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Abstract

Increased levels of GHGs in the atmosphere require all nations to establish
international and national goals and policies for GHG reductions. Most climate
scientists say that the targets set in the Kyoto Protocol are merely scratching the
surface of the problem. The agreement aims to reduce emissions from industrialized
nations only by around 5%. The Kyoto Protocol to the UNFCCC strengthens the
international response to climate change. Complete implementation of the Kyoto
protocol may require policy changes to increase the acceptance of and provide
financial incentives for C sequestration and the associated benefits. Our current
understanding of the role of the biosphere in the global C balance, however, may
not be adequate to support policy decisions satisfactorily. The potential and actual
C sequestration resuits may still be unknown and difficult to determine. The Kyoto
protocol is a major step forward in realizing comprehensive C accounting system
for the earth, but we continually need to improve our understanding of the terrestrial
biosphere and soil sinks. Accepting the challenges of maintaining food security by
incorporating C storage in conservation planning demonstrates concern for our
global resources and our willingness to work in harmony with nature.

Key Words: no-till, CO, emissions, environmental benefits, soil carbon, soil organic
matter, carbon credits.
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Introduction

Global warming is a threat to the health of the planet according to many scientists.
The consumption of fossil fuels over modern times to power engines, heat homes,
manufacture consumer goods and more has resulted in a buildup of greenhouse
gases (GHG). Some of these gases occur naturally, others are man-made. Carbon
dioxide (CO,), nitrous oxide (N,O) and methane (CH,) are three significant GHG
released from agricultural sources. As these gases accumulate in the earth’s
atmosphere, they trap heat, thus contributing to the greenhouse effect that many
believe will result in a warmer climate with a shift in weather patterns towards more
variability. High levels of fossil fuel combustion and deforestation have transtormed
large pools of fossil C from coal and oil into atmospheric CO,. Conservation and
increased fuel efficiency are important players in reducing CO, emissions from the
use of fossil fuets. One proposed method to reduce atmospheric CO, buildup is to
increase the global storage of C in soils. Additional benefits to this solution are the
potential for simultaneous enhancement in agricultural production and ecosystem
services for enhanced environmental quality. Conservation agriculture can play a
major role in enhancing soil C and environmental guality in our production systems.
International strategies aimed at reducing CO, in the atmosphere include soil C
seqguestration, forestry, and ocean sequestration of C. Gther technological strategies
to reduce C inputs include developing energy efficient fuels, and efforts to develop
and implement non-C energy sources, such as hydrogen fuel cells. All of these
efforts combined can reduce CO, concentrations in the atmosphere and help to
alleviate global warming. International concerns about potential global warming
resulted in the Kyoto Protocol in 1997,

What is the Kyoto Protocol?

The Kyoto Protocol is an international agreement setting targets for industrialized
countries to cut their GHG. The Kyoto Protocol is an amendment to the United Nations
Framework Convention on Climate Change (UNFCCC), an international treaty on
global warming. {t also reaffirms sections of the UNFCCC. Countries which ratify
this protocol commit to reduce their emissions of CO, and five other GHGs or engage
in emissions trading if they maintain or increase emissions of these gases, which
have been linked to global warming. These gases are considered at least partly
responsible for global warming - the rise in global temperature which may have
catastrophic consequences for life on earth. The formal name of the proposed
agreement, which reaffirms sections of the UNFCCC, is the Kyoto Protocol to the
United Nations Framework Convention on Climate Change. (http.//www.cnn.com/
SPECIALS/1997/global.warming/stories/treaty/). The protocol was negotiated in
Kyoto, Japan in December 1997, opened for signature on March 16, 1998, and
closed on March 15, 1999. The agreement will come into force on February 16,
2005 following its official ratification by Russia on November 18, 2004.
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The detailed requirements for a C accounting system are still being developed by
the Intergovernmental Panel on Climate Change (IPCC) under the UNFCCC. The
IPCC is in the process of developing Good Practice Guidance and Uncertainty
Management in National Greenhouse Gas Inventories. This document is intended
to be submitted for the 9" Conference of the Parties (COP9) to the UNFCCC. Any C
accounting standard developed prior to the release of this document will need to
be varied to be consistent with the IPCC document before C credits generated from
C sinks can be used in an emissions trading regime under the Kyoto Protocol. The
concept of carbon credits within the Kyoto protocol can be addressed several ways;
Clean Development Mechanism (CDM) is project between Annex | and Annex
countries, Joint implementation (JI) with projects between Annex | countries,
Emissions Trading (ET) that allows transfer of assigned amount of units internationally
and domestic carbon credit training. The two types of carbon credits and markets
allow Emission Reduction Units (ERU) that are more permanent in nature and traded
like a commodity. The Emission Removal Units (RMU) are not permanent and treated
as a lease. The protocol sets a commitment period of 2008 to 2012, The 30
industrialized countries that signed up to reduce their emissions must prove they
have done so as an average over the five years. The Kyoto Protocol aimed to redu-
ce global emissions of GHG for those 30 countries by 5.2 % below 1990 levels
(Grubb et al. 1999).

