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Preface

PREFACE

This report on Good Practice Guidance for Land Use, Land-Use Change and Forestry (GPG-LULUCF) is the
response to the invitation by the United Nations Framework Convention on Climate Change (UNFCCC)! to the
Intergovernmental Panel on Climate Change (IPCC)?2 to develop good practice guidance for land use, land-use
change and forestry (LULUCF). GPG-LULUCF provides supplementary methods and good practice guidance
for estimating, measuring, monitoring and reporting on carbon stock changes and greenhouse gas emissions from
LULUCEF activities under Article 3, paragraphs 3 and 4, and Articles 6 and 12 of the Kyoto Protocol.

The GPG-LULUCEF assists countries in producing inventories for the land use, land-use change and forestry
sector that are neither over- nor underestimates so far as can be judged, and in which uncertainties are reduced as
far as practicable. It supports the development of inventories that are transparent, documented, consistent over
time, complete, comparable, assessed for uncertainties, subject to quality control and quality assurance, and
efficient in the use of resources.

The GPG-LULUCEF is consistent with the existing good practice guidance for the other sector and addresses:
e Choice of estimation method within the context of the IPCC Guidelines;
e Quality assurance and quality control procedures to provide cross-checks during the inventory compilation;

e Data and information to be documented, archived and reported to facilitate review and assessment of
inventory estimates;

e Quantification of uncertainties at the source or sink category level and for the inventory as a whole, so that
resources available can be directed toward reducing uncertainties over time, and the improvement can be
tracked.

In addition, GPG-LULUCF provides guidance related to the specific features of the LULUCF sector on
consistent representation of land areas, sampling for area estimates and for estimating emissions and removals,
verification, and guidance on how to complement the Convention reporting for the LULUCF sector to meet the
supplementary requirements under the Kyoto Protocol.

The development of good practice guidance for LULUCF sector is a step in the IPCC’s on-going programme of
inventory development and will also support future revisions of the IPCC Guidelines themselves.

1 Decision 11/CP.7 (Land use, land-use change and forestry) in FCCC/CP/2001/13/Add.1, paragraphs 3(a) and 3 (b), page 55.

2 |PCC was established jointly by the World Meteorological Organization (WMO) and the United Nations Environment
Programme (UNEP) to

. Make periodic assessments of the science, impacts and the socio-economic aspects of climate change and of
adaptation and mitigation options to address it;

. Assess, and develop as necessary, methodologies such as the IPCC Guidelines for National Greenhouse Gas
Inventories;

. Provide, on request, scientific/technical/socio-economic advice to the Conference of the Parties to the United

Nations Framework Convention on Climate Change (UNFCCC) and its bodies.

IPCC Good Practice Guidance for LULUCF \%






OVERVIEW

IPCC Good Practice Guidance for LULUCF



Chapter 1: Overview

AUTHORS AND REVIEW EDITORS

Co-ordinating Lead authors

Jim Penman (UK)
Michael Gytarsky (Russia), Taka Hiraishi (Japan), Thelma Krug (Brazil), and Dina Kruger (USA)

Review Editors
lan Carruthers (Australia) and Carlos Lopez (Cuba)

1.2 IPCC Good Practice Guidance for LULUCF



Chapter 1: Overview

Contents

11 INTRODUCTION 14
1.2 GOOD PRACTICE GUIDANCE FOR LAND USE, LAND-USE CHANGE

AND FORESTRY (LULUCF) 14
1.3 DEFINITION OF INVENTORIES CONSISTENT WITH GOOD PRACTICE

GUIDANCE 1.6
1.4 RELATIONSHIP TO THE IPCC GUIDELINES 1.8
15 OUTLINE OF PRESENT DOCUMENT 1.8
1.6 USING THE GUIDANCE - PRACTICAL ADVICE FOR INVENTORY AGENCIES

AND OTHERS 1.10
1.7 POLICY RELEVANCE 1.11
IPCC Good Practice Guidance for LULUCF 1.3



Chapter 1: Overview

1.1 INTRODUCTION

In 1998, the Parties to the United Nations Framework Convention on Climate Change (UNFCCC) invited the
Intergovernmental Panel on Climate Change (IPCC) to produce good practice guidance to the Revised 1996
IPCC Guidelines for National Greenhouse Gas Inventories (IPCC Guidelines)’. Since the Parties had already
agreed to use? the IPCC Guidelines for estimating greenhouse gas emissions and removals, the role of good
practice guidance was not to replace the IPCC Guidelines, but rather to provide advice consistent with them.

The IPCC finished its work in time for the first volume of the Good Practice Guidance and Uncertainty
Management in National Greenhouse Gas Inventories (GPG2000)® to be accepted at the IPCC Plenary meeting
held in Montreal in May 2000. The Conference of the Parties (COP) to the UNFCCC as well as its Subsidiary
Body for Scientific and Technological Advice (SBSTA) subsequently endorsed* GPG2000. The COP has
referred extensively to GPG2000 in subsequent decisions, including those collectively referred to as the
Marrakesh Accords®, which were achieved at its seventh session. The Marrakesh Accords also invited the IPCC
to develop good practice guidance for land use, land-use change and forestry (LULUCF), which is not covered
in GPG2000. The mandate for this work, the definition of good practice in this context, its relationship to the
IPCC Guidelines, and the practical consequences for inventory agencies are described in more detail below in
Sections 1.2, 1.3, 1.4 and 1.6 respectively. Sections 1.5 and 1.7 contain an outline of the present document and a
discussion of its policy relevance.

1.2  GOOD PRACTICE GUIDANCE FOR LAND USE,
LAND-USE CHANGE AND FORESTRY
(LULUCF)

The GPG2000 did not cover the land-use change and forestry (LUCF) activities described in Chapter 5 of the
IPCC Guidelines® because during the time that the GPG2000 was being prepared, the IPCC was also preparing
the Special Report on Land Use, Land-Use Change, and Forestry (SR LULUCF). Parallel work on Good
Practice Guidance for LULUCF would have carried a risk of inconsistency with the Special Report. Furthermore,
significant negotiations on LULUCF were underway in the UNFCCC process, and the IPCC recognised that it
would be better to develop Good Practice Guidance for LULUCF in the light of the outcome of these
negotiations.

The LULUCF negotiations relating to the implementation of the Kyoto Protocol were completed (except for
those relating to rules and modalities for afforestation and reforestation activities under the clean development
mechanism) during the second part of the COP6, and at COP7, which took place respectively in Bonn (July 2001)

! Intergovernmental Panel on Climate Change (IPCC). (1997). Houghton J.T., Meira Filho L.G., Lim B., Tréanton K.,
Mamaty I., Bonduki Y., Griggs D.J. and Callander B.A. (Eds). Revised 1996 IPCC Guidelines for National Greenhouse
Inventories. IPCC/OECD/IEA, Paris, France.

Notably the Report of the Fourth Session of the Subsidiary Body for Scientific and Technological Advice
(FCCC/SBSTA/1996/20), paragraph 30; decisions 2/CP.3 and 3/CP.5 (UNFCCC reporting guidelines for preparation of
national communications by Parties included in Annex | to the Convention, part I: UNFCCC reporting guidelines on
annual inventories), 18/CP.8 revising the guidelines adopted under 3/CP.5, and 17/CP.8 adopting improved guidelines for
the preparation of national communications from Parties not included in Annex | to the Convention.

N

® Intergovernmental Panel on Climate Change (IPCC) (2000). Penman J., Kruger D., Galbally I., Hiraishi T., Nyenzi B.,
Emmanuel S., Buendia L., Hoppaus R., Martinsen T., Meijer J., Miwa K., and Tanabe K. (Eds). Good Practice Guidance
and Uncertainty Management in National Greenhouse Gas Inventories. IPCC/OECD/IEA/IGES, Hayama, Japan.

4 Report of the Twelfth session of the SBSTA (FCCC/SBSTA/2000/5), paragraph 40 and decisions 3/CP.5 and 19/CP.8.

Decisions 1/CP.7 to 24/CP.7, decision 21/CP.7 refers specifically to the use of Good Practice Guidance in the context of
the Kyoto Protocol.

® The IPCC Guidelines refer to Land-Use Change and Forestry (LUCF), but Land Use, Land-Use Change and Forestry
(LULUCF) has become the usual term in UNFCCC negotiations and was adopted for the title of IPCC’s 2000 Special
Report on the subject. LUCF is used in this report when referring specifically to the IPCC Guidelines.

(3]
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Chapter 1: Overview

and Marrakesh (November 2001). Paragraph 3 in the Decision 11/CP.7’ agreed at COP7 contains the requests to
the IPCC (see Box 1.2.1).

Box1.2.1
INVITATION TO THE IPCC IN THE MARRAKESH ACCORDS, DECISION 11/CP.7

The Conference of Parties.....
3. Invites the Intergovernmental Panel on Climate Change (IPCC):

(a) To elaborate methods to estimate, measure, monitor, and report changes in carbon stocks and
anthropogenic greenhouse gas emissions by sources and removals by sinks resulting from land use,
land-use change and forestry activities under Article 3, paragraphs 3 and 4, and Articles 6 and 12
of the Kyoto Protocol, on the basis of the Revised 1996 Intergovernmental Panel on Climate
Change Guidelines for National Greenhouse Gas Inventories, taking into account the present
decision (11/CP.7), and draft decision -/CMP.1 (Land use, land-use change and forestry) attached
hereto, to be submitted for consideration and possible adoption to the Conference of the Parties at
its ninth session;

(b) To prepare a report on good practice guidance and uncertainty management relating to the
measurement, estimation, assessment of uncertainties, monitoring and reporting of net carbon
stock changes and anthropogenic greenhouse gas emissions by sources and removals by sinks in
land use, land-use change and forestry sector, taking into consideration the present decision
(11/CP.7) and draft decision -/CMP.1 (Land use, land-use change and forestry) attached hereto, to
be submitted for consideration and possible adoption to the Conference of the Parties at its ninth
session;

(c) To develop definitions for direct human-induced ‘degradation’ of forests and ‘devegetation’ of
other vegetation types and methodological options to inventory and report on emissions resulting
from these activities, to be submitted for consideration and possible adoption to the Conference of
the Parties at its ninth session; and

(d) To develop practicable methodologies to factor out direct human-induced changes in carbon
stocks and greenhouse gas emissions by sources and removals by sinks from changes in carbon
stocks and greenhouse gas emissions by sources and removals by sinks due to indirect human-
induced and natural effects (such as those from carbon dioxide fertilization and nitrogen
deposition), and effects due to past practices in forests (pre-reference year), to be submitted to the
Conference of the Parties at its tenth session.

The invitations in paragraphs 3(a) and 3(b) of 11/CP.7 are closely linked, and therefore the IPCC has responded
to them by producing a single report on Good Practice Guidance for LULUCF, on the basis of the IPCC
Guidelines. This single report completes the set of good practice guidance for all sectors of the IPCC Guidelines.
The first volume of the good practice guidance (GPG2000) covers other sectors of the IPCC Guidelines —
namely Energy, Industrial Processes, Agriculture and Waste.

The IPCC is addressing the requests under the paragraphs 3(c) and 3(d) of 11/CP.7 separately, and this Good
Practice Guidance for LULUCF does not rely on them for its application.

" The designation 11/CP.7 means the 11th decision adopted by the COP to the UNFCCC at its 7th session. The
designation -/CMP.1 refers to draft decisions which will be considered by the COP when it meets for the first time serving
as the Meeting of the Parties to the Kyoto Protocol.

IPCC Good Practice Guidance for LULUCF 15
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1.3 DEFINITION OF INVENTORIES CONSISTENT
WITH GOOD PRACTICE GUIDANCE

GPG2000 defines inventories consistent with good practice as those which contain neither over- nor under-
estimates so far as can be judged, and in which uncertainties are reduced as far as is practicable®.

When applied to LULUCF, this definition from GPG2000 should ensure that estimates of carbon stock changes,
emissions by sources and removals by sinks, even if uncertain, are bona fide estimates, in the sense of not
containing any biases that could have been identified and eliminated, and that uncertainties have been reduced as
far as practicable given national circumstances. Estimates of this type are presumably the best attainable, given
current scientific knowledge and available resources. Good practice aims to satisfy the definition by providing
guidance on:

e Choice of estimation method within the context of the IPCC Guidelines;
e Quality assurance and quality control procedures to provide cross-checks during inventory compilation;

e Data and information to be documented, archived and reported to facilitate review and assessment of
inventory estimates; and

e Quantification of uncertainties at the source or sink category level and for the inventory as a whole, so that
resources available can be directed toward reducing uncertainties over time, and the improvement can be
tracked.

Good practice guidance further supports the development of inventories that are transparent, documented,
consistent over time, complete, comparable, assessed for uncertainties, subject to quality control and assurance,
efficient in the use of resources available to inventory agencies, and in which uncertainties are reduced as better
information becomes available.

GPG2000 introduced a method to identify the key sources that should be prioritised by using more detailed
(higher tier) estimation methods where resources are available, because of their significance in affecting absolute
level or trend in emissions, their uncertainty, or qualitative factors such as unexpectedly high or low estimates.
Chapter 5.4 of this report extends the key source analysis to LULUCF categories. The approach augments the
key source categories identified without consideration of LULUCF by those identified as key by analysis of the
whole inventory including LULUCF categories. Activities under Articles 3.3 and 3.4 of the Kyoto Protocol are
key if the associated Chapter 3 category is key, or if the effect of activities spread over several Chapter 3
categories is larger than Chapter 3 categories that are key, or on qualitative grounds. The outcome of the key
category analysis is then used in decision trees to guide the choice of estimation method for use in preparing the
inventory. Figure 1.1 shows an example decision tree (the abbreviations LF, LG, LC, LW, LS and LO in Figure
1.1 are explained in the “Abbreviations and Acronyms” at the end of this report).

8 See GPG2000 Section 1.3.
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Figure 1.1

Decision tree for identification of appropriate tier-level for land converted to
another land-use category (example given for land converted to forest land,

LF)

-LF
-LG
-LC
- LW
-LS
-LO

Repeat for each land use category:

any

- CO, (carbon)
-CH,
-N,O

Repeat for each gas:

Are there No

land conversions to
forest land?

Report “Not Occurring”

(Note 1)

IsLF No

a key category?

Use tier level most
appropriate for
available data

Repeat for each sub-category*:

- Biomass
- Dead organic matter
- Soil

No

A\ 4

Develop or obtain
representative data

(Note 2)

sub-category under
LF (Note 3): Is this sub-
category significant?

Are

country-specific data

available?

Are

and EFs

A4

Use advanced methods
and detailed country-
specific data (Note 5)

(Tier 3)

Are
advanced

methods and detailed
data for LF available

in your
country?

A4

country-specific
data available?

No

A4

Use country-specific
data (Note 5)

(Tier 2)

Use default data
(Note 5)

(Tier 1)

Note 1: The use of 20 years, as a threshold, is consistent with the defaults contained in the IPCC Guidelines. Countries may use different

periods where appropriate to national circumstances.

Note 2: The concept of key categories is explained in Chapter 5, Subsection 5.4 (Methodological Choice — Identification of Key

Categories).

Note 3: See Table 3.1.2 for the characterisation of sub-categories.
Note 4: A sub-category is significant if it accounts for 25-30% of emissions/removals for the overall category.

Note 5: See Box 3.1.1 for definition of Tier levels.

* If a country reports harvested wood products (HWP) as a separate pool, it should be treated as a sub-category.

IPCC Good Practice Guidance for LULUCF
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1.4 RELATIONSHIP TO THE IPCC GUIDELINES

As explained in the introduction, good practice guidance needs to be consistent with the IPCC Guidelines since
the Parties have agreed to use the latter for estimation of greenhouse gas emissions and removals. Good Practice
Guidance for LULUCF defines consistency with the IPCC Guidelines, using the following three criteria®:

(M Specific source or sink categories addressed by the Good Practice Guidance for LULUCF can be
traced back to categories in the IPCC Guidelines.

(i)  Good practice guidance for LULUCF uses the same functional forms for the equations that are
used in the IPCC Guidelines, or their equivalent.

(iii)  Good practice guidance for LULUCF allows corrections of any errors or deficiencies that have
been identified in the IPCC Guidelines.

Good Practice Guidance for LULUCF has some interlinkages with GPG2000 in estimation of agricultural
emissions, particularly nitrous oxide from soils, and must maintain consistency with the advice already agreed
upon.

Good Practice Guidance for LULUCF has some additional, though limited and specific, flexibility following the
conclusions of the 15" meeting of the Subsidiary Body for Scientific and Technological Advice (SBSTA), held
in association with COP7 in Marrakesh. Having noted with appreciation the progress of IPCC’s work on
LULUCF, the SBSTA:

...encouraged the IPCC to ensure that any elaboration of, or change to, the reporting of
categories in Chapter 5™ of the 1996 Revised IPCC Guidelines for National Greenhouse Gas
Inventories allows for a comparison of information reported using Good Practice Guidance
with previous inventory reporting under the Convention.™*

SBSTA suggested this flexibility for the scientific reason that the IPCC Guidelines treat all soils as one reporting
category, which tends to separate soil organic matter from associated living biomass stocks in the inventory
calculations, leading to possible inconsistencies in the estimates due partly to different handling of categories.
This advice from SBSTA allows some rearrangement in the Good Practice Guidance for LULUCF, as long as
the ability to trace back the inventory estimates to the reporting categories in Chapter 5 of the IPCC Guidelines
is retained. The development of Good Practice Guidance for LULUCF has made use of this flexibility, while
paying careful attention to the need to ensure consistency with Chapter 5 of the IPCC Guidelines.

Criteria (i) to (iii) allow for inclusion of additional source or sink categories on managed land where these are
covered under the “Other” category of Chapter 5 of the IPCC Guidelines. Default emission or removal factors
and model parameters have been updated where these can be linked to particular national circumstances and
documented. Advice on more complex methods than those described in the IPCC Guidelines is also provided,
since the latter anticipate use of such methods'?.

Good Practice Guidance for LULUCF must also serve the needs of the Kyoto Protocol, which introduces
LULUCF activities that are a subset of the activities covered in Chapter 5 of the IPCC Guidelines. These
activities have more precise requirements on definitions, geographical reporting, carbon pools and greenhouse
gases to be accounted and Good Practice Guidance for LULUCF provides ways to meet these requirements.

1.5 OUTLINE OF PRESENT DOCUMENT

The chapters of the Good Practice Guidance for LULUCF are organised as follows:
Chapter 1 Overview

This Chapter sets out the mandate for Good Practice Guidance for LULUCF, defines and describes the history
of IPCC good practice guidance and its relationship to the IPCC Guidelines, summarises the practical advice
provided to inventory agencies, and discusses policy relevance.

® GPG2000, page 1.6.

O The Chapter 5 categories referred to are Changes in Forest and Woody Biomass Stocks (5A), Forest and Grassland
Conversion (5B), Abandonment of Managed Lands (5C), CO, Emissions and Removals from Soil (5D) and Other (5E).

" Report of SBSTA 15, FCCC/SBSTA/2001/8, paragraph 29(b).
121pCC Guidelines (Reference Manual), page 5.4.

1.8 IPCC Good Practice Guidance for LULUCF



Chapter 1: Overview

Chapter 2 Basis for consistent representation of land areas

The IPCC Guidelines contain little, if any, discussion on how to estimate land areas and changes in land area
associated with LUCF activities. In practice, countries use a variety of sources including agricultural census data,
forest inventories, and remote sensing data, but definitions that different authorities use in assembling the data
are not always consistent. Chapter 2 therefore provides advice on different approaches for representing land area
depending on the data available. The term “approach” used in Chapter 2 is distinct from the term “tier” used in
Chapters 3 to 5. The approaches are not presented as a hierarchy, although the requirements of Article 3.3 and
3.4 under the Kyoto Protocol imply the need for additional supplementary spatial data if Approaches 1 or 2 are
used for estimating and reporting on these activities. Using the approaches, singly or in combination, will help
ensure the reliability of the area estimates, avoid overlaps and gaps.

The discussion is in terms of six broad categories of land use namely forest land, cropland, grassland, wetlands,
settlements, and other land that provide the basis for more detailed discussion in the chapters that follow.
Unmanaged as well as managed areas are considered to help ensure consistency of area estimates, although
emissions and removals are only estimated in respect of managed areas, as required by the IPCC Guidelines.

Chapter 3 LUCF sector good practice guidance

Chapter 3 is organised following the six broad land-use categories identified in Chapter 2. Land may remain in
any of these categories (e.g., grassland) or its use may change to another category (e.g., from forest to cropland).
Chapter 3 provides advice on the estimation of emissions and removals of CO, and non-CO, greenhouse gases
for both situations, taking account of the long term average carbon stocks associated with particular land uses,
and the time taken for carbon stocks to adjust to the new equilibrium following a change in land use. Chapter 3
maintains consistency with the advice in GPG2000 on estimation of nitrous oxide emissions from land. Decision
trees guide the choice of method according to national circumstances. Simple tables are provided to assist
countries with the linkage to the IPCC Guidelines and good practices on the default methods in the IPCC
Guidelines are clearly identified. There are short summary sections on forest and grassland conversion. The
chapter also provides appendices covering wetlands and settlements, for which the IPCC Guidelines provide
only limited advice and harvested wood products (HWP), which remain under consideration by the UNFCCC.
The status of the appendices is further discussed in Section 1.7.

Chapter 4 Supplementary methods and good practice guidance arising from the Kyoto Protocol

The human-induced activities agreed under Article 3.3 of the Kyoto Protocol (afforestation, reforestation and
deforestation since 1990), and the activities which Parties may elect to use under Article 3.4 (forest management,
cropland management, grazing land management, revegetation) have specific supplementary requirements on
temporal and spatial boundaries, identification of areas, avoidance of double counting, inclusion of carbon pools,
and dealing with possible definitional differences between LULUCF activities under the Kyoto Protocol and
categories under the UNFCCC reporting. These requirements imply the need for supplementary information
beyond the information reported in inventories under the Convention. Chapter 4 explains how to use the methods
described in the other chapters, and where necessary provides additional methods, to meet these supplementary
requirements. Chapter 4 also provides advice on identification of project boundaries and sampling strategies for
project activities under Articles 6 and 12 of the Kyoto Protocol. The good practice advice for LULUCF related
project activities covers only estimation of carbon stock changes and emissions and removals of greenhouse
gases within the project boundary; there is no consideration of non-permanence, additionality’®, leakage,
baseline definition or socio-economic and environmental impacts, because these items are under consideration
by SBSTA™,

Chapter 5 Cross-cutting issues

Inventory development is a resource-intensive enterprise, which means that inventory agencies may need to
prioritise efforts to improve the estimates by focusing on the more important categories, both in terms of the
contribution made to the overall level of emissions and removals, and the contribution to the trend. Chapter 5
provides advice on this, applying the key category concept in GPG2000 to cover sinks. The Chapter also has
sections on quality assurance and quality control, reconstruction of missing data, time series consistency,
collecting and analysing data by sampling, quantification and combination of uncertainties, and verification by
means of comparison with inventories in other countries, independently compiled datasets, modelling
approaches and direct measurements on land and/or atmosphere.

13 Whether the emission reductions or removals are additional to those which would have occurred in the absence of the
project.

14 Decision 17/CP.7 in FCCC/CP/2001/13/Add.2.

IPCC Good Practice Guidance for LULUCF 1.9



Chapter 1: Overview

Glossary

Provides definitions of technical terms commonly used in the Guidance.

1.6 USING THE GUIDANCE - PRACTICAL ADVICE
FOR INVENTORY AGENCIES AND OTHERS

Practical advice for using this good practice guidance report is given below. The advice summarises how to use
the guidance in preparing inventories for submission to the UNFCCC, the additional steps relevant to Parties
reporting under Articles 3.3 and 3.4 of the Kyoto Protocol, and the use of the guidance for projects under
Articles 6 and 12 of the Kyoto Protocol.

UNFCCC Inventory preparation

Inventory agencies, when preparing the national greenhouse gas inventory for the LULUCF Sector for annual
reporting under the UNFCCC, should follow steps 1 to 6:

1. Use the approaches in Chapter 2 (Basis for Consistent Representation of Land Areas), singly or in
combination, to estimate land areas for each land-use category relevant to the country. For each land-use
category, inventory agencies should complement the advice in Chapter 2 with the more detailed guidance in
Chapters 3 and 4 on the preparation of specific emission and removal estimates and, if relevant, the
reporting on the activities under the Kyoto Protocol.

2. Follow the good practice guidance in Chapter 3 (LUCF Sector Good Practice Guidance) to estimate the
emissions and removals of greenhouse gases for each land use, land-use change and pool relevant to the
country. The decision trees in this chapter guide choices of method in terms of tiers. The tier structure used
in the IPCC Guidelines (Tier 1, Tier 2 and Tier 3) is hierarchical, with higher tiers implying increased
accuracy of the method and/or emissions factor and other parameters used in the estimation of the emissions
and removals. Key categories should be identified following the guidance in Chapter 5 and the results taken
into account in the application of the decision trees.

3. If necessary, in some cases, collect additional data (if required to implement a particular tier) to improve
emission factors, other parameters and activity data.

4. Estimate uncertainties at the 95% confidence level, using sectoral advice and the detailed guidance in
Chapter 5.

5. Report the emissions and removals in the reporting tables provided in Chapter 3 Annex 3A.2 taking into
account any modifications by SBSTA™ and any additional information as specified under each category.

6. Implement QA/QC procedures as described in the generic guidance in Chapter 5 and specific advice under
each category, including documentation and archiving of the information used to produce the national
emission and removal estimates.

Kyoto Protocol requirements

Inventory agencies, when preparing the supplementary information for annual reporting of carbon stock changes
and emissions and removals of greenhouse gas emissions resulting from the activities under Article 3.3 and
Article 3.4 of the Kyoto Protocol, should additionally:

7. Assess the extent to which the data assembled for the existing national inventory (following steps 1 to 6
above) can meet the supplementary data requirements set out in the supplementary guidance provided in
Chapter 4 of this report, taking into account national choices on definitions and activities elected under
Article 3.4, and the requirements in geographical location.

8. Following this assessment collect or collate any additional information necessary to meet the supplementary
data requirements, using the advice in Chapter 4 and the references it contains to other Chapters.

9. Follow the advice in Chapter 4 on reporting and documentation when providing the supplementary
information in the national inventory report.

National circumstances will determine the sequence in which the reporting information is compiled. For example,
it is possible to start with the UNFCCC inventory (with the additional spatial information required for Kyoto
Protocol reporting) and expand it to the reporting under the Kyoto Protocol, or it is possible to use a system that

15 SBSTA 18 requested the UNFCCC secretariat to develop common reporting format for its consideration, in consultation
with IPCC - see paragraph 2 in FCCC/SBSTA/2003/10.
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generates the information for both UNFCCC and Kyoto Protocol reporting. The precise sequence of steps 1 to 6
and 7 to 9 does not matter as long as the substance is covered.

Projects

Project participants, independent entities and operational entities should use the advice in Chapter 4, Section 4.3,
as needed, in the overall context of relevant decisions of the COP, when designing, validating and verifying
methods to measure and monitor changes in carbon stocks and non-CO, greenhouse gases associated with
projects activities.

1.7 POLICY RELEVANCE

This Overview and Chapters 2, 3 and 5 are relevant to all countries as they prepare estimates of emissions and
removals from the LULUCF Sector, whether or not they ratify the Kyoto Protocol. The first two sections of
Chapter 4 provide supplementary information to that in Chapters 2, 3 and 5, which is relevant only to Annex |
countries that have ratified the Kyoto Protocol. Section 4.3 (LULUCF Projects) is relevant to all countries that
will undertake projects under the Articles 6 or 12 of the Kyoto Protocol.

