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Introduction

Under Article 3.1 of the Kyoto Protocol, the Annex I
Parties have agreed to limit and reduce their emissions of
greenhouse gases between 2008 and 2012.

The Kyoto Protocol makes provision for Annex I Parties
to take into account afforestation, reforestation, and
deforestation and other agreed land use, land-use
change, and forestry (LULUCF) activities in meeting their
commitments under Article 3.

To implement the Kyoto Protocol, issues related to
LULUCEF will have to be considered. Relevant issues may
include for example:

»  Definitions. including land-use change, forests, forestry
activities, including afforestation, reforestation, and
deforestation. carbon stocks, human-induced. and
direct human-induced.

»  Methodological issues. such as:
> Rules for accounting for carbon stock

changes and for emissions and removals of

greenhouse gases from LULUCF acuvities.
including:

—  Which carbon pools to include.

- How to implement “since 1990," “direct
human-induced,” and “human-induced.”

— How to address the risks and effects of
events such as fires, pest outbreaks, and
extreme meteorological events; baselines;
permanence; interannual and decadal climate
variability; and leakage.

— Accuracy, precision, and uncertainties in
tracking carbon stocks and greenhouse
gases.

> Approaches, such as geo-referencing and statistical
sampling, associated with identifying lands with
activities defined under Article 3.3, accepted
under Article 3.4, or associated with project-
based activities under the Kyoto Protocol, and
measuring and estimating changes in carbon
stocks and greenhouse gases.

> Verification procedures.

»  Determination of how and which additional activities

pursuant to Article 3.4 are included.

How to link the first and subsequent commitment

periods.

»  Determination of how and which project-based activities
are included.

»  What improvements, if any, are needed to the Revised
1996 IPCC Guidelines for National Greenhouse Gas
Inventories and the Good Practice Guidance and
Uncertainty Management in National Greenhouse
Gas Inventories.

»  What are the implications of and what, if any, national
and/or international sustainable development criteria
could be associated with Articles 3.3 and 3.4 and
project-based activities.
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Therefore, to assist the Parties to the Protocol, this
Summary for Policymakers (SPM) provides relevant
scientific and technical information in three parts:

«  Part I describes how the global carbon cycle operates
and provides a context for the sections on afforestation,
reforestation, and deforestation (ARD) and additional
human-induced activities.

»  Part IT addresses important issues regarding definitions

and accounting rules. It identifies a range of options

and discusses implications and interrelationships
among options.

Part III provides information that governments might

find useful in considering these issues:

> An assessment of the usefulness of models and
of the usefulness and costs of ground-based and
remotely sensed measurements and of monitoring
techniques for assessing changes in carbon stocks.

> The near-term (first commitment period) potential
for carbon stock changes/accounting of activities
in Annex I countries and globally.

> [Issues of special significance to project-based
activities.

> An evaluation of the applicability of the Revised
1996 IPCC Guidelines for National Greenhouse
Gas Inventories for national and project-level
accounting in light of the Kyoto Protocol.

> Implications of Articles 3.3 and 3.4 and project
activities on sustainable development (i.e..
socioeconomic and environmental considerations).

Part I

Global Carbon Cycle Overview

The dynamics of terrestrial ecosystems depend on interactions
between a number of biogeochemical cycles. particularly
the carbon cycle, nutrient cycles. and the hydrologicai
cycle, all of which may be modified by human actions.
Terrestrial ecological systems, in which carbon is retained
in live biomass, decomposing organic matter, and soil.
play an important role in the global carbon cycle.
Carbon is exchanged naturally between these systems
and the atmosphere through photosynthesis, respiration.
decomposition, and combustion. Human activities change
carbon stocks in these pools and exchanges between them
and the atmosphere through land use. land-use change.
and forestry, among other activities. Substantial amounts
of carbon have been released from forest clearing at high
and middle latitudes over the last several centuries. and in

the tropics during the latter part of the 20th century.
[r.1.12jp

There is carbon uptake into both vegetation and soils in
terrestrial ecosystems. Current carbon stocks are much

| Numbers in brackets at the end of this and subsequent paragraphs
indicate relevant sections of the Special Report containing details.
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Table 1: Global carbon stocks in vegetation and soil carbon pools down to a depth of 1 m.

Area Global Carbon Stocks (Gt C)
Biome (10° ha) Vegetation Soil Total
Tropical forests 1.76 212 216 428
Temperate forests 1.04 59 100 159
Boreal forests 137 g8 471 559
Tropical savannas 2325 66 264 330
Temperate grasslands 1.29 9 295 304
Deserts and semideserts 4.55 8 191 199
Tundra 095 6 121 127
Wetlands 0.35 15 225 240
Croplands 1.60 3 128 131
Total 15.12 466 2011 2477

Note: There 1s considerable uncertainty in the numbers given, because of ambiguity of definitions of biomes, but the table still provides an overview of the
magnitude of carbon stocks in terrestrial systems.

larger in soils than in vegetation, particularly in non-forested
ecosystems in middle and high latitudes (see Table 1).[1.3.1]

From 1850 to 1998, approximately 270 (+ 30) Gt C has
been emitted as carbon dioxide (CO,) into the atmosphere
from fossil fuel buming and cement production. About
136 (£ 55) Gt C has been emitted as a result of land-use
change, predominantly from forest ecosystems. This has
led to an increase in the atmospheric content of carbon
dioxide of 176 (+ 10) Gt C. Atmospheric concentrations
increased from about 285 to 366 ppm (i.e., by ~28%), and
about 43% of the total emissions over this time have been
retained in the atmosphere. The remainder, about 230 (+ 60)
Gt C, is estimated to have been taken up in approximately
equal amounts in the oceans and the terrestrial ecosystems.
Thus, on balance, the terrestrial ecosystems appear to have
been a comparatively small net source of carbon dioxide
during this period. [1.2.1]

The average annual global carbon budgets for 1980-1989
and 1989-1998 are shown in Table 2. This table shows
that the rates and trends of carbon uptake in terrestrial
ecosystems are quite uncertain. However, during these
two decades, terrestrial ecosystems may have served as a
small net sink for carbon dioxide. This terrestrial sink
seems to have occurred in spite of net emissions into the
atmosphere from land-use change, primarily in the tropics,
having been 1.7 + 0.8 Gt C yr! and 1.6 + 0.8 Gt C yr!
during these two decades, respectively. The net terrestrial
carbon uptake, that approximately balances the emissions
from land-use change in the tropics, results from land-use
practices and natural regrowth in middle and high latitudes,
the indirect effects of human activities (e.g., atmospheric
CO, fertilization and nutrient deposition), and changing
climate (both natural and anthropogenic). It is presently
not possible to determine the relative importance of these

different processes, which also vary from region to region.
[1.2.1 and Figure 1-1]

11.

Ecosystem models indicate that the additional terrestrial
uptake of atmospheric carbon dioxide arising from the
indirect effects of human activities (e.g., CO, fertilization
and nutrient deposition) on a global scale is likely to be
maintained for a number of decades in forest ecosystems,
but may gradually diminish and forest ecosystems could
even become a source. One reason for this is that the
capacity of ecosystems for additional carbon uptake may
be limited by nutrients and other biophysical factors. A
second reason is that the rate of photosynthesis in some
types of plants may no longer increase as carbon dioxide
concentration continues to rise, whereas heterotrophic
respiration is expected to rise with increasing temperatures.
A third reason is that ecosystem degradation may result
from climate change. These conclusions consider the effect
of future CO, and climate change on the present sink only
and do not take into account future deforestation or actions
to enhance the terrestrial sinks for which no comparable
analyses have been made. Because of current uncertainties
in our understanding with respect to acclimation of the
physiological processes and climatic constraints and
feedbacks amongst the processes, projections bevond a
few decades are highly uncertain. [1.3.3]

. Newly planted or regenerating forests, in the absence of

major disturbances, will continue to uptake carbon for 20
to 50 years or more after establishment, depending on
species and site conditions, though quantitative projections
beyond a few decades are uncertain. [1.3.2.2]

Emissions of methane (CH,) and nitrous oxide (N,O) are
influenced by land use, land-use change, and forestry
activities (e.g., restoration of wetlands, biomass bumning,
and fertilization of forests). Hence, to assess the greenhouse
gas implications of LULUCF activities. changes in CH,
and N,O emissions and removals—the magnitude of
which is highly uncertain—would have to be considered
explicitly. There are currently no reliable global estimates
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Table 2: Average annual budget of CO, for 1980 to 1989 and for 1989 t0 1998,

t0 an estimated 90% confidence interval).

