Chemistry - Carbon
Week 05/11/20
Reading:
● Annotate the article: Facts about Carbon
○ Underline important ideas
○ Circle important words
○ Put a “?” next to something you want to know more about
Activity:
● Create a Tri-fold pamphlet on The Carbon Cycle
○ The Carbon Cycle
Writing:
● Read the article: Carbon “sponge” found beneath the desert
○ Answer the writing prompt at the end of the article.

Química - Elemento de Carbono
Semana de 05/11/20
Lectura:
● Anotar el artículo: Facts about Carbon
○ Subráye ideas importantes
○ Circúle palabras importantes
○ Ponga un "?" junto a algo que usted quiera saber más
Actividad:
● Cree un folleto tríptico sobre las bacterias intestinales
○ The Carbon Cycle
Escritura:
● Lea el artículo: Carbon “sponge” found beneath the desert
○ Responda la pregunta al fin del artículo.

Facts About Carbon
By Stephanie Pappas - Live Science Contributor September 30, 2017

Carbon
(Image: © general-fmv, Andrei Marincas | Shutterstock)

Carbon is an incredible element. Arrange carbon atoms in one way, and they become soft, pliable graphite. Re-jigger the arrangement,
and — presto! — the atoms form diamond, one of the hardest materials in the world.
Carbon is also the key ingredient for most life on Earth; the pigment that made the rst tattoos; and the basis for technological marvels
such as graphene, which is a material stronger than steel and more exible than rubber. [See Periodic Table of the Elements]
Carbon occurs naturally as carbon-12, which makes up almost 99 percent of the carbon in the universe; carbon-13, which makes up
about 1 percent; and carbon-14, which makes up a minuscule amount of overall carbon but is very important in dating organic objects.

Just the facts
Atomic Number (number of protons in the nucleus): 6
Atomic Symbol (on the Periodic Table of Elements): C
Atomic Weight (average mass of the atom): 12.0107
Density: 2.2670 grams per cubic centimeter
Phase at Room Temperature: Solid
Melting Point: 6,422 degrees Fahrenheit (3,550 degrees C)
Boiling Point: 6,872 F (3,800 C) (sublimation)
Number of isotopes: 15 total; two stable isotopes, which are atoms of the same element with a di erent number of neutrons.
Most common isotopes: carbon-12 (6 protons, 6 neutrons and 6 electrons) and carbon-13 (6 protons, 7 neutrons and 6 electrons)

Carbon: From stars to life
As the sixth-most abundant element in the universe, carbon forms in the belly of stars in a reaction called the triple-alpha process,
according to the Swinburne Center for Astrophysics and Supercomputing.
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In older stars that have burned most of their hydrogen, leftover helium accumulates. Each helium nucleus has two protons and two
neutrons. Under very hot temperatures — greater than 100,000,000 Kelvin (179,999,540.6 F) — the helium nuclei begin to fuse, rst as
pairs into unstable 4-proton beryllium nuclei, and eventually, as enough beryllium nuclei blink into existence, into a beryllium plus a
helium. The end result: Atoms with six protons and six neutrons — carbon.

While scientists sometimes conceptualize electrons spinning around an atom's nucleus in a de ned shell, they actually y around the nucleus at various distances; this view of the carbon atom can
be seen here in two electron cloud gures (bottom), showing the electrons in a single blob (the so-called s-orbital) and in a two-lobed blob or cloud (the p-orbital).
(Image credit: Physical Review B, DOI: 10.1103/PhysRevB.80.165404)

Carbon is a pattern maker. It can link to itself, forming long, resilient chains called polymers. It can also bond with up to four other
atoms because of its electron arrangement. Atoms are arranged as a nucleus surrounded by an electron cloud, with electrons zinging
around at di erent distances from the nucleus. Chemists conceive of these distances as shells, and de ne the properties of atoms by
what is in each shell, according to the University of California, Davis. Carbon has two electron shells, with the rst holding two electrons
and the second holding four out of a possible eight spaces. When atoms bond, they share electrons in their outermost shell. Carbon

has four empty spaces in its outer shell, enabling it to bond to four other atoms. (It can also bond stably to fewer atoms by forming
double and triple bonds.)
In other words, carbon has options. And it uses them: Nearly 10 million carbon compounds have been discovered, and scientists
estimate that carbon is the keystone for 95 percent of known compounds, according to the website Chemistry Explained. Carbon's
incredible ability to bond with many other elements is a major reason that it is crucial to almost all life.
Carbon's discovery is lost to history. The element was known to prehistoric humans in the form of charcoal. Carbon as coal is still a
major source of fuel worldwide, providing about 30 percent of energy worldwide, according to the World Coal Association. Coal is also
a key component in steel production, while graphite, another form of carbon, is a common industrial lubricant.
Carbon-14 is a radioactive isotope of carbon used by archaeologists to date objects and remains. Carbon-14 is naturally occurring in
the atmosphere. Plants take it up in respiration, in which they convert sugars made during photosynthesis back into energy that they
use to grow and maintain other processes, according to Colorado State University. Animals incorporate carbon-14 into their bodies by
eating plants or other plant-eating animals. Carbon-14 has a half-life of 5,730 years, meaning that after that time, half of the carbon-14
in a sample decays away, according to the University of Arizona.
Because organisms stop taking in carbon-14 after death, scientists can use carbon-14's half-life as a sort of clock to measure how long
it has been since the organism died. This method works on once-living organisms, including objects made of wood or other plant
material.