While many categories within the LULUCF sector are well established and relatively straightforward to estimate,
LULUCEF is a complex area, and it was clear from the outset that some issues remain under consideration for
some emission/removal categories. In particular:

e SBSTA has set out a policy process on harvested wood products (HWP) accounting and reporting that may
lead to decisions by the COP and/or COP/MOP™. However, although the default assumption is that HWP
pools are not increasing, the IPCC Guidelines allow inclusion of HWP in national inventories if a country
can document that existing stocks of long-term forest products are increasing. Good practice guidance has
therefore been elaborated for the HWP pool. The material provided is in an appendix rather than part of the
main text, since SBSTA is still considering this issue. The appendix makes no judgement about possible
future decisions on reporting or accounting.

e Settlements and wetlands are land-use categories for which limited methodological guidance was provided
in the IPCC Guidelines, but a great deal of scientific work has been done since these Guidelines were
completed in 1996. This applies also to non-CO, emissions from drainage and rewetting of forests soils. For
these categories and sources, the IPCC determined that good practice guidance reflecting the newer
scientific information should be developed, but that it should be presented in an appendix to indicate its
preliminary nature. The main text on these sections provided sufficient advice to estimate the contribution
that conversions to these categories make to national inventories.

Countries do not have to prepare estimates for categories contained in appendices, although they can do so if
they desire. The IPCC intends this approach to reflect the prevailing scientific and policy contexts, in a manner
that provides useful information to countries as they prepare their inventories while recognising that it is the
COP’s role to establish general guidelines for inventory reporting and accounting in the UNFCCC context.

e The IPCC Guidelines do not explicitly include losses from natural disturbances in managed forests although
omitting the effect of these disturbances would overestimate carbon uptakes as calculated by the
methodology in the Guidelines. Good Practice Guidance therefore provides guidance on how to account for
them.

For Kyoto Protocol reporting, Chapter 4 is intended to provide policy-neutral scientific operationalisation of the
COP7 agreement in terms of annual reporting’’. In some cases this has required judgement. In particular:

e In the treatment of the geographical identification issue the phrase The geographical location of the
boundaries of the areas that encompass™ is interpreted as consistent with either a sampling approach within
a geographical boundary, or complete enumeration of units of area subject to the carbon stock changes and
emissions or removals of greenhouse gases due to the activities to be reported.

%8 Conclusions related to emissions from forest harvesting and wood products (Report of the fifteenth session of SBSTA, held
at Marrakesh from 29 October to 6 November 2001, paragraph 29(m), page 14). The COP/MOP is the Conference of
Parties to the UNFCCC serving as the Meeting of Parties to the Kyoto Protocol.

7 The terms estimation, reporting and accounting have distinct meanings. Estimation is the process of calculating emissions,
and reporting the process of providing the estimates to the UNFCCC. Accounting refers to the rules for comparing
emissions and removals as reported with commitments. GPG2000 and this report deal with estimation and reporting issues,
but not accounting for which detailed rules have been established under the Marrakesh Accords.

18 FCCC/CP/2001/13/Add.3, page 22, paragraph 6(a).
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e The use of the key category concept and the choice of methodology in relationship to Articles 3.3 and 3.4
activities has been developed in a logical fashion as described in Section 1.3 above, but would not pre-empt
any decision as to whether all activities under Articles 3.3 or 3.4 should be treated as key.

e Although it is good practice for Article 3.4 activities to match the dominant land use, in some cases (e.g.,
agroforestry systems) land could fall under either forest management (which is limited by capping) or
cropland/grazing land management (which is subject to net-net accounting). In such cases Good Practice
Guidance for LULUCF suggests that countries should establish national criteria to be applied consistently
over time.

e Net-net accounting is taken to require comparison between emissions and removals from the elected
activities in the base year and the commitment period, which could lead to comparison of areas that differ in
size. Alternative approaches, where areas are changing, would be to normalise to constant area, or maintain
constant area over time, possibly the base year area — though this third approach would bring in effects of
activities not covered by the Marrakesh Accords, and could increase uncertainties by making the estimation
more complex.

Elaboration of the Marrakesh Accords decision on these (or indeed any other matter) would be for the COP;
however, the IPCC believes that the interpretations should be acceptable because of the review process and
because throughout the development of this report, the IPCC has maintained contact with the Convention
process via formal reporting of progress at SBSTA, side events, and attendance at workshops. The development
of Good Practice Guidance for LULUCF is a step in the IPCC’s on-going programme of inventory development
and will also support future revisions of the IPCC Guidelines themselves.
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Land-Use Categories

2.1 INTRODUCTION

Information about land area is needed to estimate carbon stocks and emissions and removals of greenhouse gases
associated with Land Use, Land-Use Change and Forestry (LULUCF) activities. This chapter seeks to provide
guidance on the selection of suitable methods for identifying and representing land areas as consistently as
possible in inventory calculations.

In practice, countries use methods including annual census, periodic surveys and remote sensing to obtain area
data. Starting from this position, Chapter 2 provides good practice guidance on three approaches for representing
land area. The approaches are intended to provide the area data specified in Chapters 3 and 4 for estimating and
reporting greenhouse gas inventories for different categories of land. The approaches are also intended to make
the best use of available data and models, and to reduce, as far as practicable, possible overlaps and omissions in
reporting land areas. The approaches described here should minimize the chance that some areas of land appear
under more than one activity whilst others are overlooked. The approaches and guidance presented here allow
informed decisions on these matters to be made by those preparing greenhouse gas inventories but are not
intended to be definitive or exhaustive. Good practice approaches for representing areas should have the
following general characteristics:

e Firstly, the approaches should be adequate, i.e., capable of representing carbon stock changes and
greenhouse gas emissions and removals and the relations between these and land use and land-use changes.

e Secondly, they should be consistent, i.e., capable of representing management and land-use change
consistently over time, without being unduly affected either by artificial discontinuities in time series data or
by effects due to interference of sampling data with rotational or cyclical patterns of land use (e.g., the
harvest-regrowth cycle in forestry, or managed cycles of tillage intensity in cropland).

e Thirdly, the approaches should be complete, which means that all land area within a country should be
included, with increases in some areas balanced by decreases in others where this occurs in reality, and
should recognise subsets of land used for estimation and reporting according to definitions agreed in the
Marrakesh Accords for Parties to the Kyoto Protocol.

o Finally, the approaches should be transparent, i.e., data sources, definitions, methodologies and assumptions
should be clearly described.

2.2 LAND-USE CATEGORIES

Six broad categories' of land are described in this section. These may be considered as top-level categories for
representing land areas within a country. The categories are consistent with the IPCC Guidelines and the
requirements of Articles 3.3 and 3.4 of the Kyoto Protocol, and may be further subdivided as described in
Chapters 3 and 4 of this report. The categories are broad enough to classify all land areas in most countries and
to accommodate differences in national classification systems. These national classification systems should be
used consistently over time. The categories are intended for use in conjunction with the approaches described in
subsequent sections of this chapter to facilitate consistent estimation of land use over time. This does not imply
that carbon stock changes or greenhouse gas emissions and removals need be estimated or reported for areas
where this is not required by the IPCC Guidelines or for some countries, the Marrakesh Accords®.

It is recognized that the names of these land categories are a mixture of land cover (e.g., Forest land, Grassland,
Wetlands) and land use (e.g., Cropland, Settlements) classes. For convenience, they are here referred to as land-
use categories. These particular categories have been selected because they are:

Reasonably consistent with the IPCC Guidelines;

Robust as a basis for carbon estimation;

Reasonably mappable by remote sensing methods; and

The basic categories are generally consistent with on-going work on harmonizing forest-related definitions by Food and
Agriculture Organisation (FAQ), IPCC, International Union of Forestry Research Organizations (IUFRO) and Centre for
International Forestry Research (CIFOR) (FAO 2002), with definitions for forestry and other land use types by the United
States Geological Survey (USGS (2001)), FAO (1986, 1995) described by IPCC (2000), and with the definitions adopted
for land use under the Kyoto Protocol and Marrakesh Accords (FCCC/CP/2001/13/Add.1, p58).

2 Carbon stock changes and greenhouse gas emissions on unmanaged land are not reported under the IPCC Guidelines,
although reporting is required when unmanaged land is subject to land use conversion.
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e Complete in that all land areas should be represented in one or another category.

Care will be needed in inferring land use from these categories. For example, in some countries significant areas
of the forest land category may be grazed, and firewood may be collected from scattered trees in the grassland
category lands. These areas with different use may be significant enough for countries to consider them
separately in which case it is good practice to make these additional classes subcategories of the suggested high-
level categories and to ensure that all land is accounted for.

Countries will use their own definitions of these categories, which may, of course, refer to internationally
accepted definitions, such as those by FAO, Ramsar, etc. For that reason no definitions are given here beyond
broad descriptions. Managed land may be distinguished from that unmanaged by fulfilling not only the
production but also ecological and social functions. The detailed definitions and the national approach to
distinguishing between unmanaged and managed land should be described in a transparent manner.

The top-level land categories for greenhouse gas (GHG) inventory reporting are:
(i) Forest land

This category includes all land with woody vegetation consistent with thresholds used to define forest land in the
national GHG inventory, sub-divided into managed and unmanaged, and also by ecosystem type as specified in
the IPCC Guidelines®. It also includes systems with vegetation that currently fall below, but are expected to
exceed, the threshold of the forest land category.

(ii) Cropland

This category includes arable and tillage land, and agro-forestry systems where vegetation falls below the
thresholds used for the forest land category, consistent with the selection of national definitions.

(iii) Grassland

This category includes rangelands and pasture land that is not considered as cropland. It also includes systems
with vegetation that fall below the threshold used in the forest land category and are not expected to exceed,
without human intervention, the threshold used in the forest land category. The category also includes all
grassland from wild lands to recreational areas as well as agricultural and silvi-pastural systems, subdivided into
managed and unmanaged consistent with national definitions.

(iv) Wetlands

This category includes land that is covered or saturated by water for all or part of the year (e.g., peatland) and
that does not fall into the forest land, cropland, grassland or settlements categories. The category can be
subdivided into managed and unmanaged according to national definitions. It includes reservoirs as a managed
sub-division and natural rivers and lakes as unmanaged sub-divisions.

(v) Settlements

This category includes all developed land, including transportation infrastructure and human settlements of any
size, unless they are already included under other categories. This should be consistent with the selection of
national definitions.

(vi) Other land *

This category includes bare soil, rock, ice, and all unmanaged land areas that do not fall into any of the other five
categories. It allows the total of identified land areas to match the national area, where data are available.

When applying these categories, inventory agencies should classify land under only one category to prevent
double counting. If a country's land classification system does not match categories (i) to (vi) as described above,
it is good practice to combine or disaggregate the existing land classes of this system of land-use classification in
order to use the categories presented here, and to report on the procedure adopted. It is also good practice to
specify national definitions for all categories used in the inventory and report any threshold or parameter values
used in the definitions. Where national land classification systems are being changed or developed for the first
time, it is good practice to ensure their compatibility with land-use classes (i) to (vi).

The broad categories listed above provide the framework for the further sub-division by activity, management
regime, climatic zone and ecosystem type as necessary to meet the needs of the methods for assessing carbon
stock changes and greenhouse gas emissions and removals described in Chapter 3 (LUCF Sector Good Practice

® Forest management has particular meaning under the Marrakesh Accords, which may require subdivision of the managed
forest as described in Chapter 4.

4 Carbon pools would not need to be assessed for this category, but it is included for checking overall consistency of land area.
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Guidance) and Chapter 4 (Supplementary Methods and Good Practice Guidance arising from the Kyoto Protocol)
and allows comparison with IPCC Guidelines categories 5A to 5E. Section 3.1.2 and Table 3.1.1 (Mapping
between the sections of Chapter 5 of the IPCC Guidelines and the sections of Chapter 3 of this report) describe
how to relate the structure of methods described in this report to those of the IPCC Guidelines.

2.3 REPRESENTING LAND AREAS

2.3.1 Introduction

This section describes three approaches for representing land areas using the broad categories defined in the
previous section. They are presented below in order of increasing information content. Approach 1 identifies the
total area for each individual land-use category, but does not provide detailed information on changes of area
between categories and is not spatially explicit other than at the national or regional level. Approach 2 introduces
tracking of land-use changes between categories. Approach 3 extends Approach 2 by allowing land-use changes
to be tracked on a spatial basis.

The approaches are not presented as hierarchical tiers; they are not mutually exclusive, and the mix of
approaches selected by an inventory agency should reflect calculation needs and national circumstances. One
approach may be applied uniformly to all areas and land-use categories within a country, or different approaches
may be applied to different regions or categories or in different time intervals. In all cases, it is good practice to
characterise and account for all relevant land areas in a country. Using good practice in the application of any of
the approaches will increase accuracy and precision in area estimation for inventory purposes. Decision trees to
assist in selecting an appropriate approach or mix of approaches are given in Section 2.3.3 (Using the Approaches).

All approaches require collection of data for estimating the historical trends in land use, which are needed for the
inventory methods described in the IPCC Guidelines and Chapters 3 and 4 of this report. The amount of
historical data required will be based on the amount of time needed for stored carbon to reach equilibrium (often
20 years in the IPCC default methods, but longer for temperate and boreal systems). Where independent data are
available, it is good practice to verify estimates based on interpolation or extrapolation using the methods set out
in Chapter 5, Section 5.7 of this report. All approaches are capable of producing input to uncertainty calculations
discussed in Chapter 5 (Cross-cutting Issues).

A hypothetical example of each approach is provided below along with the description, and real-world examples
are provided in Annex 2A.1.

2.3.2 Three Approaches

2.3.2.1 APPROACH 1: BASIC LAND-USE DATA

Approach 1 is probably the most common approach used at present for preparing estimates of emissions and
removals under IPCC Guidelines categories 5A-5E. It uses area datasets likely to have been prepared for other
purposes such as forestry or agricultural statistics. Frequently, several datasets will be combined to cover all land
classifications and regions of a country. The absence of a unified data system can lead to double counting or
omission, since the agencies involved may use different definitions of specific land use for assembling their
databases. This report suggests ways to deal with this. Coverage must obviously be complete enough to include
all land areas affected by the activities set out in Chapter 5 of the IPCC Guidelines, but might not extend to
categories such as unmanaged ecosystems, wetlands or settlements.

When implementing Approach 1, it is good practice to:

e Harmonise definitions between the existing independent databases and also with the broad land-use
categories of Section 2.2 (Land-Use Categories) to minimise gaps and overlaps. For example, if woodland
on farms were included both in forestry and agricultural datasets, overlaps might occur. In order to
harmonise data, the woodland should be counted only once for greenhouse gas inventory purposes, taking
into account the forest definitions adopted nationally. Information on possible overlaps for the purposes of
harmonisation should be available from agencies responsible for surveys. Harmonisation of definitions does
not mean that agencies should abandon definitions that are of use to them. It is consistent with good practice
to establish the relationship between definitions in use with the aim of eliminating double counting and
omissions. This should be done throughout the dataset to maintain time series consistency.
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Ensure that the land-use categories used can identify all relevant activities. For example, if a country needs
to track a land-use activity such as forest management, then the classification system should be able to
distinguish managed from unmanaged forest areas.

Ensure that data acquisition methods are reliable, well documented methodologically, timely, at an
appropriate scale, and from reputable sources. Reliability can be achieved by using surveys that can be
related to the harmonised definitions. Ground surveys can be cross-checked where independent data sources
are available and will be needed for checking the accuracy of remote sensing data, where used (See Chapter
5.7-Verification). International datasets are also available for cross-checking (see Annex 2A.2).

Ensure the consistent application of category definitions between time periods. For example, countries
should check whether the definition of forest has changed over time in terms of canopy cover and other
thresholds. If changes are identified, it is good practice to correct the data using the back-casting methods
described in Chapter 5 of this report to ensure consistency throughout the time series, and report on actions
taken.

Construct uncertainty estimates for those land category areas and changes in area that will be used in the
estimation of carbon stock changes, emissions and removals (see Chapter 5 Section 5.3.4.1).

Assess whether the sum of the areas in the land classification databases is consistent with the total territorial
area, given the level of data uncertainty. If coverage is complete, then the net sum of all the changes
between two time periods should be zero to within the uncertainties involved. In cases where coverage is
incomplete, the difference between the area covered and the territorial area should, in general, be stable or
vary slowly with time, again to within the uncertainties expected in the data. If the balancing term varies
rapidly, or (in the case of complete coverage) sums are not equal, it is good practice to investigate, explain,
and make any corrections necessary. These checks on the total area should take into account the expected
uncertainties in the annual or periodic surveys or censuses involved. Information on expected uncertainties
should be obtained from the agencies responsible for the surveys. Usually there will be remaining
differences between the sum of areas accounted for by the available data and the national area. It is good
practice to keep track of these differences and to provide an explanation for the likely causes. Carbon stock
changes and emissions and removals of greenhouse gases implied by variation through time of these
differences may be due to land-use change and may therefore need to be accounted for in the GHG
inventory as required by the methods set out in Chapters 3 and 4.

Tables 2.3.1 and 2.3.2 show summary land area data for a hypothetical country (total area 140 Mha) using
locally relevant land classifications. Table 2.3.1 is prepared at the level of categories (i) to (vi) and Table 2.3.2
depicts the same information with example subdivisions to estimate the effect of various activities using the
methods in Chapter 3. Table 2.3.2 also indicates where in Chapter 3 the inventory methods can be found. It is
good practice to prepare tables similar to Table 2.3.1 or 2.3.2 as part of the quality assurance and quality control
(QA/QC) procedures as set out in Chapter 5.

TABLE 2.3.1
EXAMPLE OF APPROACH 1:
AVAILABLE LAND -USE DATA WITH COMPLETE TERRITORIAL COVERAGE

Time 1 Time 2 betwlgein'?'i%séelc;na; 9I'(?me 2
F = 18 F = 19 Forest = +1
G = 84 G = 82 Grassland = -2
C = 31 C = 29 Cropland = -2
w = w = Wetlands = 0
S = S = Settlements = +3
o] = o] = Other land = 0
Sum = 140 Sum = 140 Sum = 0

Note: F = Forest land, G = Grassland, C = Cropland, W = Wetlands, S = Settlements, O = Other land. Numbers
represent area units (Mha in this example).
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TABLE 2.3.2
ILLUSTRATIVE EXAMPLE OF SUB-DIVISION OF DATA FOR APPROACH 1

Initial | Final | Net |Good practice Guidance

Land-Use Category land land |Change Methods Section Comment on subdivision by activity

area | area |inarea| Number in Chapter 3 (illustrative only)
Land-Use Subcategory | Mha | Mha | Mha of this Report
Forest land total 18 19 1
Forest land 5 5 0 Not included in the inventory estimates
(Unmanaged)
Forest land zone A 7 4 3 3.21/3.4.2/3.6

(with deforestation)

No LUC. Could require subdivision for

Forest land zone B 6 6 0 3.21 - .
different management regimes etc.
Afforestation 0 4 4 329 Could require subdivision e.g. by
ecosystem type
Grassland total 84 82 -2

Fall in area indicates LUC. Could
Unimproved grassland | 65 63 -2 3.4.1/3.2.2/3.6 require subdivision for different
management regimes etc.

No LUC. Could require subdivision for
different management regimes etc.

Improved grassland 19 19 0 34.1

Cropland total 31 29 -2

Fall in area indicates LUC. Could
All Cropland 31 29 -2 3.3.1/3.2.213.6 require subdivision for different
management regimes etc.

Wetlands total 0 0 0
Settlements total 5 8 3
Existing Settlements 5 5 0 3.6
New Settlements 0 3 3 3.6
Other land total 2 2 0 3.7.1 gs?im?:ged - not n inventory
Balancing term 0 0 0
TOTAL 140 140 0

Note: “Initial” is the category at a time previous to the date for which the assessment is made and “Final” is the category at the date of
assessment. Activities for which location data are not available should be identified by further sub-division of an appropriate Land
Category.

Determination of the area of land-use change in each category is based on the difference in area at two points in
time, either with partial or full land area coverage. No specification of inter-category changes is possible under
Approach 1 unless supplementary data are available (which would of course introduce a mix with Approach 2).
The land-use distribution data may come originally from sample survey data, maps or censuses (such as
landowner surveys), but will probably not be spatially explicit® in the form used. The sum of all land-use
categories may not equal the total area of the country or region under consideration, and the net result of land-
use changes may not equal zero. The final result of this approach is a table of land use at given points in time.

2.3.2.2 APPROACH 2: SURVEY OF LAND USE AND LAND-USE
CHANGE

The essential feature of Approach 2 is that it provides a national or regional-scale assessment of not only the
losses or gains in the area of specific land categories but what these changes represent (i.e., changes from and to
a category). Thus, Approach 2 includes more information on changes between categories. Tracking land-use
changes in this explicit manner will normally require estimation of initial and final land-use categories, as well

® When considering the possibility of adopting Approach 2 or 3, it is useful to investigate with the data collection agencies
whether the original data sources contain spatially explicit data. For example, forest inventories are usually derived from
spatially explicit data sources.
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as of total area of unchanged land by category. The final result of this approach can be presented as a non-
spatially explicit land-use change matrix. The matrix form is a compact format for representing the areas that
have come under different transitions between all possible land-use categories. Existing land-use databases may
have sufficient detail for this approach, or it may be necessary to obtain data through sampling. The input data
may or may not have originally been spatially explicit (i.e., mapped or otherwise geographically referenced).
Sample data will be extrapolated using the ratio to the total relevant area or the total relevant population. Data
will require periodic re-survey of a statistically and spatially valid sample of sites chosen according to the
principles set out in Section 5.3 (Sampling) of Chapter 5.

Although Approach 2 is more data intensive than Approach 1, it can account for all land-use transitions. This
means that emission and removal factors or parameters for rate of change of carbon can be chosen to reflect
differences in the rate of changes in carbon in the opposing directions of transitions between any two categories,
and differences in initial carbon stocks associated with different land uses can be taken into account. For
example, the rate of soil organic carbon loss will commonly be much higher through ploughing than the rate of
re-accumulation if cultivation is subsequently abandoned, and initial carbon stocks may be lower for transitions
from cropland than from pasture.

Good practice points described for Approach 1 also apply to Approach 2, although at a greater level of detail,
since the pattern of land-use change is available, not just the net change into or out of each land category or
subcategory.

Approach 2 is illustrated in Table 2.3.3 using the data from the Approach 1 example (Table 2.3.2) by adding
information on all the transitions taking place. Such data can be written in the more compact form of a matrix
and this is presented in Table 2.3.4. To illustrate the added value of Approach 2 and this land-use change matrix
format, the data of Table 2.3.4 is given in Table 2.3.5 without the subdivision of the land-use categories and this
can be compared with the more limited information from Approach 1 in Table 2.3.1. In Table 2.3.5, the changes
into and out of land categories can be tracked, whereas in Table 2.3.1 only the net changes in a broad category
are detectable. When using Approach 2, it is good practice to prepare a table like Table 2.3.4 or 2.3.5 as part of
QA/QC procedures as set out in Chapter 5.

TaBLE2.3.3
ILLUSTRATIVE EXAMPLE OF TABULATING ALL TRANSITIONS FOR APPROACH 2
INCLUDING NATIONALLY DEFINED SUB-CATEGORIES
Good Practice Guidance Methods
Initial Land Use Final Land Use Land Area Mha | Section No. in Chapter 3 of this
Report
Forest land (Unmanaged) Forest land (Unmanaged) 5 Excluded from GHG inventory
Forest land (Managed) Forest land(Managed) 10 3.21
(Forest zone A Table 2.3.2) 4
(Forest zone B Table 2.3.2)
Forest land (Managed) Grassland (Rough grazing) 342
Forest land (Managed) Settlements 1 3.6
Grassland (Rough grazing) Grassland (Rough grazing) 56 341
Grassland (Rough grazing) Grassland (Improved) 2 341
Grassland (Rough grazing) Forest land (Managed) 1 3.2.2
Grassland (Rough grazing) Settlements 1 3.6
Grassland (Improved) Grassland (Improved) 22 34.1
Grassland (Improved) Forest land (Managed) 2 3.2.2
Cropland Cropland 29 331
Cropland Forest land (Managed) 1 3.2.2
Cropland Settlements 1 3.6
Wetlands Wetlands 0
Settlements Settlements 5 3.6
Other land Other land 2 Excluded from GHG inventory
TOTAL 140
Note: Data are subdivided version of those in Table 2.3.2. Sub-categories are nationally defined and are illustrative only. “Initial”
indicates the category at a time previous to the date for which the assessment is made and “Final” the category at the date of assessment.
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TABLE 2.3.4
ILLUSTRATIVE EXAMPLE OF APPROACH 2 DATA IN A LUC MATRIX WITH CATEGORY SUBDIVISIONS
- Grassland
_ Initial| Forest land |Forest land (Rough Grassland Cropland|Wetlands|Settlements Other Final area
Final (Unmanaged)| (Managed) - (Improved) land
grazing)
Forest land 5 5
(Unmanaged)
Forest land
(Managed) 10 1 2 1 14
Grassland
(Rough grazing) 2 56 58
Grassland
(Improved) 2 22 24
Cropland 29 29
Wetlands 0
Settlements 1 1 1 5
Other land 2
Initial area 5 13 60 24 31 0 5 2 140
NET change 0 +1 -2 0 -2 0 +3 0 0

Note: Column and row totals show net changes in land use as presented in Table 2.3.2 but subdivided into national subcategories as in Table 2.3.3.

“Initial” indicates the category at a time previous to the date for which the assessment is made and “Final” the category at the date of assessment. Net
changes (bottom row) are the final area minus the initial area for each of the (sub) categories shown at the head of the corresponding column. Blank
entry indicates no land-use change for this transition.

TABLE 2.3.5
SIMPLIFIED LAND-USE CHANGE MATRIX FOR EXAMPLE APPROACH 2
Land-Use Change Matrix
. nitial | ¢\ g | ¢ | w | s Final sum
Final
F 15 3 1 19
G 2 80 82
C 29 29
W
S 1 1 1 5 8
0] 2
Initial sum 18 84 31 5 140
Note:
F =Forestland, G =Grassland, C =Cropland, @ W = Wetlands,
S = Settlements, O = Other land
Numbers represent area units (Mha in this example).
There is no Wetlands in this example. Blank entry indicates no land use change.

Further subcategorisations, for example by forest species or combinations of species and soil type, are likely to
be required by many countries when they implement this Approach, in order to provide data on the land areas
needed for estimating carbon stock changes taking account of the guidance in Chapter 3. Table 2.3.3 illustrates
possible subdivisions, and indicates where in Chapter 3 to find methodological guidance on particular land uses

or transitions.
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2.3.2.3 APPROACH 3: GEOGRAPHICALLY EXPLICIT LAND USE DATA

Approach 3 (summarised in Figure 2.3.1) requires spatially explicit observations of land use and land-use change.
The data may be obtained either by sampling of geographically located points, a complete tally (wall-to-wall
mapping), or a combination of the two.

Approach 3 is comprehensive and relatively simple conceptually but data intensive to implement. The target area
is subdivided into spatial units such as grid cells or polygons appropriate to the scale of land-use variation and
the unit size required for sampling or complete enumeration. The spatial units must be used consistently over
time or bias will be introduced into the sampling. The spatial units should be sampled using pre-existing map
data (usually within a Geographic Information System (GIS)) and/or in the field and the land uses should be
observed or inferred and recorded at the time intervals required by Chapter 3 or 4 methods. If wall-to-wall
mapping is used, a polygon based approach can be used equivalently to a grid approach, see Figure 2.3.1.
Observations may be from remote sensing, site visits, oral interviews, or questionnaires. Sampling units may be
points, or areas from 0.1 ha to a square kilometre or more, depending on the sample design. Units can be
sampled statistically on a sparser interval than would be used for the complete coverage, chosen at regular or
irregular intervals, and can be concentrated in areas where land-use change is expected. Recorded data could be
of land use at a point or within a sampling unit on each occasion but could also include land-use change data
within a sampling unit between the sampling years.

For effective implementation of Approach 3, the sampling needs to be sufficient to allow spatial interpolation
and thus production of a map of land use. Sampling methods and associated uncertainties are discussed in the
sampling section of Chapter 5 (Section 5.3). All LULUCF activities in each spatial unit or collection of the units
are then tracked over time (periodically but not necessarily annually) and recorded individually, usually within a
GIS. Because Approach 3 is similar to Approach 2, summary Table 2.3.4 or 2.3.5 as described under Approach 2
should be prepared for this approach as part of QA/QC procedures as set out in Chapter 5.