5

expressed in Gt C yr! (error limits correspond

1980 to 1989 1989 to 1998
1) Emissions from fossil fuel combustion and cement production 53%0.5 63+0.60
2) Storage in the atmosphere 3302 33+02
3)  Ocean uptake 20+0.8 23%08
4) Net terrestrial uptake = (1) - [(2)+(3)] 02£1.0 07+1.0
5) Emissions from land-use change 1.7+£08 1.6+0.8b
6) Residual terrestrial uptake = (4)+(5) 19+13 23x13

#Note that there is a |-year overiap (1989) berween the two decadal time periods.

®This number is the average annual emissions for 1989-1995, for which data are available.

of these emissions and removals for LULUCEF activities.
[1.22,123,332]

Part 1

3.

12.

3.4.

13,

14,

Issues Associated with Definitions

For purposes of this Special Report, in a given land area
and time period, a full carbon accounting system would
consist of a complete accounting for changes in carbon
stocks across all carbon pools. Applying full carbon
accounting to all land in each country would, in principle,
yield the net carbon exchange between terrestrial ecosystems
and the atmosphere. However, the Kyoto Protocol specifies,
among other things, that attention focus onto those land
areas subject to “direct human-induced” activities since

1990 (Article 3.3) or human-induced activities (Article 3.4).
[2.3.2.5]

Forests, Afforestation, Reforestation, and Deforestation

There are many possible definitions of a “forest” and
approaches to the meaning of the terms “afforestation.”
“reforestation,” and “deforestation” (ARD). The choice of
definitions will determine how much and which land in
Annex I countries are included under the provisions of
Article 3.3, lands associated with activities included under
Article 3.3 (hereafter “lands under Article 3.3"). The
amount of land included will have implications for the
changes in carbon stocks accounted for under Article 3.3.
[22.2,2.23,32.3.52,353]

Seven definitional scenarios were developed that combine
definitions of forest and ARD and reflect a range of
approaches that can be taken. The scenarios are not intended
to be exhaustive. They can be split into two representative

15.

16.

17.

groups, which are discussed in the SPM: 1) scenarios in
which only a forest/non-forest conversion ( i.e., a land-use
change) triggers accounting under Article 3.3 (e.g.,
IPCC Definitional Scenario), and 2) scenarios in which
land-cover change or activities trigger accounting under
Article 3.3 (e.g., FAO Definitional Scenario). [2.2.2,
223,32,352,35.3, Table 34]

Countries have defined forests and other wooded lands,
for a number of national and international purposes, in
terms of (i) legal, administrative, or cultural requirements;
(ii) land use, (iii) canopy cover, or (iv) carbon density
(essentially biomass density). Such definitions were not
designed with the Kyoto Protocol in mind and. thus, they
may not necessarily suffice for the particular needs of
Articles 3.3 and 34.[2.2.2,3.2]

Forest definitions based on legal, administrative, or cultural
considerations have limitations for carbon accounting as

they may bear little relationship to the amount of carbon
atasite, [2.2.2,3.2]

Most definitions of forest are based in part on a single
threshold of minimum canopy cover. However, such
definitions may allow changes in carbon stocks to remain
unaccounted under Article 3.3. For example, if a high
threshold for canopy cover (e.g., 70% canopy cover) is
used in the definition of a forest, then many areas of sparse
forest and woodland could be cleared or could increase in
cover without the losses or gains in carbon being counted
under Article 3.3. If a low threshold is set (e.g., 10% canopy
cover), then dense forest could be heavily degraded and
significant amounts of carbon released. without the actions
being designated as deforestation. Similarly, a forest, for
example with 15% canopy cover, could be considerably
enhanced without the actions qualifying as reforestation or
afforestation under Article 3.3. Approaches to partly
address these problems may include, inrer alia, using
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national, regional. or biome-specific thresholds (e.g.. a
low canopy cover for savannas and a high canopy cover
for moist forests). [2.2.2.3.2.3.3.2]

. Definitions of forests based on carbon-density thresholds

have similar issues with respect to thresholds as canopy
cover-based definitions. [2.2.2]

. There are a number of approaches to definitions of

afforestation, reforestation, and deforestation. One
approach involves the concept of land-use change.
Deforestation can be defined as the conversion of forest
land to non-forest land. Reforestation and afforestation
can be defined as the conversion of non-forested lands to
forests with the only difference being the length of time
during which the land was without forest. [2.2.3, 3.2]

- An alternative definition of deforestation might be based

on a decrease in the canopy cover or carbon density by a
given amount or crossing one of a sequence of thresholds.
Similarly, afforestation and reforestation could be defined
In terms of an increase in canopy cover or carbon density.
None of these definitions involves the concept of a land-
use change. [2.2.2,3.2]

. Definitions of a forest based strictly on actual canopy

cover without consideration of potential canopy cover
could lead to harvesting and shifting agriculture being
referred to as deforestation and to regeneration being
referred to as reforestation, thus creating additional areas
of lands under Article 3.3. If the definition of a forest was
based on the potential canopy cover at maturity under
planned land-use practices, harvesting/regeneration
activities may not fall under Article 3.3.[2.2.2,2.2.3,3.2]

Some commonly used definitions of reforestation include the
activity of regenerating trees immediately after disturbance
or harvesting where no land-use change occurs. If, for
example, the definition of deforestation or the accounting
system do not include disturbance and harvesting, then
emissions from a harvested stand will not be accounted
for. In this particular example, uptake due to regeneration
would be accounted for, resulting in potentially significant
credits for which a corresponding net removal of carbon
from the atmosphere would not occur. This issue could be
considered when developing the accounting system. [22.3 2]

. There are several consequences of using definitions that

lead to the creation of lands under Article 3.3 by the harvest-
regeneration cycle (i.e., where harvesting is included in
the definition of deforestation. or regeneration is included
in the definition of reforestation). For example, a forest
estate managed on a sustainable-yield basis where an area
of forest is cut in a regular cycle (e.g., 1/50th of the forest
is harvested and regenerated each year on a 50-year rotation
cycle) may be in approximate carbon balance. However,
in this case, only those stands harvested or regenerated
since 1990 would be considered lands under Article 3.3.

Land Use, Land-Use Change, and Forestry

The regrowth (carbon sink) on these lands will be less
than the carbon emissions due to harvesting until all
stands of the estate are lands under Article 3.3. Different
definitional and accounting approaches would have different
accounting consequences. For example:

— If emissions from harvesting during a commitment
period are counted (land-based approach I: see Table 3),
then during the first and subsequent commitment
periods a net debit could arise from a managed forest
estate that is approximately in carbon balance.

- If emissions from harvesting during a commitment
period prior to regeneration are not counted (land-
based approach II: see Table 3), then during the first
and subsequent commitment periods a net credit
would generally arise from a managed forest estate
that is approximately in carbon balance. This may be
offset to some extent by delayed emissions from soils
and harvest residues.

- If emissions from harvesting during a commitment
period are not counted (activity-based approach: see
Table 3), then during the first and subsequent
commitment periods a net credit would arise from
regeneration in a managed forest estate that is
approximately in carbon balance. It would be practically
very difficult to separate changes in soil carbon pools
associated with harvesting and regeneration activities.

In each of these approaches the accounted stock changes

would generally be different from the actual net exchange

of carbon between this example forest estate and the

atmosphere during a commitment period. [3.2, 3.5.2]

24. Afforestation is usually defined as the establishment of forest
on land that has been without forest for a period of time
(e.g., 20-50 years or more) and was previously under a
different land use. The precise period that distinguishes
afforested from reforested land is not important in accounting
for lands covered under Article 3.3 provided afforestation
and reforestation are treated identically under the Protocol.
as they are in the Revised 1996 IPCC Guidelines for
National Greenhouse Gas Inventories.? [2.2.3. 3.3.2]

2 The Glossary of the Revised 1996 IPCC Guidelines describes
afforestation as “Planting of new forests on lands which, historicaily,
have not contained forests. These newly created forests are inciuded
in the category Changes in Forest and Other Woody Biomass
Stocks in the Land Use Change and Forestry module of the
emissions inventory calculations” and reforestation as “Planting of
forests on lands which have, historically, previously contained
forests but which have been converted to some other use.
Replanted forests are included in the category Changes in Forest
and Other Woody Biomass Stocks in the Land Use Change and
Forestry module of the emissions inventory calculations.”
Deforestation does not appear in the Glossary of the Revised 1996
[PCC Guidelines. The Revised 1996 IPCC Guidelines state.
referring to land-use change, that “Conversion of forests is also
referred to as ‘deforestation’ and it is frequently accompanied by
burning.” The Revised 1996 IPCC Guidelines were developed
before the Kyoto Protocol was adopted and therefore provisions
may not be sufficient to meet the needs of the Kyoto Protocol.
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26.

Article 3.3 encompasses ARD activities that have

occurred since 1990 but recognizes only verifiable carbon

stock changes in each commitment period. This has several
implications. For example:

- For lands deforested between 1990 and the beginning
of the first commitment period only a fraction of
carbon stock changes (such as those from delayed
carbon emissions from soil and wood products if they
are accounted) will occur during the commitment
period and would be debited under Article 3.3. If
these lands are subsequently reforested then there
may be an increase in carbon stocks during the
commitment period and a credit under Article 3.3.
This would mean that the credit received would not
match the actual carbon stock changes or the net
exchanges of carbon with the atmosphere since 1990.

