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A. Overview

This section...

* teaches why carbon is an important element in
ecosystems and how it cycles through ecosystems.

 demonstrates how carbon is stored in and transferred
between the biosphere, geosphere, atmosphere, and
hydrosphere.

* explains how humans have disrupted the natural
carbon cycle, including rates of transfer between
spheres.

* explains how increases in atmospheric CO, impact
climate.

* highlights four introductory Learning Activities.



Carbon Cycle Learning
Introduction Objectives

e Learning Objectives
After completing this section, you will be able to:

* Provide examples of the role of humans in the global
carbon cycle.

e Explain how carbon is stored in and passed between living
& non-living things in terrestrial ecosystems.

e Describe two ways in which environmental conditions
impact carbon flows through ecosystems.

Estimated time to complete module: 2 hours



C. What is the
Biosphere?

Carbon Cycle What

Is the
Introduction Biosphere?

The Biosphere

The Biosphere is comprised of all living things on Earth. GLOBE has
several ways to explore and measure components of the biosphere
through investigations about one of the most fundamental elements for
life on Earth — carbon. Carbon also plays a critical role in regulating the
Earth's climate system.

Through the burning of fossil fuels and land use change, humans have
disrupted the carbon cycle and are now the dominant cause of global
climate change.

The GLOBE Carbon Cycle Project consists of four major categories:
(1) Introductory Learning Activities
(2) Classroom experiments (Plant-A-Plant)
(3) Field Measurements (Protocols)
(4) Modeling



Carbon Cycle What

Is the
Introduction Biosphere?

A. Overview

sens Carbon: A building block of life

C. What is the

Biosphere? . o .
. * The most abundant element in living things

D. What is the

Carbon Cycle?

e Accounts for 45-50% of the total mass of the

E. Why Collect

Carbon Cycle bIOSphere

Data?

ey ® Also present in the Earth’s atmosphere, soil,
oceans, and crust

Activities

G. Quiz
Yourself
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Review: What is the Carbon Cycle?

Carbon is the most abundant element in living things. It is also present in the
Earth’s atmosphere, soil, oceans, and crust. The Global Carbon Cycle is the
movement of carbon between the atmosphere, land, and oceans.

The global carbon cycle is a key regulator of Earth’s climate system and is
central to ecosystem function. Rising CO, is the dominant contributor to
climate change. Understanding how ecosystems cycle and store carbon is key

to understanding solutions to climate change.
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Review: The Carbon Cycle
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Introduction

Biosphere

How does the biosphere affect atmospheric
carbon dioxide (CO,) concentrations?

Photosynthesis
CO, + H,0 = C,H,,0 + O,

Biosphere Atmosphere

Respiration
CcH1,06 + O, - CO, + H,0
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Monthly records of atmospheric CO, have
been collected at Mauna Loa, Hawaii since
1958.

Atmospheric CO, at Mauna Loa Observatory
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A. Overview

...  Acloserlook at several years of CO,

Objectives

~ concentrations reveals a zig-zag pattern, a
C:Whatls?the
wesest - geasonal cycle.

D. What is the )
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© s The “falling arm™ of the zig-zag coincides with periods
B. Learning

e When photosynthesis exceeds respiration, in other
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Biosphere?
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Introduction Carbon Cycle?

The “rising arm” of the zig-zag coincides with periods
when respiration exceeds photosynthesis, in other
words, the biosphere is releasing more CO, to the

atmosphere than it is absorbing.
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A. Overview

e 1he long-term trend shows an increase in CO,

Objectives

ww.of 1-3 parts per million per year since 1958.

Biosphere?
Atmospheric CO, at Mauna Loa Observatory

D. What is the — - T - T - T - T - ; .

Carbon Cycle?

400 [~ Scripps Institution of Oceanography

E. Why Collect NOAA Earth System Research Laboratory

Carbon Cycle
Data?
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A. Overview

Increases in atmospheric CO, are primarily
from the burning of fossil fuels.

40 -
D. What is the
Carbon Cycle? 30 -

B. Learning
Objectives

C. What is the
Biosphere?

Fossil fuels
20 - | and industry

MI

E. Why Collect
Carbon Cycle
Data?

10 -

F. Introductory

Land-use change

CO, flux (Gt CO,/yr)
o

Activities
Land sink
G. Quiz _10 .
Yourself
-20 - | Atmosphere
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Ocean sink
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A. Overview

e FOSSIl fuels come from organic material that was buried

Objectives

and deposited millions of years ago.

C. What is the
Biosphere?

D. What is the
Carbon Cycle? Play the Earth Operators Manual Video

E. Why Collect https://www.youtube.com/watch?v= 8VqWKZIPrM

Carbon Cycle
Data?

F. Introductory
Activities

G. Quiz
Yourself


https://www.youtube.com/watch?v=_8VqWKZIPrM
https://www.youtube.com/watch?v=_8VqWKZIPrM
https://www.youtube.com/watch?v=_8VqWKZIPrM
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A. Overview

lce cores trap ancient atmosphere in

B. Learning
Objectives .
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From ice cores, we know atmospheric CO,
is higher today than it has been in the past
800,000 years.

s Current
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Biosphere i

Carbon dioxide is a greenhouse gas. It
traps heat in the atmosphere and
»wasseWArms the Earth.

Carbon Cycle?

Sunlight passes through the atmosphere and
warmms the Earth's surface. This heat
is radiated back toward space.

Most of the outgoing heat is absorbed by
greenhouse gas molecules and re-emitted in
all directions, warming the surface of the Earth
and the lower atmosphere.
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Introduction

What
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Increases in atmospheric CO, have contributed
to arise in Earth’s temperature.

—Annual mean

| —5-year mean

Data: NASA/GISS
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Biosphere

Increases in atmospheric CO, have contributed
to a rise in Earth’s temperature.

Play Global Temperature Anomalies from 1880 to 2023

D. What is the
Carbon Cycle?
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Carbon Cycle Why

Collect Carbon
Introduction Cycle data?

Biosphere

Why Collect Carbon Cycle Data?

The carbon cycle is no longer in balance due to human activities,
specifically burning fossil fuels and land use change. CO,
concentrations in the atmosphere are over 40% higher than the
natural range over the past 800,000 years.




Carbon Cycle Y

Collect Carbon
Introduction Cycle data?

A. Overview

Lo Why Collect Carbon Cycle Data?

C. What is the The last time in Earth’s history CO, levels were this high was over

Biosphere? o - . . . '
3 million years ago, during the mid-Pliocene Warm Period. The increase

D. What is the . t h . CO d th d f S | |

Carbon Cycle? in atmospheric CO, occurred over thousands of years. Sea level was

£ Why Collect 5-20 m higher, global air temperatures were 4°C warmer, and global sea

. Why Collec . .

Carbon Cycle surface temperatures were 2°C warmer. Today, we are increasing

Data?

atmospheric CO, at a rate faster than we’ve ever seen in the geologic
F. Introductory record.

Activities

G. Quiz
Yourself




Carbon Cycle Why

Collect Carbon
Introduction Cycle data?

A. Overview

Why Collect Carbon Cycle Data?

Objectives

C. What is the . . .
Biosphere? Scientists collect carbon cycle data to understand how terrestrial
e €cosystems will respond to warmer temperatures and higher

Carbon Cycle? COZ

E. Why Collect
S LEhIGTEL Your observations are valuable

2

::mductory contributions to the scientific

Activities community and may be used by

G. Quiz educators, students, researchers,

o and the general public to
increase environmental
awareness and STEM literacy, as
well as advance Earth system
science.
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Introduction

Introductory Activities

The GLOBE Carbon Cycle materials include learning activities that introduce
students to systems thinking, carbon, and the carbon cycle.

