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DEACTIVATED PROTOCOL: Please note that the GLOBE Biosphere Protocols - Lilac Phenology and Ruby-throated Hummingbird have been deactivated as of September 2023. 
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Biosphere Investigation
at a Glance

Protocols

Daily and Bi-Weekly, Seasonal Measurements 
Cloned and Common Lilacs (daily, Seasonal) 
Green-Up (bi-weekly, seasonal) 
Green-Down (bi-weekly, seasonal) 
Ruby-Throated Hummingbirds (daily or bi-weekly, seasonal)  
Phenological Gardens (daily or bi-weekly, seasonal)  
Arctic Bird Migration (every other day from 2 weeks prior to expected arrival) 

Monthly 
Seaweed Receptacle Reproductive Stages (four months in a row)

Once Per Site (or when land cover type has changed) 
Land Cover Sample Site Protocol (Data collected once for each site: GPS location,  
photographs,	land	cover	classification) 
Biometry Protocol (Data collected once to determine land cover class of Land  
Cover Sample Sites or more often to study changes in biomass over time:  
canopy cover and ground cover, tree, shrub and/or graminoid height, tree  
circumference, graminoid biomass, dominant and co-dominant vegetation) 
Carbon Cycle Site Selection
Carbon Cycle Standard Site Set-up
Carbon Cycle Non-Standard Site Set-up
Carbon Cycle Standard Site Tree Mapping
Carbon Cycle Non-Standard Site Tree Mapping

Yearly
Carbon Cycle Standard Site Tree Circumference
Carbon Cycle Non-Standard Site Tree Circumference
Carbon Cycle Standard Site Shrub/Sapling
Carbon Cycle Non-Standard Site Shrub/Sapling
Carbon Cycle Standard Site Herbaceous
Carbon Cycle Non-Standard Site Herbaceous

DEACTIVATED PROTOCOL: Please note that the GLOBE Biosphere Protocols - Lilac Phenology and Ruby-throated Hummingbird have been deactivated as of September 2023. 
To learn more about the Deactivation Process, please visit the GLOBE.gov website.

http://www.globe.gov/documents/355050/b094faa7-85b5-446d-91c1-3a839df7734b
http://www.globe.gov/documents/355050/ac287b49-8559-4f98-b9e5-a1421f5ae336
http://www.globe.gov/documents/355050/849d4a1a-96dd-4965-ab36-0ae77a447cd9
http://www.globe.gov/documents/355050/5b71b051-92a9-40a5-b4a1-a14de00d604b
http://www.globe.gov/documents/355050/1ad6afd0-0901-4827-b8ee-7fa224898e09
http://www.globe.gov/documents/355050/c9b7d850-711c-4803-8749-c6dd0612ed0d
http://www.globe.gov/documents/355050/f02f757f-092a-450e-ae6a-5688da9b8f82
http://www.globe.gov/documents/355050/cbe42658-f763-4a6d-90a8-bc2fac880fdc
http://www.globe.gov/documents/355050/7cb3bf74-52da-4ae7-9040-fa44e26e22cf
https://www.globe.gov/documents/355050/3cfae127-d96c-4216-8ba1-532506ed5306
https://www.globe.gov/documents/355050/88a7361d-1fda-44e5-b34f-d0258995e8e8
https://www.globe.gov/documents/355050/012c15c6-baf0-4ad1-a80b-0c1509564adf
https://www.globe.gov/documents/355050/a4f1839d-7ae7-4e9f-b8d7-3488d2b80708
https://www.globe.gov/documents/355050/2332df26-bb73-4373-80eb-9f6d34658485
https://www.globe.gov/documents/355050/752715f1-a78e-498f-ac44-40663fb32f4d
https://www.globe.gov/documents/355050/d5800ef4-de76-455d-915a-95d35e7e3476
https://www.globe.gov/documents/355050/ee51d7e8-66a9-4505-ad58-44019ef17bb1
https://www.globe.gov/documents/355050/11f78ab3-3d61-41f2-a813-6b58212064b4
https://www.globe.gov/documents/355050/34fcad44-8d33-46b5-97cb-7b596aec8d9b
https://www.globe.gov/documents/355050/ccd13dc4-518b-4528-b288-374f85555e4c
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Suggested Activities
Note: Certain Learning Activities are desirable prior to implementing Protocols.   
Read the Introduction to become familiar with concepts of the biosphere, land cover and 
phenology. 