—  Another accounting issue could arise when land is
reforested or afforested between 1990 and 2008 but
stocks are reduced either by harvesting or natural
disturbance during a commitment period. Even
though the forest area and possibly carbon stocks
may have increased since 1990, a debit could be
recorded in a commitment period. This creates the
possibility of a negative incentive for establishing
forests well in advance of the first commitment period,
because any stock increase prior to 2008 would not be
credited but the later loss of this stock would be debited.

Such outcomes could possibly be addressed through

different combinations of definitional and accounting

approaches. [3.3.2]

There are definitional and carbon accounting issues concerning
drawing a clear boundary between natural phenomena and
human-induced activities, when, for example, significant
forest losses occur as a resuit of fires or disturbances such
as pest outbreaks. In cases involving lands under Article 3.3
or 3.4 where fires or pest outbreaks occur in a forest, a
question is whether accounting should. inter alia: (i) count
neither the loss nor subsequent uptake of carbon (which
reflects the actual net change in carbon stocks on those
lands and exchange of carbon with the atmosphere in the
long term, but creates problems in continuing to account
for the area burnt/defoliated as lands under Article 3.3 or
3.4); (ii) count both the loss and subsequent uptake of carbon
(which reflects the actual net change in carbon stocks on
those lands and exchange of carbon with the atmosphere,
but creates an initial carbon debit for the Party concerned);
(iii) count only the loss of carbon (which would overestimate
the actual losses of carbon stocks, not represent the exchanges
of carbon with the atmosphere. and create future accounting
problems), or (iv) count only the subsequent uptake
(which would fail to reflect the actual changes in carbon
stock and would not represent the exchanges of carbon
with the atmosphere, and would provide carbon credits for
the Party concerned). [2.2.3.3]

. In cases involving lands that do not fall under Articles 3.3

or 3.4, where fires or pest outbreaks trigger land-use
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28,

29,

30.

3%

change, the consequences are similar to deforestation. If
similar vegetation cover is allowed to regenerate, such
disturbances may not lead to a long-term change in carbon
stocks. [2.4.4,2.2.3,23.3]

Additional Activities’

When the inclusion of additional activities under Article 3.4
is considered, it is possible to interpret “activity” broadly
(e.g., cropland management) or narrowly (e.g., change in
tillage method, fertilization, or cover crops). Under either
interpretation, it is, in principle, possible to choose either a
land-based or an activity-based method of carbon accounting
or a combination of both (see Section 4). These combined
choices will affect the accuracy, feasibility, cost. transparency,
and verifiability of monitoring and reporting of emissions
and removals, including non-CO, greenhouse gases, and
attributing them to specific activities. [2.3.22,4.3.1,4.3.2]

The term “broad activity”” means an activity definition that
is land- or area-based, where the net effect of all practices
applied within the same area are inciuded. A broad activity
definition is likely to require land-based accounting (see
paragraph 34). This definitional approach would capture
the net emission or removal effects of practices that
deplete carbon stocks as well as those that increase
removals by sinks. Broad activity definitions, particularly
in cases where land-use change is involved., may make it
difficult to separate human-induced changes from namrally
induced changes. [2.3.2,4.3.2]

The narrow definition of “activity” is based on individual
practices, such as reduced tillage or irrigation water
management. The narrow definition may lend itself to
activity-based accounting, but land-based accounting is
also possible. Under activity-based accounting. discrete
definitions and associated rates of emissions or removals
are needed for each individual practice. Narrow definitions
raise the potential for multiple activities to occur on a single
land area, raising accounting issues (see paragraph 33).
Narrow activity definitions may facilitate the separation of
human-induced changes from natural influences (see
paragraph 45). [4.2.1,43.2,4.3.4]

Carbon Acounting

A well-designed carbon accounting system would provide
transparent, consistent, comparable. complete. accurate.
verifiable, and efficient recording and reporting of
changes in carbon stocks and/or changes in greenhouse
gas emissions by sources and removals by sinks from
applicable land use, land-use change, and forestry activities

3 The technical issues addressed in paragraph 26 also apply to

additional activities adopted under Article 3.4, but are not repeated
here for conciseness.
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and projects under relevant Articles of the Kyoto Protocol.
Such data would be needed to assess compliance with
the commitments under the Kyoto Protocol. Two possible
accounting approaches towards meeting these requirements
are outlined below, of which either one—or combination
of the two—could be adopted (see Figure 1). [2.3.1]

. A “land-based” approach to accounting would take as its

starting point the change in carbon stock in applicable
carbon pools on lands containing activities included under
Article 3.3 or accepted under Article 3.4. This involves
first defining the applicable activities, and in the next step
identifying the land units on which these activities occur.
Next, the change in carbon stocks on these land units
during the relevant period is determined. In the land-based
approach, it could be difficult to factor out the impact on
stocks of indirect effects (see paragraph 44). Non-CO,
greenhouse gas emission estimates would also need to be
accounted for. Modifications could be made regarding, for
example. baselines. leakage, timing issues, permanence.
and uncertainties. Aggregate accounted CO, emissions
and removals are the sum of carbon stock changes (net of
any modifications) over all applicable land units over the
specified time period. [2.3.2,3.3.2]

An “activity-based” approach to accounting would start
with the carbon stock change in applicable carbon pools

Land-Based Accounting
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and/or emissions/removal of greenhouse gases attributable
to designated LULUCF activities. After defining the
applicable activities., each applicable activity's impact on
carbon stocks is determined per unit area and time unit.
This impact is multiplied by the area on which each activity
occurs and by the years it is applied or the years of the
commitment period. Modifications could be made regarding,
for example. baselines. leakage. timing issues, permanence.
and uncertainties. Aggregate accounted emissions and
removals are calculated by summing across applicable
activities. Potentially a given area of land could be counted
more than once if it is subject to multiple activities. If the
effects of activities are not additive, this would result in
inaccurate accounting. In this case, the carbon stock would
be especially difficult to verify. Alternatively the Parties
could decide that each land unit could contain no more
than a single activity. In this case. the combined impact
of multiple practices applied in the same area would be
considered a single activity. [2.3.2,3.3.2,4.3.3]

The land-based approach to accounting could start either
with the start of the activity or run for the entire commitment
period, while the activity-based approach would start when
the activity starts or at the beginning of the commitment
period, whichever is later. Either accounting approach
could end according to decisions that the Parties might
adopt. In the activity-based approach, stock changes prior

Activity-Based Accounting

under the Kyoto Protocol
referring to Specific Land Areas

Definition of Applicable LULUCF Activities

" Definition of Applicable LULUCF Activities
under the Kyoto Protocol

Y PRANT hyds R e . g ""‘3- SAAmAL - TR __-;*_'éft-“—" gy
Changes in Carbon Stocks and
2 Land Units per Activity Net Greenhouse Gas Emissions
per Activity, Unit of Area, and Time Period
) = 3 % e N B e

Changes in Carbon Stocks and
Net Greenhouse Gas Emissions per
Land Unit and Time Period

Sum over Land Units and
Commitment Period

Figure 1: Accounting approaches.

Sum over Activities and
Commitment Period
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to the start of the activity would not be accounted, even if
they occur in a commitment period. [2.3.2]

. Some activities must be persistently maintained to retain

the stored carbon stocks. and this may influence the
accounting methods required. Conservation tillage, for
example, may increase carbon stocks on cropland if carried
on continuously, but where it is practiced for a time, then
interrupted by a year of intensive tillage brought on by, for
example, a weather situation or crop change, much of the
previous multi-year gain in soil carbon can be lost. Land-
based estimates of the cropland estate should reflect the
net effect of those gains and losses over the full area during
the accounting period and give verifiable resuits, provided
statistically representative sampling procedures are in place.
If activity-based accounting occurs without sampling, it
may report results inconsistent with actual stock changes
during the accounting period. [2.3.2]

. For technical reasons. only emissions and removals of

CO, can be determined directly as changes in carbon
stocks. Methane emissions and removals cannot in practice
be directly measured as carbon stock changes, although
CH, and N-,O can be determined by other means. Methane
and nitrous oxide emissions from many land-use activities
are included in Annex A of the Kyoto Protocol (e.g., rice
cultivation, enteric fermentation, and agricultural soils)
and in the Revised 1996 IPCC Reporting Guidelines for
National Greenhouse Gas Inventories, and therefore they
will be captured in national inventories. This is not the
case, however, for emissions of these gases related to
forestry activities and projects, which are not included in
Annex A, although some of these forestry activities are
discussed in the 1996 Revised IPCC Guidelines for
National Greenhouse Gas Inventories. If the net emissions
of CH4 and N,O are not considered, the full climate
impact of forestry activities may not be reflected in the
accounting system under the Kyoto Protocol. The treatment
of CH, and N,O emissions under Article 3.3 may deserve
further consideration and clarification. For agreed activities,
Article 3.4 leaves open how net greenhouse gas emissions
will be accounted for in meeting the commitments under
Article 3.1 of the Protocol. [2.3.2,3.3.2]

Relevant carbon pools could include aboveground biomass,
litter and woody debris, below-ground biomass, soil carbon,
and harvested materials. The impact on these different
carbon pools may vary significantly between activities
and types of projects. While methods exist to measure all
carbon pools. to date monitoring is not routinely performed
on all pools and the costs vary significantly. A conservative
approach that would allow for selective accounting of
carbon pools to reduce monitoring costs could be to
include all those pools anticipated to have reduced carbon
stocks while omitting selected pools anticipated. with a
sufficient level of certainty, to have unchanged or
increased carbon stocks. Similar approaches could be used
for fluxes of non-CO, greenhouse gases. Under this

39.