If these concepts are new to your students, they are highly recommended
prior to conducting field protocols or modeling activities. The activities
include:

1.  Paperclip Simulation: introduction to systems thinking and using the

F. Introductory
Activities '1-box model!'

2.  Carbon Cycle Adventure Story: follow a carbon atom through the
carbon cycle

3. Carbon Travels Game: follow a carbon atom as it travels through the
Earth's carbon pools

4.  Getting To Know Global Carbon: learn the basics of the carbon cycle
through diagrams
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Carbon Cycle Introductory

Activities

Introduction

Introductory Activities

(e

Paperclip Simulation - Introduction to Systems Thinking
(60 minutes + 30 math extension).

Student Outcomes:

Simulate a basic system
Collect, record, and analyze data
Create a 1-box model to learn modeling and system terms

Manipulate variables to obtain an expected outcome

Materials:

Simulation materials: paperclips, bell, signs, and roles

Class Data Table (paper OR .xIs) and Projector AND/OR Whiteboard/large paper with
markers

Student Worksheets & Paper Clip Simulation Data Table


https://www.globe.gov/documents/355050/7da1ef2a-28eb-43e6-b6ee-e6af26a401f3

F. Introductory
Activities

Carbon Cycle Introductory

Activities

Introduction

What is a System?

Definition: A collection of interconnected parts
that function as a complex whole, through which
matter cycles and energy flows.

Why does GLOBE use a ‘systems thinking’ Frayer Mods!
approach to understand the Carbon Cycle? Eaaeies Mo Examps

1. Systems are an important unifying concept
across the K-12 curriculum.

2. The actual carbon cycle is extremely
complicated. Simplifying it as a system that
focuses on the most important elements can help
us understand why the atmosphere is changing

and what it might look like in the future. /

**Use the Frayer Model template to
help students define the word ‘system’



https://www.globe.gov/documents/355050/14396119/TeacherTemplates.pdf/0bd26c8f-47fd-41e1-ab5a-7732eadaa122

Biosphere 3 Carbon Cycle Introductory

Activities

Introduction

Modeling Systems with the 1-Box Model

The 1-box model represents an individual component of a system. It
introduces concepts like inputs, outputs and residence time and shows
how these can produce particular patterns of change over time.

In the GLOBE Carbon Cycle Learning Activities, students use the 1-box
model to diagram and manipulate movement of matter through systems.

F. Introductory
Activities Input Flux

(per unit time)

- Pool —

Output Flux
(per unit time)

*A pool can also be referred to as a stock or
reservoir, a flux can also be referred to as a flow.
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Introduction

A. Overview

sonr Modeling Systems with the 1-Box Model

C. What is the

Blosphere? The 1-box model can be used to represent many
swnase  different systems.

Carbon Cycle?

In the paperclip factory simulation to understand the components of a system:

E. Why Collect
Carbon Cycle

Datas Production
F. Introductory StO e

Activities
Inventory
G. Quiz Purchases

Yourself

A 4
v

Or to model parts of the Global Carbon Cycle:

Photosynthesis

]

v

Plant Pool

Respiration




Biosphere 1 % Carbon Cycle
. Activities
Introduction

Putting many '1-Box Models' together makes a
box and arrow model that shows how individual
components of an entire system are connected.

Putting together many boxes (pools) and arrows (fluxes) allows you to model the

movement of matter through more complex systems. For example, the model

below shows the movement of carbon through the Atmosphere, Soil and Plant

Pools of the Carbon Cycle:
Atmosphere

F. Introductory

Activities POO |

Soil Respiration

Plant Respiration
Photosynthesis

. Litterfall
Soil Pool « Plant Pool




Biosphere 3 Carbon Cycle Introductory
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Introduction

A. Overview

Lo Introductory Activities

Biosphere? Carbon Cycle Adventure Story — Follow a carbon
o uneste - 3gtom through the carbon cycle in a self-guided

Carbon Cycle?

~wmeaee adventure story (60-90 minutes). A bl tmue. )
Carbon Cycle C_‘ carbon atom ;‘"
Data? Student Outcomes: “ﬁ;:fg
F. Introductory * List major pools and fluxes of the carbon cycle rr\f; e
Activities : , =N

e Diagram the carbon cycle using box and arrow models
G. Quiz °

Describe what components of the carbon cycle make it a system

Yourself

Materials:

* Carbon Cycle Adventure Story booklets (one per student or pair)
* Carbon Story Journey Table (one per student or pair)

* White board, chalk board, large paper, or overhead projector &
markers/chalk


https://www.globe.gov/documents/355050/8cf263cb-436c-4e29-851f-678a6cfb6b2d
https://www.globe.gov/documents/355050/8cf263cb-436c-4e29-851f-678a6cfb6b2d
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Biosphere 1 ) Carbon Cycle Introductory

Activities

Introduction

Introductory Activities

Carbon Travels Game — roll the dice to determine the fate
of a carbon atom as it travels through Earth’s carbon
pools (60-120 min)

Student Outcomes:

* Research a specific carbon pool and present to peers
* List all major pools and fluxes in global carbon cycle
* Define residence time

 Compare and contrast the carbon cycle pre- and post-1700
Materials:

* Resources about carbon cycle

* Large sheets of paper

* Carbon Cycle Station Instructions and Signs
* Journey Table (1 per student)

e 1 six-sided die per student or station


https://www.globe.gov/documents/355050/c8fbe3d4-e7d3-4b6a-9629-38f616b59ff6
https://www.globe.gov/documents/355050/c8fbe3d4-e7d3-4b6a-9629-38f616b59ff6

Carbon Cycle Introductory

Activities

Introduction

A. Overview

Lo Introductory Activities

C. What is the

e Getting to Know Global Carbon — learn the
v pgsics of the carbon cycle through diagrams

Carbon Cycle?

E. Why Collect (70—100 m|n) e R R Pt

Carbon Cycle

Datar Student Qutcomes: = ¥
duct gy I
F. Introductory o i CTE pa I
Aty Create diagrams of complex systems ,,nlll $3 ¢ T AT
e Conceptualize 1 Pg of carbon e
G. Quiz | Foust Fusts
Yourself e Describe why the carbon cycle is not in equilibrium 7

[

\ Lorovs Crost
Materials: ~

o Py

*  White board, chalk board, large paper or overhead ..~
projector & markers/chalk

e Materials for students to draw their own carbon
cycle diagram

* Global Carbon Cycle Diagram — student copies or
projected image


https://www.globe.gov/documents/355050/e4d3c5de-f6d3-43eb-af48-095c32009ad6
https://www.globe.gov/documents/355050/e4d3c5de-f6d3-43eb-af48-095c32009ad6

Carbon Cycle Quiz

Introduction Yourself

Biosphere /i

Quiz Questions

Challenge yourself to answer these questions and check whether you have
achieved the learning objectives of this module.

1. Whatis the carbon cycle?
2. What is the difference between pools and fluxes?

3.  What are the major pools of carbon in the Earth System? Which contain
the most carbon? The least?

4.  Why is studying the carbon cycle important?

5.  When atmospheric carbon dioxide concentrations increase, what
happens to Earth’s temperature?

G. Quiz
Yourself 6. Does photosynthesis add or remove carbon from the atmosphere? Does

respiration add or remove carbon from the atmosphere?

7.  What process has caused the most recent (past 150 years) increase in
atmospheric carbon dioxide?

8.  What activity could you use to introduce students to systems thinking?
9. Whatis a system?

10. What is a 1-box model? What are two examples of a 1-box model?
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Biosphere f #) Carbon Cycle

Non-Standard Site Field Protocols

Overview

This section...

 Shows how to determine if you have a standard or
non-standard site.

