǎ ƴƻǿ ƭƻƻƪ ŀǘ Řŀǘŀ ŎƻƭƭŜŎǘƛƻƴΦ



Overview of the Tree and Shrub Green-Up Protocol

When At least twice a week beginning two weeks 
prior to the anticipated start of green up, until 
leaf growth plateaus*

Where Tree and Shrub Green-Up and Green-Down
Site

Time Needed 10-15 minutes per measurement 

Prerequisites None

Primary Instrument Metric ruler

Skilllevel All

References Treeand Shrub Green-Up Protocol Field Guide
Tree and Shrub Green-Up Data Sheet
Tree and Shrub Green-Up and Green-Down 
Site Selection Field Guide and Data Sheet

* Because of the possibility of multiple growing seasons in a year, we are asking you to report which 
cycle you are observing. If there is only one cycle, then you report green-down cycle 1. The onset of 
the first green-down after 1 January is considered green-down cycle 1.



Important Definitions for Green-Up 

ÅDormancy is a state of suspended growth and 
metabolism.

ÅSwelling is seen when the bud is getting bigger.

ÅBudburst is the emergence of new leaves 
(photosynthetically active foliage) on plants, which 
signals the beginning of a new growing season 
cycle. 



Tree and Shrub Green-Up Protocol 
Assemble Field Equipment

What You Need

Å Pencil or pen

Å Camera

Å Compass

Å Fine-Tip Permanent Marker

Å Ruler with mm units 

Å Tree ID Guide

Documents Needed in the Field

Å Site Definition Sheet

Å Tree and Shrub Green-Up and Green-Down Site Selection 

Å Tree and Shrub Green-Up Data Sheet

Å Tree and Shrub Green-Up Protocol Field Guide

http://www.globe.gov/documents/348614/8c79fb1e-7c89-49c9-ba29-4a1ca05c5191
http://www.globe.gov/documents/355050/0ae2e930-1ea9-4850-a782-704486e8b392
http://www.globe.gov/documents/355050/4b9c614b-354a-409c-947c-92a92188a688
http://www.globe.gov/documents/355050/f96eb608-770a-40e2-b5ae-6e78b051316c


Tree and Shrub Green-Up Protocol  (1/8 slides)
Overview of Steps

Å Define the site

Å Take GPS measurement

Å Tree and shrub species

Å Take pictures of study site

Å Tree or shrub data: four buds of the same 
branch

Å Date

Å bud condition

Å leaf length



Site selection (2/8)

Å Site selection is important!

Å Objective ςchose plants that are 
indicative of the surrounding climate

ï Native species

ï Not watered or fertilized

ï Away from buildings. 

To determine if the plant is too closeto a building, stand at the plant
and sight the top of the building through your clinometer. If the angle is
greater than 45ɕΣthe building is too close.



Other Site Selection Considerations (3/8)

Deciduous trees or shrubs, or grasses. Select one or more species that is 
common in your area. Think from the perspective of a satellite ςwhat is the 
ǎŀǘŜƭƭƛǘŜ άǎŜŜƛƴƎέΚ

Selecta site closeto an atmosphereor soilmoisturesite, if possible. Ideally,
it shouldbe lessthan 2 km from your atmosphereor soil moisturesite, and
havean elevationdifferencelessthan 100meters. Whyis this important?

Å Localtopographyaffectsweathersignificantly

Å Accessibility. Choosea site that canbe easilyvisitedrepeatedly

Å Consistency. If possiblechoosethe sameplant/s eachyear.



First Visit: Tree and Shrub Green-Up Protocol (4/8)

First time only/getting started

1. Complete the upper portion of your Tree and Shrub Green-Up Data
Sheet.

Å2. For the selected tree or shrub, locate the bud at the end of the branch.
Label this bud by marking one dot on the branch next to the bud.

Å3. Locate the three other buds closest to this bud. Label these buds by
marking two, three, or four dots next to them.