40.

41.

42.
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approach. verifiability would mean that only increases in
carbon stocks and removal by sinks that can be monitored

and estimated could potentially be credited. [2.3.7,3.3.2,
42.1]

. Accounting for LULUCEF activities under Articles 3.3 and

3.4 includes different types of uncertainties, including
measurement uncertainty, uncertainty in identifying lands
under Article 3.3 or 3.4, and uncertainty in defining and
quantifying baselines, if any. This uncertainty can be
accounted for in several ways. One approach is to extend
the application of good practice guidance in the choice of
methods and handling of uncertainty in estimates which
has been developed by the IPCC for other inventory
categories. Another approach could be to adjust estimated
stock changes in a conservative way—understating
increases and overstating decreases in stocks. The latter
option could allow tradeoffs between monitoring costs and
the potential to receive increased carbon credits or reduced
debits, but would not be consistent with established
principles for estimation of emissions and removals in
greenhouse gas inventories. [2.3.7]

Changes in carbon stocks in wood products could potentially
be accounted as part of the activity that is the source of
the wood products or as an independent wood products
management activity. If management of wood products is
treated as an additional activity under Article 3.4, then it
may be necessary to exclude wood products from accounting
under other Article 3.3 or 3.4 activities to avoid double-
counting. Once wood products are in trade, they would be
difficult in most instances to trace. The current IPCC
default approach assumes that the wood product pool
remains constant over time, and therefore does not account
for it. However, if this pool is changing significantly over
time, a potentially important pool may not be accounted
for.[2.42,33.2,45.6,63.3]

Enhancement of carbon stocks resulting from land use,
land-use change, and forestry activities is potentially
reversible through human activities. disturbances, or
environmental change, including climate change. This
potential reversibility is a characteristic feature of LULUCF
activities in contrast to activities in other sectors. This
potential reversibility and nonpermanence of stocks may
require attention with respect to accounting, for example.
by ensuring that any credit for enhanced carbon stocks is
balanced by accounting for any subsequent reductions in
those carbon stocks, regardless of the cause. [2.3.6, 3.3.2]

Contiguous commitment periods under the Kyoto
Protocol would avoid incentives in subsequent periods to
concentrate activities that reduce carbon stocks in time
periods that were not covered. [2.3.2]

Policies by governments or other institutions (e.g., land
tenure reform and tax incentives) may provide a framework
and incentives for implementing LULUCF activities.
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43.

45.

46.

Changes 1n markets may also affect the economic conditions
for land use. land-use change, and forestry activities. The
ability to measure the impact of these conditions and
incentives will depend. in part. upon the carbon inventory
and monitoring system in each country. However, it may
be very difficult for countries to assess the relative impact
of policies by governments or other institutions compared
to other human and natural factors that drive changes in
carbon stocks. [2.3.5, 5.2.2]

Natural variability, such as El Nifio cycles. and the indirect
effects of human activity, such as CO, fertilization,
nutrient deposition, and the effects of climate change, could
significantly affect carbon stocks during a commitment
period on lands under Article 3.3 or 3.4. The spatial
distribution of the emissions and removals of greenhouse
gases due to these factors is uncertain, as is the portion of
them that may enter the accounting system. These emissions
and removals could be potentially large compared to the
commitments in the first commitment period. This could

be a significant issue in the design of an accounting
framework. [2.3.3]

. The Kyoto Protocol specifies that accounting under

Article 3.3 be restricted to “direct human-induced land-
use change and forestry activities, limited to afforestation,
reforestation, and deforestation” occurring since 1990. For
activities that involve land-use changes (e.g., from grassland/
pasture to forest) it may be very difficult. if not impossible,
to distinguish with present scientific tools that portion of
the observed stock change that is directly human-induced

from that portion that is caused by indirect and natural
factors. [2.3.4,3.3.2]

For those activities where only narrowly defined management
changes under Article 3.4 are involved (e.g., conservation
tillage) and the land use remains the same. it may be feasible
to partially factor out natural variability and indirect effects.
One approach may be to subtract the stock changes on
comparison plots where there have been no changes in
management practice from changes measured on plots
with modified management activities. In most cases
experimental manipulation or paired plots can be used for
this purpose, but they are likely to be expensive to apply
over large areas. Ecosystem models can also be used but
need further improvement to decrease uncertainties.
Verifiability could be assisted by the application of a
combination of models and measurements. [2.3.4, 4.3.4]

Baselines could be used in some cases to distinguish
between the effects of LULUCEF activities and other factors,
such as natural variability and the indirect effects of
human activities, as well as to factor out the effects of
business-as-usual and activities undertaken prior to 1990
on carbon stock accounts and net greenhouse gas emissions.
If the concept of a baseline was to be applied in national
accounting for activities under Article 3.4, there are many
options. which include: (i) the stock/flux change that would

47.

48.

49.
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have resulted from “business-as-usual” activities; (ii) the
stock/flux change that would have resulted from the
continuation of 1990 activity levels: (iii) the stock/flux change
that would result in the absence of active management; (iv)
performance benchmarks or standard management practice;
and (v) the rate of change of stocks/fluxes in 1990. The
first three of these baseline options may involve the use of
a counterfactual scenario. One difficulty with the use of
counterfactual baselines is verification. [2.3.4, 4.6, 4.6.3.3]

Accounting under the terms land-use change and forestry
in Article 3.7 will determine which emissions and
removals of carbon will enter the 1990 base year or period
for some countries. If the land-use change activities giving
rise to these emissions and removals are not included
under Article 3.3 or 3.4 during the commitment periods,
then the inventories of countries subject to this clause in
Article 3.7 would not be calculated on the same basis as
their 1990 emissions base year or period. [3.3.2]

If different accounting rules are adopted for reievant
Articles of the Kyoto Protocol. additional decision rules
may be needed to determine which accounting ruie applies
to land that, over time. is subject to multiple types of activities.
For example, one set of accounting rules could be given
primacy in cases where more than one set could potentially
apply and double-counting might resuit. [2.3.2,33.2]

Leakage is changes in emissions and removals of greenhouse
gases outside the accounting system that result from activities
that cause changes within the boundary of the accounting
system. There are four types of leakage: activity displacement,
demand displacement, supply displacement. and investment
crowding. If leakage occurs, then the accounting system
will fail to give a complete assessment of the true aggregate
changes induced by the activity. Although leakage is in
many cases a negative effect. situations. such as the
demonstration effect of new management approaches or
technology adoption. may occur where the emissions
reductions or removals of greenhouse gases extend beyond
the accounting system boundaries (positive spillover
effect). For some activities and project types. leakage may
be addressed by increasing the spatial and temporal scale
of the accounting system boundaries (i.e., by including
areas where changes in removal and emissions of greenhouse
gases may be induced). However. leakage may extend
beyond any activity accounting boundaries (e.g.. bevond
national boundaries). Leakage is of particular concemn in
project-level accounting, but may also occur with activities
under Articles 3.3 and 3.4.[2.3.5.2.5.3.3]

Part ITI

5.

Methods for Measuring and Monitoring

50. Lands under Articles 3.3 and 3.4 could be identified.

monitored. and reported using geographical and statstical
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52.