* Demonstrates how to set up a non-standard sample
Site

* Provides step-by-step instructions for protocols

e Describes how to enter data on the GLOBE website

* Helps you understand your data



e X .
) Carbon Cycle Learning
Non-Standard Site Field Protocols Objectives

o Learning Objectives

After completing this module, you will be able
to:

e Perform field measurements to assess carbon
storage and plant growth at a local field site
and upload data to the GLOBE database

* Understand resources available to help you
analyze and interpret your data

Estimated time to complete module: 1.5 hours



A. Overview

B.Learning
Objectives

C. Field
Measurements
Overview

D. Field Learning
Activities

E. Site Selection
and Set-up

F. Tree,
Shrub/Sapling,
and Herbaceous
Protocols

G. Enter data on
GLOBE site

H. Understand
Your Data

I Quiz Yourself

J. Additional
Information

Carbon Cycle
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Field Protocols Flowchart

l

Carbon Cycle Introductory Activities

K
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edLemis Ry
Vities *» Biomass Units
|
Y
Protocols
« Site Selection
» Site Set-up
> & D -
Tree Protocols Shrub/Sapling Protocol Herbaceous Protocol
If site has any trees If site has shrubs/saplings If site has herbaceous
>15cm circumference on >25% sample site vegetation on >50%
sample site
|
v
Data Entry

|

ﬁ Data Analysis

Field

Measurements
Overview

k|

Assessment




Carbon Cycle Field

Measurements
Non-Standard Site Field Protocols Overview

Example Research Questions

C. Field .
Measurements There are many research questions that can be explored through

Overview .
carbon field measurements. Below are some examples:
* How much carbon is stored in the vegetation near my school?

* Do different vegetation types store different amounts of
carbon?

 How does the uptake of carbon by schoolyard vegetation
compare to the emissions of carbon by the school (carbon
footprint)?

* |sthere more carbon stored in the global human population or
trees in [MY STATE]?

 Whatis the pattern in which biomass and carbon storage
change over time in my sample site? *Multiple years of data
needed*



Biosphere Carbon Cycle Field

Measurements
Non-Standard Site Field Protocols Overview

A. Overview

How Will You Calculate Carbon?

Objectives

C. Field

Measurements Carbon Storage Carbon Storage

Overview Make Vegetation Biomass _ _ .
— — In Vegetation — per site
D. Field Learning Measurements 4  (grams) .

Activities {E{:J 1 [ggmzj

E. Site Selection
and Set-up

L

F. Tree,
Shrub/Sapling, = = = 00000 eSS :
and Herbaceous Mathematical

Protocols Equations

G. Enter data on
GLOBE site Carbon = Biomass x 50%

H. Understand
Your Data

—+ Sample Site Area (m?)
I Quiz Yourself

J. Additional
Information



A. Overview

B.Learning
Objectives

C. Field
Measurements
Overview

D. Field Learning
Activities

E. Site Selection
and Set-up

F. Tree,
Shrub/Sapling,
and Herbaceous
Protocols

G. Enter data on
GLOBE site

H. Understand
Your Data

I Quiz Yourself

J. Additional
Information

Carbon Cycle Field

Measurements
Non-Standard Site Field Protocols

Overview

Non-Standard Site Carbon Field
Protocols

For All Sites Complete:

1.  Field Learning Activities

2. Site Selection

- Choose your field site location

3.  Site Set-up
- Set up your site
- Determine which vegetation you will measure based on tree size and % cover estimates

Complete some or all of the following, depending on vegetation present:

How to Measure Trees Supporting Protocol

2. Tree Protocols
3. Shrub/Sapling Protocol
4. Herbaceous Protocol



Field
Learning

Biosphere | Carbon Cycle

Non-Standard Site Field Protocols Activities

A. Overview

..  Field Learning Activities

Objectives
C. Field
Measurements o e, .
overview | These activities teach important concepts and
p.reldleamine  gkj||s for understanding and conducting Carbon
E. Site Selection P rOtOCO I S .
and Set-up
e, 1. Biomass Units 0| 1 mecbeicuebe
and Herbaceous m‘ ?;W :
Protocols ool 4 mbed hardwood B

2. Allometry 1 A
G. Enter data on 100] 7. sprce i1
GLOBE site g ml o .
H. Understand .
Your Data % . o G 5 g

l PN N 400 »

I Quiz Yourself ‘ ::’ Ao \.:‘f ‘ 10. woodiand
J. Additional ; y v’ Lo " 1
Information . - = 2 = 26



A. Overview

B.Learning
Objectives

C. Field
Measurements
Overview

D. Field Learning
Activities

E. Site Selection
and Set-up

F. Tree,
Shrub/Sapling,
and Herbaceous
Protocols

G. Enter data on
GLOBE site

H. Understand
Your Data

I Quiz Yourself

J. Additional
Information

Biosphere

Carbon Cycle

Biomass Units

Students calculate the biomass of the
classroom in g/m?.

Students assess how biomass would
change if size or mass of a sample area
were different.

Students rank global biomes from
greatest to least biomass and compare
their guess to available data.

Students estimate how much carbon is
stored in their schoolyard (g C/m?) based
on their biome classification and what
they see.

Non-Standard Site Field Protocols

Field
Learning

Activities

5 meter

6 meter

W e
4‘ Sty "’ Ny .

4 /
[ &S
| - - "/


https://www.globe.gov/documents/355050/7d34fc3b-ef3c-49b5-a7dd-fb4a74ece686

A. Overview

B.Learning
Objectives

C. Field
Measurements
Overview

D. Field Learning
Activities

E. Site Selection
and Set-up

F. Tree,
Shrub/Sapling,
and Herbaceous
Protocols

G. Enter data on
GLOBE site

H. Understand
Your Data

I Quiz Yourself

J. Additional
Information

Biosphere |

Allometry

Students measure their height,
arm span, and foot length to
show how living organism’s
parts are related to the whole
(allometry).

Students use this concept to
understand how
circumference/DBH of trees
can be used to estimate
biomass.

Students view allometric
relationships of tree species
groups.

Carbon Cycle

Non-Standard Site Field Protocols Activities

Field
Learning

dbh 7(f:m)

Jenkins et al. 2003


https://www.globe.gov/documents/355050/5e499328-5723-4bb5-a2f7-f4a1ca95ce42

Site

Carbon Cycle

Selection &
Non-Standard Site Field Protocols Set up

Site selection can be completed with or

S i t e S e | e Ct i O n without student involvement

Determine if your site is a “Standard” or “Non-standard” site:

Standard Site - an accessible area of at least 225
m? (15m x 15m) of contiguous vegetation (forest,

E. Site Selection .

and Set-up shrubland, grassland). Aim for 30 m x 30 m (900 m?).
A smaller or different shaped area will work; modify

Tree Mapping protocol to suit your site & students.
*Please complete the Standard Site Carbon Cycle
Protocols eTraining*®

Non-standard Site — an accessible area of 225

m? (15m x 15m) with some vegetation and some
human interference (i.e. a local park, city block, or
the school area itself).



https://www.globe.gov/documents/355050/3cfae127-d96c-4216-8ba1-532506ed5306

Site

Carbon CVCIe Selection &
Non-Standard Site Field Protocols Set up

Site SeIeCtIOn (COnt’d) Site selection can be

completed with or without
student involvement

For a Non-Standard site:

Use aerial maps to make a rough count of the
esessecion NUMbPeEr of trees in the schoolyard, park, or
and Set-up . .

neighborhood of interest.

a) If the number of trees is < 150, your sample

site size will be the entire area (i.e. A city
block).

b) If the number of trees is > 150, select 1-2
smaller areas in which to perform all field
measurements for carbon.



Site
Carbon cyC|e Selection &

Non-Standard Site Field Protocols Set up

Non-Standard Site Set-Up

Before going out in the field, students learn necessary skills
for Site Set-up: pacing, compass, (and optional GPS).

Students then work in teams to set up a Carbon Cycle

E. Site Selection

and Set-up sample site:
1. Perimeter Team
2. Photography Team
3. Data recording Team
4. GPS Team if using GPS
unit*®.

