
How are plants and carbon connected?

Plants are a key part of the carbon cycle: the way carbon is 
exchanged among living things, the land, the ocean, and the 
atmosphere. In this role, plants—from terrestrial vegetation 
to phytoplankton in the ocean—sustain life on Earth.

When sunlight induces plants to grow, they absorb carbon 
dioxide. Land plants remove carbon from the air, while 
ocean plants absorb carbon dissolved in the water. Plants 
convert the carbon into sugar molecules that they use for 
food. This chemical process, called photosynthesis, releases 
the oxygen that we breathe. Plants incorporate the 

carbon they capture into their structures, and eventually 
this carbon makes its way into soil and ocean sediments, 
the bodies of organisms that eat the plants, and the fossil 
fuels that the plants and organisms eventually become. 

Plants don’t just absorb carbon, however. They also release 
it in a process called respiration. When plants metabolize 
the sugars they make, or when they aren’t growing, 
decaying, or being burned, they release stored carbon back 
into the atmosphere as carbon dioxide. So when global 
plant growth changes, the global carbon cycle changes, too.  

BIO VIZ BACKGROUNDER

Earth’s Green Carbon Machine

Navigating the visualization

The seasonal growth of plants is one of the most striking patterns on Earth. This green “pulse” of life is 
intimately connected with the planet’s carbon cycle and changing climate. This backgrounder accompanies 

the data visualization Earth’s Green Carbon Machine at sciencebulletins.amnh.org/?sid=b.v.NPP_2011

Time bar: The visualization shows a 
sequence of weekly averages of net 
primary productivity.  

Legend: Green indicates positive 
productivity, so growth and carbon 
release. Orange indicates negative 
productivity, or the lack of growth and 
carbon absorption.

Data: This global map is based on NASA 
satellite measurements of net primary 
productivity—the amount of carbon 
plants release versus how much they take 
up.
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Related resources

Associated data visualization

AMNH Science Bulletins: Earth’s Green Carbon Machine
sciencebulletins.amnh.org/?sid=b.v.NPP_2011

Earth’s Green Carbon Machine: Datasets for NOAA’s 
Science on a Sphere 
sos.noaa.gov/datasets/extras/npp_amnh.html

Collaborators

NOAA Climate Services
www.climate.gov

Oregon State University
bpp.oregonstate.edu 

General resources

NASA Earth Observatory: The Carbon Cycle
earthobservatory.nasa.gov/Features/CarbonCycle

NASA Earth Observatory: What Is Phytoplankton?
earthobservatory.nasa.gov/Features/Phytoplankton

Visible Earth: Primary Productivity
earthobservatory.nasa.gov/GlobalMaps/view.
php?d1=MOD17A2_M_PSN

How do satellites measure plant growth?

One way to monitor Earth’s plant growth is to measure the 
rate at which plants take in carbon from the atmosphere. 
This visualization shows weekly snapshots of net primary 
productivity based on data taken by the MODIS sensor 
on NASA’s Terra and Aqua satellites and processed by 
researchers at the University of Montana and Oregon 
State University. Net primary productivity is a measure 
of how much carbon dioxide Earth’s vegetation absorbs 
through photosynthesis minus how much it releases 
through respiration. The unit of measure is grams of carbon 
per square meter per day. Green values show positive 
productivity: plants are growing rapidly and absorbing 
carbon dioxide. Orange values show negative productivity: 
plants are not growing and are releasing carbon dioxide. 
The range of values is -0.5 grams of carbon per square 
meter per day to 1 gram of carbon per square meter per day. 

What plant growth patterns are visible?
The most fundamental plant global growth pattern is 
dictated by the shift of the seasons. When Earth’s tilt and 
orbit around the Sun allow one hemisphere to receive 
more direct sunlight than the other, summer occurs in that 
hemisphere, and plant growth flourishes. This is visible as 
“green-up”: a flush of green on both land and in the oceans 
that moves poleward as summer peaks. Tropical forests 
show more steady patterns of plant growth than the poles. 
Deserts often show orange, or negative values.

The summer green-up has different global effects 
depending on the hemisphere involved. There is much 
more vegetated landmass in the Northern Hemisphere 
than in the Southern Hemisphere. The annual green-up 
in the Northern Hemisphere absorbs so much carbon 

dioxide from the air that global levels of atmospheric 
carbon drop precipitously by August. By November—when 
summer arrives in the Southern Hemisphere—atmospheric 
carbon climbs back up, and stays up until April. Although 
phytoplankton in the Southern Hemisphere ocean take in a 
significant amount of carbon, their impact does not result 
in a dramatic dip. Phytoplankton’s effects are “smeared 
out” across the season, largely because phytoplankton 
indirectly absorb carbon dissolved in ocean water rather 
than directly absorbing it from the atmosphere. 

What role do plants play in climate change?

For millennia, the carbon cycle has been at near-
equilibrium: the respiration of plants, animals, and 
microbes adds roughly the same amount of carbon into 
the atmosphere as plants take in during photosynthesis. 
But humans are dramatically upsetting this balance. When 
we burn fossil fuels, the carbon they contain enters the 
atmosphere. When we cut down forests and replace them 
with crops and pasture (which absorb less carbon), we 
reduce the capacity of Earth’s plants as a carbon sink.

Four hundred years ago, an estimated 274 molecules of 
carbon dioxide occupied every million molecules of dry 
air. Today, in 2011, there are 388 parts per million of 
atmospheric carbon. This level has not been seen on Earth 
for at least 800,000 years, and probably much longer. 
Currently, the planet does not have enough natural carbon 
sinks to take in the excess carbon that humans release, 
so some of that extra carbon stays in the atmosphere and 
drives up temperatures. Capping carbon emissions at 
current levels is not enough to stop global warming. To 
regain balance in the carbon cycle, we must reduce carbon 
emissions to levels that the biosphere can take up naturally.
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