Who knew?
Carbon gets its name from the Latin word carbo, which means "coal."
Diamonds and graphite are among the hardest and softest natural materials known, respectively. The only di erence between the
two is their crystal structure.
Carbon makes up 0.032 percent of the Earth's lithosphere (crust and outer mantle) by weight, according to the Encyclopedia of
Earth. A rough estimate of the weight of the lithosphere by La Salle University geologist David Smith is
300,000,000,000,000,000,000,000 (or 3*10^23) pounds, making the approximate weight of carbon in the lithosphere
10,560,000,000,000,000,000,000 (or 1.056*10^22) pounds.
Carbon dioxide (a carbon atom plus two oxygen atoms) makes up about 0.04 percent of Earth's atmosphere, according to the
National Oceanic & Atmospheric Administration (NOAA) — an increase over pre-industrial times, because of the burning of fossil fuels.
Carbon monoxide (a carbon atom plus one oxygen atom) is an odorless gas produced from the burning of fossil fuels. Carbon
monoxide kills by binding to hemoglobin, the oxygen-carrying compound in the blood. Carbon monoxide bonds to hemoglobin 210
times more strongly than oxygen binds to hemoglobin, e ectively crowding out oxygen and su ocating the tissues, according to a
2001 paper in the Journal of the Royal Society of Medicine.
Diamond, the ashiest version of carbon, is formed under great pressure deep in the Earth's crust. The largest gem-quality
diamond ever found was the Cullinan diamond, which was discovered in 1905, according to the Royal Collection Trust. The uncut
diamond was 3,106.75 carats. The largest gem cut from the stone, at 530.2 carats, is one of the Crown Jewels of the United Kingdom
and is known as the Great Star of Africa.
The tattoos of Ötzi the Iceman, a 5,300-year-old corpse found frozen in the Alps, were inked from carbon, according to a 2009 study
in the Journal of Archaeological Science. Small incisions in the skin were made, and charcoal rubbed in, perhaps as part of an
acupuncture treatment.

Ongoing research
Carbon is a long-studied element, but that doesn't mean there isn't more to discover. In fact, the same element that our prehistoric
ancestors burned as charcoal may be the key to next-generation tech materials.
In 1985, Rick Smalley and Robert Curl of Rice University in Texas and their colleagues discovered a new form of carbon. By vaporizing
graphite with lasers, the scientists created a mysterious new molecule made of pure carbon, according to the American Chemical
Society. This molecule turned out to be a soccer-ball-shaped sphere made of 60 carbon atoms. The research team named their
discovery the buckminsterfullerene after an architect who designed geodesic domes. The molecule is now more commonly known as
the "buckyball." The researchers who discovered it won a Nobel Prize in Chemistry in 1996. Buckyballs have been found to inhibit the
spread of HIV, according to a study published in 2009 in the Journal of Chemical Information and Modeling; medical researchers are
working to attach drugs, molecule-by-molecule, to buckyballs in order to deliver medicine directly to sites of infection or tumors in the
body; this includes research by Columbia University, Rice University and others.

Since then, other new, pure carbon molecules — called fullerenes — have been discovered, including elliptical-shaped "buckyeggs" and
carbon nanotubes with amazing conductive properties. Carbon chemistry is still hot enough to capture Nobel Prizes: In 2010,
researchers from Japan and the United States won one for guring out how to link carbon atoms together using palladium atoms, a
method that enables the manufacture of large, complex carbon molecules, according to the Nobel Foundation.
Scientists and engineers are working with these carbon nanomaterials to build materials straight out of science- ction. A 2010 paper in
the journal Nano Letters reports the invention of exible, conductive textiles dipped in a carbon nanotube "ink" that could be used to
store energy, perhaps paving the way for wearable batteries, solar cells and other electronics.
Perhaps one of the hottest areas in carbon research today, however, involves the "miracle material" graphene. Graphene is a sheet of
carbon only one atom thick. It's the strongest material known while still being ultralight and exible. And it conducts electricity better
than copper.
Mass-producing graphene is a challenge, though researchers in April 2014 reported that they could make large amounts using nothing
but a kitchen blender. If scientists can gure out how to make lots of graphene easily, the material could become huge in tech. Imagine
exible, unbreakable gadgets that also happen to be paper-thin. Carbon has come a long way from charcoal and diamonds, indeed.

Carbon nanotubes
A carbon nanotube (CNT) is a minuscule, straw-like structure made of carbon atoms. These tubes are extremely useful in a wide variety
of electronic, magnetic and mechanical technologies. The diameters of these tubes are so tiny that they are measured in nanometers.
A nanometer is one-billionth of a meter — about 10,000 times smaller than a human hair.
Carbon nanotubes are at least 100 times stronger than steel, but only one-sixth as heavy, so they can add strength to almost any
material, according to nanoScience Instruments. They are also better than copper at conducting electricity and heat.
Nanotechnology is being applied to the quest to turn seawater into drinking water. In a new study, scientists at Lawrence Livermore
National Laboratory (LLNL) have developed a carbon nanotube process that can take the salt out of seawater far more e ciently than
traditional technologies.
For example, traditional desalination processes pump in seawater under high pressure, sending it through reverse osmosis
membranes. These membranes then reject all large particles, including salts, allowing only clean water to pass through. However,
these desalination plants are very expensive and can only process about 10 percent of a county's water needs, according to LLNL.
In the nanotube study, the scientists mimicked the way biological membranes are structured: essentially a matrix with pores inside the
membrane. They used nanotubes that were particularly small — more than 50,000 times thinner than a human hair. These tiny
nanotubes allow for a very high ux of water but are so narrow that only one water molecule can pass through the tube at a time. And
most importantly, the salt ions are too big to t through the tube.
The researchers think the new discovery has important implications for the next generation of both water puri cation processes and
high- ux membrane technologies.