Soil Carbon Sinks

Atmospheric concentrations of CO, can be lowered either by reducing emissions
or by taking CO, out of the atmosphere and storing it in terrestrial, oceanic, or
freshwater aquatic ecosystems. While the burning of fossil fuels in combustion
engines, or the production of electricity from coal-fired generators are 'sources’ of
CO,, removal of C from the atmosphere and storage in tree biomass or as organic
matter in soils, are “sinks”. A sink is defined as a process or an activity that removes
a GHG from the atmosphere. This removal process is achieved naturally, and quite
effectively, through photosynthesis. Living plants take CO, from the air and in the
presence of sunlight and water, convert it into seeds, leaves, stems and roots. Oxygen
is released through the process. Part of the CO, is retained and “sequestered”, or
stored, as C in the soil sink. The long-term conversion of grassland and forestland
to cropland (and grazing lands) has resulted in historic losses of soil C worldwide,
but there is a major potential for increasing soil C through restoration of degraded
soils and widespread adoption of soil conservation practices. Many researchers
believe that agriculture has the potential of becoming a much larger sink for CO,, if
specific management practices are followed.

A C sink is a reservoir that can absorb or “sequester” CO, from the atmosphere and
include forests, soils, peat, permafrost, ocean water and carbonate deposits in the
deep ocean. Most of these C sinks are very large and very slow moving; human
influence on these sinks is generally deemed fairly minimal, with the possible
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exception of soils and agriculture. Oil, coal and natural gas represent the final
evolution of pre-historic C sinks that are now “fossilized” into mineral form. The
most commonly referenced form of C sink is that of forests. Plants and trees absorb
CO, from the atmosphere via photosynthesis, retain the C component as the buil-
ding block of plant fiber and release oxygen back into the atmosphere. Therefore,
long-lived, high biomass plants, such as trees and forests represent effective C
sinks as long as they are maintained. The degree to which the positive impacts of
“sinks,” both forestry and soils, can be captured and utilized in an emissions trading
context is stifl a matter of contentious debate at the IPCC and other forums.

In addition to being a generator of GHGSs, agriculture has the potential to sequester
(or store) large amounts of C and other GHGs in the soil (Lal et al., 1998; IPCC,
2000). The activities that may enhance the storage of C in agricultural soils include
planting trees, converting from conventional to conservation tillage, adopting
improved cropping systems, converting to perennial crops and restoring wetlands
among other practices. Clearly, conservation agriculture and residue management
improvement have the most potential to sequester C in agricuitural soils. The prospect
of sequestering C in agricultural soils has generated substantial interest both in the
scientific community and among policymakers in the US. Lal et al. (1998) estimate
the physical potential of US cropland to sequester C at between 75 million and 208
miltion metric tons of C per year. This physical potential cannot be realized, however;
without policies that take into consideration farmers profit motives. Policies under
discussion inctude formal C markets and direct incentive payments or subsidies to
farmers through a government program.