()

*If using phone for GPS, data . )
recording team collects coordinates


https://www.globe.gov/documents/355050/012c15c6-baf0-4ad1-a80b-0c1509564adf
https://www.globe.gov/documents/355050/012c15c6-baf0-4ad1-a80b-0c1509564adf
https://www.globe.gov/documents/355050/012c15c6-baf0-4ad1-a80b-0c1509564adf
https://www.globe.gov/documents/355050/012c15c6-baf0-4ad1-a80b-0c1509564adf

Biosphere (i Carbon Cycle ite

Selection &
Non-Standard Site Field Protocols Set up

Non-Standard Site Set-up (Cont’d)

Perimeter Team | Photography Team | Data recording

Start at one corner of Select a spot in middle of Team
the Sltef and rc.)tate- site to take photos. Use Work with photography
clockwise until facing compass to take one photo ..+ o ord the

E;,f,';itsﬂsmo" nearest corner. Record | !N NINE d|re§t|ons below

and work with data
recording team to enter
photo numbers or photo
time-stamp on site set-up | Provide additional info to
sheet. metadata section (ie:
MUC classification,
dominant species, water,
=L s il etc.)

photo numbers. Use the
time stamp of the photo
if using a smart phone.

bearing and paces to
nearest corner. Repeat
for each corner.




A. Overview

B.Learning
Objectives

C. Field
Measurements
Overview

D. Field Learning
Activities

E. Site Selection
and Set-up

F. Tree,
Shrub/Sapling,
and Herbaceous
Protocols

G. Enter data on
GLOBE site

H. Understand
Your Data

I Quiz Yourself

J. Additional
Information

Biosphere

& g
I

Carbon Cycle

Non-Standard Site Field Protocols

Vegetation

Protocols

Protocol Decision Tree

Determine which vegetation you will measure.

Do you have trees >15 cm circumference on your sample site?

YES

»>
Do you have shrubs/saplings
on >25% of your sample site?

YES NO

v

Do you have herbaceous
vegetation on >50% of

your sample site?
YES NO

\d v
Trees & Trees
—
L 4
Do you have herbaceous

vegetation on >50% of
your sample site?

YES NO

4 B
& Herbaceous Sapling

NO

<
Do you have shrubs/saplings
on >25% of your sample site?

YES NO

A
<

Do you have herbaceous
vegetation on >50% of
your sample site?

YES NO

4 \
shisping | suvsaping

The box at the end of each path
indicates the protocols you should
complete for your sample site based
on the vegetation present

*Not sure how big
the trees are? See
Supporting Protocol
'How To Measure
Trees' for instructions
on accurate
circumference
measurements



https://www.globe.gov/documents/355050/8d8f96ed-62bf-47d1-a992-9a200a63f693
https://www.globe.gov/documents/355050/8d8f96ed-62bf-47d1-a992-9a200a63f693
https://www.globe.gov/documents/355050/8d8f96ed-62bf-47d1-a992-9a200a63f693

F. Tree,
Shrub/Sapling,
and Herbaceous
Protocols

Carbon Cycle

Non-Standard Site Field Protocols

Vegetation

Protocols

Trees: Protocol Overview

How to Measure Trees
(Supporting Protocol)

Time: 60 minutes

Instruments: tree cookies, small flexible
measuring tape, calculator
Prerequisites: None

Tree Mapping

*This can be done
simultaneously with tree
circumference, shrub/sapling &
herbaceous measurements (if
applicable). Complete once per
site.

Time: 70 minutes (only needs to be completed
once per site)

Instruments: 50 m flexible measuring tape,
local tree ID guide, compass

Prerequisites: Site Set-up, How to Measure
Trees, Field Learning Activities (Biomass Units,
Allometry)

Tree Circumference

*This can be done
simultaneously with
shrub/sapling & herbaceous
measurements (if
applicable).Complete each year.

Time: 60 minutes

Instruments: Measuring tapes (150-300 cm)
Prerequisites: Site Set-up, How to Measure
Trees, Tree Mapping, Field Learning Activities
(Biomass Units, Allometry)




Carbon Cycle Vegetation

Protocols

Non-Standard Site Field Protocols

A. Overview

B.Learning
Objectives

C. Field
Measurements
Overview

D. Field Learning [
Activities “ \

o
W. /7 ’

AT

.l\z“k,‘]' \{ v

E. Site Selection
and Set-up

F. Tree,
shub/SePine o Students measure tree cookies to understand the

Protocols relationship between circumference and diameter

G. Enter data on

GLOBE site e Students learn that circumference is measured at 1.35
H. Understand meters from the tree base

Your Data
auzvoueer ® Students gain understanding of concepts precision and
J. Additional dCCUra Cy

Information


https://www.globe.gov/documents/355050/8d8f96ed-62bf-47d1-a992-9a200a63f693

Carbon Cycle Vegetation

Non-Standard Site Field Protocols Protocols

A. Overview

... . How to Measure Trees (Cont’d)

Objectives

C. Field
Measurements
Overview

e Use the 'Badly Behaving Trees
Guide' at right to accurately
measure trees in the field plot:

D. Field Learning
Activities

E. Site Selection

and Set-up  Measure up 1.35m from the
F. Tree, highest point around the base
Shrub/Sapling, of the tree - this is “breast
and Herbaceous height”
Protocols elg ‘
G. Enter data on * Meas.u re aro.und .the tree a.t | Leaning Tree Tree .wi-t'.»;!,.::c::h;;rlCrle:'.‘u,‘ﬂ,
GLOBE site the given height in cm to find SRy
T tre.e circumference at breast |
Your Data helght Circumference
| Quiz Yourself * This can later be converted to
P diameter at breast height
Information (DBH) Tree F --’-\e.d&i.‘v oW
Breast Height




Biosphere 3 Carbon Cycle Vegetation

Non-Standard Site Field Protocols Protocols

Tree Mapping

1. Aerial image mapping — students draw circles around
trees and shrubs visible on a Google Earth aerial image.
Devise a naming/numbering system for your trees.

2. Divide class into four quadrant teams. Sub-divide

F. Tree,

shrub/Sapling, guadrant team into Data Recorder, Tree Verification, and
and Herbaceous .
Protocols Species ID teams.
N m— '
e
West North

Quadrant Quadrant

WE




Biosphere 1 ) Carbon Cycle Vegetation

Protocols

Non-Standard Site Field Protocols

A. Overview

. Tree Mapping (Cont’d)

Objectives

C. Field
Measurements
Overview

- | Verify trees from aerial image and identify the genus and
. Field Learning .
Activities Spec|es_

E. Site Selection

wasewp 4. If completing in conjunction with the Tree Circumference

F. Tree, protocol, you will also measure circumference at this
Shrub/Sapling, .

and Herbaceous tl me.

Protocols

G. Enter data on Tree #s: Collection Year #: 1
GLOBE site Date: 2011

H. Understand c Fic Sci e :

e Tree # Notes pecihc Sclentifc Species Group CBH (cm)

I Quiz Yourself Name

:;,::jf;:;gzl NE 1| Red Maple Acer rubrum Maple Oak 60




Biosphere Carbon Cycle Vegetation

Protocols

Non-Standard Site Field Protocols

A. Overview

Tree Circumference

Objectives

*Complete each year*

C. Field
SR e Measure circumference at breast height (CBH,
o reeamine  1.35m) for all mapped trees, currently living &

Activities greater than 15cm CBH on your site.

E. Site Selection

and Set-up e Measure CBH to the nearest tenth

F. Tree, centimeter, e.g. 16.6cm.
Shrub/Sapling,

and Herbaceous

B * |n the 'notes' section of the data sheet,
G. Enter data on iﬂClUde:
GLOBE si . . .
o * |f the tree has died since the previous year
H. Understand
Your Data * The common name of the tree
| Quiz Yourself * If circumference was not measured at breast
1. Additional height (due to tree branching or bulging- See the
Information '‘Badly Behaving Tree Guide' for more

information)



A. Overview

B.Learning
Objectives

C. Field
Measurements
Overview

D. Field Learning
Activities

E. Site Selection
and Set-up

F. Tree,
Shrub/Sapling,
and Herbaceous
Protocols

G. Enter data on
GLOBE site

H. Understand
Your Data

I Quiz Yourself

J. Additional
Information

Biosphere

Non-Standard Site Field Protocols

Carbon Cycle Vegetation

Protocols

Shrubs/Saplings:
Protocol Overview

Shrub/Sapling Protocol

*This can be done simultaneously
with tree & herbaceous
measurements (if applicable).
Complete each year.