Additional reporting by Traci Pedersen, Live Science contributor.
Follow Stephanie Pappas on Twitter and Google+. Follow us @livescience, Facebook & Google+.
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Carbon is the backbone of life on Earth. We are made of carbon, we eat carbon, and our
civilizations—our economies, our homes, our means of transport—are built on carbon. We need
carbon, but that need is also entwined with one of the most serious problems facing us today:
global climate change.

Carbon is both the foundation of all life on Earth, and the source of the majority of energy consumed
by human civilization. [Photographs ©2007 MorBCN (top) and ©2009 sarahluv (lower).]

Forged in the heart of aging stars, carbon is the fourth most abundant element in the Universe.
Most of Earth’s carbon—about 65,500 billion metric tons—is stored in rocks. The rest is in the
ocean, atmosphere, plants, soil, and fossil fuels.
Carbon flows between each reservoir in an exchange called the carbon cycle, which has slow
and fast components. Any change in the cycle that shifts carbon out of one reservoir puts more
carbon in the other reservoirs. Changes that put carbon gases into the atmosphere result in
warmer temperatures on Earth.

This diagram of the fast carbon cycle shows the movement of carbon between land, atmosphere, and
oceans. Yellow numbers are natural fluxes, and red are human contributions in gigatons of carbon per
year. White numbers indicate stored carbon. (Diagram adapted from U.S. DOE, Biological and

Environmental Research Information System.)

Over the long term, the carbon cycle seems to maintain a balance that prevents all of Earth’s
carbon from entering the atmosphere (as is the case on Venus) or from being stored entirely in
rocks. This balance helps keep Earth’s temperature relatively stable, like a thermostat.
This thermostat works over a few hundred thousand years, as part of the slow carbon cycle.
This means that for shorter time periods—tens to a hundred thousand years—the temperature
of Earth can vary. And, in fact, Earth swings between ice ages and warmer interglacial periods
on these time scales. Parts of the carbon cycle may even amplify these short-term temperature
changes.

The uplift of the Himalaya, beginning 50 million years ago, reset Earth’s thermostat by providing a
large source of fresh rock to pull more carbon into the slow carbon cycle through chemical
weathering. The resulting drop in temperatures and the formation of ice sheets changed the ratio
between heavy and light oxygen in the deep ocean, as shown in this graph. (Graph based on data
from Zachos at al., 2001.)

On very long time scales (millions to tens of millions of years), the movement of tectonic plates
and changes in the rate at which carbon seeps from the Earth’s interior may change the
temperature on the thermostat. Earth has undergone such a change over the last 50 million
years, from the extremely warm climates of the Cretaceous (roughly 145 to 65 million years
ago) to the glacial climates of the Pleistocene (roughly 1.8 million to 11,500 years ago). [See
Divisions of Geologic Time—Major Chronostratigraphic and Geochronologic Units for more
information about geological eras.]
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Through a series of chemical reactions and tectonic activity, carbon takes between 100-200
million years to move between rocks, soil, ocean, and atmosphere in the slow carbon cycle. On
average, 1013 to 1014 grams (10–100 million metric tons) of carbon move through the slow
carbon cycle every year. In comparison, human emissions of carbon to the atmosphere are on
the order of 1015 grams, whereas the fast carbon cycle moves 1016 to 1017 grams of carbon per
year.
The movement of carbon from the atmosphere to the lithosphere (rocks) begins with rain.
Atmospheric carbon combines with water to form a weak acid—carbonic acid—that falls to the
surface in rain. The acid dissolves rocks—a process called chemical weathering—and releases
calcium, magnesium, potassium, or sodium ions. Rivers carry the ions to the ocean.

Rivers carry calcium ions—the result
of chemical weathering of rocks—into
the ocean, where they react with
carbonate dissolved in the water. The
product of that reaction, calcium
carbonate, is then deposited onto the
ocean floor, where it becomes
limestone. (Photograph ©2009 Greg
Carley.)

In the ocean, the calcium ions combine with bicarbonate ions to form calcium carbonate, the
active ingredient in antacids and the chalky white substance that dries on your faucet if you live
in an area with hard water. In the modern ocean, most of the calcium carbonate is made by
shell-building (calcifying) organisms (such as corals) and plankton (like coccolithophores and
foraminifera). After the organisms die, they sink to the seafloor. Over time, layers of shells and
sediment are cemented together and turn to rock, storing the carbon in stone—limestone and
its derivatives.

Limestone, or its metamorphic cousin,
marble, is rock made primarily of
calcium carbonate. These rock types
are often formed from the bodies of
marine plants and animals, and their
shells and skeletons can be preserved
as fossils. Carbon locked up in
limestone can be stored for millions—
or even hundreds of millions—of
years. (Photograph ©2008 Rookuzz (Hmm).

Only 80 percent of carbon-containing rock is currently made this way. The remaining 20 percent
contain carbon from living things (organic carbon) that have been embedded in layers of mud.
Heat and pressure compress the mud and carbon over millions of years, forming sedimentary
rock such as shale. In special cases, when dead plant matter builds up faster than it can decay,
layers of organic carbon become oil, coal, or natural gas instead of sedimentary rock like shale.

