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Foreword

Recognizing that human activities are a significant geologic force through, for
example, land-use change and fossil fuel combustion, Paul Crutzen and Eugene
Stoermer (2000) introduced the term “Anthropocene”. Through expansion of agri-
cultural and urban ecosystems along with combustion of biomass and fossil fuel,
humans have drastically changed the “Face of the Earth”. Increase in atmospheric
concentration of greenhouse gases (GHGs) and the attendant global climate change
are among the principal ramifications of the Anthropocene. Whereas emissions from
fossil fuel combustion began with the on-set of industrial revolution ~1800 A.D.,
those from land-use conversion and deforestation commenced ~10-14 millennia
ago with the dawn of settled agriculture. The cumulative emissions from land-use
conversion over millennia are estimated by some at about 480 Pg carbon (C), com-
pared with 275 Pg C from fossil fuel combustion and cement production between
1850 and 2000. World soils may have lost 60—100 Pg C through drainage, excessive
tillage and the widespread use of extractive farming practices, which does not only
affect C emissions but the development potential of people depending on soil
resources. The magnitude of loss of the soil C pool and interrelated negative conse-
quences for humans are exacerbated by degradation processes such as accelerated
erosion, salinization, acidification, nutrient depletion, and elemental toxicity.
Decarbonization of the terrestrial C pool has adversely affected numerous ecosys-
tem services such as the provision of food and fresh water, supporting services such
as elemental (C, N, P, S etc.) cycling, biodiversity, among others. The severe decline
in agronomic productivity may be the most prominent negative effect of manage-
ment practices depleting the soil C pool.

Recarbonization of the biosphere is an essential step to reduce the net anthropo-
genic C emissions through sequestration of carbon dioxide (CO,) in terrestrial sinks
comprising of forests, soils, and wetlands. The drawdown of atmospheric CO,
through C sequestration in the terrestrial biosphere is estimated at ~50 ppm over a
century. In addition to being a cost-effective and a natural process based on enhanced
net primary production through adoption of restorative land use and management,
the strategy of C sequestration in the terrestrial biosphere has numerous co-benefits
such as increasing agronomic productivity and advancing global food security.
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Terrestrial biosphere, with a high priority for an immediate action, and those
with a high C sink capacity include: drained peat lands, soils degraded by erosion
and salinization, agriculturally marginal lands, tropical rainforests and acid savanna
soils, and urban ecosystems. In addition to afforestation and reforestation,
avoidance of tropical deforestation, conversion of degraded ecosystems to restor-
ative land use, and adoption of recommended soil and crop management practices
are important options for recarbonization of the biosphere.

A wide spread adoption of recommended management practices, in particular,
by the resource-poor farmers and small land holders of the developing countries
requires appropriate, just, and fair process to incentivize them. Land managers
could be incentivized, if implemented effectively, through payments for generat-
ing ecosystem services such as sequestering C to mitigate climate change,
improving quality of natural waters, enhancing biodiversity, and improving envi-
ronmental quality.

The workshop entitled “Recarbonization of the Biosphere” was held at the
IASS Institute for Advanced Sustainability Studies Potsdam, from 20 to 22 March
2011. It was attended by about 30 participants from Germany, USA, Australia,
Brazil, Italy, France, Spain, China representing soil science, forestry, climatology,
sociology, and political sciences along with policy makers and media representatives.
Specific recommendations emerging from the deliberations include the following:

Land-Based Carbon Sinks: Priority ecosystems with large C stocks which must be
protected and sustainably managed are: permafrost, wetlands, peatlands, tropical
rainforests, tropical savannas, urban lands, degraded or desertified lands, and agri-
cultural lands.

Carbon Sink Capacity Management: The C sink capacity of land-based sinks are
continuous, and require long-term management and protection strategy because it
grows with a progressive improvement in ecosystem health.

Ecosystem Services and Co-Benefits of Land-Based Carbon Sinks: Protecting
and enhancing land-based sinks generate numerous ecosystem services. Important
among these are:

* Food security,

e Quality and quantity of renewable fresh water resources,
e Adaptation and mitigation to climate change, and

* Biodiversity

Global Soil Forum: The key roles in advancing food security and providing numer-
ous co-benefits and ecosystems services of vital significance to humanity necessi-
tate identification, nurturing and support of a transdisciplinary process with primary
focus on sustainable management and protection of world soils.

This volume is based on the papers presented at the workshop. The organization
of the workshop and publication of the volume were made possible by the staff of
IASS in cooperation with The Ohio State University. The volume is edited by an
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inter-disciplinary team of scientists comprising of Drs. R. Lal, K. Lorenz, R. F. Hiittl,
B. U. Schneider, and J. von Braun. Special thanks are due to all authors for their
contributions and willingness to share the knowledge and expertise with others.
The efforts of all others who contributed to publishing this volume in a timely
manner are greatly appreciated.

Prof. Dr. Klaus Topfer
Executive Director
IASS, Potsdam, Germany






Preface

With increase in world population from seven billion in 2011 to the projected 9.2
billion in 2050, several challenges facing humanity during the Anthropocene include
the followings: (i) increasing atmospheric concentration of CO, and other green-
house gases with the attendant risks of global warming, (ii) the need to increase
food production by at least 70%, and even more in densely populated developed
countries, and the severe decline in per capita productive agricultural soil/land, (iii)
high risks of soil degradation and land desertification because of anthropogenic
perturbations and those exacerbated by the projected climate change, (iv) pollution
and contamination of natural waters, and the severe projected decline in per capita
availability of renewable freshwater supply, and (v) a rapid and widespread decline
in both above- and below-ground biodiversity.

