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Introduction

It is reasonable to assume that the dry margins of semiarid lands con-
tracted or expanded according to climatic variations. But to propose
that civilization was chased from Babylon to London by a creeping
drought is not reasonable. The evidence for climate as a destroyer
of civilization is vague or nonexistent; the evidence of soil erosion is
there for all to see.

(Carter and Dale, Topsoil and Civilization,1955)

The climate appears to be changing due to human activity. To stop or
reverse this, there are now national and international systems of incentives
for activities to mitigate emissions of greenhouse gases (GHGs). One such
activity is sequestration of carbon dioxide — CO, — into sinks. The best-
known carbon sinks are forests, but agricultural land is also a sink, and it
is one that can be enhanced or degraded, depending on the way the land
is farmed. Farmers in the developing world might benefit from this, either
by receiving direct payments for the carbon removals, or through develop-
ment funding leveraged by the environmental benefits. At least, that is the
theory. The objective of this book is to examine the practical possibilities.

There is a clear theoretical rationale for considering agricultural sinks
as a mitigation strategy. CO, emissions are fuelling climate change. Sinks
are carbon pools, the contents of which are nor adding to the atmospheric
carbon pool because they are held elsewhere. The size and nature of sinks
is highly variable; forests are the best-known but much carbon is also held
in aquatic ecosystems, transported there by soil erosion, while the oceans
absorb a considerable amount of carbon dioxide — and undersea forma-
tion of limestone is composed chiefly of carbon. Other carbon deposits
include fossil fuels such as oil and coal, formed over millennia from plant
material. The stability of these sinks clearly varies; fossil fuels are stable
until disturbed by human agency, but forests are subject both to this and
to natural fires.
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The soil organic carbon pool is also subject to disturbance both by
human activity and natural processes, and its size is significant. Estimates
vary, but one suggested figure is 1550Pg' (Follett, 2001, pp78—89).This is
roughly twice the atmospheric carbon pool, which is 770Pg (Lal, 2002,
p353). Sombroek et al (1993, quoted in UNCCD, 2008, p3) suggest that
the soil carbon sink in the top 1m of soil is 1.5 times the total for standing
biomass. Soil carbon can be converted to CO, through land-use change,
ploughing and erosive processes that are mainly connected to agriculture.
Agriculture has therefore caused huge losses to the atmospheric pool ever
since it began in settled form about 8000 years ago. How much, is argu-
able; Lal (2004a, p1623) reports that estimates vary from 44 to 537Pg, but
that they typically range from 55 to 78Pg.

However, there is widespread acknowledgement that agriculture can,
at least in theory, recover much of this. Lal and Bruce (1999, p178), who
estimate the historic loss at 55Pg C, also believe that as much as 75 per
cent might be recoverable through the sequestration of CO, into the soil
— that is, its conversion into organic carbon, contained in plant material,
through photosynthesis. FAO (2001a, p61) suggests 23—44Pg C in agri-
cultural soils over the next 50 years; this implies that agriculture can be
of comparable significance to forests, the global sequestration potential of
which has been estimated at 60-87Pg C (ibid.). This sequestered carbon
can to some extent be converted into soil organic matter (SOM) through
(for example) the decomposition of root systems and the incorporation of
crop residues. This in turn can have positive inputs to productivity, soil
health and the sustainability of agriculture.

In 1998 nearly 100 North American scientists and agriculture-industry
figures met at St Michaels, Maryland, to discuss the potential. In his sum-
mary of the workshop, Rosenberg reports it found that:

[R]eductions in atmospheric carbon content can be achieved by
large-scale application of tried-and-true land management practices
such as reduced tillage; increased use of rotational crops such as
alfalfa, clover and soybeans; and by an efficient return of animal
wastes to the soil. Forests and grasslands afford additional capacity
for carbon sequestration when established on former croplands.
Programs to further soil carbon sequestration will provide ancillary
benefits including improvements in soil fertility, water holding cap-
acity, and tilth, and reductions in wind and water erosion. (Rosenberg
etal, 1999, pl)
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Although much of the potential lies in the developed world, increasing
SOM could have particular significance in regions where, for economic
reasons, farming must be pursued in fragile ecosystems; many of these
are in poorer countries where low organic matter limits productivity and
resistance to erosion. So sequestration of carbon in agriculture can both
slow climate change, and benefit the rural poor. Meanwhile, the develop-
ment of carbon-trading instruments means that the carbon may have cash
value, and this might be used to fund initiatives to increase soil carbon.
Despite this, agricultural sinks are currently excluded from the Clean
Development Mechanism (CDM) of the Kyoto Protocol, and it is by no
means assured that they will be eligible for any Kyoto Phase II, should
such an agreement come into force after the current agreement expires in
2012.