This coal seam in Scotland was
originally a layer of sediment, rich in
organic carbon. The sedimentary layer
was eventually buried deep
underground, and the heat and
pressure transformed it into coal. Coal
and other fossil fuels are a convenient
source of energy, but when they are
burned, the stored carbon is released
into the atmosphere. This alters the
balance of the carbon cycle, and is
changing Earth’s climate. (Photograph
©2010 Sandchem.)

The slow cycle returns carbon to the atmosphere through volcanoes. Earth’s land and ocean
surfaces sit on several moving crustal plates. When the plates collide, one sinks beneath the
other, and the rock it carries melts under the extreme heat and pressure. The heated rock
recombines into silicate minerals, releasing carbon dioxide.

When volcanoes erupt, they vent the gas to the atmosphere and cover the land with fresh
silicate rock to begin the cycle again. At present, volcanoes emit between 130 and 380 million
metric tons of carbon dioxide per year. For comparison, humans emit about 30 billion tons of
carbon dioxide per year—100–300 times more than volcanoes—by burning fossil fuels.
Chemistry regulates this dance between ocean, land, and atmosphere. If carbon dioxide rises in
the atmosphere because of an increase in volcanic activity, for example, temperatures rise,
leading to more rain, which dissolves more rock, creating more ions that will eventually deposit
more carbon on the ocean floor. It takes a few hundred thousand years to rebalance the slow
carbon cycle through chemical weathering.

Carbon stored in rocks is naturally
returned to the atmosphere by
volcanoes. In this photograph,
Russia’s Kizimen Volcano vents ash
and volcanic gases in January 2011.
Kizimen is located on the Kamchatka
Peninsula, where the Pacific Plate is
subducting beneath Asia. (Photograph
©2011 Artyom Bezotechestvo/Photo

Kamchatka.)

However, the slow carbon cycle also contains a slightly faster component: the ocean. At the
surface, where air meets water, carbon dioxide gas dissolves in and ventilates out of the ocean
in a steady exchange with the atmosphere. Once in the ocean, carbon dioxide gas reacts with
water molecules to release hydrogen, making the ocean more acidic. The hydrogen reacts with
carbonate from rock weathering to produce bicarbonate ions.
Before the industrial age, the ocean vented carbon dioxide to the atmosphere in balance with
the carbon the ocean received during rock weathering. However, since carbon concentrations in
the atmosphere have increased, the ocean now takes more carbon from the atmosphere than it
releases. Over millennia, the ocean will absorb up to 85 percent of the extra carbon people
have put into the atmosphere by burning fossil fuels, but the process is slow because it is tied to
the movement of water from the ocean’s surface to its depths.
In the meantime, winds, currents, and temperature control the rate at which the ocean takes
carbon dioxide from the atmosphere. (See The Ocean’s Carbon Balance on the Earth
Observatory.) It is likely that changes in ocean temperatures and currents helped remove
carbon from and then restore carbon to the atmosphere over the few thousand years in which
the ice ages began and ended.
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The time it takes carbon to move through the fast carbon cycle is measured in a lifespan. The
fast carbon cycle is largely the movement of carbon through life forms on Earth, or the
biosphere. Between 1015 and 1017 grams (1,000 to 100,000 million metric tons) of carbon move
through the fast carbon cycle every year.
Carbon plays an essential role in biology because of its ability to form many bonds—up to four
per atom—in a seemingly endless variety of complex organic molecules. Many organic
molecules contain carbon atoms that have formed strong bonds to other carbon atoms,
combining into long chains and rings. Such carbon chains and rings are the basis of living cells.
For instance, DNA is made of two intertwined molecules built around a carbon chain.
The bonds in the long carbon chains contain a lot of energy. When the chains break apart, the
stored energy is released. This energy makes carbon molecules an excellent source of fuel for
all living things.

During photosynthesis, plants absorb
carbon dioxide and sunlight to create
fuel—glucose and other sugars—for
building plant structures. This process
forms the foundation of the fast
(biological) carbon cycle. (Illustration
adapted from P.J. Sellers et al., 1992.)

Plants and phytoplankton are the main components of the fast carbon cycle. Phytoplankton
(microscopic organisms in the ocean) and plants take carbon dioxide from the atmosphere by
absorbing it into their cells. Using energy from the Sun, both plants and plankton combine
carbon dioxide (CO2) and water to form sugar (CH2O) and oxygen. The chemical reaction looks
like this:
CO2 + H2O + energy = CH2O + O2
Four things can happen to move carbon from a plant and return it to the atmosphere, but all
involve the same chemical reaction. Plants break down the sugar to get the energy they need to
grow. Animals (including people) eat the plants or plankton, and break down the plant sugar to
get energy. Plants and plankton die and decay (are eaten by bacteria) at the end of the growing
season. Or fire consumes plants. In each case, oxygen combines with sugar to release water,
carbon dioxide, and energy. The basic chemical reaction looks like this:
CH2O + O2 = CO2 + H2O + energy
In all four processes, the carbon dioxide released in the reaction usually ends up in the
atmosphere. The fast carbon cycle is so tightly tied to plant life that the growing season can be
seen by the way carbon dioxide fluctuates in the atmosphere. In the Northern Hemisphere
winter, when few land plants are growing and many are decaying, atmospheric carbon dioxide
concentrations climb. During the spring, when plants begin growing again, concentrations drop.
It is as if the Earth is breathing.