Time: 40 minutes

Instruments: Compass, 2-3 m stick
marked in centimeters
Prerequisites: Site Set-up



https://www.globe.gov/documents/355050/ee51d7e8-66a9-4505-ad58-44019ef17bb1

Biosphere Carbon Cycle Vegetation

Protocols

Non-Standard Site Field Protocols

A. Overview

w2 Shrub/Sapling Protocol

C. Field

Measurements For each plot corner: ,
Overview P Non-Standard Shrub/Sapling
o Field Learning  © Startatone edge of the site. Measure each Measurements - Student
Activities shrub on the entire site. Field Guide

E. Site Selection (e - ) . g

and Set-up * Mark ‘E’ if the species is evergreen and

F.Tree, measure the height of the shrub or sapling

Shrub/Sapling, i ) ) ) _ ~L 3
and Herbaceous ~* Mark ‘D’ if the species is deciduous and

Protocols measure the height of the shrub or sapling.

G. Enter data on

GLOBE site * Record the length in meters of the longest and . .,

H. Understand shortest sides of the shrub. Also measure the T P T
fourbes height of the shrub if < 2-3 m tall. If >2-3 m tall, [z

| Quiz Yourself use a clinometer or estimate height of shrub. P~ AR R
). Additional S E————
Information * Repeat for all shrubs and saplings on your site.

Datasheet



F. Tree,
Shrub/Sapling,
and Herbaceous
Protocols

Carbon Cycle

Non-Standard Site Field Protocols

Vegetation

Protocols

Herbaceous Vegetation:
Protocol Overview

Herbaceous Vegetation Protocol

*This can be done simultaneously
with tree & shrub/sapling
measurements (if applicable).
Complete each year.

Time: 40 minutes

Instruments: OUTSIDE: beanbag,
blindfold, measuring tape,
clippers, small brown paper bags,
INSIDE: balance, drying oven
(optional)

Prerequisites: Site Set-up



https://www.globe.gov/documents/355050/34fcad44-8d33-46b5-97cb-7b596aec8d9b

A. Overview

B.Learning
Objectives

C. Field
Measurements
Overview

D. Field Learning
Activities

E. Site Selection
and Set-up

F. Tree,
Shrub/Sapling,
and Herbaceous
Protocols

G. Enter data on
GLOBE site

H. Understand
Your Data

I Quiz Yourself

J. Additional
Information

Non-Standard Site Field Protocols

Herbaceous Protocol frrasase

Collect samples of herbaceous vegetation from
the site.

1. Blindfold a member of the team and have
him/her/them throw a beanbag somewhere in the
sample site.

2. Mark a one-meter square around the bean bag to take
a random sample.

3. Using grass clippers, clip all the vegetation close to the
ground within the square. Do NOT collect any leaves or
litter that are already dead or unattached from the
ground.

4. Place clippings into brown paper bags and label with
the site name, date, and sample number (e.g., Field
Site Name, Herb Sample #1, bag 1 of 2).

5. Repeat steps 1-5 two more times.

Carbon Cycle Vegetation
Protocols



A. Overview

B.Learning
Objectives

C. Field
Measurements
Overview

D. Field Learning
Activities

E. Site Selection
and Set-up

F. Tree,
Shrub/Sapling,
and Herbaceous
Protocols

G. Enter data on
GLOBE site

H. Understand
Your Data

I Quiz Yourself

J. Additional
Information

Dry the herbaceous samples by either:

(a) Drying oven: Set oven temp to 50-70°F, put
labeled bags in drying oven. Weigh the bag
once per day after day one until sample
weights the same two days in a row. Record
the mass (g) of the sample + bag and the mass
of the empty bag.

(b) Air drying: Select a dry, secluded area large
enough for all sample bags. Open the tops of
the bags for maximum airflow. Weigh once per
day after day five, until sample weighs the
same two days in a row. Record the mass (g) of
the sample + bag, and the mass of the empty
bag.

Carbon Cycle

Non-Standard Site Field Protocols

Vegetation

Protocols

Herbaceous Protocol (Cont’d)

Herbaceous Measurements -
Student Field Guide

Image: iowalearningfarms



Carbon Cycle ENTER
data on GLOBE

Non-Standard Site Field Protocols website

Data Entry at Globe.gov (1/3)

After students have returned from the field with their paper
data sheets, data can be shared with the GLOBE and
scientific community by entering it into the GLOBE online
science database (https://data.globe.gov).

When you submit your data through GLOBE, the
calculations to convert your raw data to biomass and

G, Enter data on carbon storage values will be completed for you.
*Before you enter data, review it as a class, checking for
data quality including precision and typos. See the Carbon
Cycle Data Entry Teachers Guide for notes and suggestions .



https://data.globe.gov/
https://data.globe.gov/
https://www.globe.gov/documents/355050/6af62d54-344b-407a-b1a3-8914a521235a
https://www.globe.gov/documents/355050/6af62d54-344b-407a-b1a3-8914a521235a
https://www.globe.gov/documents/355050/6af62d54-344b-407a-b1a3-8914a521235a
https://www.globe.gov/documents/355050/6af62d54-344b-407a-b1a3-8914a521235a

Biosphere 5t #5 Carbon Cycle ENTER

data on GLOBE
Non-Standard Site Field Protocols website

As Part of your data review - Compare
Data To Previous Years if applicable

1. Did any trees increase in circumference? Is
it what you expected? Any possible errors?
Compare large trees to small trees.

2. Any decreases in tree circumference? Have
trees died? Difficult bark (wavy, bumpy)?

S mi Measured at same height?

3. Differences in species?

4. Any new trees? Factors that affected
current year (i.e.: ice storms, insects,
hurricanes).



Biosphere | Carbon Cycle ENTER

data on GLOBE
Non-Standard Site Field Protocols website

A. Overview

s Data Entry at Globe.gov (2/3)

C. Field

[eemens Data can be entered to the GLOBE website in three ways:

D. Field Learning . .

Activities 1. Desktop Data Entry: Log environmental data directly on
E. Site Selection the GLOBE website.

and Set-up

E‘hTrLebe/'Sap,ing' 2. Email Data Entry: If connectivity is an issue, data can also
2“" LR be entered via email.

rotocols

G. Enter data on

GLOBE site 3. GLOBE Observer App: The app allows users to enter data
H. Understand directly from an iOS or Android device for any GLOBE
B protocol.

I Quiz Yourself

J. Additional
Information


https://dataentry.globe.gov/#/observerpro/home
https://dataentry.globe.gov/#/observerpro/home
https://www.globe.gov/globe-data/data-entry/email-data-entry
https://www.globe.gov/globe-data/data-entry/globe-observer

Biosphere [+t . Carbon Cycle ENTER

data on GLOBE
Non-Standard Site Field Protocols website

Data Entry at Globe.gov (3/3)

To add your Carbon Cycle data to the GLOBE
website, create a new site if you do not
already have one.

If you already have a Carbon Cycle site, you
semerszzon €3N Skip ahead to add your Carbon Cycle
data.