Figure 2.3.1 Overview of Approach 3: Direct and repeated assessments of land use from
full spatial coverage

Description

Under Approach 3 the country is subdivided into spatial units such as grid cells or small polygons. In this
example grid cells are used for subdivision of the area. The grid cells are sampled by remote sensing and
ground survey, in order to establish the areas of the land use whose estimated extent is shown by the grey
lines below the grid. Remote sensing enables complete coverage of all grid cells (Figure 2.3.1A) in the
interpretation of land use. Ground surveys will be carried out in a sample of grid cells and can be used to
establish land use directly as well as to help interpret remote sensed data. The sample of grid cells can be
distributed regularly (Figure 2.3.1B) or irregularly (Figure 2.3.1C), for example, to give greater coverage
where LUC is more likely. Maps can be prepared using the grid cells, which can also be aggregated into
polygons (Figure 2.3.1D). The final result of the approach is a spatially explicit land-use change matrix.

Time 1 Time 2
Figure 2.3.1A
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Figure 2.3.1.B
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Figure 2.3.1D

Note: F = Forest land, G = Grassland, C = Cropland, W = Wetlands, S = Settlements, O = Other land.

Data, using either a grid or polygons, at a fine scale could directly account for units of land on which
afforestation, reforestation or deforestation has occurred under Article 3.3. Gridded data may be available from
remote sensing and will normally be combined with ancillary mapped data (such as forest inventories or soil
maps) to improve the accuracy of land-use classification. The building of models to relate remote sensing to
ground truth data is a highly skilled process, and hence is discussed in more detail in Section 2.4.4.1 (Remote
sensing techniques).
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When using Approach 3, it is good practice to:

e Use a sampling strategy consistent with the approaches and advice provided in Section 2.4.2 and Section 5.3
of Chapter 5. This strategy should ensure that the data are unbiased and can be scaled up where necessary.
The number and location of the sampling units may need to change over time in order to remain
representative. Advice on time evolution is given in Section 5.3.3 (Sampling design) in Chapter 5.

e Where remote sensing data are used, develop a method for its interpretation into land categories using
ground reference data as set out in Section 2.4.4.1 (Remote sensing techniques). Conventional forest
inventories or other survey data can be used for this. It is necessary to avoid possible misclassification of
land types — e.g., wetlands may be difficult to distinguish from forest land using remote sensing data alone
thereby requiring ancillary data such as soil type or topography. Hence map accuracy can be established by
means of ground reference data as outlined in the same section. The conventional technique is to establish a
matrix® showing, for any given classification of land, the probability of misclassification as one of the other
candidate classifications.

e Construct confidence intervals for those land category areas and changes in area that will be used in the
estimation of carbon stock changes, emissions and removals (see Chapter 5 Section 5.3.4.1).

e Derive summary tables of the national areas under different land-use change (similar to those described for
Approach 2 for QA/QC purposes.

2.3.3 Using the Approaches

Figures 2.3.2 and 2.3.3 are decision trees to assist in choosing an appropriate approach or mix of approaches for
identifying land-use areas. All three approaches can, if implemented consistently with the requirements in
Chapters 3 to 5, be used to produce greenhouse gas emission and removal estimates that are consistent with good
practice. In general, Approach 3 will allow for the spatial representation required as an input to spatially based
carbon models (described in Chapter 3).

The use of one or more approaches in a country will depend on, amongst other factors, spatial variability, the
size and accessibility of remote areas, the history of biogeographical data collection, the availability of remote
sensing staff and resources (outsourced, if necessary) and the availability of spatially explicit carbon data and/or
models. Most countries will have some existing land-use data and the decision tree in Figure 2.3.2 is provided to
assist in using this data in ways that meet the guidance in this Chapter. There are three key decisions to be taken:
is spatially explicit data required for Kyoto Protocol reporting, do the data cover the whole country and do they
provide an adequate time series.

For the few countries with no existing data, the decision tree in Figure 2.3.3 is provided to assist in choosing an
appropriate approach or mix of approaches. Broadly speaking, good accessibility to all land area and/or limited
remote sensing resources are indicators for greater emphasis on field survey methods to develop land-use
databases. Countries with more difficult access to some locations but with access to good remote sensing data,
should consider Approach 3 with an emphasis on remote sensing. Approach 2 may be more appropriate in
countries where the land area is large but resources to handle the extensive high resolution data required by
Approach 3 are not available. Countries with poor accessibility and limited remote sensing resources are unlikely
to be able to develop databases suitable for Approach 2 or 3 but should be able to use Approach 1, either from
FAO data (database on land use and land cover) or other internationally available databases (e.g., see Annex
2A.2).

Different Approaches may be more effective over different time periods, or may be required for different
reporting purposes. Chapter 5 provides methods to carry out matching of the time series between the different
periods or uses that are likely to be necessary.

® Sometimes called the confusion matrix.
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Figure 2.3.2
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Figure 2.3.3 Decision tree for choosing land area approach for countries with no existing data

Is
KP reporting
required?

No

Yes

Implement
Approach 3 for
complete land

Are
resources available
for Approach 3?

»

Yes

A

area using
guidance in
this chapter

Wi
data be collected
annually?

No

Yes

Use
interpolation
methods from
Chapter 5 to
estimate fluxes

Approach 3

A

No

Are

A 4

Use sampled
images in
Approach 2

will
data be collected
annually?

Yes

Approach 2

»< all locations easily
accessible?

No

Can
remote sensing data
be obtained?

Yes

Yes

No

Are

resources available

for landowner
guestionnaires?

Yes

A 4

Use international
datasets

Use
interpolation
methods from
Chapter 5 to
estimate fluxes

No

A

Will
data be collected
annually?

Yes

»| Approach1or?2

No

Use landowner Use ground
questionnaires to survey to
collect Approach collect Approach

1 or 2 data 1 or 2 data
X Use

interpolation
methods from

Chapter 5 to
estimate fluxes

A

2.16

IPCC Good Practice Guidance for LULUCF



Representing Land Areas

2.3.4 Uncertainties Associated with the Approaches

Good practice requires uncertainties to be reduced as far as practicable and Chapter 5.2 (ldentifying and
quantifying uncertainties) sets out methods to quantify them. These methods require area uncertainty estimates
as an input. Although the uncertainty associated with the Approaches 1 to 3 obviously depends on how they are
implemented and on the quality of the data available, it is possible to give an indication of what can be achieved
in practice. Table 2.3.6 sets out the sources of uncertainty involved, the basis for reducing uncertainties and
indicative levels of uncertainty under conditions that might be encountered in practice.

The sources of uncertainty of area will tend to increase from Approach 1 to Approach 3, because successively
more data are brought into the assessment. This does not imply that uncertainty increases, however, because of
the additional cross-checks that are made possible by the new data, and because of the general reduction in
uncertainties due to cancellation of errors familiar in statistics. The main difference between Approach 1, and
Approaches 2 and 3 is that percentage uncertainties on changes in land area are likely to be greater in Approach
1. This is because in Approach 1 changes in land use are derived from differences in total areas. Under Approach
1, the uncertainty in the difference will be between 1 and 1.4 times the uncertainty in areas being compared,
depending on the degree of correlation between the surveys. Approach 3 produces detailed spatially explicit
information; which may be required e.g., for some modelling approaches, or for reporting Kyoto Protocol
activities. In these cases additional spatial information would be needed if Approach 1 or 2 is being used for land
area identification. Kyoto Protocol requirements are identified in Chapter 4, Section 4.2.2.

TABLE 2.3.6
SUMMARY OF UNCERTAINTIES UNDER APPROACHES 1 TO 3
Sources of uncertainty Ways to reduce uncertainty Indlca_tlve uncertainty
following checks
Approach 1 Sources of uncertainty may include | e  Check for consistent Order of a few % to order of
some or all of the following, relationship with national | 10% for total land area in each
depending on the nature of the area category.
source of data: e  Correct for differences in
e Error in census returns definitions
. . o - Greater % uncertainty for
*  Differences in definition *  Consult statistical changes in area derived from
between agencies agencies on likely successive surveys.
. . uncertainties involved
e  Sampling design
. e  Compare with
e Interpretation of samples international datasets Systematic errors may be
In addition: significant when data prepared
Cross-checks on area changes for other purposes is used.
between categories cannot be
conducted under Approach 1 and
this will tend to increase
uncertainties.
Approach 2 As Approach 1 with ability to carry | As above plus consistency Order of a few % to order of
out cross-checks checks between inter-category | 10% for total land area in each
changes within the matrix category, and greater for
changes in area, since these are
derived directly
Approach 3 As Approach 2 plus uncertainties As Approach 2 plus formal As Approach 2, but areas
linked to interpretation of remote analysis of uncertainties using involved can be identified
sensing data, where used principles set out in Chapter 5 geographically. However, using
Approach 3 the amount of
uncertainty can be determined
more accurately, than for
Approach 2.
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2.4 DEVELOPMENT OF LAND-USE DATABASES

There are three broad ways to develop the land-use databases needed for greenhouse gas inventories:
e Use of existing databases prepared for other purposes;

e Use of sampling, and

e Use of complete land inventories.

The following subsections provide general good practice advice on the use of these types of data for
consideration by inventory agencies in consultation with other agencies responsible for provision of statistical
data at the national level. Inventory preparers might not be involved in the detailed collection of remote sensing
data or ground survey data, but can use the guidance provided here to help plan inventory improvements and
communicate with experts in these areas.

2.4.1 Use of Data Prepared for Other Purposes

Two types of available databases may be used to classify land. In many countries, national datasets of the type
discussed below will be available. Otherwise, inventory agencies may use international datasets. Both types of
databases are described below.

National databases

Approaches 1 and 2 will usually be based on existing data, updated annually or periodically. Typical sources of
data include forest inventories, agricultural census and other surveys, censuses for urban and natural land, land
registry data and maps. Use of this information is illustrated by the examples in Annex 2A.1: Examples of
Approaches in individual countries. Good practice in using data of this type is set out in Section 2.3.2.1.

International databases

Several projects have been undertaken to develop international land-use and land-cover datasets at regional to
global scales (Annex 2A.2 lists some of these datasets). Almost all of these datasets are stored as raster data’
generated using different kinds of satellite remote sensing imagery, complemented by ground reference data
obtained by field survey or comparison with existing statistics/maps. These datasets can be used for:

e Estimating spatial distribution of land use. Conventional inventories usually provide only the total sum of
land-use area by classes. Spatial distribution can be reconstructed using international land-use and land-
cover data as auxiliary data where national data are not available.

e Reliability assessment of the existing land-use datasets. Comparison between independent national and
international datasets can indicate apparent discrepancies and understanding these may increase confidence
in national data and/or improve the usability of the international data if required for purposes such as
extrapolation.

When using an international dataset, it is good practice to consider the following:

e The classification scheme (e.g., definition of land-use classes and their relations) may differ from that in the
national system. The equivalence between the classification systems used by the country and the systems
described in Section 2.2 (Land-Use Categories) therefore needs to be established by contacting the
international agency and comparing their definitions with those used nationally.

e  Spatial resolution (typically 1km nominally but sometimes an order of magnitude more in practice) may be
coarse, so national data may need aggregating to improve comparability.

e Classification accuracy and errors in geo-referencing may exist, though several accuracy tests are usually
conducted at sample sites. The agencies responsible should have details on classification issues and tests
undertaken.

e As with national data, interpolation or extrapolation will probably be needed to develop estimates for the
time periods to match the dates required for reporting to the UNFCCC or under the Kyoto Protocol.

" Raster data means information stored on a regular grid of points, as opposed to polygon data, which is information stored as
the coordinates of an outline area sharing a common attribute.
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2.4.2 Collection of New Data by Sampling Methods

Sampling techniques for estimating areas and area changes are applied in situations where total tallies by direct
measurements in the field or assessments by remote sensing techniques are not feasible or would give inaccurate
results. It is good practice to apply sampling concepts that are based on sampling set out in Section 3 of Chapter 5, and
thus allow for estimation procedures that are consistent and unbiased and result in estimates that are precise.

As discussed in Section 3 of Chapter 5, good practice on sampling usually involves a set of sampling units that
are located on a regular grid within the inventory area. A land-use class is then assigned to each sampling unit.
Sampling units can be used to derive the proportions of land-use categories within the inventory area.
Multiplying the proportions by the total area provides estimates of the area of each land-use category. Where the
total area is not known it is assumed that each sampling unit represents a specific area. The area of the land-use
category can then be estimated via the number of sampling units that fall into this category.

Where sampling for areas is repeated at successive occasions, area changes over time can be derived to construct
land-use change matrices.

Applying a sample-based approach for area assessment enables the calculation of sampling errors and
confidence intervals that quantify the reliability of the area estimates in each category. It is good practice to use
the confidence interval to verify if observed category area changes are statistically significant and reflect
meaningful changes.

2.4.3 Collection of New Data in Complete Inventories

A complete inventory of land use of all areas in a country will entail obtaining maps of land use throughout the
country at regular intervals.

This can be achieved by using remote sensing techniques. As outlined under Approach 3 (Section 2.3.2.3), the
data will be most easily used in a GIS based on a set of grid cells or polygons supported by ground truth data
needed to achieve unbiased interpretation. If the resolution of these data is sufficiently fine then they may allow
direct use for Kyoto Protocol reporting of relevant activities. Coarser scale data could be used to build Approach
1 or 2 data for the whole country or appropriate regions.

A complete inventory could also be achieved by surveying all landowners and each would need to provide
suitable data where they own many different blocks of land. Inherent problems in the method include obtaining
data at scales smaller than the size of the owner’s land as well as difficulties with ensuring complete coverage
with no overlaps.

2.4.4 Tools for Data Collection

2.4.4.1 REMOTE SENSING (RS) TECHNIQUES

Remotely sensed data, as discussed here, are those acquired by sensors (optical or radar) on board satellites, or
by cameras equipped with optical or infrared films, installed in aircraft. These data are usually classified to
provide estimates of the land cover and its corresponding area, and usually require ground survey data to provide
an estimate of the classification accuracy. Classification can be done either by visual analysis of the imagery or
photographs, or by digital (computer-based) methods. The strengths of remote sensing come from its ability to
provide spatially explicit information and repeated coverage including the possibility of covering large areas as
well as remote areas that are difficult to access otherwise. Archives of past remote sensing data also span several
decades and can therefore be used to reconstruct past time series of land cover and land use. The challenge of
remote sensing is related to the problem of interpretation: the images need to be translated into meaningful
information on land use and land management. Depending on the satellite sensor, the acquisition of data may be
impaired by the presence of atmospheric clouds and haze. Another concern, particularly when comparing data
over long time periods, is that remote sensing systems may change. Remote sensing is mainly useful for
obtaining area estimates of land-cover/use categories and for assisting in the identification of relatively
homogeneous areas that can guide the selection of sampling schemes and the number of samples to be collected.
For additional information on remote sensing and spatial statistics, see Cressie (1993) and Lillesand et al (1999).
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Types of remote sensing data

The most important types of RS data are 1) aerial photographs, 2) satellite imagery using visible and/or near-
infrared bands, and 3) satellite or airborne radar imagery (see Table 5.7.2 for features of main remote sensing
platforms). Combinations of different types of remote sensing data (e.g., visible/infrared and radar; different
spatial or spectral resolutions) might very well be used for assessing different land-use categories or regions. A
complete remote sensing system for tracking land-use change could include many sensor and data type
combinations at a variety of resolutions.

Important criteria for selecting remote sensing data and products are:
e Adequate land-use classification scheme;

e Appropriate spatial resolution (The smallest spatial unit for assessing land-use changes under the Kyoto
Protocol is 0.05 ha);

e  Appropriate temporal resolution for estimating of land-use and carbon stock changes;
e Auvailability of accuracy assessment;
e Transparent methods applied in data acquisition and processing; and

e Consistency and availability over time.

1. Aerial photographs

Analysis of aerial photographs can reveal forest tree species and forest structure from which relative age
distribution and tree health (e.g., needle loss in coniferous forests, leaf loss and stress in deciduous forests) may
be inferred. In agriculture analysis, RS can show crop species, crop stress, and tree cover in agro-forestry
systems. The smallest spatial unit possible to assess depends on the type of aerial photos used, but for standard
products it is often as small as 1 square metre.

2. Satellite images in visible and near infrared wavelengths

Complete land use or land cover of large areas (national or regional), if not available otherwise, may be
facilitated by the use of satellite images. The possibility exists of obtaining long time series of data from the
desired area since the satellite continuously and regularly passes over it. The images usually generate a detailed
mosaic of distinct categories, but the labelling into proper land-cover/use categories commonly requires ground
reference data from maps or field surveys. The smallest unit to be identified depends on the spatial resolution of
the sensor and the scale of work. The most common sensor systems have a spatial resolution of 20 — 30 metres.
At a spatial resolution of 30 metres, for example, units as small as 1ha can be identified. Data from higher
resolution satellites is also available.

3. Radar imagery

The most common type of radar data are from the so-called Synthetic Aperture Radar (SAR) systems that operate at
microwave frequencies. A major advantage of such systems is that they can penetrate clouds and haze, and acquire
data during night-time. They may therefore be the only reliable source of remote sensing data in many areas of the
world with quasi-permanent cloud cover. By using different parts of the spectrum and different polarisations, SAR
systems may be able to distinguish land-cover categories (e.g., forest/non-forest), or the biomass content of vegetation,
although there are at present some limitations at high biomass due to signal saturation.

Ground reference data

In order to make use of remote sensing data for inventories, and in particular to relate land cover to land use it is
good practice to complement the remotely sensed data with ground reference data (often called ground truth
data). Ground reference data can either be collected independently, or be obtained from forest or agricultural
inventories. Land uses that are rapidly changing over the estimation period or that have vegetation cover known
to be easily misclassified should be more intensively ground-truthed than other areas. This can only be done by
using ground reference data, preferably from actual ground surveys collected independently but high-resolution
photographs may also be useful.

Integration of remote sensing and GIS

Visual interpretation of images is often used for identifying sampling sites for forestry inventories. The method
is simple, and reliable. However, it is labour intensive and therefore restricted to limited areas, and may be
affected by subjective interpretations by different operators.
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Full use of remote sensing generally requires integration of the extensive coverage that remote sensing can provide
with ground-based point measurements or map data to represent areas associated with particular land uses in space and
time. This is generally achieved most cost effectively using a geographical information system (GIS).

Land-cover classification using remotely sensed data

Classification of land cover using remotely sensed data may be done by visual or digital (computer based)
analysis. Each one presents advantages and disadvantages. Visual analysis of imagery allows for human
inference through the evaluation of overall characteristics of the scene (analysis of the contextual aspects in the
image). Digital classification, on the other hand, allows several manipulations to be performed with the data,
such as merging of different spectral data, which can help to improve modelling of the biophysical ground data
(such as tree diameter, height, basal area, biomass) using the remotely sensed data. In addition, digital analysis
allows for the immediate computation of areas associated with the different land categories. It has developed
rapidly over the past decade, along with the associated technical computer development, making hardware,
software and also the satellite data readily available at low cost in most countries, although capacity to use these
data and facilities may have to be outsourced, particularly in mapping at national level.

Detection of land use change using RS

Remote sensing can be used to detect locations of change related to LULUCF. Methods for land-use change
detection can be divided into two categories (Singh (1989)):

Post-classification change detection: This refers to techniques where two or more predefined land-cover/use
classifications exist from different points in time, and where the changes are detected, usually by subtraction of
the datasets. The techniques are straightforward but are also very sensitive to inconsistencies in interpretation
and classification of the land categories.

Pre-classification change detection: This refers to more sophisticated and biophysical approaches to change
detection. Differences between spectral response data from two or more points in time are compared by
statistical methods and these differences are used to provide information on land-cover/use changes. This
approach is less sensitive to interpretation inconsistencies and can detect much more subtle changes than the
post-classification approaches, but is less straightforward and requires access to the original remote sensing data.

Evaluation of mapping accuracy

Whenever a map of land cover/use is being used, it is good practice to acquire information about the reliability
of the map. When such maps are generated from classification of remote sensing data, it should be recognised
that the reliability of the map is likely to vary between the different land categories. Some categories may be
uniquely distinguished while others may easily be confounded with others. For example, coniferous forest is
often more accurately classified than deciduous forest because its reflectance characteristics are more distinct,
while deciduous forest may easily be confounded with, for example, grassland or cropland. Similarly, it is often
difficult to ascertain changes in land management practices through remote sensing. For example, it may be
difficult to detect a change from conventional to conservation tillage on a specific land area.

It is therefore good practice to estimate the accuracy of land-use/land-cover maps on a category-by-category
basis. A number of sample points on the map and their corresponding real world categories are used to create a
confusion matrix (See Approach 3; Footnote 6) with the diagonal showing the probability of correct
identification and the off-diagonal elements showing the relative probability of misclassification of a land
category into one of the other possible categories. The confusion matrix expresses not only the accuracy of the
map but it is also possible to determine which categories are easily confounded with each other. Based on the
confusion matrix, a number of accuracy indices can be derived (Congalton, 1991). It is good practice to present
an estimate of the accuracy of the land-use/cover map category-by-category and a confusion matrix may be
employed for this purpose where remote sensing is used. Multi-temporal analysis (analysis of images taken at
different times to determine the stability of land-use classification) can also be used to improve classification
accuracy, particularly in cases where ground truth data are limited.

2.4.4.2 GROUND-BASED SURVEYS

Ground-based surveys may be used to gather and record information on land use, and for use as independent
ground-truth data for remote sensing classification. Prior to the advent of remote sensing techniques such as
aerial photography and satellite imagery, ground-based surveys were the only means of generating maps. The
process is essentially one of visiting the area under study and recording visible and/or other physical attributes of
the landscape for mapping purposes. Digitisation of boundaries and symbolising attributes are used to make hard
copy field notes and historical maps useful in Geographic Information Systems (GIS). This is done via protocols
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on minimum land area delineation and attribute categorisation that are linked to the scale of the resultant map
and its intended use.

Very precise measurements of area and location can be made using a combination of survey equipment such as
theodolites, tape measures, distance wheels and electronic distance measuring devices. Development of Global
Positioning Systems (GPS) means that location information can be recorded in the field directly into electronic
format using portable computer devices. Data are downloaded to an office computer for registration and
coordination with other layers of information for spatial analysis.

Landowner interviews and questionnaires are used to collect socio-economic and land management information,
but may also provide data on land use and land-use change. With this census approach, the data collection
agency depends on the knowledge and records of landowners (or users) to provide reliable data. Typically, the
resident is visited and interviewed by a representative of the collection agency and data are recorded in a
predetermined format, or a questionnaire is issued to the land-user for completion. The respondent is usually
encouraged to use any relevant records or maps they may have, but questions may also be used to elicit
information directly (Swanson et al., 1997).

Census surveys are probably the oldest form of data collection methods (Darby, 1970). Land-user surveys can be
conducted on the entire population or a sample of suitable size. Modern applications employ a full range of
validation and accuracy assessment techniques. The survey may be undertaken through personal visits, telephone
interviews (often with computer-assisted prompts) or mail-out questionnaires. Land-user surveys start with the
formulation of data and information needs into a series of simple and clear questions soliciting concise and
unequivocal responses. The questions are tested on a sample of the population in order to ensure that they are
understandable and to identify any local technical terminology variations. For sample applications, the entire
study area is spatially stratified by appropriate ecological and/or administrative land units, and by significant
categorical differences within the population (e.g., private versus corporate, large versus small, pulp versus
lumber, etc.). For responses dealing with land areas and management practices, some geographic location,
whether precise coordinates, cadastral description or at least ecological or administrative units should be required
of the respondent. Post-survey validation of results is conducted by searching for statistical anomalies,
comparing with independent data sources, conducting a sample of follow-up verification questionnaires or
conducting a sample of on-site verification surveys. Finally, presentation of results must follow the initial
stratification parameters.
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Annex 2A.1 Examples of Approaches in individual countries

2A.1.1  Use of Existing Resource Inventories by USA
(Approaches 1, 2 and 3)

In the United States, the National Resources Inventory (NRI) is designed to assess soil, water, and related
environmental resources on non-Federal lands (Nusser and Goebel, 1997; Fuller, 1999)°. The NRI uses data
from several sources to verify estimates. A Geographic Information System (GIS) for the United States is used to
hold the inventory and includes the total surface area, water area, and Federal land. Data from other sources e.g.,
soils databases and other inventories such as the Forest Inventory and Analysis (FIA), can be linked to the NRI°.
While sampling techniques for the NRI and FIA are similar, differing objectives require different sampling grids
and make the estimates from the two inventory systems statistically independent. The raw sampled data could,
however, be used as a basis for Approach 3.

The data (See Table 2A.1.1) are sufficient to provide a land-use change matrix (Approach 2) that illustrates
several important land use and land-use change characteristics for the United States. First, comparing the 1997
total to the 1992 total for each of the broad land-use categories depicts the net change in land use. For example,
the amount of cropland declined by 2.1 million hectares from 1992 t01997, falling from 154.7 million hectares to
152.6 million hectares, while the amount of non-Federally owned range and forests remained relatively stable.
These aspects of land use could also have been seen from an Approach 1 database. In addition, the total area of
the United States remains fixed from 1992 to 1997 at almost 800 million hectares, and thus any area increases in
a one land-use category must be offset by area declines in other categories as could have been provided in an
Approach 2 structure.

However, the data can also describe land-use change dynamics using its Approach 2 structure. The diagonal and
off-diagonal elements in Table 2A.1.1 show how much land has remained in a land category and how much land
has changed use respectively. Comprehensive measures of changes in land use (the off-diagonal elements) can
be extremely important for carbon estimation and reporting. For example, the total amount of non-Federal forest
land remained relatively stable from 1992 t01997, increasing by about 400 000 hectares. However, the land-use
change elements show that 1.9 million hectares of non-Federal forest land were converted to settlements while
2.5 million hectares of pastureland were converted to forest land. Therefore, inferring small changes in carbon
stock based on small changes in overall land use could be incorrect if the individual land-use dynamics (e.g.,
Forest land to settlements and pastureland to forests) are relatively large.

TABLE2A.1.1
LAND Use AND LAND-USE CHANGE MATRIX FOR USA

it | crop | R | pature | Tage | et | Ot | Satte [ water ana | 200
Crop 146.8 0.9 35 0.8 0.3 0.3 -- -- 152.6
CRP 0.8 12.3 -- -- -- -- -- -- 13.2
Pasture 3.7 0.3 43.2 0.3 0.8 0.3 -- -- 48.6
Range (NF) 0.6 0.1 0.6 162.3 0.5 0.2 -- -- 164.4
Forest (NF) 0.8 - 25 0.6 160.1 0.6 - - 164.5
Other Rural 0.7 -- 0.4 0.3 0.4 18.9 -- -- 20.7
Settlements 1.2 -- 0.8 0.5 1.9 0.2 35.2 -- 39.8
Water and Federal Land | 0.1 -- - 0.1 0.2 - -- 182.6 183.1
1992 Total 1547 | 13.8 51.0 165 164.1 20.5 35.2 182.8 787.4
Note: (i) Data from the 1997 NRI and excludes Alaska. (ii) NF is Non-Federal. Areas are millions of hectares. (iii) CRP represents land
enrolled in the Conservation Reserve Program. (iv) Some row and column totals do not add up due to rounding errors.

8 The NRI is conducted by the U.S. Department of Agriculture’s (USDA) Natural Resources Conservation Service, in
cooperation with the lowa State University Statistical Laboratory. More information on the NRI is found at:
http://www.nhg.nrcs.usda.gov/technical/NR1/1997/.

® The FIA is managed by the Research and Development organization within the USDA Forest Service in cooperation with
State and Private Forestry and National Forest Systems. More information on the FIA is found at: http://fia.fs.fed.us/.
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2A.1.2  Use of Agricultural Data for the Argentine Pampas

(Approaches 1 and 2)

Since 1881, various national agricultural censuses involving 100% of farms in the Argentine pampas have been
undertaken. Data on land use were organized at the level of political districts in each of the 24 provinces. A
particular study on land-use change in the pampas across one century of agricultural transformation was recently
published (Viglizzo et al., 2001). Later results show that the Argentine pampas behaved as a net source of
greenhouse gas emitter over much of the period in response to the conversion of natural grasslands into grazing
lands and croplands. However, emissions tend to decline since 1960 due to the adoption of conservation soil
management techniques, mainly reduced- and no-tillage methods - (Bernardos et al., 2001).These data can be
used in the implementation of Approach 1 or 2.