The ebb and flow of the fast carbon
cycle is visible in the changing
seasons. As the large land masses of
Northern Hemisphere green in the
spring and summer, they draw carbon
out of the atmosphere. This graph
shows the difference in carbon dioxide
levels from the previous month, with
the long-term trend removed.
This cycle peaks in August, with about
2 parts per million of carbon dioxide
drawn out of the atmosphere. In the
fall and winter, as vegetation dies back
in the northern hemisphere,
decomposition and respiration returns
carbon dioxide to the atmosphere.
These maps show net primary
productivity (the amount of carbon
consumed by plants) on land (green)
and in the oceans (blue) during
August and December, 2010. In
August, the green areas of North
America, Europe, and Asia represent
plants using carbon from the
atmosphere to grow. In December, net
primary productivity at high latitudes is
negative, which outweighs the
seasonal increase in vegetation in the
southern hemisphere. As a result, the
amount of carbon dioxide in the
atmosphere increases.
(Graph by Marit Jentoft-Nilsen and
Robert Simmon, using data from the
NOAA Earth System Research
Laboratory. Maps by Robert Simmon
and Reto Stöckli, using MODIS data.)
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Left unperturbed, the fast and slow carbon cycles maintain a relatively steady concentration of
carbon in the atmosphere, land, plants, and ocean. But when anything changes the amount of
carbon in one reservoir, the effect ripples through the others.
In Earth’s past, the carbon cycle has changed in response to climate change. Variations in
Earth’s orbit alter the amount of energy Earth receives from the Sun and leads to a cycle of ice
ages and warm periods like Earth’s current climate. (See Milutin Milankovitch.) Ice ages
developed when Northern Hemisphere summers cooled and ice built up on land, which in turn
slowed the carbon cycle. Meanwhile, a number of factors including cooler temperatures and
increased phytoplankton growth may have increased the amount of carbon the ocean took out
of the atmosphere. The drop in atmospheric carbon caused additional cooling. Similarly, at the
end of the last Ice Age, 10,000 years ago, carbon dioxide in the atmosphere rose dramatically
as temperatures warmed.

Levels of carbon dioxide in the atmosphere have corresponded closely with temperature over the
past 800,000 years. Although the temperature changes were touched off by variations in Earth’s orbit,
the increased global temperatures released CO2 into the atmosphere, which in turn warmed the
Earth. Antarctic ice-core data show the long-term correlation until about 1900. (Graphs by Robert
Simmon, using data from Lüthi et al., 2008, and Jouzel et al., 2007. )

Shifts in Earth’s orbit are happening constantly, in predictable cycles. In about 30,000 years,
Earth’s orbit will have changed enough to reduce sunlight in the Northern Hemisphere to the
levels that led to the last ice age.
Today, changes in the carbon cycle are happening because of people. We perturb the carbon
cycle by burning fossil fuels and clearing land.
When we clear forests, we remove a dense growth of plants that had stored carbon in wood,
stems, and leaves—biomass. By removing a forest, we eliminate plants that would otherwise
take carbon out of the atmosphere as they grow. We tend to replace the dense growth with
crops or pasture, which store less carbon. We also expose soil that vents carbon from decayed
plant matter into the atmosphere. Humans are currently emitting just under a billion tons of
carbon into the atmosphere per year through land use changes.

The burning of fossil fuels is the
primary source of increased carbon
dioxide in the atmosphere today.
(Photograph ©2009 stevendepolo.)

Without human interference, the carbon in fossil fuels would leak slowly into the atmosphere
through volcanic activity over millions of years in the slow carbon cycle. By burning coal, oil, and
natural gas, we accelerate the process, releasing vast amounts of carbon (carbon that took
millions of years to accumulate) into the atmosphere every year. By doing so, we move the
carbon from the slow cycle to the fast cycle. In 2009, humans released about 8.4 billion tons of
carbon into the atmosphere by burning fossil fuel.

Emissions of carbon dioxide by humanity (primarily from the burning of fossil fuels, with a contribution
from cement production) have been growing steadily since the onset of the industrial revolution.
About half of these emissions are removed by the fast carbon cycle each year, the rest remain in the
atmosphere. (Graph by Robert Simmon, using data from the Carbon Dioxide Information Analysis
Center and Global Carbon Project.)

Since the beginning of the Industrial Revolution, when people first started burning fossil fuels,
carbon dioxide concentrations in the atmosphere have risen from about 280 parts per million to
387 parts per million, a 39 percent increase. This means that for every million molecules in the

atmosphere, 387 of them are now carbon dioxide—the highest concentration in two million
years. Methane concentrations have risen from 715 parts per billion in 1750 to 1,774 parts per
billion in 2005, the highest concentration in at least 650,000 years.
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All of this extra carbon needs to go somewhere. So far, land plants and the ocean have taken
up about 55 percent of the extra carbon people have put into the atmosphere while about 45
percent has stayed in the atmosphere. Eventually, the land and oceans will take up most of the
extra carbon dioxide, but as much as 20 percent may remain in the atmosphere for many
thousands of years.
The changes in the carbon cycle impact each reservoir. Excess carbon in the atmosphere
warms the planet and helps plants on land grow more. Excess carbon in the ocean makes the
water more acidic, putting marine life in danger.