Land Cover 
Read the Measurement Logistics and Suggested Methodology in the Introduction.  
Perform Getting to Know Your Satellite Imagery and GLOBE Study Site Learning Activity. 
Make a densiometer and clinometer (see Investigation Instruments). 
Review how to pace and use a compass, densiometer, clinometer and tape measure (see 
Investigation Instruments). 
Practice the GPS Protocol (see GPS Chapter) and the Biometry Protocol. 
Choose appropriate Land Cover Sample Sites within your Study Site (review Sample Site 
Selection and Set-up). 
Perform the Site Seeing Learning Activity (Beginner, or Intermediate) - introduces systems 
concepts. 
Perform the Leaf Classification Learning Activity	-	introduces	the	concepts	of	classification.	 
Practice using the MUC System to classify land cover.  
Perform Land Cover Sample Site Protocol at each Sample Site.  
Perform the Odyssey of the Eyes Learning Activity (Beginning, Intermediate, or Advaced) - 
introduces remote sensing. 
Perform the either the Manual Mapping: A Tutorial for the Beverly, MA Image (from the 
Appendix) if you will be doing a manual map or the Unsupervised Clustering Tutorial if you 
will be doing a computer-aided map. 
Perform either Manual or Computer-aided Land Cover Mapping Learning Activity using a 
Landsat satellite image.  
Perform the Bird Beak Accuracy Assessment Learning Activity to introduce accuracy 
assessment. 
Perform the Accuracy Assessment Tutorial from the Appendix to analyze the accuracy of 
your land cover type map. 
Perform the Land Cover Change Detection Learning Activity. 
Perform the Discovery Area Learning Activity - uses the satellite images and maps students 
create. 
Using GLOBE Data to Analyze Land Cover Learning Activity - relates land cover data to 
other GLOBE investigation measurements

DEACTIVATED PROTOCOL: Please note that the GLOBE Biosphere Protocols - Lilac Phenology and Ruby-throated Hummingbird have been deactivated as of September 2023. 
To learn more about the Deactivation Process, please visit the GLOBE.gov website.

http://www.globe.gov/documents/355050/f9786d4d-1d26-437c-8d12-dfcb2ec9d1d7
http://www.globe.gov/documents/355050/35ce2b38-aa1b-4b7c-af62-20088da93573
http://www.globe.gov/documents/355050/355099/Biosphere+Investigation+Instruments+-+Clinometer/ba6cd381-02be-4525-8fd4-f061515b9862
http://www.globe.gov/documents/355050/7cb3bf74-52da-4ae7-9040-fa44e26e22cf
http://www.globe.gov/documents/355050/61e78f98-5894-4219-89bd-186e8cda9514
http://www.globe.gov/documents/355050/0a36ad7d-656f-4699-b0b6-bd5e2d6aeddd
http://www.globe.gov/documents/355050/bd6a90e8-59f9-4408-9c76-e9f6d98f3dc4
http://www.globe.gov/documents/355050/cd48320b-da27-4269-8b8a-5e27e6a45be3
http://www.globe.gov/documents/355050/cbe42658-f763-4a6d-90a8-bc2fac880fdc
http://www.globe.gov/documents/355050/d341111b-ef33-4d5f-82b8-2456bb724bd6
http://www.globe.gov/documents/355050/b7a2468c-adf7-4280-a544-929ea197fcfb
http://www.globe.gov/documents/355050/20559cb6-0a71-4b38-b7f9-7992e1c08784
http://www.globe.gov/documents/355050/2faa6cfb-d5ad-407d-b0bc-e7b18f93af1e
http://www.globe.gov/documents/355050/19c0ce4a-ffcf-4e7a-a39a-2f4ff23fe68f
http://www.globe.gov/documents/355050/e3e1451c-4e5f-43b8-b769-5cbf2f7d71b0
http://www.globe.gov/documents/355050/e0b7c2ae-fd05-45ff-be36-f7c57ad7734f
http://www.globe.gov/documents/355050/3d3e1fb1-2072-40ed-b46d-47d239b61e0f
http://www.globe.gov/documents/355050/9ced24a5-7bc6-4441-91e2-9662233093e5
http://www.globe.gov/documents/355050/6a7e7a08-baf1-4462-99d1-7d0aa81f115e
http://www.globe.gov/documents/355050/f193deb2-142f-4507-8a09-cc576c7ca5f2
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Phenology  
If you intend on doing the Phenological Gardens Protocol, the best time to plant your garden is 
in the spring or autumn. Also, you must wait a year before collecting data. 
Green-Up Cards, A Sneak Preview to Budburst, and a First Look at Phenology learning activities 
set the stage for taking plant phenology measurements.  
Choose one of the Phenology Protocols to start (Green Down or Hummingbirds in the fall; Green 
Up, or Hummingbirds in the spring); Phenological Gardens throughout the year).  
A Beginning Look at Photosynthesis and Investigating Leaf Pigments learning activities help 
students better understand the process of photosynthesis. 
Global Patterns in Green-Up and Green-Down and Limiting Factors in Ecosystems help students 
to explore global trends in green-up and green-down and to explore why these patterns occur in 
different ecosystems.