93.

information. Changes in carbon stocks and net greenhouse
gas emissions over time can be estimated using some
combination of direct measurements, activity data. and
models based on accepted principles of statistical analysis,
forest inventory, remote-sensing techniques. flux
measurements, soil sampiing, and ecological surveys.
These methods vary in accuracy, precision, verifiability,
cost. and scale of application. The cost of measuring
changes in carbon stocks and net greenhouse gas emissions
for a given area increases as both desired precision and
landscape heterogeneity increase. [2.4, 3.4]

. The spatial resolution of monitoring has important

implications for accuracy and costs. If a small minimum
resolvable land area is used, the task and cost of monitoring
can become very demanding. If the spatial resolution is set
at a coarse scale, the data demands can be modest, but
significant areas subject to an activity may be lost in the
averaging process. For example, if forests and deforestation
are defined in terms of canopy cover and canopy cover is
assessed over land areas of 100 ha. then deforestation of
smaller areas within a unit may not take the canopy cover
of the unit below the forest definition threshold. Thus,
changes in carbon stocks may not be accounted and,
likewise, afforestation or reforestation of small areas may
not be accounted. Hence, there are clear tradeoffs between
an accurate and precise assessment of changes in carbon
stocks and cost. However, an appropriate design should
result in a statistically reliable estimate. [2.2.2]

The technical capacity required by Annex I Parties to
measure, monitor, and verify carbon stock changes and
net greenhouse gas emissions under the Kyoto Protocol
will be significantly affected by decisions of the Parties
regarding definitions of key terms related to land use.
land-use change, and forestry activities. It will also depend
on decisions on. inter alia, additional activities that may
be included under Article 3.4, and whether additional
activities are defined broadly or narrowly. Depending
upon decisions that may be made, establishing a monitoring,
reporting, and verification system under Articles 3.3 and
34 is likely to involve a significant effort by Annex I
Parties, given the technology, data. and resources required,
and the short time available. [2.4.1,3.4,43.2, 4.3.5]

Annex I Parties generaily have the basic technical capacity
(soil and forest inventories, land-use surveys, and
information based on remote-sensing and other methods)
to measure carbon stocks and net greenhouse gas emissions
in terrestrial ecosystems. However, few, if any, countries
perform all of these measurements routinely, particularly
soil inventories. Some Annex I Parties may use existing
capacity with minimal modification to implement the
various Articles in the Kyoto Protocol: however, some
other Annex I Parties may need to significantly improve
their existing measurement systems in order to develop
operational systems. Non-Annex I Parties may require
technical, institutional, and financial assistance and capacity

56.
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building for measuring, monitoring, and verifying carbon
stock changes as well as estimating net greenhouse gas
emissions. [2.4.6,3.4.3,4.2]

. Technical methods for measuring and estimating changes

in forest carbon stocks in aboveground biomass over a
5-year commitment period may be deemed to be sensitive
enough to serve the requirements of the Protocol.
Sensitive methods for estimating below-ground carbon
stocks also exist. However, changes in soil carbon stocks
are in some instances small and difficult to assess accurately
over a 5-year time period. This problem may be addressed
by adoption of appropriate sampling techniques supported
by modeling that take into account spatial variability.
Methods that further improve estimates of soil and
vegetation carbon stock will depend on future research
and model development and are likely to be highly
transferable between Parties. [2.4.2.24.3,422. 5.4.1]

Estimates of Average Annual Carbon Stock

ChangesiAccounted for ARD Activities and Some
Additional Activities

. Afforestation, Reforestation, and Deforestation

- Different definitions and accounting approaches under

Article 3.3 of the Kyoto Protocol produce different estimates
of changes in carbon stocks. There are seven Definitional
Scenarios described in Chapter 3 of the underlying report.
Table 3 illustrates, with data and methods available at the
time of the Special Report, the estimated carbon stock
changes accounted from ARD activities under the IPCC
and FAO Definitional Scenarios, assuming recent area
conversion rates remain constant and excluding carbon in
soils and wood products. Three different carbon accounting
approaches have been applied to the FAO Definitional
Scenario to illustrate the effect of different accounting
approaches. [3.5.3, 3.5.4, Table 3-4, Table 3-17]

The IPCC Definitional Scenario yields estimates of
average annual accounted carbon stock changes from
afforestation and reforestation in Annex I Parties from
2008 to 2012 of 7 to 46 Mt C yr!. This would be offset by
annual changes in carbon stocks from deforestation of
about -90 Mt C yr-l, producing a net stock change of
-83 to -44 Mt C yri. If hypothetically, for example,
afforestation and reforestation rates were to be increased
in Annex I Parties by 20%# for the years 2000 to 2012.
estimated annual changes in carbon stocks would increase
(from 7 to 46 Mt Cyr) to 7 t0 49 Mt C yr!. If hypotheticaily,
for example, deforestation rates were to be decreased by
20%, estimated annual losses of carbon stocks due to

deforestation would reduce (from -90 Mt C yri) to -72 Mt
Cyr!.[3.54]

* The 20% is an arbitrary value chosen to show the sensiuvity of the
estimates to changes in practices.
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The three accounting approaches under the FAO 63. One such scenario is presented in Table 4, to illustrate in a

Definitional Scenario vield different resuits. Estimated
average annual carbon stock changes in Annex [ Parties
from afforestation and reforestation are -759 to -243 Mt C
yr! under the FAO land-based I approach: -190 to 295 Mt
C yr! under the FAO land-based II approach; and 87 to
573 Mt C yr! under the FAO activity-based approach.
Estimated average annual carbon stock changes from
deforestation are about -90 Mt C yr! in all three approaches.
as in the IPCC Definitional Scenano. [3.5.4]

For comparison. the IPCC Definitional Scenario yields
estimates of average annual accounted carbon stock
changes from afforestation and reforestation globally from
2008 to 2012 of 197 to 584 Mt C yr!. This would be offset
by annual changes in carbon stocks from deforestation of
about -1788 Mt C yr!, producing a net stock change of
-1591 to -1204 Mt C yrt. If. hypothetically, for example,
afforestation and reforestation rates were to be increased
clobally by 20% for the years 2000 to 2012. estimated
annual changes in carbon stocks would increase (from 197
10 584 Mt C yr!) to 208 to 629 Mt C yrt. [3.54]

In the IPCC Definitional Scenario and FAO Definitional
Scenario with land-based [ accounting approach, the
accounted carbon stock changes are broadly consistent with
the 2008-2012 actual changes in carbon stocks from land
under Article 3.3. The [PCC and FAO Definitional Scenarios
bring different amounts of land under Article 3.3, hence
the estimated carbon stock changes in Table 3 differ.

. In the FAQO Definitional Scenario with land-based II and

activity-based accounting approaches, the accounted carbon
stock change is not consistent with the 2008-2012 actual
changes in carbon stocks on land under Article 3.3, except
in the case of short rotation cycles.

In neither of the two Definitional Scenarios is the accounted
carbon stock change consistent with the 2008-2012 actual
carbon stock changes, nor with the net exchanges with the
atmosphere. at the national and global levels in part because
the land under Article 3.3 is small in comparison with the
national and global forest area. [3.3.2,3.5.4]

Additional Activities

The magnitude of the stock changes from additional activities
that might be included under Article 3.4 rests, inter alia,
on any decisions that remain to be made in the process of
implementing the Kyoto Protocol. A consideration of
carbon stocks changes and net emissions of greenhouse
gas emissions associated with additional activities on
managed lands entails synthesizing available technical
and scientific data. outlining the outcomes of one policy
scenario, and assessing the aggregate impact of policies
and other factors. The scientific literature to support such
an analysis is currently quite limited. [4.3]

65.

66.

67.

general sense the potental scope for carbon stock increases
through some broadly defined activities. It provides data
and information on carbon stock changes for some candidate
activities under Article 3 4 for the year 2010. This scenario
relies on three components relating to the candidate actvities:
1) an estimate of current relevant land areas (column 2); 2)
an assumed percentage of those lands on which an activity
would be applied in 2010 (column 3); and 3) a research-
derived estimate of the annual rate of carbon stock increase
per hectare (column 4). The uptake rate is multiplied by
the applicable land area to approximately calculate the
change in carbon stock in the year 2010 (column 3).

. Table 4. rather than providing precise projections, reports

calculated stock changes assuming an ambitious policy
agenda that promotes the application of activities to a
significantly greater share of the relevant land base than
would have otherwise occurred. The assumed percentage
of lands on which the activity is applied is derived from
considered professional judgment based on existing literature
of what a range of sustained and effective inidatives,
which vary across countries, could achieve. The share of
land on which the activity is actually applied in 2010
depends to a great extent on the accounting system under
Article 3.4, the evolving economic and social aspects of
the activity, and landowner response to incentives, among
other factors. Thus, the total annual stock changes in
Table 4 (column 3) are likely to be on the high side.

Table 4 estimates do not necessarily represent credits under
Article 3.4 of the Kyoto Protocol, even if such levels of
stock change are achieved, because the Protocol may include
approaches that limit the applicability of these calculations.

Table 4 illustrates the estimated carbon stock changes
from example additional activities within Annex [ and
globally. assuming roughly similar levels of policy support.
For example, Table 4 suggests that although conversion of
cropland to grassland can provide a relatively large carbon
stock increase per hectare converted, forest management
improvements, which can be applied over a larger land
base, may provide relatively larger total annual increases.
Very different estimates in changes of emissions and
removals associated with options for additional land use,
land-use change, and forestry activities would resuit from
different definitions of additional activities that might be
agreed under Article 3 4, different accounting approaches,
and different decisions that might be taken on implementation
rules for Article 3.4.