Atmosphere
It is significant that so much carbon dioxide stays in the atmosphere because CO2 is the most
important gas for controlling Earth’s temperature. Carbon dioxide, methane, and halocarbons
are greenhouse gases that absorb a wide range of energy—including infrared energy (heat)
emitted by the Earth—and then re-emit it. The re-emitted energy travels out in all directions, but
some returns to Earth, where it heats the surface. Without greenhouse gases, Earth would be a
frozen -18 degrees Celsius (0 degrees Fahrenheit). With too many greenhouse gases, Earth
would be like Venus, where the greenhouse atmosphere keeps temperatures around 400
degrees Celsius (750 Fahrenheit).

Rising concentrations of carbon dioxide are warming the atmosphere. The increased temperature
results in higher evaporation rates and a wetter atmosphere, which leads to a vicious cycle of further
warming. (Photograph ©2011 Patrick Wilken.)

Because scientists know which wavelengths of energy each greenhouse gas absorbs, and the
concentration of the gases in the atmosphere, they can calculate how much each gas
contributes to warming the planet. Carbon dioxide causes about 20 percent of Earth’s
greenhouse effect; water vapor accounts for about 50 percent; and clouds account for 25
percent. The rest is caused by small particles (aerosols) and minor greenhouse gases like
methane.
Water vapor concentrations in the air are controlled by Earth’s temperature. Warmer
temperatures evaporate more water from the oceans, expand air masses, and lead to higher
humidity. Cooling causes water vapor to condense and fall out as rain, sleet, or snow.
Carbon dioxide, on the other hand, remains a gas at a wider range of atmospheric temperatures
than water. Carbon dioxide molecules provide the initial greenhouse heating needed to maintain
water vapor concentrations. When carbon dioxide concentrations drop, Earth cools, some water
vapor falls out of the atmosphere, and the greenhouse warming caused by water vapor drops.
Likewise, when carbon dioxide concentrations rise, air temperatures go up, and more water
vapor evaporates into the atmosphere—which then amplifies greenhouse heating.
So while carbon dioxide contributes less to the overall greenhouse effect than water vapor,
scientists have found that carbon dioxide is the gas that sets the temperature. Carbon dioxide
controls the amount of water vapor in the atmosphere and thus the size of the greenhouse
effect.
Rising carbon dioxide concentrations are already causing the planet to heat up. At the same
time that greenhouse gases have been increasing, average global temperatures have risen 0.8
degrees Celsius (1.4 degrees Fahrenheit) since 1880.

With the seasonal cycle removed, the atmospheric carbon dioxide concentration measured at Mauna
Loa Volcano, Hawaii, shows a steady increase since 1957. At the same time global average
temperatures are rising as a result of heat trapped by the additional CO2 and increased water vapor
concentration. (Graphs by Robert Simmon, using CO2 data from the NOAA Earth System Research
Laboratory and temperature data from the Goddard Institute for Space Studies.)

This rise in temperature isn’t all the warming we will see based on current carbon dioxide
concentrations. Greenhouse warming doesn’t happen right away because the ocean soaks up
heat. This means that Earth’s temperature will increase at least another 0.6 degrees Celsius (1
degree Fahrenheit) because of carbon dioxide already in the atmosphere. The degree to which
temperatures go up beyond that depends in part on how much more carbon humans release
into the atmosphere in the future.

Ocean

About 30 percent of the carbon dioxide that people have put into the atmosphere has diffused
into the ocean through the direct chemical exchange. Dissolving carbon dioxide in the ocean
creates carbonic acid, which increases the acidity of the water. Or rather, a slightly alkaline
ocean becomes a little less alkaline. Since 1750, the pH of the ocean’s surface has dropped by
0.1, a 30 percent change in acidity.

Some of the excess CO2 emitted by human activity dissolves in the ocean, becoming carbonic acid.
Increases in carbon dioxide are not only leading to warmer oceans, but also to more acidic oceans.
(Photograph ©2010 Way Out West News.)

Ocean acidification affects marine organisms in two ways. First, carbonic acid reacts with
carbonate ions in the water to form bicarbonate. However, those same carbonate ions are what
shell-building animals like coral need to create calcium carbonate shells. With less carbonate
available, the animals need to expend more energy to build their shells. As a result, the shells
end up being thinner and more fragile.
Second, the more acidic water is, the better it dissolves calcium carbonate. In the long run, this
reaction will allow the ocean to soak up excess carbon dioxide because more acidic water will
dissolve more rock, release more carbonate ions, and increase the ocean’s capacity to absorb
carbon dioxide. In the meantime, though, more acidic water will dissolve the carbonate shells of
marine organisms, making them pitted and weak.
Warmer oceans—a product of the greenhouse effect—could also decrease the abundance of
phytoplankton, which grow better in cool, nutrient-rich waters. This could limit the ocean’s ability
to take carbon from the atmosphere through the fast carbon cycle.
On the other hand, carbon dioxide is essential for plant and phytoplankton growth. An increase
in carbon dioxide could increase growth by fertilizing those few species of phytoplankton and
ocean plants (like sea grasses) that take carbon dioxide directly from the water. However, most
species are not helped by the increased availability of carbon dioxide.