2A.1.3  Use of Land Registry Data in China (Approach 1)

China uses Approaches 1 and 2 for land-use change data, including forest inventories every 5 years, agricultural
censuses and other surveys. In particular, China is implementing a household contract system for returning
cultivated land to woodland. An individual contract system is being introduced whereby households are assigned
tasks, receive subsidies and own the trees and other vegetation that they plant. The programme aims at planting
about 5 million hectares with trees from year 2000 to 2010. The contracts for this scheme have been used to
make a database of specific land-use changes.

2A.1.4  Land-use Matrices in the United Kingdom (Approaches

1,2 and 3)

In the United Kingdom, land-use change matrices have been constructed from field survey data (Barr et al. 1993,
Haines-Young, 2000). Three surveys have now been completed, in 1984, 1990 and 1998. Each sample was a 1
km square area and 384 of these were used in 1984 to provide a stratified sampling of 32 eco-climatic zones.
These sample squares were revisited in 1990 and 1998 and about another 140 were added for the campaign in
1990 and another 50 for 1998 to improve the coverage of the eco-climatic zones. Initially land-use /cover classes
unique to the survey were developed, but in 1998 alternative types common to other agencies in the UK were
used. The saved data for 1984 and 1990 have now been reclassified into the new classes. Each 1 km sample was
visited by surveyors who, starting from existing 1:10 560 maps, drew outlines of different land cover/use parcels,
numbered the parcels and recorded a range of information for each parcel. Subsequently, the maps were digitised
and the area of each parcel calculated from the digital data. When a square was revisited some years later, the
digitised maps, with the older parcel boundaries, became the starting point for recording of changes in the
parcels. Thus data were built up, not only of the areas of land-cover/use classes in each sampling year, but of the
transitions occurring between each class. Regional and national estimates of land cover/use and change were
then made by weighted averaging of the samples against the occurrence in the different eco-climatic zones.

LUC matrices for England, Scotland and Wales between 1984 and 1990 were constructed for a simplified set of
land-use categories (Farm, Natural, Urban, Woods, Other) and have been used for estimating emissions and
removals for Category 5D (CO, emissions and uptake by soils from LUC and management) of the UK
greenhouse gas inventory. An example is shown in Table 2A.1.2.

TABLE 2A.1.2
LAND-USE CHANGE MATRIX FOR SCOTLAND BETWEEN 1984 AND 1990

1984 1990 Farm Natural Urban Woods Other 1990 Total
Farm 1967 81 6 6 0 2060
Natural 113 4779 5 32 0 4929
Urban 14 4 276 1 0 295
Woods 9 77 1 981 0 1068
Other 0 0 0 0 141 141
1984 Total 2103 4941 288 1020 141 8 493
Note: Areas are thousands of hectares

The uncertainty in estimating land use and land-use change for regions using this method of sampling has been
described by Barr et al. (1993). If the variation in land use or change across a region is known or can be
estimated by an approximate value then the number of samples needed for a specified level of confidence in the
regional total area for that land use or change can be estimated from statistical theory (Cochran, 1977).
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2A.15  The New Zealand Example of Implementation of Land-
Use/Cover Database from Remote Sensing (Approach 3)

The first New Zealand land-use /Cover Database (NZLCDB) was completed in June 2000 from satellite images
acquired, mainly during the summer of 1996/97. For New Zealand, an appropriate period of time for detecting
significant land-cover changes is considered to be five years. Landsat Enhanced Thematic Mapper Plus (7 ETM+)
is the preferred sensor with in-fill from Systeme Probatoire d’Observation de la Terre (SPOT) as necessary.
Work commenced in 2001/02 on image acquisition and analyses, which will continue through until 2003/04 to
produce NZLCDB?2, following stages outlined below.

The cost of Land-Cover Database 2 (NZLCDB?) is of the order of US$1 500 000 for 270 000 km? i.e., US$5.6
per km? and it will provide:

e A complete set of multi-spectral and ortho-corrected satellite imagery covering New Zealand sharpened to
15m spatial resolution;

e Arevised NZLCDBLI digital GIS map of land-cover classes with identified classification and generalisation
errors corrected;

e Anew NZLCDB2 digital GIS map of land-cover classes compatible with NZLCDB1 "parent classes";

e A digital GIS map recording changes identified in land cover for New Zealand at the 1 ha minimum
mapping unit, and

e An accuracy assessment of NZLCDB?2 including an error matrix to estimate data quality both spatially and
by class.

A fuller description of the New Zealand Land-Cover Database project, which will be updated as the project
progresses, can be found at http://www.mfe.govt.nz/issues/land/land-cover-dbase/index.html. The stages of
completion of the database are shown in Figure 2A.1.1.

Figure 2A.1.1 Stages in preparation of New Zealand Land-Cover Databases

Stage 7
Stage 1 Completed LCDB 2
Image Acquisition - Compile Metadata
- Summer 2001 / 02 - Produce User Manual
- Distribute via Database Custodian

- Institute Database Maintenance
A

v Stage 6
Stage 2 Accuracy Assessment
Image Processing - Decide on Sampling Intensity by
- Pan sharpen ETM+ imagery to 15m class, acquire relevant aerial <
- Orthorectify imagery photography and ancillary ground
- Run Topographic Normalisation data to complete the work A
- Publish Accuracy Assessment Stage 5
y Field Checking
L - Verify draft land-cover classes
Stage 3 Stage 4 - Supply recommended edits to
Spectral Integrity check LCDB 2 GIS processing draft classification / additional
- Perform Spectral Integrity Check Stage 4a ground data to contractors at
of LCDB1 (1996) with 2001 / 02 - Correct LCDBL classification Stage 4

imagery 4

b . . and generalisation errors
- nghllght pixels that deviate fron - Confirm actual land-cover P
- assigned LCDBL1 class <

changes between image dates
- Code type of land-cover change
- Supply LCDB2 classification for
Field Check
Stage 4b
- Edit vectors from Field Check

f
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2A.1.6  The Australian Multi-Temporal Landsat Database for
Carbon Accounting (Approach 3)

The Australian Greenhouse Office (AGO) through its National Carbon Accounting System (NCAS) has
developed a national scale multi-temporal remote sensing programme which is an example of Approach 3, even
though its primary purpose is to identify areas of land impacted by forest cover change rather than full land-use
mapping. Using Landsat satellite data for twelve national passes between 1972 and 2002, the forest cover status
of land units is monitored over time, at better than a one-hectare resolution. Initially a Year 2000 mosaic of
scenes was constructed for the whole continent (369 scenes) as a base dataset to which other time series were
registered.

Consistent geographic resolution and spectral calibration of satellite data allows for objective statistical analysis
on a single land unit (pixel) through time. Remote sensing experts experienced in interpreting the Australian
vegetation developed the analytical methods (Furby, 2002) that were refined over two rounds of pilot testing
(Furby and Woodgate, 2002). The pilot testing was also used to train private sector providers who subsequently
competitively bid for the work.

In addition to the highly prescriptive methodology and performance standards, an independent quality assurance
programme has been implemented to ensure a consistent output standard. A Continuous Improvement and
Verification Programme also monitors the quality of results and provides guidance on future improvements.
Because the methodology uses a conditional probability approach, the full time series is readily subjected to any
improvements identified.

The efficiency in processing methods developed for the programme has enabled the addition of new national
passes to the time series at a cost of approximately half a million US dollars.

The forest cover change data is integrated into a carbon/nitrogen cycle process model which is spatially operated
from within a Geographic Information System. In this way, carbon accounting of this sector is readily
accomplished.

Further information can be found in various NCAS Technical Reports available on the AGO Website: http://
www.greenhouse.gov.au/ncas.
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ANNEX 2A.2 Examples of international land cover datasets

EXAMPLES OF INTERNATIONAL LAND COVER DATASETS

Dataset name

AARS Global 4-Minute Land Cover

IGBP-DIS Global 1km Land Cover Data
Set

Global Land Cover Dataset

Global Land Cover Dataset

Author

Center for Environmental Remote
Sensing, Chiba University

IGBP/DIS

USGS, USA

GLCF (Global Land Cover Facility)

Brief description
of contents

Land cover classes are identified through
clustering NOAA AVHRR monthly data.

This classification is derived from
Advanced Very High Resolution
Radiometer (AVHRR) 1km data and
ancillary data.

The data set is derived from a flexible
data base structure and seasonal land-
cover regions concepts

Metrics describing the temporal dynamics
of vegetation were applied to 1984 PAL
data at 8km resolution to derive a global
land-cover classification product using a
decision tree classifier.

Classification

Original classification scheme is applied.
Compatible with IGBP/DIS classification

It consists of 17 classes.

A convergence of evidence approach is
used to determine the land cover type for

The classification was derived by testing
several metrics that describe the temporal

or grid size

scheme scheme. each seasonal land cover class. gil/glzzmlcs of vegetation over an annual
Data format Raster Raster Raster Raster

(vector/raster)

Spatial coverage | Global Global Global Global

5:&;(? acquisition | 4 g9q 1992-1993 April 1992-March 1993 1987

Spatial resolution 4min X 4min. 1km x 1km 1km x 1km 8km x 8km

Revision interval
(for time-series

Not applicable

Not applicable

Not applicable

Not applicable

1999).

datasets)

. . . . . Sample point accuracy: 59.4% Area-
Quality Ground truth data are compared against | High-resolution satellite imagery used to - . 0 -
description the dataset. statistically validate the dataset. weighted accuracy: 66.9% (Scepan, No description

Contact address
and reference
URL

tateishi@rsirc.cr.chiba-u.ac.jp
http://ceres.cr.chiba-u.ac.jp:8080/usr-
dir/you/ICHP/index.html

alan.belward@jrc.it
http://www.ngdc.noaa.gov/paleo/ighp-
dis/frame/coreprojects/index.html

icac@usgs.govhttp://edcdaac.usgs.gov/glc
c/globe_int.html.

http://glcf.umiacs.umd.edu/data.html
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Examples of international land cover datasets (Continued)

Dataset name

1° Land Cover Map from AVHRR

CORINE land cover (CLC) database

Digital Chart of the World

Global Map

Author

Dr. Ruth DeFries University of Maryland
at College Park, USA

European Environmental Agency

ESRI Products

Produced by National Mapping
Organizations, and Compiled by ISCGM.

Brief description
of contents

The data set describes the geographical
distributions of eleven major cover types

based on inter-annual variations in NDVI.

It provides a pan-European inventory of
biophysical land cover. CORINE land
cover is a key database for integrated
environmental assessment.

It is a worldwide base map of coastlines,
boundaries, land cover, etc. Contains more
than 200 attributes arranged into 17
thematic layers with text annotations for
geographical features.

Digital geographic information in 1 km
resolution covering the whole land with
standardized specifications and available
to everyone at marginal cost.

Classification

It consists of the digital 13 class map

Uses a 44 class nomenclature.

8 Agriculture/ Extraction features and 7

Refer to http://www.iscgm.org/gm-

Spatial resolution
or grid size

been aggregated from the original vector
data at 1:100,000.

scheme surface cover features. specifications11.pdf
Data format Raster Raster Vector Polygons Raster and Vector
(vector/raster)
Global Awustria, Belgium, Bulgaria, Czech Global coverage Participating countries (90 in number)
Republic, Denmark, Finland, France,
Germany, Greece, Hungary, Ireland, Italy,
Spatial coverage Luxembourg, Netherlands, Poland ,
Portugal, Romania, Slovakia, Spain,
United Kingdom, Parts of Morocco and
Tunisia.
Data acquisition 1987 Depends on the country (overall time span |Based on ONCs of US Defense Mapping [Depends on the participating nations.
ear q is around 1985-95) Agency. Period 1970-80. Refer to the
y Compilation date layer.
1 x 1 degree 250m by 250m grid database which has 1:1,000,000 scale 1km x 1km grids

Revision interval
(for time-series

Not applicable

CLC Update Project of 2000 for updating
it to the 1990's data

Not applicable

Approximately five-year intervals

wise information.

datasets)

No description No specific information available. Refer to | Data quality information exists at three Refer to http://www.iscgm.org/gm-
Quality http://dataservice.eea.eu.int/dataservice/oth |levels within the database: feature, layer  |specifications11.pdf.
description er/land_cover/Icsource.asp for country and source.

Contact address
and reference
URL

landcov@geog.umd.edu

http://www.geog.umd.edu/landcover/1d-
map.html

dataservice@eea.eu.int

http://dataservice.eea.eu.int/dataservice/me
tadetails.asp?table=landcover and i=1

http://www.esri.com/data/index.html

sec@iscgm.org

http://www.iscgm.org/
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Introduction

3.1 INTRODUCTION

Chapter 3 provides guidance on the estimation of emissions and removals of CO, and non-CO, for the Land Use,
Land-Use Change and Forestry (LULUCF) sector, covering Chapter 5 of the Revised 1996 IPCC Guidelines for
National Greenhouse Gas Inventories (IPCC Guidelines).

This chapter provides two significant advances:

(i) It introduces three hierarchical tiers of methods that range from default data and simple equations
to the use of country-specific data and models to accommodate national circumstances. These tiers,
if properly implemented, successively reduce uncertainty and increase accuracy.

(i) It uses the land-use categories (of Chapter 2) to organise the methodologies and to facilitate: a)
transparent reporting, b) association of above and below ground carbon pools (at the higher tiers),
whilst allowing comparison with reporting of the IPCC Guidelines.

The methodologies in this report are organised by land-use categories (six sections), by broad carbon pools and
non-CO, gases, and by tier, and are consistent with the other chapters of the report.

3.1.1 Inventory and Reporting Steps

The overall sequence of steps for inventorying and reporting emissions and removals is outlined below. It is
good practice for countries to follow these steps and those provided in each section of this chapter to estimate
emissions and removals:

(i Drawing on the three approaches for representing areas in Chapter 2, estimate the land areas in
each land use category for time period required.

(i)  Conduct key category assessment for the relevant LULUCF categories using the guidance provided
in Chapters 3 and 5. Within the categories designated as key, assess which non-CO, gases and
carbon pools are significant, and prioritise such pools in terms of methodological choice.

(iii)  Ensure that the requirements in terms of emission and removal factors and activity data appropriate
to the tier level are being met.

(iv)  Quantify emissions and removals and estimate the uncertainty in each estimate, as set out in
Chapter 5 and the sector specific data provided in this Chapter.

(v) Use the reporting tables to report emissions and removals estimates. Utilize the worksheets where
appropriate (see Annex 3A.2).

(vi)  Document and archive all information used to produce the national emissions and removals
estimates following specific instructions under each land use category, carbon pool, non-CO,
source, and land use change.

(vii)  Implement quality control checks, verification, and expert peer review of the emission estimates
following specific guidance under each land use category, pool or non-CO, gas (see also Chapter 5,
for broad guidance).

3.1.2 Linkage between this Chapter and the IPCC
Guidelines’ Reporting Categories

Chapter 3 is divided into six sections based on land-use categories; each section is further divided into two
subsections based on the status and recent history of the land use.

e The first subsection is for lands that begin and end an inventory period in the same use.
e The second subsection is for land conversions to the land use covered by the section.

Table 3.1.1 shows the sections and subsections of this chapter in relationship to the IPCC Guidelines. This
provides a basis for comparison, which is described in more detail below.
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TaBLE3.1.1
MAPPING BETWEEN THE SECTIONS OF CHAPTER 5 OF THE 1996 IPCC GUIDELINES
AND THE SECTIONS OF CHAPTER 3 OF THIS REPORT
in the Inli_t?QIdTLiJrSnee period in the Repolr_tfiirr:(f;j (Ucifrrent) Year S(jg?eitg(r)rfl IPCC Guidelines *

Forest land Forest land 3.2.1 5A
Cropland Forest land 3.2.2 5A,5C,5D
Grassland Forest land 3.2.2 5A,5C,5D
Wetlands Forest land 3.2.2 5A,5C,5D
Settlements Forest land 3.2.2 5A,5C,5D
Other land Forest land 3.2.2 5A,5C,5D
Cropland Cropland 331 5A,5D
Forest land Cropland 3.3.2 5B,5D
Grassland Cropland 3.3.2 5B,5D
Wetlands Cropland 3.3.2 5D
Settlements Cropland 3.3.2. 5D
Other land Cropland 3.3.2. 5D
Grassland Grassland 3.4.1 5A,5D
Forest land Grassland 3.4.2 5B,5D
Cropland Grassland 3.4.2 5C,5D
Wetlands Grassland 3.4.2 5C,5D
Settlements Grassland 3.4.2 5C,5D
Other land Grassland 3.4.2 5C,5D
Wetlands Wetlands 35.1 5A,5E
Forest land Wetlands 3.5.2 5B
Cropland Wetlands 3.5.2 5E
Grassland Wetlands 3.5.2 5B
Settlements Wetlands 3.5.2 5E
Other land Wetlands 3.5.2 5E
Settlements Settlements 3.6.1 5A
Forest land Settlements 3.6.2 5B
Cropland Settlements 3.6.2 5E
Grassland Settlements 3.6.2 5B
Wetlands Settlements 3.6.2 5E
Other land Settlements 3.6.2 5E
Other land Other land 3.7.1 5A
Forest land Other land 3.7.2 5B
Cropland Other land 3.7.2 5E
Grassland Other land 3.7.2 5B
Wetlands Other land 3.7.2 5E
Settlements Other land 3.7.2 5E
! Combines both soils and biomass, those in bold represent the ‘Forest and grassland conversion’ of the IPCC Guidelines.
2 The IPCC Guidelines cover the following categories: 5 A Changes in Forest and Other Woody Biomass Stocks; 5 B Forest and

Grassland Conversion; 5 C Abandonment of Managed Lands; 5 D Emissions and Removals from Soils, and 5 E Other (Reporting

Instructions p. 1.14 - 1.16)
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3.1.2.1 CHANGES IN FOREST AND OTHER WOODY BIOMASS
STOCKS

As with the IPCC Guidelines, the Good Practice Guidance covers managed forests which can be defined in the
following terms:

Forest management is the process of planning and implementing practices for stewardship and use of
the forest aimed at fulfilling relevant ecological, economic and social functions of the forest...A
managed forest is a forest subject to forest management®.

This definition implies that managed forests are subject to periodic or ongoing human interventions and that they
include the full range of management practices from commercial timber production to stewardship in non-
commercial purposes. Section 3.2.1 covers forest land remaining forest land. Management and conversion to
forests is covered in Section 3.2.2 Land Converted to Forest land.

The section Forest land provides guidance for all carbon pools and non-CO, gases with exception of the
harvested wood products (HWP). The IPCC Guidelines contain references to the treatment of HWP, and
countries choosing to estimate carbon stock changes within the harvested wood products pool can find
methodological advice in Appendix 3a.1. The IPCC Guidelines briefly address ‘Other Woody Biomass Stocks’,
e.g., perennial biomass in croplands and grazing lands, as well as trees in urban areas. Guidance on this topic is
elaborated in the Good Practice Guidance within the sections entitled “Changes in Biomass Carbon Pools.”
Changes in carbon stocks of perennial woody biomass are addressed in relevant biomass sections of each land
use category. Urban trees are addressed in the Section 3.6 and in Appendix 3a.4.

3.1.2.2 FOREST AND GRASSLAND CONVERSION

The Forest and Grassland Conversion Section of the IPCC Guidelines includes conversion of existing forests
and natural grasslands to other land uses such as cropland. Forests can be cleared to convert land to a wide
variety of other uses, but a predominant cause is conversion to pasture and croplands, which was the focus of the
IPCC Guidelines, with an emphasis on changes in carbon in biomass pools. Land use conversions are treated
systematically in this report, organised by final land use. Guidance is provided under each section titled “Lands
Converted to any other land-use category”, and is given separately for changes in all carbon pools.

A summary estimate of conversion from forests or grassland to other uses can be constructed by totaling each
individual conversion from these categories to another land-use category. For CO, emissions and removals from
forest conversion, the total can be arrived at by summing Equations: 3.3.7, 3.4.12, 3.5.1, 3.6.1, and 3.7.1 for
conversions from forest land to each category. Similarly, for grassland conversion, the total can be arrived at by
summing the same equations for conversions from grassland. It is good practice to estimate and report separately
the sum of all forest land conversions (deforestation) and grassland conversions to other final land uses. A
reporting table is provided for this in Annex 3A.2 (Table 3A.2.1B).

3.1.2.3 ABANDONMENT OF CROPLANDS, PASTURES, OR OTHER
MANAGED LANDS

The IPCC Guidelines focus mainly on lands that re-accumulate carbon in biomass as they return to a quasi-
natural state following abandonment or active reforestation. However, land can also remain constant or degrade
further with respect to carbon re-accumulation.

Croplands and grasslands can be abandoned or actively converted to several different land uses, affecting the net
change in carbon in biomass. Therefore, guidance on estimating changes in biomass is located in a humber of
places depending on the type of land use it changed to. The range of specific land use transitions can be summed
for an aggregate assessment of carbon changes from abandonment of cropland, pastures, or other managed lands,
as indicated in Table 3.1.1.

! Proceedings of the Expert Meeting on Harmonising Forest Related Definitions, Rome, Sept 2002 (FAO 2003).

IPCC Good Practice Guidance for LULUCF 3.13



Chapter 3: LUCF Sector Good Practice Guidance

3.1.2.4 CO, EMISSIONS AND REMOVALS FROM SOILS

The IPCC Guidelines further divide this topic into: a) Cultivation of Mineral Soils; b) Cultivation of Organic
Soils; and ¢) Liming of Agricultural Soils. In general, in this chapter, each land use section addresses changes in
soil carbon for that land use either remaining in the same use, or recently converted to that land use.

Guidance on estimating soil carbon stock changes due to management practices is covered under Cropland
Remaining Cropland, and Grassland Remaining Grassland, each at the sub section entitled ‘Changes in Carbon
Stocks in Soils’, within which guidance is provided separately for mineral and organic soils. Changes in soil
carbon stocks as a result of lands being converted into cropland or grassland are also covered, under the
conversion subsections. A total assessment of soil carbon stock changes due to cultivation of mineral soils is the
sum of changes in carbon stocks over a finite period following changes in management that impact soil carbon.

Drainage of peatland soils for forest establishment is found in the Forest land soil section. All greenhouse gas
emissions from Wetlands Remaining Wetlands are presented in Appendix 3a.3. Cultivation of organic soils in
the sense of peat extraction is handled under lands converted to peat extraction in Section 3.5 of this report.

Methodological guidance on liming of agricultural soils is addressed as in the IPCC Guidelines.

3.1.2.5 OTHER CATEGORIES OF REPORTING AND SPECIFIC CASES

The IPCC Guidelines briefly describe general issues and methodological approaches for other categories. The
issues are often complex and agreed methodologies were not available at the time the IPCC Guidelines were
being prepared. This chapter addresses some of these categories in more depth. “Other possible categories” as
discussed in the IPCC Guidelines explicitly includes belowground biomass, natural disturbances (including fire),
shifting cultivation, and flooding and drainage of wetlands. Information on estimating CO, emission and
removals and non-CO, emissions from managed wetland (including peatlands and flooded lands), and for
Settlements Remaining Settlements, are addressed in Appendix 3a.3 and 3a.4, respectively, because the methods
and available data for these land use types are preliminary. Estimation methods for belowground biomass are
included explicitly in the section covering carbon stock changes in forest biomass (Sections 3.2.1.1 and 3.2.2.1)
and options for including belowground biomass in non-forest land uses are provided in other sections as well.
Non-CO, emissions from drainage and rewetting of forest soils are addressed in Appendix 3a.2.

The Good Practice Guidance does not alter the basic default assumptions that land use changes have a linear
impact on soil organic matter for 20 years before a new equilibrium is reached (Tier 1), with possible
successions of 20 year periods to deal with longer time constants in temperate and boreal zones. This means that,
when a piece of land changes use, then it is followed in that ‘changed status’ for 20 years, with each year 1/20 of
the CO, and non-CO, effects reported. Tier 3 modeling approaches may utilize different assumptions. Land
should be reported in a conversion category for 20 years, and then moved to a “remaining category”, unless a
further change occurs.

Natural disturbances (e.g., storms, fires, insects but only on managed lands) are included for their CO, and non-
CO, effects. Where natural disturbances on unmanaged lands are followed by a land use change, then the CO,
and non-CQO, effects of the natural disturbance are to be reported.

3.1.3 Definitions of Carbon Pools

The methodologies in this report are organised first by land-use categories, as described above, and second by
broad pools. Table 3.1.2 provides a generic representation of these pools occurring in a terrestrial ecosystem.
Each of these pools is discussed in the IPCC Guidelines, although in some cases with only minimal guidance.
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TABLE 3.1.2
DEFINITIONS FOR TERRESTRIAL POOLS USED IN CHAPTER 3
Pool ? Description (see also notes below in italics)
Living Above- All living biomass % above the soil including stem, stump, branches, bark, seeds, and
Biomass ground foliage.
biomass

Note: In cases where forest understorey is a relatively small component of the above-
ground biomass carbon pool, it is acceptable for the methodologies and associated
data used in some tiers to exclude it, provided the tiers are used in a consistent
manner throughout the inventory time series as specified in Chapter 5.

Below- All living biomass of live roots. Fine roots of less than (suggested) 2mm diameter are
ground often excluded because these often cannot be distinguished empirically from soil
biomass organic matter or litter.
Dead Organic | Dead wood Includes all non-living woody biomass not contained in the litter, either standing,
Matter lying on the ground, or in the soil. Dead wood includes wood lying on the surface,

dead roots, and stumps larger than or equal to 10 cm in diameter or any other
diameter used by the country.

Litter Includes all non-living biomass with a diameter less than a minimum diameter chosen
by the country (for example 10 cm), lying dead, in various states of decomposition
above the mineral or organic soil. This includes the litter, fumic, and humic layers.
Live fine roots (of less than the suggested diameter limit for below-ground biomass)
are included in litter where they cannot be distinguished from it empirically.

Soils Soil organic Includes organic carbon in mineral and organic soils (including peat) to a specified
matter depth chosen by the country and applied consistently through the time series. Live
fine roots (of less than the suggested diameter limit for below-ground biomass) are
included with soil organic matter where they cannot be distinguished from it
empirically.

Note: National circumstances may necessitate slight modifications to the pool definitions used here. Where modified
definitions are used, it is good practice to report upon them clearly, to ensure that modified definitions are used
consistently over time, and to demonstrate that pools are neither omitted nor double counted.

3.1.4 General Methods

Chapter 3 uses the same basic methodological approaches as in the IPCC Guidelines. As stated in the IPCC
Guidelines:

The fundamental basis for the methodology rests upon two linked themes: i) the flux of CO, to or
from the atmosphere is assumed to be equal to changes in carbon stocks in existing biomass and soils,
and ii) changes in carbon stocks can be estimated by first establishing rates of change in land use
and the practice used to bring about the change (e.g., burning, clear-cutting, selective cut, etc.).
Second, simple assumptions or data are applied about their impact on carbon stocks and the
biological response to a given land use.

The first order approach described above is the foundation for the basic methodologies presented in this chapter
for calculating changes in carbon pools. This approach can be generalised and applied to all carbon pools (i.e.,
aboveground biomass, belowground biomass, dead wood, litter, and soils), subdivided as necessary to capture
differences between ecosystems, climatic zones and management practice. Equation 3.1.1 illustrates the general
approach for estimating carbon stock change based on rates of carbon losses and gains by area of land use.

In most first order approximations, the “activity data” are in terms of area of land use or land use change. The
generic guidance is to multiply the activity data by a carbon stock coefficient or “emission factor” to provide the
source/or sink estimates. Guidance is provided for all relevant carbon pools and changes of land use from one
type to another. The full range of possible changes in land use from one type to another is covered systematically
and default transition periods are provided.

2 The default assumption in IPCC Guidelines is that carbon removed in wood and other biomass from forests is oxidised in
the year of removal. Countries may report on HWP pools if they can document that existing stocks of forest products are in
fact increasing. Appendix 3a.1 provides guidance to countries and information that could be used in future methodological
development subject to decisions by UNFCCC.