Carbon Cycle
Read the Introduction to the Global Carbon Cycle.
Perform Carbon Cycle Learning Activities to gain understanding in systems thinking, carbon and 
the global carbon cycle. Use the Flowchart for Carbon Cycle and Systems Introductory Materials 
to choose the appropriate activities for your students. 
Determine if your site is Standard or Non-Standard with the Site Selection Protocol.
Perform Biomass Units activity to learn the concept of biomass.
Standard Sites Only: practice estimating percent cover with the Percent Cover activity.
Perform the Allometry activity to understand how circumference of trees can be used to estimate 
biomass.
Practice pacing and using a compass with the guides in the Standard Site Set-up Protocol or 
Non-Standard Site Set-up Protocol.
For sites with trees: learn and practice the correct way to measure tree circumference with the 
How to Measure Trees Supporting Protocol.

DEACTIVATED PROTOCOL: Please note that the GLOBE Biosphere Protocols - Lilac Phenology and Ruby-throated Hummingbird have been deactivated as of September 2023. 
To learn more about the Deactivation Process, please visit the GLOBE.gov website.

http://www.globe.gov/documents/355050/1ad6afd0-0901-4827-b8ee-7fa224898e09
http://www.globe.gov/documents/355050/71351540-65d6-46a2-b6dd-1504b4035170
http://www.globe.gov/documents/355050/5fa93edf-852a-43f0-8ef9-44300e5a2fc6
http://www.globe.gov/documents/355050/fa49c394-2f14-410e-abb8-6d73d329df64
http://www.globe.gov/documents/355050/849d4a1a-96dd-4965-ab36-0ae77a447cd9
http://www.globe.gov/documents/355050/5b71b051-92a9-40a5-b4a1-a14de00d604b
http://www.globe.gov/documents/355050/ac287b49-8559-4f98-b9e5-a1421f5ae336
http://www.globe.gov/documents/355050/ac287b49-8559-4f98-b9e5-a1421f5ae336
http://www.globe.gov/documents/355050/5b71b051-92a9-40a5-b4a1-a14de00d604b
http://www.globe.gov/documents/355050/1ad6afd0-0901-4827-b8ee-7fa224898e09
http://www.globe.gov/documents/355050/4a998d4a-4001-4573-bf13-6bda6e0b0b37
http://www.globe.gov/documents/355050/c71db6b8-8fde-4400-8345-7162c8192bbc
http://www.globe.gov/documents/355050/9ed5b1b9-323d-4886-8e9f-d3bc34ca6a80
http://www.globe.gov/documents/355050/96e0a41c-55cc-447c-bb51-8e4e584664db
https://www.globe.gov/documents/355050/14396119/IntroductionToGlobalCarbonCycle.pdf/650d0e25-3944-4ac3-959d-e8da347653f5
https://www.globe.gov/documents/355050/b9afed93-44b6-4692-869f-a061b75c5a25
https://www.globe.gov/documents/355050/3cfae127-d96c-4216-8ba1-532506ed5306
https://www.globe.gov/documents/355050/7d34fc3b-ef3c-49b5-a7dd-fb4a74ece686
https://www.globe.gov/documents/355050/10f7d59e-4995-4af2-b33f-33b664c5e6e4
https://www.globe.gov/documents/355050/5e499328-5723-4bb5-a2f7-f4a1ca95ce42
https://www.globe.gov/documents/355050/88a7361d-1fda-44e5-b34f-d0258995e8e8
https://www.globe.gov/documents/355050/012c15c6-baf0-4ad1-a80b-0c1509564adf
https://www.globe.gov/documents/355050/8d8f96ed-62bf-47d1-a992-9a200a63f693
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Table of Contents
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The Big Picture ...........................................................Introduction 1

