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Wednesday, March 09,2016
Washington, D.C.—For the first time scientists
have looked at the net balance of the three major
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Carnegie News greenhouse gases—carbon dioxide, methane, and
nitrous oxide—for every region of Earth'’s
Publications/Permissior landmasses. They found surprisingly, that human-

induced emissions of methane and nitrous oxide
from ecosystems overwhelmingly surpass the
ability of the land to soak up carbon dioxide
emissions, which makes the terrestrial biosphere
a contributor to climate change. The results
(video and published in the March 10, 2016, Nature, revises
audio) our understanding of how human activity
contributes to global warming.
Media Contacts Co-author Anna Michalak of Carnegie’s
Department of Global Ecology remarked,
“Typically we think of land as a net ‘sink’ of carbon
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dioxide. But we found that the sign of the human-

induced impact is reversed if we also take into
Year Books account methane and nitrous oxide.”

The scientists looked at the so-called biogenic
Carnegie fluxes or flow of the three greenhouse gases on
Newsletter land that were caused by human activities over
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the last three decades and subtracted out
emissions that existed “naturally” during pre-
industrial times. Biogenic sources include gas
emissions from plants, animals, microbes, and the
like. They were interested in finding out how
human activities have changed the biogenic
fluxes of these gases. Historically, such emissions
have included methane emissions from wetlands
and nitrous oxide emissions from soil. Human
activity and human-caused climate change have
changed the magnitude of these fluxes, however,
as well as added new categories of biogenic fluxes
such as those resulting from sewage, cattle, and
fertilizer use.

The scientists first added up all biogenic
emissions of carbon dioxide, methane, and nitrous
oxide, then subtracted out those that occurred
naturally prior to humanintervention to get to
the net amount. The study did not include non-
biogenic gas emissions from activities like fossil
fuel burning or natural gas production.

The team discovered that the human impact on
biogenic methane and nitrous oxide emissions far
outweighed the human impact on the terrestrial
uptake of carbon dioxide, meaning that humans
have caused the terrestrial biosphere to further
contribute towarming. Inother words, the
terrestrial biosphere, through human action, is
now contributing to climate change rather than
mitigating climate change. This runs counter to
conventional thinking based on previous studies,
which had focused only on carbon dioxide and had
emphasized the climate change mitigating effect
of human impacts terrestrial carbon uptake.

The scientists found that greenhouse gas
emissions vary considerably by region.
Interestingly, the human-induced emissions of the
gases in Southern Asia, including China and India,
had a larger net warming effect compared to
other areas. Southern Asia contains some 90% of
the world’s rice fields and more than 60% of the
world’s nitrogen fertilizer use. Thus, methane
emissions in this region are largely fromrice
cultivation and livestock, while man-made
fertilizers are a major source of nitrous oxide.
Lead author of the study, Hangin Tain director of
the International Center for Climate and Global
Change Research, School of Forestry and Wildlife
Sciences at Auburn University said, “This finding
reveals for the first time that human activities
have transformed the land biosphere to a
contributor to climate change.”
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“This study should serve as a wake-up call to
governments, policymakers, and individuals
around the world,” said Michalak. “We must
expand our focus and devise strategies that
target the biogenic emissions of these other
greenhouse gases if we are to change the course
of climate change.”

*Authors on the study are Hangin Tian,
International Center for Climate and Global
Change Research, School of Forestry and Wildlife
Sciences, Auburn University, Auburn, Alabama;
Chaoqun Lu, International Center for Climate and
Global Change Research, School of Forestry and
Wildlife Sciences, Auburn University, Auburn,
Alabama, and Department of Ecology, Evolution,
and Organismal Biology, lowa State University,
Ames, lowa; Philippe Ciais, Laboratoire des
Sciences du Climat et de I'Environnement, Gif sur
Yvette, France; Anna M. Michalak, Department of
Global Ecology, Carnegie Institution for Science,
Stanford, California; Josep G. Canadell, Global
Carbon Project, CSIRO Oceans and Atmosphere,
Canberra, Australia; Eri Saikawa, Department of
Environmental Sciences, Emory University,
Atlanta, Georgia; Deborah N. Huntzinger,School
of Earth Sciences and Environmental
Sustainability, Northern Arizona University,
Flagstaff, Arizona; Kevin Gurney, School of Life
Sciences, Arizona State University, Temple,
Arizona; Stephen Sitch, College of Life and
Environmental Sciences, University of Exeter,
United Kingdom; Bowen Zhang, International
Center for Climate and Global Change Research,
School of Forestry and Wildlife Sciences, Auburn
University, Auburn, Alabama, Jia Yang,
International Center for Climate and Global
Change Research, School of Forestry and Wildlife
Sciences, Auburn University, Auburn Alabama;
Philippe Bousquet, Laboratoire des Sciences du
Climat et de I'Environnement, Gif sur Yvette,
France; Lori Bruhwiler, NOAA Earth System
Research Laboratory, Global Monitoring Division,
Boulder Colorado, Guangsheng Chen,
Environmental Science Division, Oak Ridge
National Laboratory, Oak Ridge, Tennessee,
Edward Dlugokencky, NOAA Earth System
Research Laboratory, Global Monitoring Division,
Boulder Colorado, Pierre Friedlingstein, College
of Engineering, Mathematics and Physical
Sciences, University of Exeter, United Kingdom;
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Jerry Melillo, The Ecosystem Center, Marine
Biological Laboratory, Woods Hole Research
Center, Falmouth, Massachusetts, Shufen Pan,
International Center for Climate and Global
Change Research, School of Forestry and Wildlife
Sciences, Auburn University, Auburn, Alabama;
Benjamin Poulter, Department of Ecology,
Montana State University, Bozeman, Montana,
Ronald Prinn, Center for Global Change Science,
Massachusetts Institute of Technology,
Cambridge, Massachusetts; Marielle Saunois,
Laboratoire des Sciences du Climat et de
I'Environnement, Gif sur Yvette, France,
Christopher R. Schwalm, School of Earth Sciences
and Environmental Sustainability, Northern
Arizona University, Flagstaff, Arizona, and Woods
Hole Research Center, Falmouth, Massachusetts;
and Steven C. Wofsy, Department of Earth and
Planetary Science, Harvard University,
Cambridge, Massachusetts.

This work was supported by grants from NASA,
the Australian Climate Change Science Program,
NOAA, and NSF.
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