This is despite agricultural sinks appearing to be a true ‘win-win’ strat-
egy with positive implications not only for climate-change mitigation
and poverty alleviation, but also adaptation to climate change. Soils with
more organic matter will better resist the erosive processes that might be
increased in years to come — for example, greater temporal concentration
of rainfall. Such soils will also have better water-infiltration capacity,
which will be important for the same reason.

However, there are pitfalls. Some are fundamental. Is carbon really a
commodity that can be priced, bought and sold in any meaningful sense?
Our understanding of value in a market society would suggest not. If this
is the case, then the ‘carbon market’ is a bureaucratic fiction that farmers
would do well to avoid. And even if one accepts that carbon does have
value, how does one price it?

There are also many questions specific to agriculture. Some of the agro-
nomic practices required to sequester carbon are those already advocated
for soil conservation; attempts to support this have had a difficult history
in agricultural development. Linking these practices to carbon funding,
as well as soil conservation, would not automatically eliminate these
difficulties. Even if it did, there would still be major methodological
constraints to linking agricultural carbon to the market. Not least would
be additionality — that is, would the carbon have been sequestered anyway
without the project? Proving that it would not is especially hard when the
measures taken have other benefits.

Monitoring and verification of agricultural sinks is also challenging. To
begin with, to prove that a carbon sink has been enhanced, it is necessary



xviii - Crops and Carbon

to know not just how large it was before the project, but how much carbon
might have been sequestered or lost without intervention. This is called
the baseline, and it is fundamental to any project, in any sector, that seeks
to monetize emissions reductions or GHG removals.

Assuming that a baseline has been set, the amount of carbon being
sequestered, or not emitted, from the farm must be monitored. Above-
ground carbon — trees and other vegetation — can be quantified, although
there are challenges. The soil carbon sink is more difficult. Tools to meas-
ure soil carbon have been around for a long time, but they measure a
sample taken from a given point, and the amount may vary widely even
within a single field.

A major methodological challenge is permanence. This applies to all
land-use projects; how can one say a forest will never be cut down? The
same applies to agricultural land; a farmer may agree to apply minimum
tillage in order to increase the carbon in the soil, but can plough again
very easily if there is some incentive to do so. Sinks have fared badly in
negotiations partly for this reason.

Who is going to invest in carbon credits from agriculture? It will not be
the cheapest way to generate them. And will there be a market? The Kyoto
Protocol expires in 2012; it might not be replaced, and has provided few
funding mechanisms for agriculture anyway. What are the alternatives?

This book examines these questions. It starts by explaining climate
change and what it will do, especially to agriculture. Next it explains
what agriculture can do to mitigate this process, and how. Other chapters
review the carbon market and agriculture’s place in it, and examine the
methodological constraints mentioned above. Finally, the book examines
the potential for agricultural sequestration in one biome — the Atlantic
Forest region of Brazil. This includes how the above- and below-ground
carbon stocks in the region become depleted, and what the farmers think
the constraints might be to introducing carbon-friendly farming practices.
This was done with a farmer survey. The responses, and the views ex-
pressed by the farmers, have helped to illuminate what some of the deeper,
less visible constraints to ‘carbon farming’ might be.

Several themes emerge from this book. They include the need to fit
carbon mitigation into both global and local contexts; it cannot be thought
of in isolation. They also include the need to confront complexity; there
is nothing simple about emissions mitigation, especially in agriculture.
Not least of the complexities is the relationship between mitigation of
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CO, emissions, and the other greenhouse gases closely associated with
agriculture, nitrous oxide (N,O) and methane (CH,).

But one of the most important themes is scientific uncertainty. The
unknowns around climate change itself are common knowledge. The
Intergovernmental Panel on Climate Change (IPCC) has always clearly
acknowledged them in its successive assessment reports. Climate science
operates at the frontiers of knowledge and is essentially inductive; it must
try to construct the future from the facts it has so far.

What is perhaps less well understood, is that there are sometimes spe-
cialized gaps in the knowledge regarding climate change that are also
important, and could be filled. Data concerning (for example) the relation-
ship between carbon emissions and soil erosion, or the agronomic proper-
ties of biochar, is not available because until recently nobody knew that
they would be needed. It seems unlikely that this phenomenon is unique
to agriculture.

The author hopes that this book will demonstrate the potential and,
despite the challenges, feasibility of agricultural sinks in the developing
world. But another message, almost as pressing, may be the importance
of the biophysical sciences at every level in the drive to mitigate climate
change.

Finally, a word of warning: climate science, and climate negotiations,
are constantly moving on. The author has tried to ensure that the contents
of this book are up to date at the time of going to press (February 2011);
inevitably, however, there will be relevant events, and new papers pub-
lished, by the time it appears.

Note

1 1Pg (petagram) C is equivalent to 10"g — that is, 1000 million metric tonnes;
this can also be expressed as gigatonnes (Gt). Also used is a Tg, or teragram,
of C (10"%g), 1,000,000 tonnes. To reduce confusion, these measurements will
generally be quoted in the same way as they are at source.
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