I
4} Carbon Cycle

Non-Standard Site Field Protocols

Add new site at Globe.gov or
on the GLOBE Observer App

1. Create a new site

2. Add site coordinates

3. Describe site, indicate standard or non-
standard, and vegetation measured

G. Enter data on

SLoBE site 4. Submit
5. Optional: add site photos



Biosphere

data on GLOBE
Non-Standard Site Field Protocols website

/m Carbon Cycle ENTER

A. Overview

w1 Create a new site

C. Field Log in to the GLOBE Data Entry webpage and click “Create/Edit My Sites”.

Measurements
Overview

D. Field Learning
Activities

E. Site Selection
and Set-up

F. Tree,
Shrub/Sapling,
and Herbaceous

Protocols ~

G. Enter data on
GLOBE site

Create/Edit My Sites

My Observations

H. Understand
Your Data

Then click “Add site”.

| Quiz Yourself

Manage Sites
J. Additional
Information

Leitzel Center GLOBE v-School

Add Site (+) *=

Oinarfinld Qallfiald F T



https://dataentry.globe.gov/
https://dataentry.globe.gov/

Biosphere Carbon Cycle ENTER

data on GLOBE
Non-Standard Site Field Protocols website

A. Overview

2. Add site coordinates

Objectives
C. Field Choose a name
Measurements fOF your site New Site
Overview Sarre: s
Carbon Cycle Site Name
D. Field Learning
Activities (use coordinates or move/zoom map)
E. Site Selection . / 43.13191
and Set-up Type In —
coordinates or 70.92353
F. Tree,
Shrub/Sapling, move the map to ot
and Herbaceous add your latitude
Protocols ]
and longitude . T —

G. Enter data on Map  Satellite MAINE 3
GLOBE site \ - Wk e N:V:« SCumrn
H. Understand 0? NEWQIWBM” ‘

DORTNERY Sprines HAMPSHIYE v
Your Data i e a i

. MASSACHUSETTS
I Quiz Yourself Providence +
CONNECTICUTZI ey i
J. Additional \ Mew Haven
SRR INSYLVANIA New York Keysoand shortcuts  Mag data 62024 Google | 100 MM s Tasrvs

Information




ENTER

Biosphere /i Carbon Cycle
data on GLOBE

Non-Standard Site Field Protocols website

3. Describe site; indicate standard or non-
standard, and vegetation types measured

~ Biosphere
Check the » Land Cover Site Setup

vegetation types S CaUa Covis T Ao
you will measure
Site Description (check all that apply)

\ Site contains trees > 15 cm in circumference

Site is more than 25% covered with shrubs

EJ Site is more than 50% covered with herbaceous vegetation

GRERTETtatalen Select Standard or Site Type
GLOBE site Non-Standard * \ Standard (contiguous vegetation)

® | Non-Standard (has human interferance, e.g., school yard, city block, park)

Add the area of
the site in m? » Phenological Gardens Site Setup

» Greenings Site Setup

*This will determine the data entry form you see!



A. Overview

B.Learning
Objectives

C. Field
Measurements
Overview

D. Field Learning
Activities

E. Site Selection
and Set-up

F. Tree,
Shrub/Sapling,
and Herbaceous
Protocols

G. Enter data on
GLOBE site

H. Understand
Your Data

I Quiz Yourself

J. Additional
Information

Carbon Cycle ENTER
data on GLOBE

Non-Standard Site Field Protocols website

4. Submit!

At the bottom of the screen, click the “Save Site” button.

Biosphere

Your site will now appear in the list of GLOBE data collection
sites under your school/organization.

To return to the data entry home page, use the home icon
at the bottom of the screen.

NI




Biosphere Carbon Cycle ENTER

data on GLOBE
Non-Standard Site Field Protocols website

A. Overview

.. 5. Optional: Add site photos

Objectives
C. Field After your site is created, you can add site photos by going to “Create/Edit
:‘)"::rsv‘:;i’me“ts My Sites” from the data entry home page and clicking on your carbon site

name. Scroll down to the photo section:
D. Field Learning

Activities
E. Site Selection

and Set-up Narth South East

F. Tree, Click on the

B camera icon to

and Herbaceous

Protocols upload a photo. | ! ! !
West Up Down

G. Enter data on \

GLOBE site

H. Understand Optional: add a

Your Data caption —>

I Quiz Yourself

J. Additional Click “Update Site” — Update Site

Information

Make sure that your photos do not contain people!




Biosphere
data on GLOBE

Non-Standard Site Field Protocols website

/m Carbon Cycle A=

A. Overview

swe  Add Carbon Cycle data

Measurements  Once your site has been established in the database, you or your students are
uervew ready to upload carbon data. Learn how to manage student accounts.

D. Field Learning

Activities Atmosphere « Hydrosphere « Biosphere

E. Site Selection

and Set-up
F. Tree,
Shrub/Sapling, —
and Herbaceous haley.wicklein@unh.edu
Protocols From the data entry Not e i@ o7
. “ Click hare to 3ign in
G. Enter data on homepage. Click “New
o H ”n »
H. Understand
Your Data Edit/Delete
Measurements
| Quiz Yourself
J. Additional Create/Edit My Sites

Information

My Observations



https://www.globe.gov/get-trained/tutorial-center/for-globe-educators/-/tutorials/104432059/introduction-to-student-accounts-capabilities
https://www.globe.gov/get-trained/tutorial-center/for-globe-educators/-/tutorials/104432059/introduction-to-student-accounts-capabilities

A. Overview

B.Learning
Objectives

C. Field
Measurements
Overview

D. Field Learning
Activities

E. Site Selection
and Set-up

F. Tree,
Shrub/Sapling,
and Herbaceous
Protocols

G. Enter data on
GLOBE site

H. Understand
Your Data

I Quiz Yourself

J. Additional
Information

Carbon Cycle ENTER
data on GLOBE

Non-Standard Site Field Protocols website

Add Carbon Cycle data (Cont’d)

Select Protocols

Biosphere

F  Atmosphere
¥ Biosphere
[] Biometry: Graminoid Biomasses

. [ Biometry: Trees
Under Biosphere, select

Carbon Cycle —

[[] Biometry: Vegetative Covers

Carbon Cycle

Greening: Green Down

1 0 B
@
-
3
o
S
=
=)
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Biosphere Carbon Cycle ENTER

data on GLOBE
Non-Standard Site Field Protocols website

A. Overview

Objectives

= Add Carbon Cycle data (Cont’d)*

C. Field
Measurements
Overview

D. Field Learning

—_—

Activities
Keytoard shoricets  Map dets 03004 FOML— 4 Temm
E. Site Selection Location services are not available. Your organization location is currently being used. Please enable
location services to update for your current location
and Set-up
F. Tree, Scroll down the page and Selact your site from this list of sites shown on the map:
Al choose the Carbon site you
C e Select from all available sites. Marrow the list b ing into the search field
Protocols created : y typing L
\ Search Site Mames

G. Enter data on
GLOBE site Deerfield Ballfield »
H. Understand Deerfield Forest >
Your Data

Fish Hatchery Stream Site #4 - New Hampton, NH »

I Quiz Yourself

J. Additional
Information



Biosphere

data on GLOBE
Non-Standard Site Field Protocols website

m Carbon Cycle ENTER

A. Overview

. Add Carbon Cycle data (Cont’d)*

Objectives

C. Field
Measurements
Overview

D. Field Learning Update the date Local Date
Activities and time to when 2024-09-24 G

E. Site Selection you collected
and Set-up

Enter the local date and time of the observation:

v

Lol Timae [24ka)

your carbon data 09:21:00 ®

F. Tree, :

Shrub/SapIing, Get Current Time

and Herbaceous

Protocols Observation Date: 2024-09-24 UTC

Observation Time: 13:21 UTC
G. Enter data on
GLOBE site Solar Noon: 16:35 UTC

H o"
H. Understand Click “Carbon
Your Data Cycle” Carbon Cycle

I Quiz Yourself

J. Additional
Information
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B.Learning
Objectives

C. Field
Measurements
Overview

D. Field Learning
Activities

E. Site Selection
and Set-up

F. Tree,
Shrub/Sapling,
and Herbaceous
Protocols

G. Enter data on
GLOBE site

H. Understand
Your Data

I Quiz Yourself

J. Additional
Information

Biosphere Carbon Cycle

Non-Standard Site Field Protocols

ENTER

data on GLOBE
website

Add carbon cycle tree* data

Enter data from your data sheet for each tree.
Trees

Tree #1

Maple Oak

30cm.
Acer
saccharum
SugaF :l.;ﬂ;a ple

Comments:

Click “Add Tree”
to enter data for
each subsequent
tree you
measured.