% Expressed in tonnes dry weight.
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EQUATION 3.1.1
ANNUAL CARBON STOCK CHANGE IN A GIVEN POOL AS A FUNCTION OF GAINS AND LOSSES

AC =2 [Aijc ® (Ci—Cipd

Where:
AC = carbon stock change in the pool, tonnes C yr*
A =areaof land, ha
ijk = corresponds to climate type i, forest type j, management practice k, etc...
C, = rate of gain of carbon, tonnes C ha™ yr
C. = rate of loss of carbon , tonnes C ha™ yr*

An alternative approach is proposed in the IPCC Guidelines where carbon stocks are measured at two points in
time to assess carbon stock changes. Equation 3.1.2 illustrates the generic approach for estimating carbon stock
change in this way. This latter approach is presented in this chapter as an option in some instances.

EQUATION 3.1.2
ANNUAL CARBON STOCK CHANGE IN A GIVEN POOL

AC = Zijk (Ctz - Ctl ) / (t2 - tl)ijk

Where:

C‘l = carbon stock in the pool at time t, tonnes C
C, = carbon stock in the pool at time t,, tonnes C

Even though national reporting of sources and sinks is required annually, it does not mean that national
inventories have to be carried out annually for all pools, since data from national inventories done on 5 to 10
year cycles, can be interpolated. Chapter 5 provides guidance on how to use interpolation and extrapolation to
merge sources of data.

Several sources of non-CO, greenhouse gas emissions from land use were discussed in the Agriculture Chapter
(Chapter 4) of the IPCC Guidelines and the related parts of the GPG2000. Chapter 4 of IPCC Guidelines and
GPG2000 cover CH, and N,O emissions from savanna burning and agricultural residue burning, direct and
indirect N,O emissions from agricultural soils, and CH, emissions from rice production. Guidance on
greenhouse gas emissions from the biomass fraction in waste disposed at solid waste disposal sites or incinerated
is provided in the Waste Chapter of IPCC Guidelines and GPG2000.

This good practice guidance provides additional information on how to apply and expand the Agriculture
Chapter of the IPCC Guidelines and GPG2000 to these additional categories of land uses and land use change:

e Non-CO, (N,O and CH,) from forest fire (Section 3.2.1.4);
e N,O from managed (fertilized) forests (Section 3.2.1.4);

e N,O from drainage of forest soils (Appendix 3a.2);

e N,O and CH, from managed wetland (Appendix 3a.3); and

e  Soil emissions of N,O following land use conversion (Sections 3.3.2.3 and 3.4.2.3).

3.1.5 Tier Levels

This chapter provides users with three methodological tiers for estimating greenhouse gas emissions and
removals for each source. Tiers correspond to a progression from the use of simple equations with default data
to country-specific data® in more complex national systems. Three general tiers are summarised in Box 3.1.1.
Tiers implicitly progress from least to greatest levels of certainty in estimates as a function of methodological
complexity, regional specificity of model parameters, and spatial resolution and extent of activity data. Complete

4 Country-specific data may require subdivision to capture different ecosystems and site qualities, climatic zones and
management practice within a single land category.
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guidance is provided for the implementation of Tier 1. Regardless of tier level, countries should document what
tiers were used for various categories and pools as well as the emission factors, and activity data used to prepare
the estimate. For higher tiers, inventory agencies may need to provide additional documentation to support
decisions to use more sophisticated methodologies or country-defined parameters. Moving from lower to higher
tiers will usually require increased resources, and institutional and technical capacity.

Box3.1.1
FRAMEWORK OF TIER STRUCTURE IN THE GOOD PRACTICE GUIDANCE

The Tier 1 approach employs the basic method provided in the IPCC Guidelines (Workbook) and
the default emission factors provided in the IPCC Guidelines (Workbook and Reference Manual)
with updates in this chapter of the report. For some land uses and pools that were only mentioned
in the IPCC Guidelines (i.e., the default was an assumed zero emissions or removals), updates are
included in this report if new scientific information is available. Tier 1 methodologies usually use
activity data that are spatially coarse, such as nationally or globally available estimates of
deforestation rates, agricultural production statistics, and global land cover maps.

Tier 2 can use the same methodological approach as Tier 1 but applies emission factors and
activity data which are defined by the country for the most important land uses/activities. Tier 2
can also apply stock change methodologies based on country-specific data. Country-defined
emission factors/activity data are more appropriate for the climatic regions and land use systems in
that country. Higher resolution activity data are typically used in Tier 2 to correspond with
country-defined coefficients for specific regions and specialised land-use categories.

At Tier 3, higher order methods are used including models and inventory measurement systems
tailored to address national circumstances, repeated over time, and driven by high-resolution
activity data and disaggregated at sub-national to fine grid scales. These higher order methods
provide estimates of greater certainty than lower tiers and have a closer link between biomass and
soil dynamics. Such systems may be GIS-based combinations of age, class/production data
systems with connections to soil modules, integrating several types of monitoring. Pieces of land
where a land-use change occurs can be tracked over time. In most cases these systems have a
climate dependency, and thus provide source estimates with interannual variability. Models should
undergo quality checks, audits, and validations.

3.1.6 Choice of Method

It is good practice to use methods that provide the highest levels of certainty, while using available resources as
efficiently as possible. The decision about what tier to use and where to expand resources for inventory
improvement should take into account whether the land use is a key category, as described in Chapter 5, Section
5.4 in this report. Guidance on methodological choice is provided in a set of decision trees, which are designed
to assess whether a source/sink category is a key category and which pools within a key category are considered
significant. Decision trees are applied at the sub-category level which corresponds roughly to carbon pools and
sources of non-CO, gases (see Table 3.1.3 for a list of subcategories). It is important to note that the key
category analysis is an iterative process and that initial estimates are needed for each sub-category to perform the
analysis. Figure 3.1.1 provides a generic decision tree to determine the appropriate methodological tier for lands
that begin and end an inventory period in the same use. This decision tree should be applied to subcategories
described in Sections 3.2.1, 3.3.1, 3.4.1, 3.5.1, 3.6.1, and 3.7.1. The figure uses Section 3.2.1, Forest land
Remaining Forest land, as an example. Figure 3.1.2 provides a generic decision tree to determine the appropriate
methodological tier for lands that changes uses during the inventory period, using Section 3.2.2, Lands
Converted to Forest land, as an example. This decision tree should be applied to subcategories described in
Sections 3.2.2.,3.3.2,3.4.2,3.5.2,,3.6.2., and 3.7.2.

The abbreviations FF, GG, CC, WW, SS, OO used in Figure 3.1.1 denote land-use categories undergoing no
conversions; and the abbreviations LF, LG, LC, LW, LS, LO in Figure 3.1.2 denote land conversions to these
land-use categories:

FF = forest land remaining forest land LF = lands converted to forest land
GG = grassland remaining grassland LG = lands converted to grassland
CC = cropland remaining cropland LC = lands converted to cropland
WW = wetlands remaining wetlands LW = lands converted to wetlands
SS = settlements remaining settlements LS = lands converted to settlements
OO0 = other land remaining other land LO = lands converted to other land

These abbreviations have been used throughout Chapter 3 as subscripts for symbols in the equations.
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Figure 3.1.1
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land, FF)
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(Note 5)
(Tier 2) (Tier 1)

Note 1: The use of 20 years, as a threshold, is consistent with the defaults contai
periods where appropriate to national circumstances.

Note 2: The concept of key categories is explained in Chapter 5, Subsection 5.4
Categories).

Note 3: See Table 3.1.2 for the characterisation of subcategories.

Note 4: A subcategory is significant if it accounts for 25-30% of emissions/rem
Note 5: See Box 3.1.1 for definition of Tier levels.

ned in IPCC Guidelines. Countries may use different

(Methodological Choice — Identification of Key

ovals for the overall category.

* If a country reports harvested wood products (HWP) as a separate pool, it should be treated as a subcategory.
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Figure 3.1.2

Decision tree for identification of appropriate tier-level for land converted to

another land use category (example given for land converted to forest land,

LF)

Repeat for each land use category:
-LF
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- LW (Note 1)
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Note 1: The use of 20 years, as a threshold, is consistent with the defaults contained in the IPCC Guidelines. Countries may use different

periods where appropriate to national circumstances.

Note 2: The concept of key categories is explained in Chapter 5, Subsection 5.4 (Methodological Choice — Identification of Key

Categories).
Note 3: See Table 3.1.2 for the characterisation of subcategories.

Note 4: A subcategory is significant if it accounts for 25-30% of emissions/removals for the overall category.

Note 5: See Box 3.1.1 for definition of Tier levels.

* If a country reports harvested wood products (HWP) as a separate pool, it should be treated as a subcategory.
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TaBLE 3.1.3
SUBCATEGORIES WITHIN A GIVEN LAND USE SECTION
Gas Subcategory
CO, Living Biomass

Dead Organic Matter

Soils

N,O Fire
Soil Organic Matter Mineralization
Nitrogen Inputs

Cultivation of organic soils

CH, Fire

3.1.7 Reporting

It is good practice to conduct key category assessments for each land use category using the guidance provided
in this chapter and in Chapter 5 Section 5.4:

e Within each land use category designated as key, to assess which subcategories are significant; and

e Use the results of this analysis to determine what categories and subcategories should be prioritised in terms
of methodological choice.

Reporting categories are divided into greenhouse gases and land uses i.e., lands remaining in a use and lands
converted to that use. Category estimates are a compilation of individual subcategories. Table 3.1.3 shows the
subcategories within each reporting category. The reporting tables are given in Annex 3A.2. When compiling
emissions and sinks estimates from land use, land-use change, and forestry with other elements of national
greenhouse gas inventories, consistent signs (+/-) must be followed. In final reporting tables, emissions
(decrease in the carbon stock, non-CO, emissions) are always positive (+) and removals (increase in the carbon
stock) negative (-). For calculating initial estimates, this chapter follows the convention used in Chapter 5 of the
IPCC Guidelines in which net increases of carbon stocks are positive (+) and net decreases are negative (-). As
is the case in the IPCC Guidelines, the signs of these values need to be converted in the final reporting tables in
order to maintain consistency with other sections of national inventory reports.

Units

Units of CO, emissions/removals and emissions of non-CO, gases are reported in gigagrams (Gg). To convert
tonnes C to Gg CO,, multiply the value by 44/12 and 107, To convert unit from kg N,O-N to Gg N,O, multiply
the value by 44/28 and 10°.

Convention
For the purpose of reporting, which is consistent with the IPCC Guidelines, the signs for removal (uptake) are
always (-) and for emissions (+).

3.1.8 Generic Climatic Zones

Some default values in this chapter are provided by climatic zones. Figure 3.1.3 provides the global delineation
of these zones. In comparison to the IPCC Guidelines this figure only holds polar/boreal as additional classes.
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Figure 3.1.3 Delineation of major climate zones, updated from the IPCC Guidelines. Temperature zones are defined by mean annual temperature (MAT):
Polar/boreal (MAT<O0 °C), Cold temperate (MAT 0-10 °C), Warm temperate (MAT 10-20 °C) and Tropical (MAT>20 °C). Moisture regimes for boreal and temperate zones are
defined by the ratio of mean annual precipitation (MAP) and potential evapotranspiration (PET): Dry (MAP/PET < 1) and Wet (MAP/PET > 1); and for tropical zones by
precipitation alone: Dry (MAP < 1000 mm), Moist (MAP 1000-2000 mm) and Wet (MAP > 2000 mm).  Precipitation and temperature data are from UNEP-GRID.

http://www.grid.unep.ch/data/grid/climate.php
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Forest Land

3.2 FOREST LAND

This section of the Guidance provides methods for estimating carbon stock changes and greenhouse gas
emissions and removals associated with changes in biomass and soil organic carbon on forest lands and lands
converted to forest land. It is consistent with the approach in the Revised 1996 IPCC Guidelines for National
Greenhouse Gas Inventories (IPCC Guidelines) whereby the annual change in biomass is calculated from the
difference between biomass growth and loss terms. The Guidance:

Addresses the five carbon pools identified in Section 3.1;
e Links biomass and soil carbon pools for the same land areas at the higher tiers;

e Includes emissions of carbon on managed lands due to natural losses caused by fire, windstorms, pest and
disease outbreaks;

e Provides methods to estimate non-CO, greenhouse gas emissions; and
e Should be used together with the approaches for obtaining consistent area data described in Chapter 2.

Section 3.2 is organised into two parts. Section 3.2.1, the first section, covers the methodology to estimate
changes in carbon stocks in five pools on forest areas which have been forest for at least the past 20 years®. The
second section, Section 3.2.2, addresses changes in carbon stocks on lands converted more recently to forest.
Section 3.2.1 describes how the decision tree in Figure 3.1.1, given in Section 3.1.6, should be used to facilitate
choices on tier level for carbon pools and non-CO, gases.

As stated in the IPCC Guidelines, natural, undisturbed forests should not be considered either an anthropogenic
source or sink and are excluded from national inventory estimation. This chapter therefore provides guidance on
estimating and reporting of anthropogenic sources and sinks of greenhouse gases for managed forests only. The
definition of managed forest is discussed in Section 3.1.2.1. Definitions at the national level should be applied
consistently over time and cover all forests subject to periodic or ongoing human intervention, including the full
range of management practices from commercial timber production to non-commercial purposes.

The IPCC Guidelines contain the default assumption that all carbon in harvested biomass is oxidised in the
removal year, but gives flexibility to include carbon storage in harvested wood products (HWP) if existing stocks
can be shown to be increasing. Accounting for HWP is also under consideration by the SBSTA. Pending the
outcome of negotiations, estimation methods for HWP are discussed in a separate section (Appendix 3a.1). This
indicates the state of methodological development and does not affect the advice in the IPCC Guidelines, or
prejudge the outcome of the negotiations referred to.

3.2.1 Forest Land Remaining Forest Land

Greenhouse gas inventory for the land-use category ‘Forest land Remaining Forest land (FF)’ involves
estimation of changes in carbon stock from five carbon pools (i.e. aboveground biomass, belowground biomass,
dead wood, litter, and soil organic matter), as well as emissions of non-CO, gases from such pools. The
summary equation, which estimates the annual emissions or removals from FF with respect to changes in carbon
pools is given in Equation 3.2.1.

EQUATION 3.2.1
ANNUAL EMISSIONS OR REMOVALS FROM FOREST LAND REMAINING FOREST LAND

ACkr = (ACFFLB * ACFFDOM * ACFFSoiIs)

Where:
ACegr = annual change in carbon stocks from forest land remaining forest land, tonnes C yr*

ACFFLB = annual change in carbon stocks in living biomass (includes above- and belowground biomass)
in forest land remaining forest land; tonnes C yr™

! Lands that have been converted to another land use should be tracked under the appropriate sections for as long as carbon
dynamics are influenced by the conversion and follow up dynamics. 20 years is consistent with IPCC Guidelines, but Tier
3 methods may use longer periods where appropriate to national circumstances.
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ACrr o = annual change in carbon stocks in dead organic matter (includes dead wood and litter) in
forest land remaining forest land; tonnes C yr™*

ACFFSOils = annual change in carbon stocks in soils in forest land remaining forest land; tonnes C yr™

To convert tonnes C to Gg CO,, multiply the value by 44/12 and 1073, For the convention (signs), refer to Section
3.1.7 or Annex 3A.2 (Reporting Tables and Worksheets).

3.2.1.1 CHANGE IN CARBON STOCKS IN LIVING BIOMASS

Carbon stock change is calculated by multiplying the difference in oven dry weight of biomass increments and
losses with the appropriate carbon fraction. This section presents methods for estimating biomass increments and
the losses. Increments include biomass growth. Losses include fellings, fuelwood gathering, and natural losses.

3.2.1.1.1 METHODOLOGICAL ISSUES

3.2.1.1.1.1 Choice of Method
Two methods are feasible for estimating carbon stock changes in biomass:

Method 1 (also called the default method) requires the biomass carbon loss to be subtracted from the biomass
carbon increment for the reporting year (Equation 3.2.2).

EQUATION 3.2.2
ANNUAL CHANGE IN CARBON STOCKS IN LIVING BIOMASS
IN FOREST LAND REMAINING FOREST LAND (DEFAULT METHOD)

ACFFLB = (ACFFG - ACFF,_)

Where:

ACe = annual change in carbon stocks in living biomass (includes above- and belowground biomass)
in forest land remaining forest land, tonnes C yr*

ACer, = annual increase in carbon stocks due to biomass growth, tonnes C yr*

ACFFL = annual decrease in carbon stocks due to biomass loss, tonnes C yr*

Method 2 (also called the stock change method) requires biomass carbon stock inventories for a given forest
area at two points in time. Biomass change is the difference between the biomass at time t, and time t, divided

by the number of years between the inventories (Equation 3.2.3).

EQUATION 3.2.3
ANNUAL CHANGE IN CARBON STOCKS IN LIVING BIOMASS
IN FOREST LAND REMAINING FOREST LAND (STOCK CHANGE METHOD)

ACer = (C,—=Cy)/(t,-t)
and
C=[VeDeBEF,]e(l+R)eCF

Where:

ACgr = annual change in carbon stocks in living biomass (includes above- and belowground biomass)
in forest land remaining forest land, tonnes C yr*

Ctz = total carbon in biomass calculated at time t,, tonnes C
C‘l = total carbon in biomass calculated at time t, tonnes C

V = merchantable volume, m* ha™
D = basic wood density, tonnes d.m. m merchantable volume

BEF, = biomass expansion factor for conversion of merchantable volume to aboveground tree biomass,
dimensionless.
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R = root-to-shoot ratio, dimensionless
CF = carbon fraction of dry matter (default = 0.5), tonnes C (tonne d.m.)™

The default method is applicable for all tiers, while the data requirements for the stock change method exclude
this option for the Tier 1 approach. In general the stock change method will provide good results for relatively
large increases or decreases of biomass, or where very accurate forest inventories are carried out. However for
forest areas of mixed stands, and/or where biomass change is very low compared to the total amount of biomass,
there is a risk with the stock change method of the inventory error being larger than the expected change. In such
conditions incremental data may give better results. The choice of using default or stock change method at the
appropriate tier level will therefore be a matter for expert judgment, taking the national inventory systems and
forest properties into account.

The default method for estimating the changes in aboveground and belowground biomass uses a series of
equations. These require activity data on area of different land-use categories, according to different forest types
or management systems, corresponding emission and removal factors, and factors to estimate biomass loss. The
accuracy of the estimate depends on the tier chosen for biomass estimation, and the data available.

It is good practice to choose tier by following the decision tree as shown in Figure 3.1.1. This promotes efficient
use of available resources, taking into account whether the biomass of this category is a key category as
described in Chapter 5, Section 5.4. In general:

Tier 1: Tier 1 applies to countries in which either the subcategory (forest land remaining forest land or biomass
carbon pool) is not a key category or little or no country-specific activity data and emission/removal factors exist
nor can be obtained.

Tier 2: Tier 2 applies where forest land remaining forest land or biomass carbon is a key category. Tier 2 should
be used in countries where country-specific estimates of activity data and emission/removal factors are available
or can be gathered at expenses that weigh favourably against expenses required for other land-use categories.

Tier 3: Tier 3 applies where the forest land remaining forest land or biomass carbon is a key category. This
requires use of detailed national forest inventory data supplemented by dynamic models or allometric equations
calibrated to national circumstances that allow for direct calculation of biomass increment. Tier 3 approach for
carbon stock change allows for a variety of methods, and implementation may differ from one country to
another, due to differences in inventory methods and forest conditions. Proper documentation of the validity and
completeness of the data, assumptions, equations and models used is therefore a critical issue at Tier 3.

EQUATIONS FOR ESTIMATING CHANGE IN CARBON STOCKS IN LIVING
BIOMASS (AC,:,:LB) USING THE DEFAULT METHOD

Annual Increase in Carbon Stocks due to Biomass Increment in Forest land
Remaining Forest land (ACFFG)

Estimation of annual increase in carbon stocks due to biomass increment in forest land remaining forest land
requires estimates of area and annual increment of total biomass, for each forest type and climatic zone in the
country (Equation 3.2.4). The carbon fraction of biomass has a default value of 0.5, although higher tier methods
may allow for variation with different species, different components of a tree or a stand (stem, roots and leaves)
and age of the stand.

EQUATION 3.2.4
ANNUAL INCREASE IN CARBON STOCKS DUE TO BIOMASS INCREMENT
IN FOREST LAND REMAINING FOREST LAND

ACer, = Xij (Ajj ® GroraL) ® CF

Where:

ACFFG = annual increase in carbon stocks due to biomass increment in forest land remaining forest land
by forest type and climatic zone, tonnes C yr™

A;; = area of forest land remaining forest land, by forest type (i = 1 to n) and climatic zone (j = 1 to m), ha

Grorav;j = average annual increment rate in total biomass in units of dry matter, by forest type (i = 1 to n)
and climatic zone (j = 1 to m), tonnes d.m. ha™ yr*

CF = carbon fraction of dry matter (default = 0.5), tonnes C (tonne d.m.)™
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Average Annual Increment in Biomass (GrotaL)

GroraL is the expansion of annual increment rate of aboveground biomass (Gy) to include its belowground part,
involving multiplication by the ratio of belowground biomass to aboveground biomass (often called the root-to-
shoot ratio (R)) that applies to increments. This may be achieved directly where G,y data are available as in the
case of naturally regenerated forests or broad categories of plantation. In case Gy, data are not available, the
increment in volume (ly) can be used with biomass expansion factor for conversion of annual net increment to
aboveground biomass increment. Equation 3.2.5 shows the relationship:

EQUATION 3.2.5
AVERAGE ANNUAL INCREMENT IN BIOMASS

Groraa=Gw e (L+R) (A) In case aboveground biomass increment (dry matter) data are
used directly. Otherwise Gy is estimated using equation B or its
equivalent

Gw =1y e D e BEF; (B) In case net volume increment data are used to estimate Gy.

Where:
GroraL = average annual biomass increment above and belowground, tonnes d.m. ha™ yr'1
Gw = average annual aboveground biomass increment, tonnes d.m. ha™* yr'; Tables 3A.1.5 and 3A.1.6
R = root-to-shoot ratio appropriate to increments, dimensionless; Table 3A.1.8

Iy =average annual net increment in volume suitable for industrial processing, m® ha™ yr?; Table
3A.L7

D = basic wood density, tonnes d.m. m™; Table 3A.1.9

BEF, = biomass expansion factor for conversion of annual net increment (including bark) to aboveground
tree biomass increment, dimensionless; Table 3A.1.10

Basic wood density (D) and biomass expansion factors (BEF) vary by forest type, age, growing conditions, stand
density and climate (Kramer, 1982; Brown, 1997; Lowe et al., 2000; Koehl, 2000). Table 3A.1.10 provides
default values of BEF by forest type and climatic zone for use with the minimum diameter ranges indicated. The
BEFs serve as substitute for the expansion ratios in the IPCC Guidelines which are used to calculate non-
merchantable biomass (limbs, small trees etc.) that are cut during felling and left to decay.

For countries using Tier 2 methods, it is good practice to use country-specific as well as species-specific basic
wood density and BEF values, if available nationally.

D as well as BEF values should be estimated at the species level in countries adopting Tier 3. BEFs for biomass
increment, growing stock and harvest differ for a given species or a stand. For Tiers 2 and 3, inventory experts
are encouraged to develop country-specific D and BEF values for growing stock, biomass increment and
harvests separately. If country-specific factors and approaches are used, they should be appropriately verified
and documented in accordance with the general requirements set out in Chapter 5.

Due to country-specific conditions (e.g. Lehtonen et al., 2003; Smith et al., 2003) BEF and D may be combined
in one value. In such cases, the guidance given on BEF and D should be applied to the combined values as
appropriate.

Annual Decrease in Carbon Stocks Due to Biomass Loss in Forest land Remaining
Forest land (ACgfr|)

Annual biomass loss is a sum of losses from commercial roundwood fellings, fuelwood gathering, and other
losses (Equation 3.2.6):

EQUATION 3.2.6
ANNUAL DECREASE IN CARBON STOCKS DUE TO BIOMASS LOSS
IN FOREST LAND REMAINING FOREST LAND

ACFFL = I—fellings + quelwood + Lother losses

Where:

ACFFL = annual decrease in carbon stocks due to biomass loss in forest land remaining forest land,
tonnes C yr*

Ltenings = annual carbon loss due to commercial fellings, tonnes C yr'1 (See Equation 3.2.7)
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Lfuemood = @annual carbon loss due to fuelwood gathering, tonnes C yr'l (See Equation 3.2.8)

Lother 10sses = @annual other losses of carbon, tonnes C yr'1 (See Equation 3.2.9)

The equation for estimating the annual carbon loss due to commercial fellings is provided in Equation 3.2.7:

EQUATION 3.2.7
ANNUAL CARBON LOSS DUE TO COMMERCIAL FELLINGS

Ltetiings = H @ D @ BEF, @ (1-f5,)  CF

Where:
Ltenings = annual carbon loss due to commercial fellings, tonnes C yr'1
H = annually extracted volume, roundwood, m® yr*
D = basic wood density, tonnes d.m. m™>; Table 3A.1.9

BEF, = biomass expansion factor for converting volumes of extracted roundwood to total aboveground
biomass (including bark), dimensionless; Table 3A.1.10

fg. = fraction of biomass left to decay in forest (transferred to dead organic matter)
CF = carbon fraction of dry matter (default = 0.5), tonnes C (tonne d.m.)™
In applying this equation there are two choices:

M Total biomass associated with the volume of the extracted roundwood is considered as an
immediate emission. This is the default assumption and implies that fz_ should be set to 0. This
assumption should be made unless changes in dead organic matter are being explicitly accounted
for, which implies use of higher tiers under Section 3.2.1.2 below.

(i) A proportion of the biomass is transferred to the dead wood stock. In this case, fg, should be
obtained by expert judgment or based on empirical data (Tier 2 or 3). Annex 3.A.11 provides
default data on fg,_ for use at Tier 2.

The carbon loss due to fuelwood gathering is estimated using Equation 3.2.8:

EQUATION 3.2.8
ANNUAL CARBON LOSS DUE TO FUELWOOD GATHERING

Ltuelwood = FG @ D @ BEF, @ CF

Where:
Ltuewood = @annual carbon loss due to fuelwood gathering, tonnes C. yr™
FG = annual volume of fuelwood gathering, m® yr*
D = basic wood density, tonnes d.m. m*; Table 3A.1.9

BEF, = biomass expansion factor for converting volumes of extracted roundwood to total aboveground
biomass (including bark), dimensionless; Table 3A.1.10

CF = carbon fraction of dry matter (default = 0.5), tonnes C (tonne d.m.)™*

Other carbon losses in managed forest land include losses from disturbances such as windstorms, pest outbreaks,
or fires. A generic approach for estimating the amount of carbon lost from such disturbances is provided below.
In the specific case of losses from fire on managed forest land, including wildfires and controlled fires, this
method should be used to provide input to the methodology in Section 3.2.1.4 (Non-CO, Greenhouse Gas
Emissions) to estimate CO, and non-CO, emissions from fires.

It is good practice to report all areas affected by disturbances such as fires, pest outbreaks and windstorms that
occur in managed forest lands irrespective of whether these were the result of human activity. Natural
disturbances occurring on unmanaged forest, and not resulting in land-use change, should not be included.
Losses in biomass accounted as commercial harvest or fuelwood should not be included under the losses due to
other disturbances.
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The impact of disturbances on forest ecosystem varies with the type and severity of disturbance, the conditions
under which they occur (e.g. weather) and the ecosystem characteristics. The proposed generic method
illustrated in Equation 3.2.9 assumes complete destruction of forest biomass in the event of a disturbance — hence
the default methodology addresses “stand-replacing” disturbances only. Countries reporting under Tier 3 should
consider both stand-replacing and non-stand replacing disturbances.

EQUATION 3.2.9
ANNUAL OTHER LOSSES OF CARBON

Lother losses = Adisturbance ® Bw @ (1 —Tfg) @ CF

Where:
Lother 10sses = @annual other losses of carbon, tonnes C yr'1
Agisrbance = forest areas affected by disturbances, ha yr'1
Bw = average biomass stock of forest areas, tonnes d.m. ha*; Tables 3A.1.2, 3A.1.3, and 3A.1.4
fg. = fraction of biomass left to decay in forest (transferred to dead organic matter); Table 3A.1.11
CF = carbon fraction of dry matter (default = 0.5), tonnes C (tonne d.m.)™

Tier 1: Under Tier 1, disturbances are assumed to affect the aboveground biomass only; it is also assumed that
all aboveground biomass carbon is lost upon disturbance. Hence, fg, is equal to zero.