Land
Plants on land have taken up approximately 25 percent of the carbon dioxide that humans have
put into the atmosphere. The amount of carbon that plants take up varies greatly from year to
year, but in general, the world’s plants have increased the amount of carbon dioxide they

absorb since 1960. Only some of this increase occurred as a direct result of fossil fuel
emissions.
With more atmospheric carbon dioxide available to convert to plant matter in photosynthesis,
plants were able to grow more. This increased growth is referred to as carbon fertilization.
Models predict that plants might grow anywhere from 12 to 76 percent more if atmospheric
carbon dioxide is doubled, as long as nothing else, like water shortages, limits their growth.
However, scientists don’t know how much carbon dioxide is increasing plant growth in the real
world, because plants need more than carbon dioxide to grow.
Plants also need water, sunlight, and nutrients, especially nitrogen. If a plant doesn’t have one
of these things, it won’t grow regardless of how abundant the other necessities are. There is a
limit to how much carbon plants can take out of the atmosphere, and that limit varies from
region to region. So far, it appears that carbon dioxide fertilization increases plant growth until
the plant reaches a limit in the amount of water or nitrogen available.
Some of the changes in carbon absorption are the result of land use decisions. Agriculture has
become much more intensive, so we can grow more food on less land. In high and midlatitudes, abandoned farmland is reverting to forest, and these forests store much more carbon,
both in wood and soil, than crops would. In many places, we prevent plant carbon from entering
the atmosphere by extinguishing wildfires. This allows woody material (which stores carbon) to
build up. All of these land use decisions are helping plants absorb human-released carbon in
the Northern Hemisphere.

Changes in land cover—forests converted to fields and fields converted to forests—have a
corresponding effect on the carbon cycle. In some Northern Hemisphere countries, many farms were
abandoned in the early 20th century and the land reverted to forest. As a result, carbon was drawn
out of the atmosphere and stored in trees on land. (Photograph ©2007 Husein Kadribegic.)

In the tropics, however, forests are being removed, often through fire, and this releases carbon
dioxide. As of 2008, deforestation accounted for about 12 percent of all human carbon dioxide
emissions.
The biggest changes in the land carbon cycle are likely to come because of climate change.
Carbon dioxide increases temperatures, extending the growing season and increasing humidity.
Both factors have led to some additional plant growth. However, warmer temperatures also
stress plants. With a longer, warmer growing season, plants need more water to survive.
Scientists are already seeing evidence that plants in the Northern Hemisphere slow their growth
in the summer because of warm temperatures and water shortages.
Dry, water-stressed plants are also more susceptible to fire and insects when growing seasons
become longer. In the far north, where an increase in temperature has the greatest impact, the
forests have already started to burn more, releasing carbon from the plants and the soil into the
atmosphere. Tropical forests may also be extremely susceptible to drying. With less water,
tropical trees slow their growth and take up less carbon, or die and release their stored carbon
to the atmosphere.
The warming caused by rising greenhouse gases may also “bake” the soil, accelerating the rate
at which carbon seeps out in some places. This is of particular concern in the far north, where
frozen soil—permafrost—is thawing. Permafrost contains rich deposits of carbon from plant
matter that has accumulated for thousands of years because the cold slows decay. When the
soil warms, the organic matter decays and carbon—in the form of methane and carbon dioxide
—seeps into the atmosphere.
Current research estimates that permafrost in the Northern Hemisphere holds 1,672 billion tons
(Petagrams) of organic carbon. If just 10 percent of this permafrost were to thaw, it could
release enough extra carbon dioxide to the atmosphere to raise temperatures an additional 0.7
degrees Celsius (1.3 degrees Fahrenheit) by 2100.
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Many of the questions scientists still need to answer about the carbon cycle revolve around how
it is changing. The atmosphere now contains more carbon than at any time in at least two
million years. Each reservoir of the cycle will change as this carbon makes its way through the
cycle.
What will those changes look like? What will happen to plants as temperatures increase and
climate changes? Will they remove more carbon from the atmosphere than they put back? Will
they become less productive? How much extra carbon will melting permafrost put into the
atmosphere, and how much will that amplify warming? Will ocean circulation or warming
change the rate at which the ocean takes up carbon? Will ocean life become less productive?
How much will the ocean acidify, and what effects will that have?

Time series of satellite data, like the imagery available from the Landsat satellites, allow scientists to
monitor changes in forest cover. Deforestation can release carbon dioxide into the atmosphere, while
forest regrowth removes CO2. This pair of false-color images shows clear cutting and forest regrowth
between 1984 and 2010 in Washington State, northeast of Mount Rainier. Dark green corresponds to
mature forests, red indicates bare ground or dead plant material (freshly cut areas), and light green
indicates relatively new growth. (NASA image by Robert Simmon, using Landsat data from the USGS
Global Visualization Viewer.)

NASA’s role in answering these questions is to provide global satellite observations and related
field observations. As of early 2011, two types of satellite instruments were collecting
information relevant to the carbon cycle.
The Moderate Resolution Imaging Spectroradiometer (MODIS) instruments, flying on NASA’s
Terra and Aqua satellites, measure the amount of carbon plants and phytoplankton turn into
matter as they grow, a measurement called net primary productivity. The MODIS sensors also
measure how many fires occur and where they burn.
Two Landsat satellites provide a detailed view of ocean reefs, what is growing on land, and how
land cover is changing. It is possible to see the growth of a city or a transformation from forest
to farm. This information is crucial because land use accounts for one-third of all human carbon
emissions.
Future NASA satellites will continue these observations, and also measure carbon dioxide and
methane in the atmosphere and vegetation height and structure.
All of these measurements will help us see how the global carbon cycle is changing through
time. They will help us gauge the impact we are having on the carbon cycle by releasing carbon
into the atmosphere or finding ways to store it elsewhere. They will show us how our changing
climate is altering the carbon cycle, and how the changing carbon cycle is altering our climate.
Most of us, however, will observe changes in the carbon cycle in a more personal way. For us,
the carbon cycle is the food we eat, the electricity in our homes, the gas in our cars, and the
weather over our heads. We are a part of the carbon cycle, and so our decisions about how we
live ripple across the cycle. Likewise, changes in the carbon cycle will impact the way we live.
As each of us come to understand our role in the carbon cycle, the knowledge empowers us to
control our personal impact and to understand the changes we are seeing in the world around
us.