Soil Sinks are Complex

The Kyoto Protocol on climate change proposes that countries should be allowed
to soak up some of their emissions of greenhouse gases using biological “sinks.”
The nature of biological or biospheric sinks is dramatically different from other more
permanent items in the C balance. Major emissions from fossil fuels and cement
production show a slow steady increase. Biospheric uptake depends on the weather,
the amount of precipitation, temperature and radiation, and displays a variability
associated with the main weather patterns. The rate of photosynthesis and thus C
sequestration is influenced by such factors as climate, soil characteristics,
topography, species and age of the biomass. Accumulation of sequestered C in
soils and forests tends to be slow in the early stages of growth, but accelerates as
crops and trees grow towards maturity and then decreases once maturity is reached.
Superimposed on this, are pulse events like forest fires, major storms and insect
ptagues that are continually changing the C balance of the biosphere. This leads to
considerable variation in the terrestrial uptake and subsequent conversion to soil
sinks on the scale of a few years to a decade. This temporal variation contributes to
uncertainty and limited acceptance of soil C credits. The uncertainty associated
with forestry sinks as carried over to soil C sinks. We will need to better understand
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and control the natural C cycle if we are to keep CO, from flooding the atmosphere
and wrecking our climate. And soils, like forests, are destined to play a key roie
(Lal, 2002).

There are many unanswered guestions about the use of soil and forest C sinks to
meet GHG emissions target has raised doubt about their utility in the contribution of
agriculture. The scientific community is working hard to provide reliable methods of
measuring, monitoring and verifying C contents in soils. Agricultural sinks are
acknowledged in the Kyoto Protocol (particularly in Article 3.4) in a limited manner.
international consensus has not been reached on the role of C sequestration in
soils for the first reporting period under the Kyoto agreement. International activities
that can help achieve consensus include workshops focusing on sequestration
activities and an IPCC report currently underway on land use, land use change and
forestry and the potential for GHG offsets. Keys to gaining international understanding
of C sequestration include developing scientifically sound projections of the potential
for sequestration from agricultural activities and developing internationally agreed-
upon methods for determining, reporting and verifying changes in soil C stocks.

Under the Kyoto protocol, C sequestration through reforestation is explicitly aliowed,
though no role currently exists for agricultural soils. The language of the protocol
clearly allows for future admission of agricultural soils sinks; however, member
countries are not likely to ratify its inclusion until key implementation issues are
resolved. The inclusion of sinks in the Kyoto protocol is a major step forward in
realizing comprehensive C accounting system for the earth, but we continually need
to improve our understanding of the terrestrial biosphere if we are to make a Kyoto
protocol really work.

The primary objectives of C sequestration are usually not related solely to climate
change issues, but rather to such aims as reducing environmental pollution and
natural resource degradation. Agricultural soil management can play an important
role. Intensive tillage in modern farming practices disrupt the C cycle (Reicosky &
Lindstrom, 1993; Reicosky, 2001). Soils which contain about 75 % of C found on
land are excellent sinks. However, once cultivated, the amount of organic matter
that soils contain drops by 20-50 per cent. The amount of CO, can also be influenced
by human management, forest fires, drought or a particularly favourable growing
season. Farmers have shown successfully that agricultural soils can be managed
to store more CO, from the atmosphere when farmers adopt practices that increase
yields and reduce soil disturbance due 10 tillage. Adopting these practices results
in more of the CO, that the crop plants absorbed from the atmosphere while they
were growing being converted in the soil to organic C, where it is stored and does
not return to the atmosphere. Support and encouragement of the best management
practices to reduce soil degradation and environmental poliution would be entirely
consistent with mitigation measures for reduction of greenhouse gas emissions.
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The Concept of Carbon Accounting

in order for the C sequestered in vegetation to be used as part of an emissions
trading regime, it is essential that correct and defensible accounting be undertaken
of the amount of C that is captured in biomass. The mechanism for calculating C
sequestered in biomass is referred to C accounting. It is also necessary that correct
accounting treatment is applied to situations in which that C is no fonger sequestered
in biomass, such as through fire, disease or destruction of the biomass. The C
accounting mechanism must be sufficiently robust that the C trading market has
confidence that the amount of C sequestered can be considered to be equivalent
in its impact on global warming potential to the C released to the atmosphere from
activities producing greenhouse gases. Confidence in the C accounting system is
fundamental to building confidence in use of C seguestration in a C trading market,
thereby underpinning growth and investment in new planted forests to create new
C credits from sequestration.