There is potential for carbon uptake into biomass. which
may be stored over a time period of decades in wood products.
Furthermore, biomass used for energy purposes. based on
waste by-products of wood/crops or from trees/crops grown
expressly for this purpose. has the potential to lead to a
reduction in net greenhouse gas emissions by substituting
for fossil fuels. [1.4.3, 1.4.4)
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Table 4: Relative potential in 2010 for net change in carbon stocks through some improved management and changed land-use
activities @

(3) Assumed (4) Net Annual (5) Estimated
Percentage of Total Rate of Change Net Change
(2) Total Area of Column 2 in Carbon Stocks in Carbon Stocks

Areab under Activity per Hectare? in 2010
(1) Activity (Mha) in 2010 (%) (t C hal yr1) (Mt C yr1)
A. Annex I Countries
a) Improved Management within a Land Usec
Forest Management 1900 10 0.5 100
Cropland Management 600 40 03 75
Grazing Land Management 1300 10 05 70
Agroforestry 83 30 05 12
..ice Paddies 4 80 0.1 <l
Urban Land Management 50 5 03 1
b) Land-Use Change
Conversion of Cropland to Grassland 600 § 0.8 24
Agroforestry <1 0 0 0
Wetland Restoration 230 5 04 4
Restoring Severely Degraded Land 12 5 025 1
B. Global Estimates
a}) Improved Management within a Land Use
Forest Management 4050 10 04 170
Cropland Management 1300 30 03 125
Grazing Land Management 3400 10 0.7 240
Agroforestry 400 20 03 26
Rice Paddies 150 50 0.1 57
Urban Land Management 100 5 03 2
b) Land-Use Change
Agroforestry 630 20 3: 390
Conversion of Cropland to Grassland 1500 3 0.8 38
Wetland Restoration 230 5 04
Restoring Severely Degraded Land 280 <] 03 3

* Totals were not included in the table for several reasons: i) The list of candidate activities is not exclusive or complete; ii) it is unlikely that all countnes

would apply all candidate activities; and iii) the analysis does not presume to reflect the final interpretations of Article 3.4. Some of these estimates reflect
considerable uncertainty.

® A summary of reference sources is contained in Tables 4-1 and 4-4 of this Special Report. Calculated values were rounded to avoid the appearance of precision
beyond the intent of the authors. The rates given are average rates that are assumed to remain constant to 2010.
¢ Assumed to be the best available suite of management practices for each land use and climatic zone.

68. Table 4 does not account for the possibly significant non- 7. Project-Based Activities
CO, greenhouse gas emissions and removals that could be

influenced by the candidate activities. For example, the 69. An LULUCF project can be defined as a planned set of
rates do not reflect net emissions of CH, or N,O from activities aimed at reducing greenhouse gas emissions or

agricultural practices or wetlands/permafrost management. enhancing carbon stocks that is confined to one or more
The table also does not include the carbon stock impact geographic locations in the same country and specified
of the use of biofuels and the changing wood product time period and institutional frameworks such as to allow
pools, and consideration of forest management does not net greenhouse gas emissions or enhancing carbon stocks
include avoided deforestation, which is dealt with in to be monitored and verified. Experience is being gained in
Table 3.

Activities Implemented Jointly (AILJ) and other LULUCF
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projects that are under initial stages of implementation in

monitoring, data collection and interpretation costs,
at least 19 countries.

opportunity costs of land and maintenance, or other recurring
costs, which are often excluded or overlooked. Recognizing
the different methods used, the undiscounted cost and
investment estimates range from $US 0.1-28 per ton of
carbon, simply dividing project cost by their total reported
accumulated carbon uptake or estimated emissions avoided,
assuming no leakage outside the project boundaries. [5.2.3]

70. Assessment of the experience of these projects is
constrained by the small number, the limited range of
project types, the uneven geographic distribution, the
short period of field operations to date. and the absence of
an internationally agreed set of guidelines and methods to
establish baselines and quantify emissions and uptake.
Generally, these projects do not report all greenhouse gas  74.

emissions or estimate leakage, and few have independent
review.

Project-level financial analysis methods are widely used
and fairly standardized in development assistance and private
investment projects. But they have yet to be consistently
applied to, and reported for, LULUCF projects aiming at
71. However, through the experience of LULUCF projects mitigating climate change. Guidelines for developing methods

aimed to mitigate climate change, it is possible in some of financial analysis may be needed in the future. [5.2.3]
cases to develop approaches to address some of the critical

issues (seeTable 5). 75. LULUCF projects aiming to mitigate climate change

may provide socioeconomic and environmental benefits
primarily within project boundaries, although they may
also pose risks of negative impacts. Experience from most
of the pilot projects to date indicates that involvement of
local stakeholders in the design and management of
project activities is often critical. Other factors affecting
the capacity of projects to increase carbon uptake and
avoid greenhouse gas emissions and to have other benefits
include consistency with national and/or international
sustainable development goals, and institutional and technical

72. There are 10 projects aimed at decreasing emissions
through avoiding deforestation and improving forest
management. and 11 projects aimed at increasing the uptake

of carbon—mostly forest projects in tropical countries
(see Table 5). [5.2.2]

73. Methods of financial analysis among these projects have
not been comparable. Moreover the cost calculations do not
cover, in most instances, inter alia, costs for infrastructure,

Table 5: Carbon uptake/estimated emissions avoided from carbon stocks, assuming no leakage outside the project boundaries,
by selected AlJ Pilot Phase and other LULUCF projects, in some level of implementation ab<4de

Estimated
Emissions
Estimated Accumulated Avoided from
Accumulated Carbon Uptake Estimated Carbon Stocks
Carbon per Spatial Unit Emissions per Spatial Unit
Uptake over during the Avoided over the during the
Project Lifetime Project Lifetime Project Lifetime Project Lifetime
Land (Mt C) (t C ha't) (Mt C) (t C hal)
Area
Project Type (number of projects) (Mha) assuming no leakage outside the project boundaries
Forest Protection (7)f 28
Improved Forest Management (3) 0.06
Reforestation and Afforestation (7) 0.1 10-104 26 - 328
Agroforestry (2) 0.2 105-10.8 26 - 56
Multi-Component and 035 9.7 0.2-129

Community Forest (2)

2 Projects included are those for which we have sufficient data. Soil carbon management. bioenergy, and other projects are not included for this reason.

b*Some level of implementation” —Included projects have been partially funded and have begun activities on the ground that will generate increases in carbon
stocks and reductions in greenhouse gas emissions.

¢ “Other LULUCF projects” —Refers to selected non-ALl projects and projects within Annex I countries.

d Estimated changes in carbon stocks generally have been reported by project developers. do not use standardized methods, and may not be comparable: only
some have been independently reviewed.

¢ Non-CO, greenhouse gas emissions have not been reported.
f Protecting an existing forest does not necessarily ensure a long-term contribution to the mitigation of the greenhouse effect because of the potential for leakage

and reversibility through human activities, disturbances. or environmental change. Table 5 does not provide an assessment in relation to these issues. Sound
project design and management, accounting, and monitoring would be required to address these issues.
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76.

2T,

78.

79.

capacity to develop and implement project guidelines and
safeguards. [2.5.2. 5.6]

The' accounting of changes in carbon stocks and net
greenhouse gas emissions involve a determination that
project activities lead to changes in carbon stocks and net
greenhouse gas emissions that are additional to a without-
project baseline. Currently there is no standard method for
determining baselines and additionality. Approaches
include determining project-specific baselines or generic
benchmarks. Most AIJ projects have used a project-
specific approach that has an advantage of using better
knowledge of local conditions yielding more accurate
prediction. A disadvantage is that project developers may
choose scenarios that maximize their projected benefits.
Baselines may be fixed throughout the duration of a
project or periodically adjusted. Baseline adjustments would
ensure more realistic estimates of changes in carbon
uptake or greenhouse gas emissions but would create
uncertainties for project developers. [5.3.2, Table 5-4]

Projects that reduce access to land. food. fiber, fuel. and
timber resources without offering alternatives may result
in carbon leakage as people find needed supplies elsewhere.
A few pilot projects have been designed with the aim of
reducing leakage by explicitly incorporating components
that supply the resource needs of local communities (e.g.,
establishing fuelwood plantations to reduce pressures on
other forests), and that provide socioeconomic benefits
that create incentives to maintain the project. Due to leakage,
the overall consideration of the climate change mitigation
effects of a project may require assessments beyond the
project boundary, as addressed in paragraph 49. [2.3,5.3.3]

Project accounting and monitoring methods could be
matched with project conditions to address leakage issues.
If leakage is likely to be small. then the monitoring area
can be set roughly equal to the project area. Conversely,
where leakage is likely to be significant the monitoring
area could be expanded beyond the project area, although
this would be more difficult when the leakage occurs
across national boundaries. Two possible approaches could
then be used to estimate leakage. One would be to monitor
key indicators of leakage, and the second would be to use
standard risk coefficients developed for project type and
region. In either case, leakage could be quantified and
subsequently changes in carbon stock and greenhouse gas
emissions attributed to the project could be reestimated.

