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Geochemists Chart 
Carbon-Dioxide Levels 
At 650,000-Year High 
December 14, 2007; Page B1

More than two miles above the Pacific surf, at the summit of the world's 
largest volcano, the evidence of human influence on global warming is in 
the air.

For a half century, sensors atop Mauna Loa on the island of Hawaii have 
captured the world-wide signature of increasing carbon dioxide in the atmosphere, due largely to burning 
coal, oil and natural gas. The carbon dioxide traps heat. For 50 years, these CO2 readings, known as the 
Keeling Curve, have been climbing steadily, setting and then breaking a new record every 12 months or so. 
(See the Keeling Curve1)

CARBON DIOXIDE: THE LEARNING 
CURVE 
 

-- by Robert Lee Hotz

• Researchers expect 2007 to end among 
the warmest years on record. In May, an 
international research consortium, led by 
the Global Carbon Project2, reported in 

"The Proceedings of the National Academy of 
Sciences" that CO2 emissions from burning fossil 
fuels and industrial activity has accelerated 
worldwide, growing at three times the rate of the 
1990s. Click here for abstract.3 By October, the 
scientists concluded that three factors4 are driving 
these higher greenhouse gas emissions: faster 
economic growth, a halt in carbon intensity 
reductions, and a slump in the planet's ability to 
remove so much CO2 from the air.
• Since 1958, the benchmark for measuring 

Global concentrations of CO2 in 2006, not surprisingly 
then, reached the highest level since the record-keeping 
began in 1958, the World Meteorological Organization 
recently announced in its annual greenhouse-gas bulletin. 
Based on samples from 40 countries, the level of carbon 
dioxide in the air reached 381.2 parts per million, up 
fractionally from 2005 -- concentrations not seen in 650,000 
years, scientists said.

This week, while diplomats from 180 countries argued over 
the cost of staving off predicted climate changes, the Mauna 
Loa readings started to approach even higher levels.

These annual measurements are the world's longest 
continuous record of CO2 concentrations and, plotted as 
data points in a rising arc, form one of the most important 
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worldwide carbon dioxide emissions has been set 
by The Mauna Loa Observatory5 in Hawaii. There, 
the undisturbed air, remote location, and minimal 
influence of vegetation and human activity are ideal 
for monitoring the greenhouse gases that can 
cause climate change.
• Charles David Keeling6 was the first scientist to 
report that global atmospheric concentrations of 
carbon dioxide were rising. He began the first 
continuous record of global carbon dioxide at 
Mauna Loa 50 years ago. (See the Keeling Curve7)
• Global measurements today are conducted by the 
National Oceanic and Atmospheric Administration8 
and its Earth Systems Research Laboratory9. 
Together, they maintain an annual greenhouse gas 
index10.
• In this primer11, the U.S. Department of Energy 
explains the role of greenhouse gases and their 
effect on climate. The Environmental Protection 
Agency created an online calculator12 to help 
people estimate their own contribution to 
greenhouse gas emissions.
• Last month, the UN Intergovernmental Panel on 
Climate Change13, which recently received the 
Nobel Peace Prize for its work on global warming, 
summed up the current state of climate science in 
its Fourth Assessment Report.
• Conservationist Tim Flannery at The University of 
Adelaide gives an authoritative overview of the 
problems posed by climate change in "The 
Weather Makers: How Man Is Changing the 
Climate and What It Means for Life on Earth."14

* * *
THE KEELING CURVE 
 

See the chart15 showing the steady growth in 
carbon dioxide levels in the atmosphere since 1958.
JOIN THE DISCUSSION 
 

16 
Do you consider the rising numbers in the 
Keeling Curve evidence of humankind's 
effect on climate change? If so, are we 
doing enough to counter the effects of 

global warming? Share your thoughts in an online 
forum.17

graphs in science.