Changes in soil C stocks are difficult to verify because of their temporal and spatial
heterogeneity. The most direct means of determining soil C sequestration is to
measure, over time, sequential changes in soil C. Such measurements are
complicated by the slow rate of change. Soil C can exhibit significant field-scaie
variability due to varying topographic and management history. Ongoing studies to
quantify the capacity for agricultural activities as C sinks are needed. Many
researchers agree that we need to strengthen the soil C database, obtain better
data on soil processes that affect C and increase our knowledge about the C effects
of land conversion and soil management. There is a need to develop and standardize
a methodology that will translate farm and forest systems in a landscape to C
sequestration rates. Agriculture is expected to do its part, but farm leaders must be
prudent, review the best available science, and be involved in the policy decision
making process. Despite these concerns, there is ample reason to be optimistic
that effective market mechanisms or government programs, can be devised to
include agricultural soils in an effective GHG mitigation policy.

Carbon sequestration perspectives, policies and Developing Global
Markets

The increase in GHG concentrations in the atmosphere is a global problem that
requires a global solution (Kimble et al., 2002; Lal, 2002). Concern about negative
effects of climate warming resulting from increased levels of GHG in the atmosphere
has led nations to establish goals and policies for reductions of these emissions.
Initial targets for reductions are stated in the Kyoto protocol to the United Nations
framework convention on climate change, which allows trading credits that represent
verified emission reductions and removal of greenhouse gases from the atmospheres
{United Nations Framework Convention on Climate Change Secretariat, 1997). The
emissions trading may make it possible to achieve reductions in net greenhouse
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gas emissions for far less cost than without trading (Dudek et al., 1997). Storing C
in soils using conservation agriculture techniques can help offset greenhouse gas
emissions while providing numerous environmental benefits such as increasing site
productivity, increasing water infiltration, and maintaining soil flora and fauna diversity
(Lal et al., 1998, Lal, 2002). Storing C in forests may also provide environmental
benefits resulting from increased numbers of mature trees contributing to C
sequestration (Row et al., 1996).

As interest in soil C sequestration grows and C trading markets are developed, it is
important that appropriate policies be developed that will prevent the exploitation
of soil organic C and at the same time replace the lost C and establish its value
(Walsh, 2002). Policies are needed that will encourage the sequestration of C for all
environmental benefits that will evolve (Kimble et al., 2002). Making C a commodity
necessitates determining its market value and doing so with rational criteria. Both
farmers and society will benefit from sequestering C. Enhanced soil quality benefits
farmers, but farmers and society in general benefit from erosion control, reduced
siltation of reservoirs and waterways, improved air and water guality, and
biodegradation of pollutants and chemicals. Farmers need to be compensated for
the societal benefits of C sequestration and the mechanisms that develop will allow
for C trading and maintaining property rights. One important criterion in developing
the system is the measurement and verification of the C options for sequestration
that must be developed and the importance of making policymakers aware of these
procedures and the technical difficulties. The use of the C credit market mechanisms
is intended to help meet the challenge of climate change and future C constraints
that enable sustainable development and at the lowest social cost. Carbon credit
accounting systems must be transparent, consistent, comparable, complete,
accurate, and verifiable (IPCC, 2000). Other attributes for a successful system
include global participation and market liquidity, linking of different trading schemes,
fow transaction costs, and rewards for early actions to voluntarily reduce emissions
before regulatory mandates are put in place. Characterizing the relationships
between soil C and water quality, air guality and all the other environmental benefits
should be an easy sell to get social acceptance. The largest impediment is the
educational processes directed at the policymakers and food consuming public
that require further enhancement.

A growing number of organizations around the world are implementing voluntary
projects that are climate-beneficial as a means to improve efficiency and reduce
operating costs and risk. Businesses and institutions throughout the world are
realizing that the benefits of good environmental management far outweigh the
cost, both now and in the future, of good corporate management that include
strategies to reduce GHG emissions, risk exposure, costs and enhance overall
competitive operations. Multinational organizations are participating in C energy
credit trading markets in order to avoid future compliance costs and to protect their
global franchise in the face of increasing concern over global warming (Walsh,
2002). In the evolution toward a global economy and as concerns over global

195




196

Congreso Inlernacional sobre Agricullura de Conservacién

environmental impacts increase, CO, emissions management will become a factor
in the planning and operations of industrial and government entities all over the
world, creating challenges and opportunities for those who are able to recognize
and capitalize on them,