Tier 2: Countries reporting at higher tiers, which account for emissions/removals from all forest pools, have to
distinguish between the proportion of the pre-disturbance biomass that is destroyed and causes emissions of
greenhouse gas, and that which is transferred into the dead organic matter pools and later decay.

Tier 3: Countries reporting under Tier 3 should consider all significant disturbances, both stand-replacing and
non-stand replacing. When accounting for the impact of non-stand-replacing disturbances, countries may add a
term to Equation 3.2.9 to adjust for the proportion of pre-disturbance biomass which is not affected by the
disturbance.

SUMMARY OF STEPS FOR ESTIMATING CHANGE IN CARBON STOCKS IN
LIVING BIOMASS (AC,:,:LB) USING THE DEFAULT METHOD

Step 1: Using guidance from Chapter 2 (approaches in representing land areas), categorise the area (A) of forest
land remaining forest land into forest types of different climatic zones, as adopted by the country. As a
point of reference, Table 3A.1.1 provides national level data of forest area and annual change in forest
area by region and by country as a means of verification;

Step 2: Estimate the average annual increment in biomass (Grotal) Using Equation 3.2.5. If data of the average
annual aboveground biomass increment (Gy,) are available, use Equation 3.2.5A. If not available,
estimate Gy, using Equation 3.2.5B;

Step 3: Estimate the annual increase in carbon stocks due to biomass increment (ACFFG) using Equation 3.2.4;

Step 4: Estimate the annual carbon loss due to commercial fellings (L feriings) Using Equation 3.2.7;
Step 5: Estimate annual carbon loss due to fuelwood gathering (Lw fuelwood) USiNg Equation 3.2.8;
Step 6: Estimate annual carbon loss due to other 10sses (Lother 10sses) USiNg Equation 3.2.9;

Step 7: From the estimated losses in Steps 4 to 6, estimate the annual decrease in carbon stocks due to biomass
loss (ACFFL) using Equation 3.2.6;

Step 8: Estimate the annual change in carbon stocks in living biomass (ACFFLB) using Equation 3.2.2.

3.2.1.1.1.2 Choice of Emission/Removal Factors

Method 1 requires the annual biomass increment, according to each forest type and climatic zone in the country,
plus emission factors related to biomass loss including losses due to fellings, fuelwood gathering and natural losses.

ANNUAL INCREASE IN BIOMASS

Annual Aboveground Biomass Increment, Gy
Tier 1: Tier 1 uses default values of the average annual increment in aboveground biomass (Gy,) which are
provided in Tables 3A.1.5 and 3A.1.6.
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Tier 2: Tier 2 method uses country-specific data to calculate the gross mean annual biomass increment Gy,. The
country-specific data is often linked to merchantable volumes (ly/). Data on biomass expansion factor (BEF,) and
basic wood density (D) are needed to convert the available data to Gy. Table 3A.1.7 provides the default values
for I, and Tables 3A.1.10 and 3A.1.9 provide default values for BEF; and D, respectively.

Tier 3: Under Tier 3, a detailed forest inventory or monitoring system will be available which contains at least
data on growing stock, and, ideally, also on annual increment. If appropriate allometric biomass functions are
available it is good practice to use those equations directly. Carbon fraction and basic wood density could also
be incorporated in such functions.

The detailed forest inventory should be used to provide initial conditions of forest carbon stocks in the forest
inventory year. When the year of inventory does not correspond with the commitment period, mean annual
increment or increment estimated by models (i.e. model capable of simulating forest dynamics), should be used.

Periodic forest inventories may be combined with annual planting and felling data to provide non-linear
interpolations of increment between inventory years.

Belowground Biomass Increment

Tier 1: Belowground biomass increment, as a default assumption consistent with the IPCC Guidelines can be
zero. Alternatively, default values for root-to-shoot ratios (R), which could be used to estimate belowground
biomass, are provided Table 3A.1.8.

Tier 2: Country-specific root-to-shoot ratios should be used to estimate belowground biomass.

Tier 3: Nationally or regionally determined root-to-shoot ratios or increment models should be used. Preferably,
belowground biomass should be incorporated in models for calculating total biomass increment.

ANNUAL BIOMASS LOSS

The IPCC Guidelines refer to biomass extraction (i.e. commercial fellings, removals for fuelwood and other
wood use, and natural losses) as total biomass consumption from stocks leading to carbon release. Equation 3.2.6
sets out the three components more precisely.

In addition to commercial fellings of industrial wood and saw logs, fuelwood are mentioned more specifically,
there may also be other types of non-commercial fellings, as wood cut for own consumption. This quantity may
not be included in official statistics and may need to be estimated by survey.

Fellings
When computing carbon loss due to commercial fellings, the following emission/removal factors are needed: extracted
volume of roundwood (H), basic wood density (D), and the fraction of biomass left to decay in forest (fg,).

Where it is separable, fellings data should not be counted from forest land being converted to another land use
since this would lead to double counting. The statistics on fellings are not likely to provide such separation on
what lands the fellings are coming from, hence an amount of biomass similar to the biomass loss from lands
converted from forest should be subtracted from the total fellings.

Extraction of roundwood is published in the UNECE/FAO Timber Bulletin and by FAO Yearbook of Forest Products.
The latter is based primarily on data provided by the countries. In the absence of official data, FAO provides an
estimate based on the best information available. Usually, the yearbook appears with a two-year time lag.

Tier 1: FAO data can be used as a Tier 1 default for H in Equation 3.2.7. The roundwood data includes all wood
removed from forests which are reported in cubic meters underbark. The underbark data needs converting to
overbark for use with BEF,. For most tree species bark makes up about 10% to 20% of the overbark stem
volume. Unless country-specific data are available, 15% should be used as a default value and the FAO overbark
volume can be estimated by dividing the underbark estimate by 0.85 before using the values in Equation 3.2.7. It
is good practice to verify, supplement, update and check the quality of data based on any additional data from
national or regional surveys.

Tier 2: Country-specific data should be used.

Tier 3: Country-specific removals data from different forest categories should be used at the resolution
corresponding to the Tier 3 forest model. If known, country-specific information on the dynamics of dead wood
decay should be used to describe the time evolution of non-harvested biomass.

Fuelwood gathering

Estimation of carbon losses due to fuelwood gathering requires data on annual volume of fuelwood gathered
(FG), basic wood density (D), and biomass expansion (BEF,) for converting volumes of collected roundwood to
total aboveground biomass.
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The way fuelwood extraction takes place in different countries varies from ordinary fellings to the gathering of
dead wood (the latter often as a fraction of ‘fg,” of Equation 3.2.7.). This calls for different approaches when
calculating FG, as felling of trees for fuelwood use should be treated as carbon loss due to fellings .The equation
for fuelwood gathering, in comparison with the equation for commercial fellings, does not have a variable for
“fraction left to decay’, as it is assumed that a larger proportion of the trees is likely to be removed from forest.
On the other hand, fuelwood gathering from the forest floor should not be expanded, as it represents a reduction
of the dead wood stock equal to the amount extracted. At the lower tiers it is assumed that this does not affect the
stock in dead wood (see Sec. 3.2.1.2).

This section deals only with fuelwood gathering in forest land remaining forest land. In the sections ‘land
converted to cropland, grassland, etc’, explanation is given on how fuelwood used off-site, from the land use
conversion, should be treated and compensated for in the fuelwood statistics.

Tier 1: FAO provides statistics on fuelwood and charcoal consumption data for all countries. Thus, under Tier
1, FAO statistics can be used directly but should be checked for completeness because in some cases FAO data
may refer to specific activities taking place in particular forests rather than total fuelwood. If more complete
information is available nationally, it should be used. It is good practice to locate the national source of data for
the FAO such as the Ministry of Forests or Agriculture or any statistical organization. It is also good practice to
separate fuelwood gathering from forest land remaining forest land and that coming from forest land conversion
to other uses.

Tier 2: Country-specific data should be used, if available. It is good practice to verify and supplement the FAO
data from many national surveys and studies. Further, it is good practice to conduct a few regional surveys of
fuelwood consumption to validate the national or FAO data source. The national level, aggregate fuelwood
consumption could be estimated by conducting regional level surveys of rural and urban households at different
income levels, industries and establishments.

Tier 3: Fuelwood fellings data from national level studies should be used at the resolution required for the Tier
3 model, including the non-commercial fellings.

Traditional fuelwood gathering as well as commercial fuelwood felling from forest land remaining forest land
sources should be generated at regional or disaggregated level through surveys. Fuelwood consumption depends
on household incomes. Thus, it may be possible to develop models to estimate fuelwood consumption. The
source of fuelwood should be clearly investigated to ensure no double counting occurs, between fuelwood from
forest land remaining forest land and forest land converted to other uses.

A country adopting Tier 3 should undertake a systematic approach to estimate fuelwood consumption along with
sources, through survey of households, industries and establishments. The survey could be conducted in different
homogeneous climatic and socio-economic zones by adopting a statistical procedure (see Chapter 5, Section 5.3
on Sampling). Fuelwood consumption is likely to be different in rural and urban areas and during different
seasons of a year. Thus, the study should be conducted separately in rural and urban areas and in different
seasons. Fuelwood consumption models could be developed using income, level of urbanization, etc.

If fuelwood consumption data is in the form of commercial wood, reflecting only the merchantable wood, it
needs to be converted to whole stand biomass.

Other losses
The estimate of other losses of carbon requires data on areas affected by disturbances (Agisturbance)s the average
biomass stocks of forest areas (By), and the fraction of biomass left to decay in forest (fz,).

It is good practice to report all areas affected by disturbances such as fires, pest and disease outbreaks and
windstorms that occur in managed forest lands irrespective of whether these were the result of human activity.
However, natural disturbances occurring on unmanaged forest, and not resulting in land-use change, should not
be included. Depending on their intensity, fires, windstorms and pests outbreaks affect a variable proportion of
trees in a stand. It is good practice to categorise the affected area, as far as possible, according to the nature and
intensity of disturbances. Losses in biomass accounted as commercial harvest or fuelwood should not be
included under the losses due to other disturbances.

Tier 1: Tier 1 approach is to obtain area of disturbance for the actual year. There are some international data
available on disturbances (see below) but in general default information is limited, and national assessment,
making use of data available at the local level following the disturbance, will be necessary to establish the area
affected. It may also be possible to use aerial survey data.

In the case of fire, both CO, and non-CO, emissions occur from combusted fuels (standing biomass including
understorey, slash, dead wood and litter). Fire may consume a high proportion of under storey vegetation. See
Section 3.2.1.4 for methodology to estimate non-CO, emissions from fire and Equation 3.2.9 for calculating CO,
emissions from fire.
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Annex 3A.1 provides several tables to be used in connection with Equation 3.2.9.

e Table 3A.1.12 provides default values of combustion factor to be used as (1- fg.) in case the country has
good growing stock biomass data; in this case the share lost is used;

e Table 3A.1.13 provides default values of biomass consumption to be used as [Bw e (1- fz )] in case the
growing stock biomass data are not so good; and

e Table 3A.1.14 provides default values of combustion efficiency in cases where fire is used as a means for
land-use change.

Tier 2: Under Tier 2, biomass growing stock changes due to major disturbances will be taken into account by
forest category, type of disturbance and intensity. Average values for biomass stocks are obtained from national
data.

Tier 3: Estimation of growth rate using two inventories and the loss of biomass from disturbances that have
happened between the inventories are included. If the year of the disturbance is unknown, the result will be a
reduction of the average growth rate for the period. If disturbances occur after the last inventory, losses will have
to be calculated similar to Tier 2 approach.

A database on rate and impact of natural disturbances by type, for all European countries (Schelhaas et al.,
2001), can be found at: http://www.efi.fi/projects/dfde

A UNEP database on global burnt area can be found at:
http://www.grid.unep.ch/activities/earlywarning/preview/ims/gba/

However, one should note that the UNEP database is only valid for year 2000. In many countries interannual
variability in burned area is large, so these figures will not provide a representative average.

3.2.1.1.1.3 Choice of Activity Data

AREA OF MANAGED FOREST LAND
All tiers require information on areas of managed forest land.

Tier 1: Tier 1 uses data of forest area which can be obtained through national statistics, from forest services
(which may have information on areas of different management practices), conservation agencies (especially for
areas managed for natural regeneration), municipalities, survey and mapping agencies. Cross-checks should be
made to ensure complete and consistent representation for avoiding omissions or double counting as specified in
Chapter 2. If no country data are available, aggregate information can be obtained from international data
sources (FAO, 1995; FAO 2001, TBFRA, 2000). It is good practice to verify, validate, and update the FAO data
using national sources.

Tier 2: Tier 2 uses country-defined national data sets with a resolution sufficient to ensure appropriate
representation of land areas in line with provisions of Chapter 2 of this report.

Tier 3: Tier 3 uses national data on managed forest lands from different sources, notably national forest
inventories, registers of land-use and land-use changes, or remote sensing. These data should give a full
accounting of all land use transitions to forest land and disaggregate along climate, soil and vegetation types.

3.2.1.1.1.4 Uncertainty Assessment

This section considers source-specific uncertainties relevant to inventory estimates made for forest land
remaining forest. Estimating country-specific and/or disaggregated values entails getting more accurate
information on uncertainties than given below. Section 5.3 on Sampling, in Chapter 5, provides information on
uncertainties associated with sample-based studies.

EMISSION AND REMOVAL FACTORS

The uncertainty of basic wood density of pine, spruce and birch trees (predominantly stems) is under 20% in
studies of Hakkila (1968, 1979) in Finland. The variability between forest stands should be lower or at most the
same as for trees. It is concluded that overall uncertainty of country-specific basic wood density values should be
about 30%.

Lehtonen et al. (2003) analyzed stand level biomass expansion factors for pine, spruce and birch dominated
forests in Finland. The uncertainty of estimates was about 10%. The study was made for predominantly managed
forests, thus, it underestimates about 2 times the variation between forests in the boreal zone. Based on the
above, as estimated by expert judgment, overall uncertainty of BEFs should be 30%. The uncertainty of root-to-
shoot ratio is likely to have similar value of an order of 30%.
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The major source of uncertainty of estimates, in using default wood density and BEFs, is related to applicability
of these parameters for diverse age and composition structure of specific stands. To reduce the uncertainty
associated with this issue, the countries are encouraged to develop country-specific BEFs or share regional
experience on values derived for forest stands that fit most in their conditions. In case the country-specific or
regional-specific values are unavailable, the sources of default emission and removal factors should be checked
and their correspondence with specific conditions of a country should be examined. The efforts should be made
to apply the default values that have the highest correspondence with stand structure, climate and growth
conditions of a particular country.

Vuokila and Véliaho (1980) report values of increment for artificially regenerated pine and spruce stands in
Finland that vary by 50% around the average. The causes of variation include climate, site growth conditions,
and soil fertility. Because artificially regenerated and managed stands are less variable than natural boreal
forests, the overall variability of default values for increment for this climatic zone is expected to be a factor of
two. Based on higher biological diversity of temperate and tropical forests, one can expect that their default
increment values may vary by a factor of three. The major ways to improve accuracy of estimates are associated
with application of country-specific or regional increment stratified by forest type. If the default values of
increment are used, the uncertainty of estimates should be clearly indicated and documented.

The data on commercial fellings are relatively accurate. Therefore, their uncertainty is less than 30%. However,
the data on total fellings may be incomplete, due to illegal fellings and (or) underreporting due to tax regulations.
Wood that are used directly, without being sold or processed by others than the person taking the wood from
forest are not likely to be included in any statistics. However, it must be noted that illegal fellings and
underreporting in most cases constitute minor part of carbon stock withdrawals from forests and hence, they
should not affect overall estimates and associated uncertainties so much. The amount of wood removed from
forests after storm breaks and pest outbreaks varies a lot both in time and volumes. No default data can be
provided on this type of losses. The uncertainties associated with these losses could be estimated by expert
judgment based on amount of damaged wood directly withdrawn from forest (if available) or based on the data
on the damaged wood subsequently used for commercial and other purposes.

If fuelwood gathering is treated separately from fellings, the relevant uncertainties might be high. International
data sources provide uncertainty estimates that could be used together with appropriate data on fuelwood. The
uncertainties for national data on fuelwood gathering could be obtained from local forestry service or statistical
agency or can be estimated with the use of expert judgment.

ACTIVITY DATA

Avrea data should be obtained using the methods in Chapter 2. Uncertainties vary between 1-15% in 16 European
countries (Laitat et al., 2000). The uncertainty of remote sensing methods is £10-15%. Sub-units will have
greater uncertainty unless the number of samples is increased — other things being equal for uniform sampling an
area one tenth of the national total will have one tenth the number of sample points and hence the uncertainty
will be larger by about the square root of 10, or roughly 3.16. In case the national data on areas of forest lands
are not available, the inventory preparers should refer to international data sources and use uncertainty provided
by them.

3.2.1.2 CHANGE IN CARBON STOCKS IN DEAD ORGANIC MATTER

This section elaborates good practices for estimating carbon stock changes associated with dead organic matter
pools. The IPCC Guidelines assume as a default that changes in carbon stocks in these pools are not significant
and can be assumed zero, i.e. that inputs balance losses so that net dead organic matter carbon stock changes are
zero. However, the IPCC Guidelines say that dead organic matter should be considered in future work on
inventory methods because the quantity of carbon in dead organic matter is a significant reservoir in many of the
world’s forests. Note that the dead organic matter pools only need to be estimated if Tier 2 or Tier 3 is chosen.

Separate guidance is provided here for two types of dead organic matter pools: 1) dead wood and 2) litter. Table
3.1.2 in Section 3.1.3 of this report provides detailed definitions of these pools. Equation 3.2.10 summarises the
calculation for change in dead organic matter carbon pools.

EQUATION 3.2.10
ANNUAL CHANGE IN CARBON STOCKS IN DEAD ORGANIC MATTER
IN FOREST LAND REMAINING FOREST LAND

ACFFDOM = ACI:':Dw + ACk LT

Where:
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ACrr oy = annual change in carbon stocks in dead organic matter (includes dead wood and litter) in
forest land remaining forest land, tonnes C yr™

ACFFDW = change in carbon stocks in dead wood in forest land remaining forest land, tonnes C yr™

ACFFLT = change in carbon stocks in litter in forest land remaining forest land, tonnes C yr*

3.2.1.2.1 METHODOLOGICAL ISSUES

DEAD WOOD

Dead wood is a diverse pool with many practical problems for measuring in the field and associated uncertainties
about rates of transfer to litter, soil, or emissions to the atmosphere. Carbon in dead wood is highly variable
between stands across the landscape, both in managed stands (Duvall and Grigal, 1999; Chojnacky and Heath,
2002) and even in unmanaged stands (Spies et al., 1988). Amounts of dead wood depend on the time of last
disturbance, the amount of input (mortality) at the time of the disturbance (Spies et al. 1988), natural mortality
rates, decay rate, and management. The proposed approach recognizes the regional importance of forest type,
disturbance regime, and management regime on the carbon stocks in dead wood, and allows for the
incorporation of available scientific knowledge and data.

LITTER

The accumulation of litter is a function of the annual amount of litterfall, which includes all leaves, twigs and
small branches, fruits, flowers, and bark, minus the annual rate of decomposition. The litter mass is also
influenced by the time of last disturbance, and the type of disturbance. During the early stages of stand
development, litter increases rapidly. Management such as timber harvesting, slash burning, and site preparation
dramatically alter litter properties (Fisher and Binkley, 2000), but there are few studies clearly documenting the
effects of management on litter carbon (Smith and Heath, 2002).

The proposed approach recognizes the important impact of forest type, and disturbance regimes or management
activities on the carbon in litter, and allows for the incorporation of the available scientific knowledge and data.
The methodology assumes:

e Carbon in the litter pool eventually attains a spatially-averaged, stable value specific to the forest type,
disturbance regime, and management practice;

e Changes leading to a new stable litter carbon value occur over a transition time. A column in Table 3.2.1
features updated default factors for the transition period. The value of carbon in litter generally stabilizes
sooner than aboveground biomass stocks; and

e  Carbon sequestration during the transition to a new equilibrium is linear.

3.2.1.2.1.1 Choice of Method
Depending on available data, the country may arrive at a different tier for the dead wood and litter pools.

Calculation procedure for change in carbon stocks in dead wood

The IPCC Guidelines do not require estimation or reporting on dead wood or litter, on the assumption that the
time average value of these pools will remain constant with inputs to dead matter pools balanced by outputs. The
GPG retains this default assumption but provides advice for reporting at higher tiers for Convention purposes
and to meet the requirements set out in Chapter 4.

The change in carbon stocks in dead wood for an area of forest land can be calculated using two options, given
in Equation 3.2.11 and Equation 3.2.12. The forest land areas should be categorised by forest type, disturbance
regime, management regime, or other factors significantly affecting dead wood carbon pools. Gross CO,
emissions from dead wood should be calculated as part of Equation 3.2.11 at Tier 2 or Tier 3.

EQUATION 3.2.11
ANNUAL CHANGE IN CARBON STOCKS IN DEAD WOOD IN FOREST LAND REMAINING FOREST LAND
(OPTION 1)

ACFFDW =[A @ (Biyo — Bow)] ® CF

Where:

ACFFDW = annual change in carbon stocks in dead wood in forest land remaining forest land, tonnes C yr™

A = area of managed forest land remaining forest land, ha
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Bino = average annual transfer into dead wood, tonnes d.m. ha™ yr'1
B, = average annual transfer out of dead wood, tonnes d.m. ha* yr'l
CF = carbon fraction of dry matter (default = 0.5), tonnes C (tonne d.m.)™

Binwo, the annual transfer into the dead wood pool, includes biomass cut for harvest but left on the site, natural
mortality, and biomass from trees killed by fire or other disturbances, but not emitted at the time of disturbance.
Bout, average annual transfer out of dead wood pool, is the carbon emissions from the dead wood pool. These are
calculated by multiplying the dead wood carbon stock by a decay rate. The IPCC Guidelines, assume that By
and B, balance so that ACFFDW equals zero.

The equation chosen depends on available data. Transfers into and out of a dead wood pool for Equation 3.2.11
may be difficult to measure. The stock change method described in Equation 3.2.12 is used with survey data
sampled according to the principles set out in Section 5.3.

EQUATION 3.2.12
ANNUAL CHANGE IN CARBON STOCKS IN DEAD WOOD IN FOREST LAND REMAINING FOREST LAND
(OPTION 2)

ACke,, =[A® (B,~By)/T] e CF

Where:

ACFFDW = annual change in carbon stocks in dead wood in forest land remaining forest land, tonnes C yr™

A = area of managed forest land remaining forest land, ha
By = dead wood stock at time t; for managed forest land remaining forest land, tonnes d.m. ha™

By, = dead wood stock at time t, (the previous time) for managed forest land remaining forest land, tonnes
d.m. hat

T (=t, — ty) = time period between time of the second stock estimate and the first stock estimate, yr
CF = carbon fraction of dry matter (default = 0.5), tonnes C (tonne d.m.)™

The decision tree in Figure 3.1.1 (Section 3.1.6) provides assistance in the selection of the appropriate tier level
for the implementation of estimation procedures. Theoretically, Equations 3.2.11 and 3.2.12 should give the
same carbon estimates. In practice, data availability and desired accuracy determine choice of equation.

Tier 1 (Default): The IPCC Guidelines, consistent with reporting under Tier 1, assume that the average transfer
rate into the dead wood pool is equal to the transfer rate out of the dead wood pool so the net change is zero. This
assumption means that magnitude of the dead wood carbon pool need not be quantified. Countries experiencing
significant changes in forest types, or disturbance or management regimes in their forests are encouraged to
develop domestic data to quantify this impact and report it under Tier 2 or 3 methodologies.

Tier 2: Equation 3.2.11 or Equation 3.2.12 is used, depending on the type of data available nationally. Activity
data are defined by the country by significant forest types, disturbance and management regimes, or other
important variables affecting dead wood pool. Where Equation 3.2.11 is used, transfer rates are determined for
the country or taken from matching regional sources such as data from nearby countries. Country-specific decay
rates are used to estimate carbon emissions from dead wood stocks. When country-specific dead wood carbon
stocks defaults are known, Equation 3.2.12 is used.

Tier 3: Tier 3 methods are used where countries have country-specific emission factors, and substantial national
methodology. Country-defined methodology may be based on detailed inventories of permanent sample plots for
their managed forests, and/or models. The statistical design of the inventory, consistent with the principles set
out in Chapter 5, will provide information on the uncertainties associated with the inventory. Models used will
follow the principles set out in Chapter 5. Equation 3.2.11 or Equation 3.2.12 is used, depending on the available
data and methodology.

LITTER

Calculation procedure for change in carbon stocks in litter
The conceptual approach to estimating changes in carbon stocks in litter is to calculate the net annual changes in
litter stocks for an area of forest land undergoing a transition from state i to state j as in Equation 3.2.13:
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EQUATION 3.2.13
ANNUAL CHANGE IN CARBON STOCKS IN LITTER IN FOREST LAND REMAINING FOREST LAND

ACer =23 [(C—Ci) @ Ayl / Ty
where,

Ci = I—Tref(i) L4 fman intensity(i) L4 fdist regime(i)

Where:

ACFFLT = annual change in carbon stocks in litter, tonnes C yr*

C; = stable litter stock, under previous state i, tonnes C ha™

C; = stable litter stock, under current state j, tonnes C ha™

A;; = forest area undergoing a transition from state i to j, ha

Tj; = time period of the transition from state i to state j, yr. The default is 20 years

LT sy = the reference stock of litter under native, unmanaged forest, corresponding to state i, tonnes C
ha™

Tman intensityy = adjustment factor reflecting the effect of management intensity or practices on LT in state
i, dimensionless

Taist regimey= adjustment factor reflecting a change in the disturbance regime with respect to LT in state i,
dimensionless

The values of the default adjustment factors reflecting the effect of management intensity or disturbance regime
are 1.0. Sometimes data on litter pools are collected in terms of dry matter, not carbon. To convert to dry matter
mass of litter to carbon, multiply the mass by a default value of 0.370 (Smith and Heath, 2002), not the carbon
fraction used for biomass.

The transition from C; to C; is assumed to take place over a transition period of T years (default = 20 years). The
total litter carbon pool changes in any year equals the sum of the annual emissions/removals for all forest lands
having undergone changes in forest types, management practices or disturbance regimes for a period of time
shorter than T years. Updated default values are presented in Table 3.2.1 for litter carbon stocks for mature forest
land remaining forest, net accumulation rates for the 20 year default, updated default transition period lengths,
and net accumulation rates for the updated default transition period lengths.

The decision tree in Figure 3.1.1 (Section 3.1.6) provides assistance in the selection of the appropriate tier level
for the implementation of estimation procedures.

Tier 1 (Default): The IPCC Guidelines, consistent with reporting under Tier 1, assume that the average transfer
rate into the litter pool is equal to the transfer rate out of the litter pool so the net change is zero. This assumption
means that magnitude of the litter pool need not be quantified. Countries experiencing significant changes in forest
types or disturbance or management regimes in their forests are encouraged to develop domestic data to quantify
this impact and report it under Tier 2 or 3 methodologies.

Tier 2: Equation 3.2.13 or a formulation of Equation 3.2.11 for litter carbon is used, depending on the type of
data available nationally. Activity data are defined by the country by significant forest types, disturbance and
management regimes, or other important variables affecting dead wood pool. Where transfer rates are
determined for the country or taken from matching regional sources such as data from nearby countries,
Equation 3.2.11 formulated for litter is used. Country-specific decay rates are used to estimate carbon emissions
from dead wood stocks. Where litter carbon pools are measured consistently over time, Equation 3.2.12 is used.