The effectiveness of these two approaches is untested.
[5.3.3]

LULUCEF projects raise a particular issue with respect to
permanence (see paragraph 40). Different approaches
have been proposed to address the duration of projects in
relation to their ability to increase carbon stocks and
decrease greenhouse gas emissions, inter alia: (i) They
should be maintained in perpetuity because their “reversal”
at any point in time could invalidate a project: and (ii) they

80.

81.

82.

83.
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should be maintained until thev counteract the effect of an
equivalent amount of greenhouse gases emitted to the
atmosphere. [5.3.4]

Several approaches could be used to estimate the changes
in carbon stocks and greenhouse gas emissions of LULUCF
projects: (i) estimating carbon stocks and greenhouse gas
emissions at a given point in time; (ii) estimating the average
changes of carbon stocks or greenhouse gas emissions
over time in a project area; or (iii) allowing for only a part
of the total changes in carbon stocks or greenhouse gas
emissions for each year that the project is maintained (e.g.,
tonne-year method). The year-to-year distribution of
changes in carbon stocks and greenhouse gas emissions
over the project duration varies according to the accounting
method used. [5.4.2, Table 5-9]

LULUCEF projects are subject to a variety of risks because
of their exposure to natural and anthropogenic factors.
Some of these risks particularly pertain to land-use activities
(e.g.. fires, extreme meteorological events. and pests for
forests). while others are applicable to greenhouse gas
mitigation projects in both LULUCF and energy sectors
such as political and economic risks. Risk reduction could
be addressed through a variety of approaches internal to the
project, such as introduction of good practice management
systems, diversification of project activities and funding
sources, self-insurance reserves, involvement of local
stakeholders, external auditing, and verification. External
approaches for risk reduction include standard insurance

services, regional carbon pools. and portfolio diversification.
[53.5]

Techniques and tools exist to measure carbon stocks in
project areas relatively precisely depending on the carbon
pool. However, the same level of precision for the climate
change mitigation effects of the project mav not be
achievable because of difficuities in establishing baselines
and due to leakage. Currently. there are no guidelines as to
the level of precision to which pools should be measured and
monitored. Precision and cost of measuring and monitoring
are related. Preliminary limited data on measured and
monitored relevant aboveground and below-ground carbon
pools to precision levels of about 10% of the mean at a
cost of about US$1-5 per hectare and US$0.10-0.50 per
ton of carbon have been reported. Qualified independent
third-party verification could play an essential role in
ensuring unbiased monitoring. [5.4.1, 5.4 4]

Reporting Guidelines for the
Relevant Articles of the Kyoto Protocol

Under Article 5.2 of the Kyoto Protocol, the Revised 1996
Guidelines for National Greenhouse Gas Inventories
provide the basis for the accounting and reporting of
anthropogenic emissions by sources and removals by
sinks of all greenhouse gases not controlled by the
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84.

85.

Montreal Protocol. These Guidelines were developed to
estimate and report national greenhouse gas inventories
under the United Nations Framework Convention on
Climate Change (UNFCCC), not for the particular needs
of the Kyoto Protocol. However. the Guidelines do provide
a framework for addressing the accounting and reporting
needs of the Kyoto Protocol. Elaboration of the Land-Use

Change and Forestry Sector of the Guidelines may be

needed. reflecting possible decisions by the Parties for

accounting and reporting LULUCF under the Kyoto

Protocol. taking into account, inzer alia:

*  Any decisions made by Parties on ARD under Article

3.3 and on additional activities under Article 3.4.

[63.1.6.32]

The need to ensure transparency, completeness,

consistency, comparability, accuracy, and verifiability.

[62.2.62.3.64.1]

* Consistent treatment of Land-Use Change and
Forestry as other Sectors. with respect to uncertainty
management and other aspects of good practice.
[64.1]

* Any decisions adopted by Parties to address other
accounting issues (e.g., permanence, the meaning of
“human induced” and “direct human induced.” wood
products. and project based activities). [6.4.1]

Potential for Sustainable Development

Consideration would need to be given to synergies and
tradeoffs related to LULUCF activities under the UNFCCC
and its Kyoto Protocol in the context of sustainable
development including a broad range of environmental,
social, and economic impacts. such as: (i) biodiversity; (ii)
the quantity and quality of forests. grazing lands, soils,
fisheries. and water resources; (iii) the ability to provide
food. fiber. fuel. and shelter: and (iv) employment. human
health, poverty, and equity [2.5.1. 3.6]

For example, converting non-forest land to forest will
typically increase the diversity of flora and fauna. except in
situations where biologically diverse non-forest ecosystems,
such as native grasslands. are replaced by forests consisting
of single or a few species. Afforestation can also have
highly varied impacts on groundwater supplies., river
flows, and water quality. [3.6.1]

86.

87.

8.

89.

90.
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A system of criteria and indicators could be used to assess
and compare sustainable development impacts across
LULUCEF alternatives. While there are no agreed upon set
of criteria and indicators, several sets are being developed
for closely related purposes, for example assessment
of contributions to sustainable development by the UN
Commission on Sustainable Development. [2.5.2]

For activities within countries or projects between countries,
if sustainable development criteria vary significanty
across countries or regions, there may be incentives to
locate activities and projects in areas with less stringent
environmentai or socioeconomic criteria. [2.5.2]

Several sustainable development principles are incorporated
in other multilateral environmental agreements. including
the UN Convention on Biological Diversity, the UN
Convention to Combat Desertification. and the Ramsar
Convention on Wetlands. Consideration may be given to
the development of synergies between LULUCF activities
and projects that contribute to the mitigation or adaptation
to climate change with the goals and the objectives of

these and other relevant multilateral environmental
agreements. [2.5.2]

Some of the more formal approaches to sustainable
development assessment that could be applied at the project
level are, for example, environmental and socioeconomic
impact assessments. These methods have been applied
across a wide range of countries and site-specific activities
to date and could be modified to be applicable to
LULUCEF projects. [2.5.2.2]

Some critical factors affecting the sustainable development
contributions of LULUCF activities and projects to mitigate
and adapt to climate change include: institutional and
technical capacity to develop and implement guidelines and
procedures: extent and effectiveness of local community
participation in development, impiementation. and distribution

of benefits; and transfer and adoption of technology.
[5.5,5.6]
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Appendix I.  Conversion Units

1 tonne (t) 1000 kilogram (kg)

1 Mcgatoi’me (Mt) 1,000,000 t

1 Gigatonne (Gt) 1,000,000,000 t

1 hectare (ha) 10,000 square metre (m?2)
1 square kilometee (km?2) 100 hectare (ha)

| tonne per hectare (t ha-1)
| tonne carbon

| tonne carbon dioxide

| tonne

1 hectare (ha)

1 square kilometre (km2)

1 tonne per hectare (t ha-!)

0.273 tonne carbon (t C)
0.984 imperial ton

2471 acre

0.386 square mile

892 pound per acre

Land Use, Land-Use Change, and Forestry

100 gram per square metre (g m-2)
3.67 tonne carbon dioxide (t CO,)

106 gram (g) 1 Megagram (Mg)
1012¢g 1Teragram (Tg)
1015 g 1 Petagram (Pg)
1.10 US ton 2,204 pound

Appendix II. Relevant Portions of Kyoto Protocol
Articles Discussed in this Special Report
[Concepts in bold are discussed in the SPM]

Article 2.1: Each Parry included in Annex I in achieving its
quantified emission limitation and reduction commimments

under Article 3, in order to promote sustainable development,
shall:

(a) Impiement andlor further elaborate policies and measures
in accordance with its national circumstances, such as:
(i) Protecrion and enhancement of sinks and reservoirs
of greenhouse gases not controlled by the
Montreal Protocol, taking into account its
commitments under relevant international
environmental agreements; promotion of
sustainable forest management practices,
afforestation and reforestation.
(iii) Promotion of sustainable forms of agriculture in
light of climate change considerations.
Cooperate with other such Parties to enhance the
individual and combined effectiveness of their policies
and measures adopted under this Article, pursuant to
Article 4, paragraph 2(e)(i), of the Convention. To
this end, these Parties shall take steps to share their
experience and exchange information on such policies
and measures, including developing ways of improving
their comparability, transparency, and effectiveness.
The Conference of the Parties serving as the meeting
of the parties to this Protocol shall, at its first session
or as soon as practicable thereafter, consider ways to
facilitate such cooperation, taking into account all
relevant information.