Why Investigate components of the biosphere? .........Introduction 2

Scientists Need GLOBE Data .....................................Introduction 5

Educational Objectives ...............................................Introduction 5

Measurement Logistics ............................................. Introduction 10

Protocols at a Glance ............................................... Introduction 13

Suggested Methodology ........................................... Introduction 14

Implementation Considerations ................................ Introduction 19

Protocols

Land Cover

     Sample Site Selection and Set-Up
     Investigation Instruments: The MUC System
     Investigation Instruments: Clinometer

 Investigation Instruments: Densiometer
     Investigation Instruments: Compass
     Investigation Instruments: Tape Measure

 Land Cover Sample Site Protocol
 Biometry Protocol

     Fire Fuel Ecology Protocol 

Phenology

     Green-Up Protocol
     Green-Down Protocol
     Ruby-throated Hummingbird Protocol
     Lilac Phenology Protocol
     Phenological Gardens Protocol
     Seaweed Reproduction Phenology Protocol

  Arctic Bird Migration Monitoring Protocol 

Carbon Cycle

Carbon Cycle Site Selection
Carbon Cycle Standard Site Set-up
Carbon Cycle Non-Standard Site Set-up
Carbon Cycle Standard Site Tree Mapping
Carbon Cycle Non-Standard Site Tree Mapping
Carbon Cycle Standard Site Tree Circumference

DEACTIVATED PROTOCOL: Please note that the GLOBE Biosphere Protocols - Lilac Phenology and Ruby-throated Hummingbird have been deactivated as of September 2023. 
To learn more about the Deactivation Process, please visit the GLOBE.gov website.

http://www.globe.gov/documents/355050/9e8d0e0c-f273-4506-9cd0-2c01ebbccab4
http://www.globe.gov/documents/355050/cd48320b-da27-4269-8b8a-5e27e6a45be3
http://www.globe.gov/documents/355050/355099/Biosphere+Investigation+Instruments+-+Clinometer/ba6cd381-02be-4525-8fd4-f061515b9862
http://www.globe.gov/documents/355050/35ce2b38-aa1b-4b7c-af62-20088da93573
http://www.globe.gov/documents/355050/a8f43ef4-915a-4472-a1f6-fd8a7154d5a0
http://www.globe.gov/documents/355050/57aeeec0-269b-434b-98c2-f5c2a1895230
http://www.globe.gov/documents/355050/cbe42658-f763-4a6d-90a8-bc2fac880fdc
http://www.globe.gov/documents/355050/7cb3bf74-52da-4ae7-9040-fa44e26e22cf
http://www.globe.gov/documents/355050/1234a23e-9751-4c3e-8dbd-f0ff492474d7
http://www.globe.gov/documents/355050/ac287b49-8559-4f98-b9e5-a1421f5ae336
http://www.globe.gov/documents/355050/849d4a1a-96dd-4965-ab36-0ae77a447cd9
http://www.globe.gov/documents/355050/5b71b051-92a9-40a5-b4a1-a14de00d604b
http://www.globe.gov/documents/355050/1ad6afd0-0901-4827-b8ee-7fa224898e09
http://www.globe.gov/documents/355050/f02f757f-092a-450e-ae6a-5688da9b8f82
http://www.globe.gov/documents/355050/c9b7d850-711c-4803-8749-c6dd0612ed0d
http://Carbon Cycle 
https://www.globe.gov/documents/355050/3cfae127-d96c-4216-8ba1-532506ed5306
https://www.globe.gov/documents/355050/3cfae127-d96c-4216-8ba1-532506ed5306
https://www.globe.gov/documents/355050/88a7361d-1fda-44e5-b34f-d0258995e8e8
https://www.globe.gov/documents/355050/88a7361d-1fda-44e5-b34f-d0258995e8e8
https://www.globe.gov/documents/355050/012c15c6-baf0-4ad1-a80b-0c1509564adf
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Carbon Cycle Non-Standard Site Tree Circumference
Carbon Cycle Standard Site Shrub/Sapling
Carbon Cycle Non-Standard Site Shrub/Sapling
Carbon Cycle Standard Site Herbaceous
Carbon Cycle Non-Standard Site Herbaceous