Directions: Based on the information in this article, create a tri-fold brochure about
the carbon cycle that could be distributed at a museum, a national or state park, or
environmental summit. The brochure should explain the information in this article in a
more condensed and concise manner. It should contain pictures, images and/or
drawings, including graphs and charts when appropriate. The brochure is intended for
a public audience that may vary in range of ages and knowledge of the carbon cycle.
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Carbon ‘sponge’ found beneath desert
It appears to have locked up loads of climate-warming carbon

Plants pull carbon that from the air. Farm irrigation can later flush that carbon deep underground.
Groundwater aquifers beneath deserts appear to now hoard hundreds of billions of metric tons of carbon,
acquired this way. That's the finding of research at China’s Taklamakan Desert (shown).
YAN LI

By Thomas Sumner
August 17, 2015 at 6:00 am

Irrigating farms in dry parts of the globe may provide an unplanned climate benefit. This water
appears to have washed enormous amounts of carbon deep underground, a new study
indicates. Locked away there — in the form of the climate-warming carbon dioxide — this
carbon has not had an opportunity to contribute to global warming.
Over the past century, human activities have been spewing huge amounts of carbon dioxide,
or CO2, into the air. Much of it comes from the burning of fossil fuels and of forests. In recent
decades this air pollution has been fueling a low-grade fever in Earth’s atmosphere. But this

global warming has not been as big as emissions would had suggested it should be. For some
reason, as much as 30 percent of the CO2 seems to have gone missing. And the new study now
finds evidence that farm irrigation may have stored up to one-fifth of it beneath deserts.
The amount of carbon in this stash appears huge — up to one trillion metric tons, the new
study finds. If true, it would be equal to more than all of the carbon now held by trees and
other land-based plants.
“We’ve found a carbon sink in the most unlikely place” — under irrigated deserts, says Yan Li.
He’s an ecologist at the Chinese Academy of Sciences in Urumqi. At least this is what Li and his
colleagues proposed online July 28 in Geophysical Research Letters.
“Almost nobody paid attention to these desert regions,” Li says. That’s because desert regions
lack abundant plant life. Through photosynthesis, these green plants suck up and store huge
amounts of carbon in their tissues, he says.
In the last decade, several studies had measured deserts absorbing unexpectedly big amounts
of CO2. Such findings were controversial, however. Scientists could not explain where the
absorbed carbon had gone.
Li and colleagues decided to hunt for this vanished carbon around northwest China’s Tarim
Basin. It’s home to China’s largest desert. Eighty-five percent of this Taklamakan Desert consists
of little more than sand dunes. The researchers sampled groundwater at 170 sites beneath the
basin. They also sampled nearby streams and irrigation ditches. This surface water quenches
the thirst of farms that straddle the desert’s perimeter.
Farmers in dry climates tend to overwater their crops. This helps to flush out large amounts of
salt from the soil (which would poison any crops they might want to grow in that soil). As the
water passes through the salty soil, the amount of dissolved carbon in the water more than
doubles, Li’s team found. Salty, alkaline water can hold more carbon than pure water. Some of
the water percolating down through the ground will end up in underground aquifers. These can
then lock away carbon that would otherwise escape back into the atmosphere.
This process boosts the annual amount of CO2 absorbed by each square meter of desert from
1.34 grams to 20 grams or more, Li’s team finds. That’s an amount of CO2 comparable to what

forest lands absorb, the researchers estimate. And the same thing might be happening in
other desert regions with farming — such as California and the American Southwest. If this
does occur, then this irrigation wash water could mean that desert aquifers are among the top
three ongoing carbon sinks on land, Li says.
The Tarim Basin carbon sink is probably relatively new. Scientists have been able to use carbon
dating to calculate the age of its groundwater. Tested samples revealed a sharp climb in the
water’s collection of carbon. This started roughly 2,000 years ago, when Silk Road trade routes
opened the region to farming.
Water collects in groundwater below non-deserts too. However, people often pump those
supplies for drinking and irrigation. They don’t tend to remove water from desert aquifers
because is too salty for such uses. That means the carbon in this water could remain
underground indefinitely, Li says.
“The carbon goes into the ground and stays there,” he suspects. As such, countries might
consider irrigating more of the desert to purposely lock up carbon, he proposes, to help
combat climate change.
The new work demonstrates how little we know about arid lands, says R. Dave Evans. He’s an
ecologist of Washington State University in Pullman. Researchers now can go out and look for
signs this also occurs in other irrigated deserts, he says.
But further study is definitely needed, says Akihiro Koyama. A biogeochemist, he works at
Algoma University in Sault Ste. Marie, Canada. “This is worth looking into,” he says, “but I’d be
really cautious.” Finding relatively young carbon in the aquifers does not prove that desert
irrigation will lock up carbon underground, he explains. The new carbon might simply push the
old out through some yet-to-be-discovered means. Then there would be no climate benefit
effect.
Writing Prompt: Explain how a carbon sink works under the sands of the desert. How could this knowledge
be useful when looking for solutions to reduce carbon dioxide in our atmosphere?