Tier 3: Methodology for estimating litter carbon changes involves the development, validation, and
implementation of a domestic inventory scheme or inventory systems combined with the use of models. This tier
features pools that are more closely linked, perhaps by taking measurements or samples of all forest pools at the
same location. Given the spatial and temporal variability and uncertainty in litter carbon, countries in which litter
C changes from managed forests are a key category, are encouraged to quantify changes using statistically-
designed inventories or advanced models proven to be capable of accurately predicting site-specific changes.
The statistical design of the inventory, consistent with the principles set out in Chapter 5, will provide
information on the uncertainties associated with the inventory. Models used will follow the principles set out in
Chapter 5. Depending on the available data and methodology, Equation 3.2.13 or a litter variant of Equation
3.2.11 is used.
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TABLE3.2.1
UPDATED DEFAULTS FOR LITTER CARBON STOCKS (TONNES C HA™Y) AND TRANSITION PERIOD (YEARS)
(Net annual accumulation of litter carbon is based mostly on data for managed forest and
default period of 20 years)
Forest Type
Broadleaf  Needleleaf | Broadleaf Needleleaf Broadleaf  Needleleaf | Broadleaf Needleleaf
Deciduous  Evergreen | Deciduous Evergreen | Deciduous Evergreen | Deciduous Evergreen
Net annual accumulation Net annual
Climate Litter carbon stock of Length of . accumulation of litter
o . of litter C over length of
mature forests transition period . S0 C, based on 20 year
transition period default
(tonnes C ha™) (years) (tonnes C ha™ yr?) (tonnes C ha™ yr?)
Boreal, dry 25 31
(10-58) (6-86) 50 80 0.5 0.4 1.2 1.6
Boreal, moist 39 55
(11-117) (7-123) 50 80 0.8 0.7 2.0 2.8
Cold Temperate, 28 27
dry (23-33)° (17-42) ® 50 80 0.6 0.4 14 14
Cold temperate, 16 26
moist (5-31) ® (10-48) ® 50 50 0.3 0.5 0.8 1.3
Warm Temperate, 28.2 20.3
dry (23.4-33.0)* (17.3-21.1)* = = 0.4 0.3 14 1.0
Warm temperate, 13 22
moist (2-31) ® (6-42)° 50 30 0.3 0.7 0.6 11
Subtropical 28 41 20 20 0.1 0.2 0.1 0.2
(2-3)
Tropical 2.1 5.2 20 20 0.1 03 0.1 0.3
(1-3)
Source: Siltanen et al., 1997; and Smith and Heath, 2002; Tremblay et al., 2002; and Vogt et al.,1996, converted from mass to carbon by
multiplying by conversion factor of 0.37 (Smith and Heath, 2002).
Note: Ages follow Smith and Heath (2002).
*Values in parentheses marked by superscript “a” are the 5™ and 95" percentiles from simulations of inventory plots, while those without
superscript “a” indicate the entire range.
® These columns indicates the annual increase in litter carbon when starting from bare ground in land converted forest land.
°Note that the accumulation rates are for carbon being absorbed from the atmosphere. However, depending on the methodology, these may
be transfers from other pools.

3.2.1.2.1.2 Choice of Emission/Removal Factors

DEAD WOOD
Tier 1: By default, it is assumed that the dead wood carbon stocks in all managed forests remaining forests are
stable.

Tier 2: Country-specific values for transfer of carbon in live trees that are harvested to harvest residues can be
derived from domestic expansion factors, taking into account the forest type (coniferous/broadleaved/
mixed), the rate of biomass utilization, harvesting practices and the amount of damaged trees during harvesting
operations. Country-specific values for disturbance regimes could be derived from scientific studies. If country-
specific input factors are derived, corresponding loss factors for harvest and disturbance regimes should also be
derived from country-specific data.

Tier 3: For Tier 3, countries should develop their own methodologies and parameters for estimating changes in
dead wood. Such approaches should be undertaken as part of the national forest inventory, with periodic
sampling according to the principles set our in Section 5.3, which can be coupled with modeling studies to
capture the dynamics of all forest-related pools. Tier 3 methods provide estimates of greater certainty than lower
tiers and feature a greater link between individual forest pools. Some countries have developed disturbance
matrices that provide, for each type of disturbance, a carbon reallocation pattern among different pools (Kurz
and Apps, 1992). Other important parameters in a modeled dead wood carbon budget are decay rates, which may
vary with the type of wood and microclimatic conditions, and site preparation procedures (e.g. controlled
broadcast burning, or burning of piles). Equation 3.2.12 can be used with sample data obtained consistent with
the principles set out in Section 5.3. Table 3.2.2 provides data which may be useful for model intercomparison,
but are not suitable as defaults.
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UPDATED DEFAULTS OF NATURAL MORTALII\? i:igggEAD WOOD STOCKS, AND LIVE:DEAD RATIOS
(Note that these are mostly based on semi natural and near natural forests)
Biome? (fractioné)ﬁes:?a%%mgr;?élr%/agstSer year) Coefficient of Variation/Number of stands
Tropical forest 0.0177 0.616/61
Evergreen forest 0.0116 1.059/49
Deciduous forest 0.0117 0.682/29
Average (median) dead ‘_’¥°°d stock Coefficient of Variation/Number of stands
(tonnes d.m. ha™)
Tropical forest 18.2 2.12/37
Evergreen forest 434 1.12/64
Deciduous forest 34.7 1.00/62
Average (median) dead:live ratio Coefficient of Variation/Number of stands
Tropical forest 0.11 0.75/10
Evergreen forest 0.20 1.33/18
Deciduous forest 0.14 0.77/19
Sources: Harmon, M. E., O. N. Krankina, M. Yatskov, and E. Matthews. 2001. Predicting broad-scale carbon stores of woody detritus
from plot-level data. Pp. 533-552 In: Lal, R., J. Kimble, B. A. Stewart, Assessment Methods for Soil Carbon, CRC Press, New York
2 For delineation of biomes, see Figure 3.1.3.

LITTER

Tier 1 (Default): In the IPCC Guidelines, consistent with reporting under Tier 1, litter inputs and outputs are
assumed to balance and the pools are therefore taken to be stable. Countries experiencing significant changes in
forest types or disturbance or management regimes in their forests are encouraged to develop domestic data to
quantify this impact and report it under Tier 2 or 3 methodologies. Default values are presented in Table 3.2.1.
These values may be used as an approximate calculation to determine if litter carbon is a key category, or as a
check for country-specific values.

Tier 2: It is good practice to use country level data on litter for different forest categories, in combination with
default values if country or regional values are not available for some forest categories. Table 3.2.1 provides
updated default data on litter stocks, but these are not a substitute for national data, where available.

Tier 3: National level disaggregated litter carbon estimates are available for different forest types, disturbance
and management regimes, based on measurements from National Forest Inventories or from a dedicated
greenhouse gas (GHG) Inventory Programme.

3.2.1.2.1.3 Choice of Activity Data

Activity data consist of areas of forest remaining forest summarised by major forest types, management
practices, and disturbance regimes. Total forest area should be consistent with those reported under other
sections of this chapter, notably Section 3.2.1.1. The assessment of changes in dead organic matter is greatly
facilitated if this information can be used in conjunction with national soil and climate data, vegetation
inventories, and other geophysical data. The area summaries for the litter pool may be different than those for the
dead wood pool when it is known that emission factors do not vary for some of the activity data, such as by
management practice.

Data sources will vary according to a country’s forest management system, from individual contractors or
companies, to regulation bodies and government agencies responsible for forest inventory and management, and
research institutions. Data formats vary widely, and include, among others, activity reports submitted regularly
within incentive programs or as required by regulations, forest management inventories and remotely sensed
imagery.

3.2.1.2.1.4 Uncertainty Assessment

The uncertainty associated with Tier 1 methods is so high that the dead organic matter pools were simply
assumed to be stable at a time that managed forests are growing. Logging residue created by harvest was
assumed to decay instantly at time of harvest, emitting its entire mass as carbon dioxide. Emissions from dead
organic matter due to disturbances like wildfires, or insect or disease infestation were ignored. The dynamics of
the litter carbon pool were also ignored. When emissions are assumed equal to zero, describing uncertainty in
terms of percentage of the emissions is indeterminate. Any percentage multiplied by zero is zero.
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DEAD WOOD

An estimate for a maximum bound for carbon in dead wood is 25% of the amount of C in live biomass pools.
The maximum value in absolute terms in C in dead wood is 25% of the amount of C in live biomass pools
divided by five. Dividing by 5 simulates dead wood decaying in five years. The use of regional and country-
specific inventory data and models under Tiers 2 and 3 enables for significant reduction of uncertainties. A
survey of dead wood may be designed for any designated precision. Nationally determined values of within
+30% may be reasonable for dead wood.

LITTER

Ranges in Table 3.2.1 may be analyzed for uncertainty defaults for litter. For litter pools, the uncertainty is
approximately a factor of one. For emissions or sequestration rates, the uncertainty is also approximately a factor
of one. The use of regional and country-specific inventory data and models under Tiers 2 and 3 enables for
significant reduction of uncertainties.

3.2.1.3 CHANGE IN CARBON STOCKS IN SOILS

This section elaborates on estimation procedures and good practices for estimating change in carbon stocks from
and to forest soils. Separate guidance is provided for two types of forest soil carbon pools: 1) the organic fraction
of mineral forest soils, and 2) organic soils. The change in carbon stocks in soils in forest land remaining forest
land (ACFFSoiIs) is equal to the sum of changes in carbon stocks in the mineral soil (ACFFMineral) and the organic

soil (ACFFOrganic)'

This report does not address the inorganic soil carbon pool, but notes the need for soil analytical procedures to
distinguish between the organic and inorganic fractions where the latter is significant.

SOIL ORGANIC MATTER

Soil organic matter refers to a complex of large and amorphous organic molecules and particles derived from the
humification of aboveground and belowground litter, and incorporated into the soil, either as free particles or
bound to mineral soil particles. It also includes organic acids, dead and living microorganisms, and the
substances synthesized from their breakdown products (Johnson et al., 1995).

It is good practice to separate mineral from organic forest soils, as default estimation procedures are different.

SOIL ORGANIC MATTER IN MINERAL FOREST SOILS

Globally, the organic carbon content of mineral forest soils (to 1 m depth) varies between less than 10 and
almost 20 kg C m?, with large standard deviations (Jobbagy and Jackson, 2000). Mineral forest soils to that
depth contain approximately 700 Pg C (Dixon et al., 1994). Because the input of organic matter is largely from
aboveground litter, forest soil organic matter tends to concentrate in the upper soil horizons, with roughly half of
the soil organic carbon of the top 100 cm of mineral soil being held in the upper 30 cm layer. The carbon held in
the upper profile is often the most chemically decomposable, and the most directly exposed to natural and
anthropogenic disturbances.

Due to inconsistent classifications, there is no global estimate of the carbon content of forested organic soils.
Zoltai and Martikainen (1997) estimated that forested peatlands extend between 70 and 88 Mha (using a 30 cm
minimum depth), with a global carbon content in the order of 500 Pg.

Box 3.2.1
ORGANIC SOILS, PEATLANDS AND WETLANDS

The expressions organic soils and peatlands are sometimes used interchangeably in the literature,
although the term “peat”, more commonly used in the ecological literature, really refers to the
origin of the organic material — principally moss fragments formed under anaerobic conditions.
The mere presence of peat is not sufficient to define the soil as organic. Note that organic soils
may be covered by LFH (litter, fermentation and humus) layers, however these organic layers
would not be found in an anaerobic environment.

Wetlands are identified and classified based on their hydrological properties, i.e. by the dominance
of anaerobic conditions. Bogs are wetlands with an organic substrate.

For the purpose of this document, all organic soils within the managed forest should be included in
the assessment, regardless of the origin of the organic matter, or the soil’s hydrological regime.
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3.2.1.3.1 METHODOLOGICAL ISSUES

Soil organic matter is in a state of dynamic balance between inputs and outputs of organic carbon. Inputs are
largely determined by the forest productivity, the decomposition of litter and its incorporation into the mineral
soil; rates of organic matter decay and the return of carbon to the atmosphere through respiration control outputs
(Pregitzer, 2003). Other losses of soil organic carbon occur through erosion or the dissolution of organic carbon,
but these processes may not result in immediate carbon emissions.

In general, human activities and other disturbances alter the carbon dynamics of forest soils. Changes in forest
type, productivity, decay rates and disturbances can effectively modify the carbon contents of forest soils.
Different forest management activities, such as rotation length; harvest practices (whole tree or sawlog;
regeneration, partial cut or thinning); site preparation activities (prescribed fires, soil scarification); and
fertilisation, interfere more or less strongly with soil organic carbon (Harmon and Marks, 2002; Liski et al.,
2001; Johnson and Curtis, 2001). Changes in disturbance regimes, notably in the occurrence of severe forest
fires, pest outbreaks, and other stand-replacing disturbances are also expected to alter the forest soil carbon pool
(Li and Apps, 2002; de Groot et al., 2002).

MINERAL SOILS

In spite of a growing body of literature on the effect of forest types, management practices and other
disturbances on soil organic carbon, the available evidence remains largely site- and study-specific, for the most
part influenced by climatic conditions, soil properties, the time scale of interest, the soil depth considered and the
sampling intensity (Johnson and Curtis, 2001; Hoover, 2003; Page-Dumroese et al., 2003). The current
knowledge remains inconclusive on both the magnitude and direction of carbon stock changes in mineral forest
soils associated with forest type, management and other disturbances, and cannot support broad generalisations.

The proposed approach acknowledges the regionally important impact of forest type, management activities or
disturbance regimes on the carbon budget of mineral forest soils, and allows for the incorporation of the
available scientific knowledge and data. However, due to the incomplete scientific basis and resulting
uncertainty, the assumption in the IPCC Guidelines that forest soil carbon stocks remain constant is retained and
accordingly no default data will be provided at the Tier 1 level.

Conceptually, the default approach assumes a stable, spatially-averaged carbon content of mineral soils under
given forest types, management practices and disturbance regimes. This equilibrium value is altered when these
states or conditions change. The following assumptions are made:

0] Forest soil organic carbon (SOC) reaches over time a spatially-averaged, stable value specific to the
soil, forest type and management practices (e.g. tropical conifer plantation on a low-activity soil).
This value is a temporally averaged SOC best estimated over several rotations or disturbance cycles
(Figure 3.2.1).

(i) Changes in forest type or management leading to a new stable SOC value occur over a transition
time equal to the length of a rotation or the return interval of natural disturbances, in years.

(ili)  SOC sequestration/release during the transition to a new equilibrium SOC occurs in a linear
fashion.

Figure 3.2.1 Two temporally averaged values of soil organic carbon corresponding to different
combinations of forest soils, management practices and disturbance regimes.

7 N
.
+ ' D
' '
+ " 1 'a M 1 3 2 L
X o T .
L= Lo JIs leo”

Soil organic carbon
(g C per ha)

Time

IPCC Good Practice Guidance for LULUCF 3.39



Chapter 3: LUCF Sector Good Practice Guidance

ORGANIC SOILS

As in mineral soils, the accumulation or loss of carbon in organic soils results from a balance between inputs and
outputs. When wet or moist conditions more or less hamper the decomposition of organic matter, input of
organic matter may exceed decomposition losses, and organic matter accumulates. The carbon released from
saturated organic soils to the atmosphere is predominantly under the form of CH,, while under aerobic
conditions the C flux to the atmosphere is dominated by CO,. The C dynamics of organic soils are closely linked
to the site hydrological regimes: available moisture, depth of the water table, reduction-oxidation conditions
(Clymo, 1984; Thormann et al., 1999); but also species composition and litter chemistry (Yavitt et al., 1997).
This C pool will readily respond to activities or events that affect aeration and decomposition conditions.

The drainage of organic soils releases CO, by oxidation of the organic matter in the aerobic layer, although this
loss of carbon can be partially or entirely offset by: 1) greater inputs of organic matter from above; or 2)
decrease in natural fluxes of CH,;. The magnitude of the CO, emissions is related to drainage depth, the fertility
and consistence of the peat, and temperature (Martikainen et al., 1995). Abandonment of drainage in organic
soils reduces these CO, emissions and may even re-establish the net carbon sequestration potential in forested
organic soils (see also Section 3a.3.2 (Organic soils managed for peat extraction) in Appendix 3a.3, and Section
3.2.1.4 (Non-CO, Greenhouse Gas Emissions)). The CO, released from organic matter oxidation after drainage
is considered anthropogenic. Emissions from undrained, and unmanaged forested peatlands are considered as
natural and are therefore not accounted for.

Other forest management activities are likely to disrupt the C dynamics of the underlying organic soils. Harvest,
for example, may cause a rise in the water table due to reduced interception, evaporation and transpiration (Dubé
etal., 1995).

While there is some evidence of the effects of anthropogenic activities on forested organic soils, the data and
knowledge remain largely site-specific and can hardly be generalized. The net carbon flux of organic soils is
usually directly estimated from chamber or flux tower measurements (Lafleur, 2002).

3.2.1.3.1.1 Choice of Method

Calculation procedure for change in carbon stocks in soils

MINERAL SOILS

Conceptually, emissions or removals of carbon from the mineral forest soil pool can be calculated as annual
changes in soil organic carbon stocks for an area of forest land undergoing a transition from state i to state j,
where each state corresponds to a given combination of forest type, management intensity and disturbance
regime. This is illustrated by Equation 3.2.14:

EQUATION 3.2.14
ANNUAL CHANGE IN CARBON STOCKS IN MINERAL SOILS
IN FOREST LAND REMAINING FOREST LAND

=2 [(SOC;—SOC) @ Aj] / Tj
Where,

ACFFMINERAL

SOCi = Socref L4 fforest type (i) L fman intensity (i) L4 1:dist regime (i)

Where:

= annual change in carbon stocks in mineral soils in forest land remaining forest land,
tonnes C yr*

C
FFMineraI

SOC; = stable soil organic carbon stock, under previous state i, tonnes C ha™

SOC; = stable soil organic carbon stock, under current state j, tonnes C ha

A;; = forest area undergoing a transition from state i to j, ha

T;; = time period of the transition from SOC; to SOC;, yr. The default is 20 years.

SOC,s = the reference carbon stock, under native, unmanaged forest on a given soil, tonnes C ha™

frorestype ) = adjustment factor reflecting the effect of a change from the native forest to forest type in
state i, dimensionless

Tman intensity iy = adjustment factor reflecting the effect of management intensity or practices on forest in
state i, dimensionless
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Taist regime ) = adjustment factor reflecting the effect of a change in the disturbance regime to state i with
respect to the native forest, dimensionless

The transition from SOC; to SOC; is assumed to take place over a transition period of T years (default = 20
years). In other words AC > 0 as long as fewer than T years have elapsed since the onset of changes in forest
type, management practices, or disturbance regime. The total SOC changes in any year equals the sum of the
annual emissions/removals for all forest lands having undergone changes in forest types, management practices
or disturbance regimes for a period of time shorter than T years.

The decision tree in Figure 3.1.1 (Section 3.1) provides assistance in the selection of the appropriate tier level for
the implementation of estimation procedures.

Tier 1: This tier is used for countries using the default procedure in the IPCC Guidelines, or for which this
subcategory is not significant, and little or no country-specific data exist on the SOC of mineral forest soils under
dominant forest types, management practices and disturbance regimes. Under Tier 1, it is assumed that when
forest remains forest the carbon stock in soil organic matter does not change, regardless of changes in forest
management, types, and disturbance regimes (i.e. SOC; = SOC; = ... = SOC,) in other words that the carbon
stock in mineral soil remains constant so long as the land remains forest.

Tier 2: Countries where this subcategory is significant should develop or select representative adjustment factors
Trorest typer Tman intensity, @Nd Taist regime reflecting the impact on mineral SOC of different forest types, management
practices or disturbance regimes, and SOC, for their own native, unmanaged forest ecosystems. Domestic
values for the transition period T should be developed, and the assumption of linear rates of SOC change can be
modified to better reflect the actual temporal dynamics of soil carbon sequestration or release.

Tier 3: Tier 3 is appropriate for countries where emissions/removals in the mineral soils of managed forests are
important, while current knowledge and available data allow the development of an accurate and comprehensive
domestic estimation methodology. This involves the development, validation and implementation of a domestic
monitoring scheme and/or modelling tool and its associated parameters. The basic elements of any country-
specific approach are (adapted from Webbnet Land Resource Services Pty Itd, 1999):

e Stratification by climatic zones, major forest types and management regimes coherent with those used for
other sections of the inventory, especially the other carbon pools under this Section 3.2.1;

e Determination of dominant soil types in each stratum;

e Characterisation of corresponding soil carbon pools, identification of determinant processes in SOC input
and output rates and the conditions under which these processes occur; and

e Determination and implementation of suitable methods to estimate carbon emissions/removals from forest
soils for each stratum on an operational basis, including validation procedures; methodological
considerations should include the combination of monitoring activities — such as repeated forest soil
inventories - and modelling studies, and the establishment of benchmark sites. Further guidance on good soil
monitoring practices is available in the scientific literature (Kimble et al., 2003; Lal et al., 2001; McKenzie
et al., 2000), and Section 5.3 provides generic guidance on sampling techniques. Models developed or
adapted for this purpose should be peer-reviewed, and validated with observations representative of the
ecosystems under study and independent from the calibration data.

The methodology should be comprehensive, and include all managed forest lands and all anthropogenic
influence on SOC dynamics. Some assumptions underlying Tier 3 estimation procedures may depart from those
inherent to the default methodology, provided sound scientific basis underlies new assumptions. Tier 3 may also
include factors that influence emissions and removals of C from forest soils that are not included in the default
approach. Finally, Tier 3 calculations are expected to be more refined temporally and spatially. It is good
practice, at Tier-3 accounting level, to include SOC in an integrated ecosystem assessment of all forest carbon
pools, with explicit linkages between the soil, biomass and dead organic matter pools.

The national methodology should include a strong verification component, in which independent data are
collected for the verification of the applicability of defaults values and national parameters. Verification
activities should take place at a number of spatial and temporal scales, and may incorporate data from basic
inventory methods, remote sensing and modelling. Chapter 5 elaborates on general approaches to the verification
of inventory estimates.

ORGANIC SOILS

Current knowledge and data limitations constrain the development of a default methodology for estimating CO,
emissions to and from drained, organic forest soils. Guidance will be limited to the estimation of carbon
emissions associated with the drainage of organic soils in managed forests (Equation 3.2.15).
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EQUATION 3.2.15
CO, EMISSIONS FROM DRAINED ORGANIC FOREST SOILS

ACFFOrganic = Aprained ® EFprainage

Where:

ACFFOrganic = CO, emissions from drained organic forest soils, tonnes C yr*

Aprineg = area of drained organic forest soils, ha

EFprainage = €mission factor for CO, from drained organic forest soils, tonnes C ha* yr'l (see Table 3.2.3)

TABLE3.2.3
DEFAULT VALUES FOR CO,-C EMISSION FACTOR FOR DRAINED ORGANIC SOILS IN MANAGED FORESTS
Biomes Emissions factors (tonnes C ha* yr?)
Values Ranges
Tropical forests 1.36 0.82 -3.82
Temperate forests 0.68 041-191
Boreal forests 0.16 0.08 -1.09

Emissions are assumed to continue for as long as the aerobic organic layer remains and the soil is considered to
be an organic soil.

Tier 1: Tier 1 calculation procedures involve producing country-specific data on the area of drained, organic
forest soils and applying the appropriate default emissions factor. This tier is appropriate for countries in which
this subcategory is not significant, and in case where representative EFpainage Values are not available.

Tier 2: Tier 2 is suitable for countries where this subcategory is significant; these countries should develop or
select representative EFpyainage Values.

Tier 3: Tier 3 methodology involves the estimation of CO,-C emissions and removals associated with the entire
area of forested organic soils, including all anthropogenic activities likely to alter the hydrological regime,
surface temperature and vegetation composition of forested organic soils; and major disturbances such as fires. It
is good practice, in Tier 3 estimation procedures, to conduct a full carbon balance of forested organic soils,
including fluxes of both CO, and CH,. Tier 3 methodologies should also be consistent with the estimation
procedures for non-CO, GHG in Section 3.2.1.4. Tier 3 estimation procedures are appropriate if a country’s
managed forest includes extensive areas of organic soils.

Figure 3.1.1 (Section 3.1) provides guidance in the selection of tiers for the estimation of CO, emissions from
drained, organic forest soils.

3.2.1.3.1.2 Choice of Emission/Removal Factors

MINERAL SOILS
The parameters to be estimated are SOC;jj, Tij, SOCref , Trorest types fman intensitys 8N Tist regime-

Tier 1: The current state of knowledge on managed forest soils does not allow the derivation of default soil
carbon stock parameters (SOC;;). Default values for SOC,, the organic carbon content of mineral forest soils
under native vegetation, for 0-30 cm depth, are provided in Table 3.2.4.

Tier 2: Countries provide their own values of SOC,, compiled from published studies or surveys representative
of major native forest and soil types. Such values are typically obtained through the development and/or
compilation of large soil profile databases (Scott et al., 2002; NSSC, 1997; Siltanen et al., 1997).

The carbon content per unit area (or carbon stocks) should be reported in tonnes C ha™ for a given soil depth or
layer (e.g. to 100 cm, or for the 0-30 cm layer). As shown in Equation 3.2.16, total SOC contents is obtained by
summing the SOC contents of the constituent soil horizons or layers; the SOC content of each horizon or layer is
calculated by multiplying the concentration of soil organic carbon in a sample (g C (kg soil)™), with the
corresponding depth and bulk density (Mg m™) and adjusting for the soil volume occupied by coarse fragments:
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TABLE 3.2.4
DEFAULT REFERENCE (UNDER NATIVE VEGETATION) SOIL ORGANIC C STOCKS (SOCRe)
(tonnes C per ha for 0-30 cm depth)

Region HAC soils' | LAC soils? | Sandy soils® | Spodic soils* | Volcanic soils® ;/c\)/ﬁ;!sands
Boreal 68 NA 10* 117 20" 146
Cold temperate, dry 50 33 34 NA 20" g7
Cold temperate, moist 95 85 71 115 130

Warm temperate, dry 38 24 19 NA 70*

Warrh temperate, 88 63 34 NA 80 8
Tropical, dry 38 35 31 NA 50"

Tropical, moist 65 47 39 NA 70* 86
Tropical, wet 44 60 66 NA 130"

Note: Data are derived from soil databases described by Jobbagy and Jackson (2000) and Bernoux et al. (2002). Mean stocks are shown.
A default error estimate of 95% (expressed as 2X standard deviations as percent of the mean are assumed for soil-climate types. NA
denotes ‘not applicable’ because these soils do not normally occur in some climate zones.

# indicates where no data were available and default values from IPCC Guidelines were retained.

! Soils with high activity clay (HAC) minerals are lightly to moderately weathered soils, which are dominated by 2:1 silicate clay
minerals (in the World Reference Base for Soil Resources (WRB) classification these include Leptosols, Vertisols, Kastanozems,
Chernozems, Phaeozems, Luvisols, Alisols, Albeluvisols, Solonetz, Calcisols, Gypsisols, Umbrisols, Cambisols, Regosols; in USDA
classification includes Mollisols, Vertisols, high-base status Alfisols, Aridisols, Inceptisols).

2 Soils with low activity clay (LAC) minerals are highly weathered soils, dominated by 1:1 clay minerals and amorphous iron and
aluminium oxides (in WRB classification includes Acrisols, Lixisols, Nitisols, Ferralsols, Durisols; in USDA classification includes
Ultisols, Oxisols, acidic Alfisols).

% Includes all soils (regardless of taxonomic classification) having > 70% sand and < 8% clay, based on standard textural analyses (in
WRB classification includes Arenosols,; in USDA classification includes Psamments).

* Soils exhibiting strong podzolization (in WRB classification includes Podzols; in USDA classification Spodosols)
® Soils derived from volcanic ash with allophanic mineralogy (in WRB classification Andosols; in USDA classification Andisols)

® Soils with restricted drainage leading to periodic flooding and anaerobic conditions (in WRB classification Gleysols; in USDA
classification Aquic suborders).