Scripps Institution of Oceanography, UC San Diego 
Atmospheric chemist Charles D. Keeling, who 
died in 2005, began the first continuous record of 
global carbon dioxide at Mauna Loa, Hawaii, in 
1958.

By 1960, the 
data had 
provided the 
first clear 
evidence that 
carbon was 
accumulating in 
the atmosphere 
and implicated 
human activity. 
By inference, it 
also records 
how little has 
been done each 
year since to 
reduce greenhouse-gas emissions. "It is one of the iconic 
records of human influence on the planet," said atmospheric 
chemist Pieter Tans at the federal Earth Systems Research 
Laboratory in Boulder, Colo. "When you look at it, it is 
shocking how overwhelming the human influence has been 
on the atmosphere. It is the scientific basis for the whole 
anxiety we have about climate change caused by human 
beings."

Climate scientists call the graph the Keeling Curve in 
tribute to a skeptical atmospheric chemist named Charles D. 
Keeling, who first began monitoring the pure air at two of 
Earth's most remote locations -- Mauna Loa and the South 
Pole -- in 1958. Oil then sold for $3 a barrel, a new fuel-
efficient Ford Edsel promised 12 miles to the gallon, and no 
one thought the carbon released by burning fossil fuels, 
making cement or clearing land could have a measurable 
effect on Earth's climate.

Indeed, researchers believed it would be absorbed 
harmlessly by the oceans, not the atmosphere, with no 
adverse effects for thousands of years. Dr. Keeling, who 
died in 2005, quickly proved otherwise. "It heralded the 

beginning of the scientific discussion about global warming," said his son, climate geochemist Ralph 
Keeling at the Scripps Institution of Oceanography. "My father gave us a 10-year jump-start on trying to 
solve this problem."

Greenhouse gases drive temperatures. Over the duration of Keeling's rising curve, average temperatures in 
the Northern Hemisphere were "very likely" higher than during any other 50-year period in the past 500 
years, the U.N. Intergovernmental Panel on Climate Change reported last month. Fifteen of the past 20 years 
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rank among the warmest years on record. Spring now arrives 13 days earlier in many parts of North America 
and 15 days earlier in Europe than it did 30 years ago.

Scripps Institution of Oceanography, UC San Diego 
The Mauna Loa Observatory, the site for the 
world's longest continuous record of carbon 
dioxide levels in the air.

In response to rising temperatures, the tropical regions bordering 
the equator have expanded around the world by about 2.5 
degrees latitude -- about 500 miles or so north and south -- in 
the past 25 years, Dian Seidel, meteorologist at the National 
Oceanic and Atmospheric Administration, reported this month 
in the journal Nature Geoscience. To the north, Arctic Sea ice 
melted to a record low in September. So did the Greenland ice 
sheet, University of Colorado climate scientist Konrad Steffen 
reported this week.

Now the Keeling Curve is rising faster, driven not just by 
human economic activity but also by natural limits on the 
planet's ability to remove so much carbon from the air quickly, 
new research suggests.

Since 2000, CO2 emissions world-wide -- as measured by hundreds of sensors in dozens of countries -- 
accelerated, growing at three times the rate observed during the 1990s, an international research team led by 
the Global Carbon Project reported in May in the Proceedings of the National Academy of Sciences.

Usually, plants, soil and seawater absorb much of those emissions, threatening the ecosystem. Between 1990 
and 2005, for example, new forest growth in the 27 countries of the European Union annually absorbed 126 
million tons of carbon -- equal to about 11% of the region's yearly emissions, University of Helsinki 
researchers reported last month in Energy Policy.

But such natural sponges may no longer be able to blot up atmospheric spills of CO2 so easily, the carbon 
project scientists reported in October. In the 50 years marked by Keeling's Curve, the researchers said, the 
planet's capacity to absorb the gas through soil and sea chemistry has steadily declined.

• Email me at sciencejournal@wsj.com18. For a discussion on today's column, go to the Science Journal 
forum19. 
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