Some relevant strategies of addressing these challenges include: (i) sequester-
ing carbon (C) in the biosphere (i.e., soils, trees), (ii) making agriculture climate
resilient and, as much as possible, C-neutral, (iii) improving quality of soils of
agroecosystems, thereby increasing agronomic and net primary production (NPP),
(iv) adopting technologies of sustainable intensification and saving land for nature
conservancy, and (v) making soils/land integral to any strategy of mitigating the
climate change and improving environmental quality.

Thus, the workshop entitled “Recarbonization of the Biosphere” was held at the
IASS Institute for Advanced Sustainable Studies in Potsdam, Germany, from 20 to
22 March 2011. About 30 researchers and policy makers, from about ten countries,
were invited to present the-state-of-the-knowledge review on thematic issues related
to the topic. Two Nobel Prize Laureates, Prof. Dr. Paul Crutzen and Prof. Dr. Carlo
Rubbia, also attended the workshop and presented articles on specific topics. The
invited participants were specifically chosen to promote and enhance trans-disci-
plinary and inter-institutional cooperation and discussion. Thus, participants repre-
sented soil science, forestry, physics, chemistry, climatology, geology, hydrology,
bio-geochemistry, sociology, and political science.

ix
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The workshop deliberations made the following conclusions:

1. Sustainable soil and land management is essential to achieve food security, sus-
tainable development, to adapt to and mitigate climate change, and to maintain
environmental quality.

2. Global problems of food insecurity, soil degradation, water scarcity and pollu-
tion, and energy insecurity are exacerbated by the changing climate, increasing
population, and increasing standards of living.

3. For these reasons, IASS was encouraged to pursue the idea of creating a “Global
Soil Forum” as an organizational mechanism with focus on sustainable manage-
ment and protection of world soils.

Based on these conclusions, the workshop made the following recommendations:

1. Invest much more in soil resources, assessment and management in order to
advance food security, adapt to and mitigate climate change, and enhance eco-
system services.

2. Identify key technological options to enhance and sustain soil-based ecosystem
services, especially those that serve food security and nutrition.

3. Strengthen related institutional and human resource capacity, especially by pro-
viding long- and short-term training opportunities and research capacities.

4. Support and coordinate related activities, including program targets, monitoring
and evaluation systems, network development and policy implementation at
local, regional and global levels, and

5. Create a globally coordinated state-of-the-soils data bank that will facilitate
identification and analysis of their properties for specific ecosystem services.

This 25-chapter volume is based on the papers presented at the workshop, and
some additional chapters to strengthen the thematic discussion on all biomes. The
volume addresses the potential and challenges of recarboninzation of the natural
and managed biomes. Important among these are peatlands, forests, savannas/
steppes, degraded and desertified lands, croplands, grazing lands and coastal
ecosystems.

The organization of the workshop and publication of the volume were made pos-
sible by the visionary leadership and support of Prof. Dr. Klaus Topfer, the Executive
Director of IASS. The editors also thank all the authors for their outstanding efforts
to document and present the state-of-the-knowledge scientific information on
themes of interest to them. Their efforts have contributed to enhancing the overall
understanding of the science, practices and policies of this theme of global signifi-
cance. These articles have enhanced the frontiers of knowledge.

Special thanks are also be given to the staff of IASS and the Carbon Management
and Sequestration Center (C-MASC) for their help and support in organizing the
Workshop. Valuable contributions were made by Ms. Corinna Bobzien, Ms. Thando
Tilmann, Dr. Falk Schmidt, Ms. Astrid Lehmann and other staff of IASS. We thank
Ms. Theresa Colson of C-MASC, OSU for production support in preparing the
volume for the final submission to the publisher. Thanks are also due to the staff of
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Springer Verlaag, Dordrecht, The Netherlands, (Ms. Maryse Walsh and Ms. Melanie
van Overbeek) in publishing the volume and making it available to the scientific
community, policy makers, NGOs, and land managers. The efforts of many others,
who supported this project in one way or another, are gratefully acknowledged.

Editors

Rattan Lal

Klaus Lorenz
Reinhard F. Hiittl
Bernd Uwe Schneider
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Chapter 1
Terrestrial Biosphere as a Source and Sink
of Atmospheric Carbon Dioxide

Rattan Lal, K. Lorenz, R.F. Hiittl, B.U. Schneider,
and Joachim von Braun

Abstract The terrestrial biosphere has lost a considerable amount of its antecedent
carbon (C) pool because of anthropogenic activities since the dawn of settled agri-
culture about 12—14 millennia ago. Deforestation and land use conversion has pre-
sumably caused cumulative emission of 476 Pg C (1 Pg=10" g). Of this, 78+ 12 Pg
C may have been depleted from world’s soils. Globally, about 2,300 Pg C are stored
to 3-m depth in the soil organic carbon (SOC) pool, 1,700 Pg C in permafrost, 600
Pg C in peatlands, and up to 1,700 Pg C in the soil inorganic carbon (SIC) pool.
While a large fraction of C emissions may have been absorbed by the ocean and
land-based sinks, the knowledge about the historic loss provides a reference point
about the technical C sink capacity of the terrestrial biosphere. The later may be as
much as a draw-down of 50 ppm of atmospheric carbon dioxide (CO,) over century
or more, which in view of the already accumulated levels of atmospheric CO, of
390 ppm is significant. Priority soils and ecosystems for recarbonization of the
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