(b)

Article 3.0 : “The Parties included in Annex I shall, individually
or jointly, ensure that their aggregate anthropogenic carbon
dioxide equivalent emissions of greenhouse gases listed in
Annex A do not exceed their assigned amounts, calculated
pursuant to their quantified emission limitation and reduction
commitments inscribed in Annex B and in accordance with the
provisions of this Article, with a view to reducing their overall

emissions of such gases by at least 5% below 1990 levels in the
commitment period 2008-2012.”

Article 3.3: The net changes in greenhouse gas emissions by
sources and removals by sinks resulting from direct human-
induced land use change and forestry activities, limited to
afforestation, reforestation and deforestation since 1990,
measured as verifiable changes in carbon stocks in each
commirment period, shall be used to meet the commirments
under this Article of each Party included in Annex I. The
greenhouse gas emissions by sources and removals by
sinks associated with those activities shall be reported in a

transparent and verifiable manner and reviewed in accordance
with Articles 7 and 8.

Article 3.4: Prior to the first session of the COP serving as the
meeting of the Parties 1o this Protocol, each Parry included in
Annex I shall provide, for consideration by the SBSTA, data to
establish its level of carbon stocks in 1990 and 10 enable an
estimate to be made of its changes in carbon stocks in
subsequent years. The COP serving as the meeting of the
Parties to this Protocol shall, at its first session or as soon as
practicable thereafter, decide upon modalities, rules and
guidelines as 10 how, and which, additional human-induced
activities related to changes in greenhouse gas emissions by
sources and removals by sinks in the agricultural soils and
the land-use change and forestry categories shall be added to,
or subtracted from, the assigned amounts for Parties included
in Annex I, taking into account uncertainties, transparency in
reporting, verifiability, the methodological work of the IPCC,
the advice provided by the SBSTA in accordance with Article 5
and the decisions of the COP. Such a decision shall appiv in the
second and subsequent commirment periods. A Partv may
choose to apply such a decision on these additional human-
induced activities for its first commitment period, provided that
these activities have taken place since 1990.

Article 3.7: In the first quantified emission limitation and
reduction commitment period, from 2008 to 2012, the assigned
amount for each Party inciuded in Annex [ shall be equal to the
percentage inscribed for it in Annex B of irs aggregate
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anthropogenic carbon dioxide equivalent emissions of the
greenhouse gases listed in Annex A in 1990, or the base year
or period determined in accordance with paragraph 5 above,
multiplied by five. Those Parties included in Annex [ for whom
land use change and forestry constituted a net source of
greenhouse gas emissions in 1990, shall include in their 1990
emissions base year or period, the aggregate anthropogenic
carbon dioxide equivalent emissions minus removals in 1990

from land use change for the purposes of calculating their
assigned amount.

Article 5.2:Methodologies for estimating anthropogenic
emissions by sources and removals by sinks of all greenhouse
gases not controlled by the Montreal Protocol shall be those
accepted by the Intergovernmental Panel on Climate Change
and agreed upon by the Conference of the Parties at its third
session. Where such methodologies are not used, appropriate
adjustmenis shall be applied according to methodologies
agreed upon by the Conference of the Parties serving as the
meeting of the Parties to this protocol at its first session. Based
on the work of, inter alia, the Intergovernmental Panel on
Climate Change and advice provided by the Subsidiary Body
for Science and Technological Advice, the Conference of the
Parties serving as the meeting of the parties to this Protocol
shall regularly review and, as appropriate, revise such
methodologies and adjustments, taking into account any
relevant decisions by the Conference of the Parties. Any revision
to methodologies or adjustments shall be used only for the
purposes of ascertaining compliance with commitments under

Article 3 in respect of any commirment period adopted subsequent
to that revision.

Article 6.1: For the purpose of meeting its commitments under
Article 3, any Party included in Annex I may transfer to, or
acquire from, any other such Party emission reduction units
resulting from projects aimed at reducing anthropogenic
emissions by sources or enhancing anthropogenic removalis by

sinks of greenhouse gases in any sector of the economy, provided
that:

Article 6.1(b): Any such project provides a reduction in
emissions by sources, or an enhancement of removals by sinks,
that is additional ro any that would otherwise occur.

Article 12.2: The purpose of the clean development mechanism
shall be to assist Parties not included in Annex I in achieving
sustainable development and in contributing to the ultimate
objective of the Convention, and to assist Parties included in
Annex [ in achieving compliance with their quantified emission
limitation and reduction commitments under Article 3.

Article 123(a): Parties not included in Annex I will benefit
Jrom project activities resulting in certified emissions reductions.

Article 12.3(b): Parties included in Annex [ may use the
certified emissions reductions accruing from such project
activities to contribute to compliance with part of their quantified
emission limitation and reduction commitments under Article 3,
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as determined by the Conference of the Farties serving as the
meeting of the Parties to the Protocol.

Article 12.5: Emissions reductions resulting from each project
acnivity shall be cerrified by operational entities to be designated
by the COP serving as the meeting of the Parties to this
Protocol, on the basis of:

Article 125(b): Real. measurable, and long-term benefits
related to the mitigation of climate change.

Article 12 5(c): Reductions in emissions that are additional to
any that would occur in the absence of the certified projec.

Appendix ITI. Glossary

[These definitions are provided solely for the
purposes of this Special Report.]

Accuracy

The degree to which the mean of a sampie approaches the true
mean of the population: lack of bias.

Activity
A practice or ensemble of practices that take piace on a
delineated area over a given period of time.

Baseline

A reference scenario against which a change in greenhouse gas
emissions or removals is measured.

Bias
Systematic over- or under-estimation of a quantity.

Biosphere

That component of the Earth system that contains life in its
various forms, which includes its living organisms and derived
organic matter (e.g., litter, detritus. soil).

Carbon Flux
Transfer of carbon from one carbon pool to another in units of
measurement of mass per unit area and time (e.g., t C ha-! yri).

Carbon Pool

A reservoir. A system which has the capacity to accumulate or
release carbon. Exampies of carbon pools are forest biomass,

wood products, soils, and atmosphere. The units are mass (e.g.,
t Q).

Carbon Stock

The absolute quantity of carbon held within a pool at a specified
time.

Flux
See “Carbon Flux."”

Forest Estate
A forested landscape consisting of multiple stands of trees.
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Forest Stand
A community of trees, including aboveground and below-
ground biomass and soils, sufficiently uniform in species

composition, age, arrangement, and condition to be managed
as a umit.

Heterotrophic Respiration

The release of carbon dioxide from decomposition of organic
matter.

Land Cover

The observed physical and biological cover of the Earth’s land
as vegetation or man-made features.

Land Use
The total of arrangements, activities, and inputs undertaken in
a certain land cover type (a set of human actions). The social

and economic purposes for which land is managed (e.g., grazing,
timber extraction, conservation).

Permanence

The longevity of a carbon pool and the stability of its stocks,
given the management and disturbance environment in which
it occurs.

Pool
See “Carbon Pool.”

Practice

An action or set of actions that affect the land, the stocks of
pools associated with it or otherwise affect the exchange of
greenhouse gases with the atmosphere.

Precision

The repeatability of a measurement (e.g., the standard error of
the sampie mean).

Regeneration
The renewal of a stand of trees through either natural means
(seeded on-site or adjacent stands or deposited by wind, birds,

or animals) or artificial means (by planting seedlings or direct
seeding).

Reservoir
A pool.
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Sequestration

The process of increasing the carbon content of a carbon pool
other than the atmosphere.

Shifting Agriculture

A form of forest use common in tropic forests where an area
of forest is cleared. or partially cleared, and used for cropping
for a few years until the forest regenerates. Also known as

“*slash and burn agriculture,” “moving agriculture.” or “swidden
agriculture.”

Sink

Any process or mechanism which removes a greenhouse gas, an
aerosol, or a precursor of a greenhouse gas from the atmosphere.
A given pool (reservoir) can be a sink for atmospheric carbon

if. during a given time interval, more carbon is flowing into it
than is flowing out.

Source

Opposite of sink. A carbon pool (reservoir) can be a source of
carbon to the atmosphere if less carbon is flowing into it than
is flowing out of it.

Stand
See “Forest Stand.”

Stock
See “Carbon Stock.”

Soil Carbon Pool

Used here to refer to the relevant carbon in the soil. It includes
various forms of soil organic carbon (humus) and inorganic
soil carbon and charcoal. It excludes soil biomass (e.g., roots,
bulbs, etc.) as well as the soil fauna (animals).

Uptake
The addition of carbon to a pool. A similar term 1s “'sequestraton.”

Wood Products

Products derived from the harvested wood from a forest.
including fuelwood and logs and the products derived from
them such as sawn timber, plywood, wood pulp, paper, etc.