Treed? /

* not all sites will have trees. Skip if not applicable to your site.
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Measurements
Overview

D. Field Learning
Activities

E. Site Selection
and Set-up

F. Tree,
Shrub/Sapling,
and Herbaceous
Protocols

G. Enter data on
GLOBE site

H. Understand
Your Data

I Quiz Yourself

J. Additional
Information

Sample #1

Carbon Cycle

Non-Standard Site Field Protocols

Shrubs and Saplings

ENTER

data on GLOBE
website

Enter shrub and sapling™ data.

Add shrub and saoling data from vour data sheet.

I:.-:u"

Evergreen

Length (langest side) (m) *

2.5 meter(s)

Length (shartest side) (m) *

.Smeter(s)

Hedght () *

1.1 meter(s)

Sample #2

Add Sample

Click “Add Sample” for additional shrubs or saplings as necessary.

* not all sites will have shrubs/saplings or herbaceous. Skip if not applicable.
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Overview

D. Field Learning
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Protocols

G. Enter data on
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H. Understand
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ENTER

Biosphere Carbon Cycle

Non-Standard Site Field Protocols

data on GLOBE
website

Enter herbaceous™ data

Add data from your three herbaceous samples.

Herbaceous Biomass Measurements

Sample #1

Bag #1

Mass of Sample and Bag, a (g) *

Biomass is
Mass of Empty Bag, b (g) * .
~___— automatically
Herbaceous Biomass: / Ca ICU Iate d .
a-b=0g/m"2

Click “Add Bag” if you had multiple bags per sample. I

* not all sites will have herbaceous vegetation. Skip if not applicable to your site.



Biosphere & Carbon Cycle ENTER
" data on GLOBE
Non-Standard Site Field Protocols website

A. Overview

«=oe  Send Data to GLOBE

Objectives

C. Field
Measurements

Sy 1. Click the “Review” button at the bottom

D. Field Learning

Aciiies of the screen.
cseseecon ) Open the Biosphere drop down and

and Set-up

. Tree, review the data you entered.

Shrub/Sapling,

ponemees 3 0f it is correct, click “Send Observations”.
s.emersanon 4, \Wait to receive the message that your

GLOBE site

H. Understand observations were successfully sent!

Your Data

I Quiz Yourself

. Your ohservation has been successfully sent to GLOBE.
J. Additional

Information

Close




Biosphere 1 5 Carbon C ycle Understand
Non-Standard Site Field Protocols your data

Understanding Your Data: Data Analysis

Use the Biomass & Carbon Analysis Teacher Guides
(separate documents for Trees, Shrubs/Saplings,
and Herbaceous vegetation) to assist students with
observing and understanding patterns and trends
in their field measurement data.

Requires:

R e Data spreadsheet downloaded from GLOBE (see
o instructions on following page)
* Microsoft Excel (or similar spreadsheet program)
* Biomass Analysis Questions


https://www.globe.gov/documents/355050/41927208/TreeBiomassCarbonAnalysis.pdf/6dad96c7-7b04-432b-b02e-1038a026062f
https://www.globe.gov/documents/355050/41927208/ShrubSaplingBiomassCarbonAnalysis.pdf/57cf20c4-a688-43f1-9799-e40341cc8e9d
https://www.globe.gov/documents/355050/41927208/HerbaceousBiomassAnalysis.pdf/d95297bd-588b-4c9a-a635-1432807d94d5
https://www.globe.gov/documents/355050/41927208/HerbaceousBiomassAnalysis.pdf/d95297bd-588b-4c9a-a635-1432807d94d5
https://www.globe.gov/documents/355050/41927208/TreeBiomassCarbonAnalysis.pdf/6dad96c7-7b04-432b-b02e-1038a026062f
https://www.globe.gov/documents/355050/41927208/ShrubSaplingBiomassCarbonAnalysis.pdf/57cf20c4-a688-43f1-9799-e40341cc8e9d
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Overview

D. Field Learning
Activities
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F. Tree,
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Protocols

G. Enter data on
GLOBE site

H. Understand
Your Data

I Quiz Yourself

J. Additional
Information

1.

Biosphere Carbon Cycle

Non-Standard Site Field Protocols

Understand

your data

Download Data From GLOBE (1/3)

*complete with carbon and biomass estimates

Go to GLOBE’s Data Access Tool

Select a Filter:

Data Filters

Read through the instructions to
familiarize yourself with this tool.

Under Data Filters, click ‘Select
Protocols’

Scroll down to find the Biosphere

a2

Mtate "',_'.-. ey

section, click ‘Carbon Cycle’, and Sonisidebemmies-
click Add to Filter. T

Filter by Date Range:

Select a data range that includes star
the date in which you collected -
data. Click Add to Filter.

Add to Filter

Filter by Protocol:

(Select up to 5 protocols)
Surface Czone
Water Vapor

Biosphere
Biamatry - Graminoid Biomassas
Biometry - Trees
Biometry - Tree Heights
Biomelry - Vegetation Covers
Greenings
Land Cowver Classification
Lilac Phenalogy
Phenalagical Gardens

Carbon Cycle

End

2017-09-27 1w 2018-03-01

Dates are based on UTC time

Add to Filter


http://datasearch.globe.gov/
http://datasearch.globe.gov/

Biosphere Carbon Cycle Understand

Non-Standard Site Field Protocols

your data

A. Overview

Download Data From GLOBE (2/3)

B.Learning

Objectives

C Fiel ;s et

Jewenels g Under Site Filters, click
‘School/Teacher/Partner/Team’, county orSwrtaef  prer 0¥ g 2ok TeAcher

D. Field Learning
Activities

and select your school.

In proximity of & lake School a
of river
School Hame:

E. Site Selection schacliTeachenParnesy  yniversity of new hampshire

and Set-up

F. Tree,
Shrub/Sapling,

Elevation Range

LatLong Range

University of Hew Hampshire

University of Mew Hampshire Cooperative
Extension

University Of Mew Hampshire - Earth Systems
Research Canter
University Of Mew Hampshire GLOBE Camgpaign

Proximity to LatLong I

and Herbaceous

Protocols 7. If you have multiple Carbon Cycle

field sites, select the individual site

G. Enter data on ) ] )

GLOBE site in which you are interested under Clear Share D
H. Understand Slte Name .

Your Data Select a Filter:

| Quiz Yourself _ ] Data Filters This
it 8. Click the green ‘Apply Filter’ button diffe
Information in the tOp left.
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H. Understand
Your Data
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Biosphere Carbon Cycle Understand

your data

Non-Standard Site Field Protocols

Download Data From GLOBE (3/3)

9. Click ‘Obtain Measurement Data’ (Note, data will be downloaded for
the whole list you see, if your school is not the only one listed,
redefine your filters).

1 Sites Found ‘ Obtain Measurement Data ’ Downlo

University of Mew Hampshine
School Name Site Name Latitude
v University of New Hampshirg HERL 43,4574 -

10. The button will update, and you can click Download Measurement
Data to download a .csv, which can be opened in a spreadsheet tool
such as Excel. (See an example Carbon Cycle spreadsheet on the
Data Analysis section of the Carbon Cycle webpage).