Trade in C credits has potential to make conservation agriculture more profitable
and enhance the environment at the same time. The potential for C credits has
attracted considerable attention of farmers and likely buyers of the C credits.
However, it is difficult to stay fully informed about developing C credits because of
their technical complexity and the pace of development on this subject. Rules for
trading in C credits are not yet agreed upon, but international dialogue is underway
to develop a workable system and rules for trading. The number of organizations
working on developing a C trading system suggests that some type of international
mechanism will evolve and that soil C credit trading will become a reality. information
is rapidly becoming available on pubilicly traded C credits; however, little information
is available on privately traded contracts. A great deal of uncertainty exists at this
time as to what companies will emerge as reliable sources of high-quality information
and has entities that can handie trading in a fair and reliable manner. Potential
suppliers and buyers of C credits are urged to proceed with caution because many
of the issues central to C credit markets and trade are yet to be clarified. We must
convince policy makers, environmentalists and industrialists that soil C sequestration
is an additional important benefit of adopting improved and recommended
conservation agricultural production systems. This option stands on its own,
regardless of the threat of global climate change from fossil fuels.

Conservation agricultural practices can help mitigate global warming by reducing
C emissions from agricultural land and by sequestering C in the soil through
regulatory, market incentive, and voluntary or educational means (Lal, 2002). Public
policy can encourage adoption of these practices. For the present, there is a degree
of uncertainty for investors and potential investors in forest related C sinks over the
specific rules that will apply to implementation of the sinks provisions of the Kyoto
Protocol. Investors and potential investors in C sinks need to be aware that there is
uncertainty at the international leve!l. Administration and transaction costs could
play a key role in determining the success of any C credit trading system. Cost of
these areas are expected to be minimized through improved techniques and services
for measuring and reporting sequestered C, private sector consultants, economies
of scale, and the emergence of market mechanisms and strategies such as C pooling
or aggregating. There are risks involved in selling C credits in advance of any
formalized international trading system and those participating in early trading need
to clarify responsibilities and obligations. However, care should be taken in the
design of these policies to ensure their success and to avoid unintended adverse
economic and environmental consequences and to provide maximum social benefit.
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Summary

Increased levels of GHGs in the atmosphere require all nations to establish
international and national goals and policies for GHG reductions. Most climate
scientists say that the targets set in the Kyoto Protocol are merely scratching the
surface of the problem. The agreement aims to reduce emissions from industrialized
nations only by around 5%, whereas the consensus among many climate scientists
is that in order to avoid the worst consequences of global warming, emissions cuts
in the order of 60% across the board are needed. While we learn more about soil C
storage and its central role in environmental benefits, we must understand the
secondary environmental benefits of conservation agriculture (no-till) and what they
mean to sustainable production agriculture. Understanding these environmental
benefits and getting the conservation practices implemented on the land will hasten
the development of harmony between man and nature while increasing production
of food and fiber. The Kyoto Protocol to the UNFCCC strengthens the international
response to climate change. Complete implementation of the Kyoto protocol may
require policy changes to increase the acceptance of and provide financial incentives
for C sequestration and the associated benefits. Although agricultural sinks may be
temporary, it is important to note that in most common situations the sinks will have
positive value, albeit not as great as those associated with permanent reductions or
abatement. Our current understanding of the role of the biosphere in the global C
balance, however, may not be adequate to support policy decisions satisfactorily.
The potential and actual C sequestration results may still be unknown and difficult
to determine. Increasing soil C storage can increase infiltration, increase fertility,
decrease wind and water erosion, minimize compaction, enhance water quality,
decrease C emissions, impede pesticide movement and enhance environmental
quality. The inclusion of sinks in the Kyoto protocol is a major step forward in realizing
comprehensive C accounting system for the earth, but we continually need to
improve our understanding of the terrestrial biosphere and soil sinks if we are to
make a Kyoto protocol really work. Without Kyoto, the public, farmers, politicians
and companies working towards climate-friendly economies would face even greater
challenges. Accepting the challenges of maintaining food security by incorporating
C storage in conservation planning demonstrates concern for our global resources
and our willingness to wark in harmony with nature. This concern presents a positive
role for conservation agricuiture through improved soil C management that will have
a major impact on global sustainability and our future quality of life.
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