Learning Activities

Land Cover

     Getting to Know Your Satellite Imagery and GLOBE Study Site
     Site Seeing (Beginner, and Intermediate verisons)
     Leaf	Classification
     Odyssey of the Eyes (Beginning, Intermediate, and Advanced versions)
     Bird Beak Accuracy Assessment
     Discovery Area     
     Using GLOBE Data to Analyze Land Cover
     Manual Land Cover Mapping

 Manual Mapping: A Tutorial for the Beverly, MA, Image
     Computer-aided Land Cover Mapping

 Accuracy Assessment Tutorial
   Land Cover Change Detection

     Change Detection Tutorial
   Do You Know Your MUC?

Phenology

  Green-up Cards
     A Sneak Preview of Budburst
     A First Look at Phenology
     A Beginning Look at Photosynthesis
    Investigating Leaf Pigments

Carbon Cycle

Flowchart for Carbon Cycle and Systems Introductory Materials

Paperclip Simulation and Model-Introduction to Systems Thinking

Carbon Cycle Adventure Story

Carbon Travels Game

Getting to Know the Global Carbon Cycle

Biomass Units 

Percent Cover 

Allometry

Biomass Accumulation Model 

DEACTIVATED PROTOCOL: Please note that the GLOBE Biosphere Protocols - Lilac Phenology and Ruby-throated Hummingbird have been deactivated as of September 2023. 
To learn more about the Deactivation Process, please visit the GLOBE.gov website.