Photo Credit: Markus Eugster



First Visit: Tree and Shrub Green-Up Protocol (5/8)

ÅFirst time only:

Å4. Take a photograph from the center of your site looking in the north, south,
east, and west directions.



Every Visit: Tree and Shrub Green-Up Protocol (6/8)

1. Examine each bud.

ÅRecord ñdormantòif the bud is unchanged.

ÅRecord ñswellingòif the bud is getting bigger.

ÅRecord ñbudburstòthe first day you see the green tips of leaves.

ÅRecord ñlostòif something happens to the bud and you cannot continue
observations.

2. After each budburst, use a ruler to measure the length of the leaf or leaves.
Do not include leaf stem or petiole in your leaf measurements.

3. Measure the leaves until the leaf length stops increasing. Different leaves
may stop growing at different dates



Every Visit: Tree and Shrub Green-Up Protocol (7/8)



Every Visit: Tree and Shrub Green-Up Protocol (8/8)



[ŜǘΩǎ ǊŜǾƛŜǿ ǎƻ ŦŀǊΗ vǳŜǎǘƛƻƴ п

When selecting a phenology site, you want to be sure it is accessible and 
easy to visit, and that you collect data that can be examined in the context 
of other GLOBE data you might collect.  GLOBE recommends you place 
your site as close to your other study sites as possible, and no further than:  

a) 2 km from your Atmosphere or Soil (Pedosphere) investigation sites

b) 100 m difference in elevation from your Atmosphere or Soil study sites

c) Both A and B

d) Neither A nor B: you must collect your data at your Biosphere Land 
Cover study site.

What is the answer? 



[ŜǘΩǎ ǊŜǾƛŜǿ ǎƻ ŦŀǊ! Answer Question 4

When selecting a phenology site, you want to be sure it is accessible and 
easy to visit, and that you collect data that can be examined in the context 
of other GLOBE data you might collect.  GLOBE recommends you place 
your site as close to your other study sites as possible, and no further than:  

a) 2 km from your Atmosphere or Soil (Pedosphere) investigation sites

b) 100 m difference in elevation from your Atmosphere or Soil study sites

c) Both A and B- correct J

d) Neither A nor B: you must collect your data at your Biosphere Land 
Cover study site.

Were you correct?



[ŜǘΩǎ ǊŜǾƛŜǿ ǎƻ far! Question 5

How many buds do you need to monitor on each branch when applying 
the Green-up Protocol?

a) All the buds 

b) 10 buds 

c) 4 buds 

d) 1 bud 

What is the answer? 



[ŜǘΩǎ ǊŜǾƛŜǿ ǎƻ ŦŀǊΗ Answer to Question 5 

How many buds do you need to monitor on each branch when applying 
the Green-up Protocol?

a) All the buds 

b) 10 buds 

c) 4 buds ςcorrect J

d) 1 bud 

Were you correct? 



Report Your Data to GLOBE

ÅLive Data Entry: Upload your data to the 
official

ÅGLOBE science database

ÅEmail Data Entry: Send data in the body of 
your email (not as an attachment) to 
DATA@GLOBE.GOV

ÅMobile Data App: Download the GLOBE 
Science Data Entry app to your mobile device 
and select the right option.

ÅFor Android viaGoogle Play

ÅFor IOS via theApp Store

https://www.globe.gov/home?p_p_id=58&p_p_lifecycle=0&p_p_state=maximized&p_p_mode=view&p_p_col_id=column-2&p_p_col_count=2&_58_enter_data=1&saveLastPath=0&_58_struts_action=/login/login&_58_redirect=https://data.globe.gov
mailto:DATA@GLOBE.GOV
https://play.google.com/store/apps/details?id=gov.nasa.globe.deapp&hl=en
https://itunes.apple.com/us/app/globe-data-entry/id980592274?ls=1&mt=8


Data Entry Screen- Step 1