Download Measurement Data (~1)

* Note, you can also use the s l

GLOBE Visualization System to Bl | I
view your and other school’s B =
Carbon Cycle data on a map. R — —


https://vis.globe.gov/

Ut
Biosphere ;1 i

Carbon Cycle Understand
Non-Standard Site Field Protocols your data
A. Overview

Understanding Your Data:

Objectives

S Data Interpretation

Overview

D. Field Learning
Activities

. ite Selection 1. Human carbon storage vs. tree

and Set-up

F. Tree, Ca rbon Storage

Shrub/Sapling,

e 2. Schoolyard area (scaling)
e 3. Net Primary Production (NPP)

H. Understand
Your Data

I Quiz Yourself

J. Additional
Information
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Carbon Cycle Understand

Non-Standard Site Field Protocols

Biosphere

your data

Human Carbon vs. Tree Carbon

Coroon &:btuse n pests ofF

calculation to determine o

Use a back-of-the-envelope i mj;w
<O; et ,l;?::ﬁ g |

whether more carbon is

stored in humans or trees. G W“‘*-)

‘ } A5 %(‘, e b

N Car‘oon S‘\o%d in the Glebal Hq.mo.n popuh’hon

'@W@me = :Kf )(lﬁ

Example research question
that can be answered
through this activity: Is there
more carbon stored in the
global human population or
the trees in [MY STATE]?

i e g gy
** This activity can help students
understand why there is not a
‘human’ pool on the Global Carbon
Cycle Diagram.



https://www.globe.gov/documents/355050/41927208/HumanVsTreeCBackoftheEnvelope.pdf/d23e2e43-4ad7-41e1-b7f7-87d91fa498ee
https://www.globe.gov/documents/355050/41927208/HumanVsTreeCBackoftheEnvelope.pdf/d23e2e43-4ad7-41e1-b7f7-87d91fa498ee
https://www.globe.gov/documents/355050/41927208/HumanVsTreeCBackoftheEnvelope.pdf/d23e2e43-4ad7-41e1-b7f7-87d91fa498ee
https://www.globe.gov/documents/355050/41927208/HumanVsTreeCBackoftheEnvelope.pdf/d23e2e43-4ad7-41e1-b7f7-87d91fa498ee
https://www.globe.gov/documents/355050/41927208/HumanVsTreeCBackoftheEnvelope.pdf/d23e2e43-4ad7-41e1-b7f7-87d91fa498ee
https://www.globe.gov/documents/355050/41927208/HumanVsTreeCBackoftheEnvelope.pdf/d23e2e43-4ad7-41e1-b7f7-87d91fa498ee
https://www.globe.gov/documents/355050/41927208/HumanVsTreeCBackoftheEnvelope.pdf/d23e2e43-4ad7-41e1-b7f7-87d91fa498ee
https://www.globe.gov/documents/355050/41927208/HumanVsTreeCBackoftheEnvelope.pdf/d23e2e43-4ad7-41e1-b7f7-87d91fa498ee
https://www.globe.gov/documents/355050/41927208/HumanVsTreeCBackoftheEnvelope.pdf/d23e2e43-4ad7-41e1-b7f7-87d91fa498ee
https://www.globe.gov/documents/355050/41927208/HumanVsTreeCBackoftheEnvelope.pdf/d23e2e43-4ad7-41e1-b7f7-87d91fa498ee
https://www.globe.gov/documents/355050/41927208/HumanVsTreeCBackoftheEnvelope.pdf/d23e2e43-4ad7-41e1-b7f7-87d91fa498ee
https://www.globe.gov/documents/355050/41927208/HumanVsTreeCBackoftheEnvelope.pdf/d23e2e43-4ad7-41e1-b7f7-87d91fa498ee
https://www.globe.gov/documents/355050/41927208/HumanVsTreeCBackoftheEnvelope.pdf/d23e2e43-4ad7-41e1-b7f7-87d91fa498ee
https://www.globe.gov/documents/355050/41927208/HumanVsTreeCBackoftheEnvelope.pdf/d23e2e43-4ad7-41e1-b7f7-87d91fa498ee
https://www.globe.gov/documents/355050/41927208/HumanVsTreeCBackoftheEnvelope.pdf/d23e2e43-4ad7-41e1-b7f7-87d91fa498ee
https://www.globe.gov/documents/355050/41927208/HumanVsTreeCBackoftheEnvelope.pdf/d23e2e43-4ad7-41e1-b7f7-87d91fa498ee
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Biosphere ;"8 Carbon Cycle Understand

your data

Non-Standard Site Field Protocols

Schoolyard area scaling

The Determining Scale & Calculating Area Teacher
Guide describes how to use an aerial photo/map to
scale your sample site carbon measurements to
larger areas of similar vegetation. :

Example research question that
can be answered through this
activity: How much carbon is

stored in the vegetation near my *Note the teacher will

school? need Goggle 'Earth Pro (a
free application) to
create the map image.



https://www.globe.gov/documents/355050/41927208/DeterminingScaleCalculatingArea_SupporingProtocol.pdf/4c50c7f9-3b24-47ed-9959-0c4a482e244b
https://www.globe.gov/documents/355050/41927208/DeterminingScaleCalculatingArea_SupporingProtocol.pdf/4c50c7f9-3b24-47ed-9959-0c4a482e244b
https://www.globe.gov/documents/355050/41927208/DeterminingScaleCalculatingArea_SupporingProtocol.pdf/4c50c7f9-3b24-47ed-9959-0c4a482e244b
https://www.globe.gov/documents/355050/41927208/DeterminingScaleCalculatingArea_SupporingProtocol.pdf/4c50c7f9-3b24-47ed-9959-0c4a482e244b
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Biosphere /;{#i) Carbon Cycle Understand

your data

Non-Standard Site Field Protocols

Calculating Net Primary Productivity

Use the Calculating Net Primary Productivity Teacher Guide
to understand the change in carbon storage over time.
*Needs multiple years of carbon data*

Example research question that can be answered through
this activity: What is the pattern in which biomass and carbon
storage change over time in my sample site?

Net Primary Productivity (NPP), or the production of plant
biomass, is equal to all of the carbon taken up by the
vegetation through photosynthesis minus the carbon that is
lost to respiration. NPP can be calculated with this equation:

NPP = Carbon stored for Year 2 — Carbon Stored for Year 1



https://www.globe.gov/documents/355050/41927208/CalculatingNPP.pdf/84ea6f4b-29a7-4d2a-82d8-4653104b8610
https://www.globe.gov/documents/355050/41927208/CalculatingNPP.pdf/84ea6f4b-29a7-4d2a-82d8-4653104b8610

Carbon Cycle

Non-Standard Site Field Protocols

Biosphere /i

Quiz Questions

Challenge yourself to answer these questions and check whether you have
achieved the learning objectives of this module.

1. Name two carbon cycle field learning activities.

2.  What are some research questions you could ask using GLOBE carbon
cycle data at your site?

3.  What is the minimum area for a Non-Standard site?

4. If your site has trees, what data will you record for each tree?

5. At what height do you measure tree circumference?

6. Ifatreeison asteep slope, what guide could you use to accurately
measure tree circumference?

7. How are tree measurements converted to biomass?

8.  What data will you record if your site has shrubs or saplings?
I Quiz Yourself

9. How is biomass converted to carbon storage?

10. How might someone calculate carbon storage of vegetation over the
entire town based on your field measurements?
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Additional Resources:

NASA’s A Breathing Planet, Off Balance Article and Video:

https://www.nasa.gov/feature/goddard/carbon-climate

NASA Global Climate Change Website:
https://climate.nasa.gov/

NASA Scientific Visualization Studio
https://svs.gsfc.nasa.gov

Global Carbon Project
http://www.globalcarbonproject.org

Global Carbon Atlas
http://www.globalcarbonatlas.org

Additional

Information



https://www.nasa.gov/feature/goddard/carbon-climate
https://www.nasa.gov/feature/goddard/carbon-climate
https://www.nasa.gov/feature/goddard/carbon-climate
https://www.nasa.gov/feature/goddard/carbon-climate
https://www.nasa.gov/feature/goddard/carbon-climate
https://climate.nasa.gov/
https://climate.nasa.gov/
https://svs.gsfc.nasa.gov/
https://svs.gsfc.nasa.gov/
http://www.globalcarbonproject.org/
http://www.globalcarbonproject.org/
http://www.globalcarbonatlas.org/
http://www.globalcarbonatlas.org/
https://www.nasa.gov/feature/goddard/carbon-climate
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Questions about this module?
Contact GLOBE: training@nasaglobe.org

eTraining Authors:
Dr. Elizabeth Burakowski, University of New Hampshire
Haley Wicklein, University of New Hampshire

Jennifer Bourgeault, University of New Hampshire

This work was supported by NASA (Grant no. 8ONSSC18K0135). Any opinion,
findings and conclusions or recommendations expressed in this material are those
of the authors(s) and do not necessarily reflect the views of NASA.
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