https://www.globe.gov/documents/355050/012c15c6-baf0-4ad1-a80b-0c1509564adf
https://www.globe.gov/documents/355050/a4f1839d-7ae7-4e9f-b8d7-3488d2b80708
https://www.globe.gov/documents/355050/2332df26-bb73-4373-80eb-9f6d34658485
https://www.globe.gov/documents/355050/2332df26-bb73-4373-80eb-9f6d34658485
https://www.globe.gov/documents/355050/752715f1-a78e-498f-ac44-40663fb32f4d
https://www.globe.gov/documents/355050/752715f1-a78e-498f-ac44-40663fb32f4d
https://www.globe.gov/documents/355050/d5800ef4-de76-455d-915a-95d35e7e3476
https://www.globe.gov/documents/355050/d5800ef4-de76-455d-915a-95d35e7e3476
https://www.globe.gov/documents/355050/d5800ef4-de76-455d-915a-95d35e7e3476
https://www.globe.gov/documents/355050/ee51d7e8-66a9-4505-ad58-44019ef17bb1
https://www.globe.gov/documents/355050/ee51d7e8-66a9-4505-ad58-44019ef17bb1
https://www.globe.gov/documents/355050/11f78ab3-3d61-41f2-a813-6b58212064b4
https://www.globe.gov/documents/355050/11f78ab3-3d61-41f2-a813-6b58212064b4
https://www.globe.gov/documents/355050/11f78ab3-3d61-41f2-a813-6b58212064b4
https://www.globe.gov/documents/355050/34fcad44-8d33-46b5-97cb-7b596aec8d9b
https://www.globe.gov/documents/355050/ccd13dc4-518b-4528-b288-374f85555e4c
https://www.globe.gov/documents/355050/ccd13dc4-518b-4528-b288-374f85555e4c
http://www.globe.gov/documents/355050/f9786d4d-1d26-437c-8d12-dfcb2ec9d1d7
http://www.globe.gov/documents/355050/f9786d4d-1d26-437c-8d12-dfcb2ec9d1d7
http://www.globe.gov/documents/355050/61e78f98-5894-4219-89bd-186e8cda9514
http://www.globe.gov/documents/355050/61e78f98-5894-4219-89bd-186e8cda9514
http://www.globe.gov/documents/355050/0a36ad7d-656f-4699-b0b6-bd5e2d6aeddd
http://www.globe.gov/documents/355050/bd6a90e8-59f9-4408-9c76-e9f6d98f3dc4
http://www.globe.gov/documents/355050/d341111b-ef33-4d5f-82b8-2456bb724bd6
http://www.globe.gov/documents/355050/b7a2468c-adf7-4280-a544-929ea197fcfb
http://www.globe.gov/documents/355050/b7a2468c-adf7-4280-a544-929ea197fcfb
http://www.globe.gov/documents/355050/20559cb6-0a71-4b38-b7f9-7992e1c08784
http://www.globe.gov/documents/355050/e0b7c2ae-fd05-45ff-be36-f7c57ad7734f
http://www.globe.gov/documents/355050/6a7e7a08-baf1-4462-99d1-7d0aa81f115e
http://www.globe.gov/documents/355050/f193deb2-142f-4507-8a09-cc576c7ca5f2
http://www.globe.gov/documents/355050/f193deb2-142f-4507-8a09-cc576c7ca5f2
http://www.globe.gov/documents/355050/19c0ce4a-ffcf-4e7a-a39a-2f4ff23fe68f
http://www.globe.gov/documents/355050/19c0ce4a-ffcf-4e7a-a39a-2f4ff23fe68f
http://www.globe.gov/documents/355050/2faa6cfb-d5ad-407d-b0bc-e7b18f93af1e
http://www.globe.gov/documents/355050/2faa6cfb-d5ad-407d-b0bc-e7b18f93af1e
http://www.globe.gov/documents/355050/e3e1451c-4e5f-43b8-b769-5cbf2f7d71b0
http://www.globe.gov/documents/355050/e3e1451c-4e5f-43b8-b769-5cbf2f7d71b0
http://www.globe.gov/documents/355050/3d3e1fb1-2072-40ed-b46d-47d239b61e0f
http://www.globe.gov/documents/355050/71351540-65d6-46a2-b6dd-1504b4035170
http://www.globe.gov/documents/355050/5fa93edf-852a-43f0-8ef9-44300e5a2fc6
http://www.globe.gov/documents/355050/fa49c394-2f14-410e-abb8-6d73d329df64
http://www.globe.gov/documents/355050/4a998d4a-4001-4573-bf13-6bda6e0b0b37
https://www.globe.gov/documents/355050/1487e078-6b6f-48a8-a766-c45e17aba1db
https://www.globe.gov/documents/355050/1487e078-6b6f-48a8-a766-c45e17aba1db
https://www.globe.gov/documents/355050/1487e078-6b6f-48a8-a766-c45e17aba1db
https://www.globe.gov/documents/355050/1487e078-6b6f-48a8-a766-c45e17aba1db
https://www.globe.gov/documents/355050/1487e078-6b6f-48a8-a766-c45e17aba1db
https://www.globe.gov/documents/355050/1487e078-6b6f-48a8-a766-c45e17aba1db
https://www.globe.gov/documents/355050/1487e078-6b6f-48a8-a766-c45e17aba1db
https://www.globe.gov/documents/355050/1487e078-6b6f-48a8-a766-c45e17aba1db
https://www.globe.gov/documents/355050/1487e078-6b6f-48a8-a766-c45e17aba1db
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DEACTIVATED PROTOCOL: Please note that the GLOBE Biosphere Protocols - Lilac Phenology and Ruby-throated Hummingbird have been deactivated as of September 2023. 
To learn more about the Deactivation Process, please visit the GLOBE.gov website.
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