EQUATION 3.2.16
SOIL ORGANIC CARBON CONTENT

horizon=n horizon=n
SOC= > SOCporizon = »([SOC]e BulkDensity s Depth o (1~ frag) ¢ 10)orizon
horizon =1 horizon =1

Where:
SOC = representative soil organic carbon content for the forest type and soil of interest, tonnes C ha™
SOCherizon = S0il Organic carbon content for a constituent soil horizon, tonnes C ha™

[SOC] = concentration of soil organic carbon in a given soil mass obtained from lab analyses, g C (kg
soil)™*

Bulk Density = soil mass per sample volume, tonnes soil m™ (equivalent to Mg m™)
Depth = horizon depth or thickness of soil layer, m

frag = % volume of coarse fragments/100, dimensionless *

Country- or region-specific values should be elaborated for the stable SOC;, SOC;, for the major combinations of
forest types, management practices and disturbance regimes. Priority should be given to the factors that have the

2[s0C] is usually determined on the fine earth fraction (commonly < 2 mm). The bulk density should be corrected for the
proportion of the soil volume occupied by coarse fragments (e.g. particles with a diameter > 2 mm).
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largest overall effect, taking into account the impact on forest SOC and the extent of affected forests.
Management practices can be coarsely labelled as intensive (e.g. plantation forestry with intensive site
preparation and fertilisation) or extensive (natural forests with minimum intervention); these categories can also
be redefined according to national circumstances. The development of adjustment factors is likely to be based on
intensive studies at experimental sites and sampling plots involving replicated, paired site comparisons (Johnson
et al., 2002; Olsson et al., 1996; see also the reviews by Johnson & Curtis, 2001 and Hoover, 2003.) In practice,
it may not be always possible to separate the effects of a different forest types, intensive management practices
and altered disturbance regimes, in which case some adjustment factors can be combined into a single modifier.
If a country has well-documented data for different forest types under different management regimes it might be
possible to derive SOC; directly without using reference carbon stocks and adjustment factors. Estimating the
effect of changing disturbance regimes over vast areas through sampling studies may create intractable logistical
problems. Modelling studies provide an alternative approach for the derivation of these adjustment factors
(Bhatti et al., 2001).

The duration of transition periods T between stable SOC; can be estimated from long-term monitoring of
changes in forest SOC. The assumption of a linear rate of carbon stock changes during the transition from one
forest type/management regime to another can also be reassessed.

Tier 3: Country-specific methodologies and parameters are expected to be based on rigorous monitoring
programs, coupled with empirical and/or process modelling studies. The national system must represent all
significant forest types, management practices and disturbance regimes. Models must be validated with
independent observations from country or region-specific studies that cover the range of climatic conditions, soil
types and management practices. The same quality criteria as described under Tier 2 apply to SOC data.
Documentation on the structure, update frequency and procedures, and QA/QC procedures of SOC databases
should also be available.

ORGANIC SOILS
The parameters to be estimated are emission factor(s) for CO, from drained organic forest soils: EFpyainage.

Tier 1: Table 3.2.3 provides default values for EFpainage, derived from corresponding values for the conversion
to pastures/forests in the IPCC Guidelines, (Reference Manual, Section 5.3.9). These values apply for as long as
a drained organic soil remains.

Tier 2: Countries which develop their own emission factors or adopt ones that are different from the default
values should provide scientifically-based evidence of their reliability and representativeness, document the
experimental procedures used to derive them, and provide uncertainty estimates.

3.2.1.3.1.3 Choice of Activity Data

It is good practice to distinguish managed forests on mineral soils from those on organic soils. The defining
criteria of organic soils are provided in the Glossary. For the purpose of this assessment, the depth of the organic
layer itself is not as important as its presence; countries are therefore encouraged to use their own national depth
criterion for the distinction between organic and mineral soils. Mineral soils comprised all soils which do not
fulfill the definition of organic soils.

Forest inventories, where they include soil descriptions, are preferred data sources. Statistical, stratified sampling
programmes can provide an estimate of the proportion of the managed forest on organic soils, but will not
indicate their location. However, it is an acceptable first step in the determination of the importance of forested
organic soils. Alternatively, an area estimate of forest on organic soils could be derived from overlaying soil
maps, and land cover or land use maps. However the relative uncertainty associated with this type of GIS
exercise is high, since it combines the omission and commission errors of all the maps used. Standard GIS
textbooks provide guidance on the treatment of error for overlay exercises.

MINERAL SOILS

Tier 2: Activity data consist of the major forest types, management practices, disturbance regimes and the areas
to which they apply, consistently with the guidance provided in Chapter 2 of the present report. The data should
preferably be linked to the national forest inventory, where one exists, or with national soil and climate
databases.

Typical changes are: conversion of unmanaged to managed forest; conversion of native forest into a new forest
type; intensification of forest management activities, such as site preparation, tree planting and shorter rotations;
changes in harvesting practices (bole vs. whole-tree harvesting; amount of residues left on-site); frequency of
disturbances (pest and disease outbreaks, flooding, fires etc). Data sources will vary according to a country’s
forest management system, but could include individual contractors or companies, statutory forest authorities,
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research institutions and agencies responsible for forest inventories. Data formats vary widely, and include,
among others, activity reports, forest management inventories and remotely sensed imagery.

Records should extend sufficiently far back as to include all significant changes having occurred over the T years
selected as the transition period, or else back-casting will be necessary.

Tier 3: It is good practice to adopt the same forest types, management practices and disturbance regimes as
those used for estimating emissions/removals in other forest pools.

ORGANIC SOILS

The activity data consist of Aprainages the area of drained organic soil (including peatland) covered by forest.
Probable data sources are forest management records of industry or statutory forest authorities. Alternatively,
expert knowledge from within such organisations may be solicited.

3.2.1.3.1.4 Uncertainty Assessment

MINERAL SOILS

The greatest uncertainty arises from the determination of SOC values (in tonnes C ha™) over large areas
(Equation 3.2.14). Default values have a high inherent uncertainty when applied to specific countries. Standard
deviations of default reference soil carbon stocks under native vegetation are provided in Table 3.2.4.

For countries developing their own SOC values, the two major sources of uncertainty are soil bulk density and
soil volume occupied by coarse fragments. When computing forest SOC values, assume 40% uncertainty in bulk
density values, and a factor of 2 uncertainty for the soil volume occupied by coarse fragments. Assume that the
top 30 cm of mineral forest soils contain 50% of total SOC. Uncertainty associated with shallow sampling can be
reduced by providing scientific evidence on (1) the proportion of total SOC contained in the soil depth sampled;
and (2) the depth at which SOC responds to changes in forest types, management practices and disturbance
regimes. Chapter 5, Box 5.2.4, provides generic guidance on the treatment of uncertainty when estimates are
derived from model outputs.

ORGANIC SOILS

The largest uncertainties stem from CO, emission factors for drained organic soils. Assume that EFprainage Varies
by a factor of 2. The measurement of carbon stocks on organic soils present a significant challenge because of
the great variability in bulk density (from 0.05 to 0.2 g cm?, a four-fold difference), and in the total depth of the
organic layer (an even large source of variability). Further uncertainty arises due to the failure of carbon stock
changes to distinguish between off-site transfer of carbon as dissolved organic matter versus emissions to the
atmosphere.

3.2.1.4 NON-CO, GREENHOUSE GAS EMISSIONS

This section considers N,O emissions from forest soils and non-CO, greenhouse gas emissions from biomass
burning. N,O and NO, are mainly produced in soils as a byproduct of nitrification and denitrification. Emissions
are stimulated directly by N fertilisation of forests and drainage of wet forest soils (Appendix 3a.2), and
indirectly through deposition of N from the atmosphere and leaching and runoff. The indirect N,O emissions are
addressed in the Agriculture Chapter of the IPCC Guidelines and therefore not considered here in order to avoid
double counting. Liming of forest soil may reduce N,O emissions in some environments, but increase emissions
in others (Klemedtsson et al., 1997, Mosier et al., 1998, Papen and Butterbach-Bahl, 1999). Forest management
such as clear cutting and thinning may increase N,O emissions. However, available data are insufficient and
somewhat contradictory, therefore in the present section the impact of these practices is not considered.

Afforestation with N-fixing tree species may increase N,O emissions for much of the lifetime of the forest, but
there is too limited data to provide a default methodology.

The CH, sink in aerated and undisturbed forest soils is a natural process and is estimated to average at 2.4 kg
CHy/halyr (Smith et al., 2000). Forest management, particularly N fertilisation, may significantly alter this CH,
sink. Methods and data to estimate changes in methane oxidation are not provided at this time. As additional
information becomes available, a fuller consideration of various activities and their impacts on methane
oxidation from fertilised lands may be possible.

NITROUS OXIDE

The IPCC Guidelines in Chapter 4 Agriculture include N,O emissions from nitrogen fertilisation and also
account for N,O emissions from nitrogen deposition as “indirect N,O emissions”. Specific guidance is given
below applying the methods from Chapter 4 of the IPCC Guidelines to estimate fertiliser-based N,O emissions
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from forests. The methodology for estimating N,O emissions from drainage of wet forest soils is presented in
Appendix 3a.2. Forests receive atmospheric nitrogen depositions and nitrogen in runoff and leaching from
adjacent agricultural fields. The Agriculture Chapter of the IPCC Guidelines already addresses these N,O
emissions from N deposition, runoff and leaching as “indirect emissions”. These emissions are not accounted
here, avoiding double-counting. It is assumed that the leaching and run-off from forests where nitrogen fertiliser
is applied into surrounding non-forest or unfertilised forest areas is negligible. This is justified because leaching
and runoff are smaller in forest than in agricultural land, and the emission factor used in the IPCC Guidelines
appears to be high.

3.2.1.4.1 METHODOLOGICAL ISSUES

The method used to estimate N,O emissions from forest soils is identical to that provided in the IPCC Guidelines
for Agriculture and described in GPG2000. The basic equation, taken from GPG2000, is shown in Equation
3.2.17.

EQUATION 3.2.17
DIRECT N,O EMISSIONS FROM MANAGED FORESTS

N,O direct-Nge = (N0 direct-Neritiser + N2O direct-Ngrainage)

Where:
N,O direct-Ngr = direct emissions of N,O from managed forests in units of Nitrogen, Gg N
N,O direct-Ngeriiiser = direct emissions of N,O from forest fertilisation in units of Nitrogen, Gg N

N,O direct-Ngrainage = direct emissions of N,O from drainage of wet forest soils in units of Nitrogen, Gg N

The method for estimating N,O emissions from fertiliser application to forest is described in Equation 3.2.18 in
the sections below. The method for estimating N,O emissions from drainage of wet forest soils is described in
Appendix 3a.2 and may be applied optionally where data are available.

3.2.1.4.1.1 Choice of Method

Figure 3.1.1 provides the decision tree to select the respective tier for N,O emissions from forest land. As shown
in Equation 3.2.17, N,O emissions include two sources: forest fertilisation and drainage of wet forest soils.

Tier 1: Emission rates are the same for N,O fertilisation in forest and agricultural areas. Thus, good practice
from GPG2000 should be used to estimate N,O emissions from nitrogen inputs as mineral or organic fertiliser to
forests. N,O emissions from manure deposited by animals grazing in forest areas are reported in Agricultural
Soils part of the IPCC Guidelines Agriculture Chapter under Pasture/Range/Paddock emissions and should not
be estimated separately in the forest section.

Direct N,O emissions from forest fertilisation are calculated as in Equation 3.2.18:

EQUATION 3.2.18
DIRECT N,O EMISSIONS FROM FOREST FERTILISATION

N2O direct-Nreriliser = (Fsn + Fon) ® EFy)

Where:
N,O direct-Neeriiiser = direct emissions of N,O from forest fertilisation in units of Nitrogen, Gg N

Fsy = annual amount of synthetic fertiliser nitrogen applied to forest soils adjusted for volatilisation as
NH; and NO,, Gg N

Fon = annual amount of organic fertiliser nitrogen applied to forest soils adjusted for volatilisation as NH;
and NO,, Gg N

EF, = emission factor for N,O emissions from N inputs, kg N,O-N / kg N input

In order to calculate N,O emissions using this equation, the amounts of N inputs, Fgy and Fon must be estimated.
It is good practice to adjust for the amount that volatilises as NH; and NO,, using the same volatilisation factors
as in the agriculture chapter of the IPCC Guidelines. Indirect N,O emissions from the N volatilised are
calculated as in the agriculture chapter of the IPCC Guidelines.

Tier 2: Under Tier 2, country-specific information and additional management activities can be included in
estimating nitrous oxide emissions:
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Countries can use Equation 3.2.18 with an emission factor EF; developed to meet the specific conditions of the
country. Specific good practice guidance on how to derive country-specific EFs is given in Box 4.1, Good
Practice in Derivation of Country-Specific Emission Factors, page 4.62 of GPG2000. In addition, countries can
extend the estimation to take into account the impact of forest liming and management (thinning, harvest) on
N,O emission. Liming can reduce N,O emissions from forest in some environments and increase them in others.

Tier 3: Some models exist for estimating N,O emissions (Renault, 1999, Conen et al., 2000, Stange and
Butterbach-Bahl, 2002). Apply advanced models capable of representing the impacts of management practices
and other relevant driving variables. It is good practice to validate the models against measurements and to
document thoroughly the model parameterization and calibration.

Most models calculate the total N,O emissions which include more than the human-induced emissions. The
direct human-induced emissions could be estimated by running the model with and without fertilisation and
drainage, and using the difference as the direct human-induced component of the emissions.

3.2.1.4.1.2 Choice of Emission/Removal Factors

Tier 1: As noted in GPG2000, the default emission factor (EF,) is 1.25 % of applied N, and this value should be
used under Tier 1.

Tier 2: Countries may develop specific emission factors that are more appropriate for their countries. Specific
good practice guidance on how to derive country-specific emission factors is given in Box 4.1, Good Practice in
Derivation of Country-Specific Emission Factors, page 4.62 of GPG2000. The availability of country-specific
factors is essential if the effects of liming and management are to be considered.

Tier 3: In case N,O emission are estimated with models, it is necessary to make sure that the models distinguish
between "indirect N,O" from N deposition (covered in Agriculture Chapter of the IPCC Guidelines) and
fertilisation. The PNET-N-DNDC model, for instance, is a process oriented model which is already applicable to
estimate N,O-emissions from forest soils (Butterbach-Bahl et al., 2001; Li et al., 2000).

3.2.1.4.1.3 Choice of Activity Data

N,O emissions from managed forest are calculated on the basis of mineral and organic nitrogen inputs in forest
soils. Some countries have data on fertilisation of forests separately from agriculture and will be able to make
estimations. However, many countries may only have national fertiliser sales statistics. If such data are not
available, countries may follow the guidance below to separate the amount applied to agricultural soils and forest
soils, or they may report all emissions under Tier 1 in the agriculture sector. This should, however, be explicitly
noted in the inventory.

Fsn: This is the same term used in the Agriculture Chapter of the IPCC Guidelines to refer to synthetic N
applied to agricultural soils adjusted for the amount that volatilises as NH; and NO,, using the same
volatilisation factors as in the Agriculture Chapter of the IPCC Guidelines. Many countries have national
fertiliser sales statistics. Countries can determine the amount of synthetic nitrogen fertiliser applied in forest by
subtracting the amount of fertiliser used for agriculture from the national total nitrogen fertiliser applied.
Alternatively, estimate fertiliser application in forests as the product of an estimated area of fertilised forest and
an average fertilisation rate.

Countries being able to distinguish between fertiliser applied to newly planted forests versus old forests can use a
Tier 2 level for estimating Fsy. For fertiliser applied to those forest plantations which have not yet reached
canopy closure, the adjustment for volatilisation losses should follow the agriculture chapter of the IPCC
Guidelines, i.e. taking account of the fraction of the N applied that is lost by volatilisation. For fertiliser applied
to closed-canopy forests, it can be assumed that the adjustment is zero, i.e. all volatilised N is assumed to remain
within the forest.

Fon: Estimate organic nitrogen applied in forests from the tonnage of organic wastes spread in forest and their
nitrogen content. Adjustment for volatilisation losses follows the guidance given for Fgy.

3.2.1.4.1.4 Uncertainty Assessment

Estimates of N,O emissions from fertilisation of forests can be highly uncertain because of a) high spatial and
temporal variability of the emissions, b) scarcity of long-term measurements and limited representativity of data
for larger regions, and c) uncertainty in spatial aggregation and uncertainty inherent to the emission factors and
activity data.

Tier 1: For EF,, Fsyand Foy, it is good practice to apply the uncertainty range applied in the agriculture source
category unless more detailed analyses are available.
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Emission factors: There are few measured data, mainly for boreal and temperate regions in Europe, on the
effects of fertilisation, liming and forest management. Measured emission factors of N,O have a skewed
distribution, which is likely to be log-normal.

EF;: Based on recent data (Smith et al., 1999; Mosier and Kroeze, 1999), GPG2000 suggests the best estimate
of uncertainties of EF; = 1.25% to range from 0.25% to 6%. The same uncertainty range is assumed for forest
emissions.

Activity data: If a country has separate statistics for fertiliser applied to forest and to agriculture, it can be
assumed that the uncertainty in fertiliser statistics applied in forest is similar to the uncertainty in fertiliser
statistics applied in agriculture. In this case, the same uncertainty is applied in both source categories, e.g. 10%
or smaller for the amount of mineral fertiliser and 20% or smaller for the amount of organic waste (Chapter 4,
Agriculture, of the IPCC Guidelines, and GPG2000). If a country derives the amount of fertiliser applied to
forest and agriculture from a national total, an additional separate assessment of the uncertainty in the division is
required. The total uncertainty will be country-specific and will probably be higher than in the separate statistics.

Tier 2: Good practice in derivation of country-specific emission factors is described in Box 4.1, Good Practice
in Derivation of Country-Specific Emission Factors, page 4.62 of GPG2000.

Tier 3: Process-based models will probably provide a more realistic estimate but need to be calibrated and
validated against measurements. Sufficient representative measurements are needed for validation purposes.
Generic guidance on uncertainty assessment for advanced methods is given in Section 5.2, Identifying and
Quantifying Uncertainties. Stange et al. (2000) have performed uncertainty assessment for the PnET-N-DNDC
model. This can be taken as an example for how to proceed.

GREENHOUSE GAS EMISSIONS FROM BIOMASS BURNING

Biomass burning occurs in many types of land uses causing emissions of CO,, CH,, N,O, CO, and NO,. There
are two general types of biomass burning covered in this section: burning within managed forests and burning in
the course of land use conversion. The basic approach for estimating greenhouse gas emissions from biomass
burning are the same regardless of the specific land use type. The basic approach is presented here and
referenced in other relevant sections of this chapter (e.g., lands converted to croplands). This section provides
good practice guidance for estimating emissions from biomass burning in:

e Forest land remaining Forest land;
e Land converted to Forest land;

e Land converted to Cropland; and
e Land converted to Grassland.

The IPCC Guidelines address both types of biomass burning in the LUCF sector (Chapter 5). Emissions from
burning for land use conversion are covered under Forest and Grassland Conversions and emissions from
burning for land management are covered under On-site burning of Forest Biomass. While presented separately
in the IPCC Guidelines, the same method and default factors are used for estimating emissions. In this GPG, the
methodology for emissions from burning for land conversion remains essentially unchanged from the IPCC
Guidelines, but the scope of coverage of emissions from burning for land management is broadened in the case
of managed forest land to include the effect of both prescribed and wildfires on CO, and non-CO, emissions in
all managed forest lands.?

The GPG2000 covers burning for land management in agriculture. Guidance is provided to estimate emissions
from prescribed burning of savannas and field burning of agricultural residues covered under the Agricultural
sector. The CO, released is assumed to be removed by photosynthesis of annual vegetation regrowing during the
subsequent year and therefore only non-CO, gases are considered.

3.2.1.4.2 METHODOLOGICAL ISSUES

Generally fires can be grouped into prescribed (or controlled) fires and wildfires. Fires associated with land
clearing and ecosystem management activities are usually controlled. Significant types of prescribed fires
include: (i) land clearing fires in the course of forest conversion, (ii) slash-and-burn agriculture, (iii) post-logging
burning of harvest residues (slash); and (iv) low-intensity prescribed fire for fuel load management. The purpose
of these fires is usually to get rid of unwanted biomass. The average fire temperature is controlled, the burning
conditions more uniform, and emission factors less variable. In contrast, the characteristics of wildfires are high
variable: fire temperature, quantities of biomass available, thoroughness of the combustion and impact on forest

® The elaboration is for forest land only because burning for land management in croplands and grasslands is covered by the
Agriculture sector of the GPG2000.
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stands all vary. Among wildfires, ground-level ones are less intensive and their impact on trees less severe than
crown fires. When managed land is burned, emissions resulting from both prescribed fires and wildfires should
be reported so that carbon losses on managed lands are taken into consideration.*

Estimating the impact of fire is more difficult for wildfires, especially high-temperature wildfires, than for
controlled burns. As a consequence there is better knowledge on the effect of the latter than the former.

In managed forest, CO, emissions from combustion need to be estimated because the uptake of carbon by
regrowing vegetation is taken into account (Kirschbaum, 2000) — see Equations 3.2.2 and 3.2.6. It is therefore
good practice to estimate CO, and non-CO, emissions from biomass burning on managed forest lands. The
method for doing this is set out in the parts of Section 3.2.1.1 dealing with Equation 3.2.9. The release of CO, in
fire is not synchronous with the rate of uptake by regrowing forest and may take many years to sequester the
quantity of carbon released in a wildfire or prescribed burn. If methods are applied that do not capture removals
by regrowth after natural disturbances, then it is not necessary to report the CO, emissions associated with
natural disturbance events. It is good practice to document this in a transparent manner.

The methodology described below can be used to estimate CH,, N,O, CO, and NO, emissions from biomass
burning on managed forest land and emissions of these gases from fires associated with land use conversions.

3.2.1.4.2.1 Choice of Method

The existing methodology described in the IPCC Guidelines estimates carbon release during fires as 50%
(assuming this to be the C content of biomass) of the mass of fuel actually combusted and uses this as a basis for
the calculation of non-CO, emissions (see Equation 3.2.6). Some of the partially burnt fuel remains as charcoal,
which is relatively stable over time (Houghton, 1999).

Carbon release from burnt biomass as part of forest/grassland conversion is calculated using a simple
methodology described in the IPCC Guidelines (Section 5.3). This methodology is extended below, for all
vegetation types.

The emissions of non-CO, gases can be estimated based on the total carbon released using Equation 3.2.19
(Crutzen and Andreae, 1990; Andreae and Merlet, 2002):

EQUATION 3.2.19
ESTIMATION OF NON-CO, EMISSIONS FROM C RELEASED

CH, Emissions = (carbon released) e (emission ratio) e 16/12
CO Emissions = (carbon released) e (emission ratio) e 28/12
N,O Emissions = (carbon released) e (N/C ratio) e (emission ratio) e 44/28
NO, Emissions = (carbon released) e (N/C ratio) e (emission ratio) e 46/14

The extended methodology to estimate GHGs (CO, and non-CO,) directly released in fires is summarised by the
following equation:

EQUATION 3.2.20
ESTIMATION OF GHGS DIRECTLY RELEASED IN FIRES

Lin.=AeBeCeDe10°

Where:
Lsre = quantity of GHG released due to fire, tonnes of GHG
A =areaburnt, ha
B = mass of ‘available’ fuel, kg d.m. ha™
= combustion efficiency (or fraction of the biomass combusted), dimensionless. (See Table 3A.1.12)

C
D =emission factor, g (kg d.m.)*

Calculations are made separately for each greenhouse gas, using the appropriate emission factor.

* Fire impact in unmanaged forest lands should not be reported.
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The accuracy of the estimates depends on the data available. Application of the decision tree in Figure 3.1.1 will
determine which of the Tier 1 to 3 methods to use. Under Tier 1, the above two approaches can be used to
estimates emissions for each GHG using default data. Under Tier 2, country-specific activity data or emission
factors are used, while under Tier 3, both country-specific data and methods are used.

3.2.1.4.2.2 Choice of Removals/Emission Factors

Tier 1: Firstly, the quantity of fuel burnt must be estimated. If no local data are available, this can be estimated
from Table 3.A.1.13 which tabulates the product of B (the available fuel, or biomass density on the land before
combustion) and C (the combustion efficiency). If ‘available fuel densities’ are available the combustion
efficiencies in Table 3.A.1.14 may be used. If combustion efficiency is needed, and more specific advice is not
available, the IPCC default of 0.5 should be used. When the Equation 3.2.19 is used for the estimation of non-
CO,, an emission ratio and a N/C ratio is required. The N/C ratio for the fuel burnt is approximated to be about
0.01 (Crutzen and Andreae, 1990). This is a general default value that applies to leaf litter, but lower values
would be appropriate for fuels with greater woody content, if data are available. Emission factors for use with
Equations 3.2.19 and 3.2.20 are provided in Tables 3.A.1.15 and 3.A.1.16 respectively.

Tiers 2 and 3: Use country-specific data and methods developed through field experiments.

3.2.1.4.2.3 Choice of Activity Data

The selection of activity data should follow the guidance in Section 3.2.1.1 “Other Carbon Losses” for fires in
managed forests.

Tier 1: Area of wild fire varies markedly between countries and over time. In extreme drought years, wild fires
increase significantly. Thus, data on wild fires are highly country- and year- specific and cannot be generalized
by region. A global data base exists on annual area of vegetation fires at: http://www.grid.unep.ch/activities
[earlywarning/preview/ims/gba.

Tiers 2 and 3: Country level estimates of area burnt are used. These would generally be based on remotely-
sensed methods.

3.2.1.4.2.4 Uncertainty Assessment

Tier 1: Estimates of non-CO, emissions from fires of forests can be highly uncertain because of: a) high spatial
and temporal variability of the emissions, b) scarcity of measurements and limited representativeness of data for
larger regions, and c¢) uncertainty in spatial aggregation and uncertainty inherent to the emission factors and
activity data.

Emission factors: There are few measured data; it is suggested to apply a 70% uncertainty range in emission
factors.

Activity data: Because of increased accuracy and global coverage of area burned by fire, uncertainty is
relatively small, in the range of 20-30%.

Tier 2: Applying country-specific data to emission factors will greatly reduce uncertainty.

Tier 3: Process-based models will probably provide a more realistic estimate but need to be calibrated and
validated against measurements. Sufficient representative measurements are needed for validation purposes.

3.2.2 Land Converted to Forest Land

Managed land is converted to forest land by afforestation and reforestation, either by natural or artificial
regeneration (including plantations). These activities are covered under categories 5A, 5C, and 5D of IPCC
Guidelines. The conversion involves a change in land use. This section does not provide any guidance on
regeneration in unmanaged forests. Converted areas are considered forest if they correspond to definition of
forest adopted by the country. Lands converted to forest land are followed in conversion status for 20 years®.
After 20 years the areas are accounted for under Section 3.2.1 Forest land Remaining Forest land, although
longer term dynamics of recovery may need tracking for up to about 100 years after establishment of forest.

The estimation of emissions and removals of carbon from land use conversions to forest land is divided into four
sub-sections: Change in Carbon Stocks in Living Biomass (Section 3.2.2.1), Change in Carbon Stocks in Dead
Organic Matter (Section 3.2.2.2), Change in Carbon Stocks in Soils (Section 3.2.2.3) and Non-CO, Greenhouse
Gas Emissions (Section 3.2.2.4). Each sub-section provides pool-specific good practice approach for emission

® The IPCC Guidelines specify default value of 20 years but allow for 100 years if necessary to take account of long term
carbon dynamics in biomass, soil and litter pools.
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and removal estimates. The CO, emissions or removals for land converted to forest are summarised by Equation
3.2.21:

EQUATION 3.2.21
ANNUAL CHANGE IN CARBON STOCKS IN LAND CONVERTED TO FOREST LAND °

AC ¢ = ACLFLB + ACLFDOM + ACLFSoiIs

Where:
AC ¢ = annual change in carbon stocks in land converted to forest land, tonnes C yr*

ACLFLB = annual change in carbon stocks in living biomass (includes above- and belowground biomass)
in land converted to forest land; tonnes C yr*

ACie on = annual change in carbon stocks in dead organic matter (includes dead wood and litter) in land
converted to forest land; tonnes C yr™

ACLFS()"S = annual change in carbon stocks in soils in land converted to forest land; tonnes C yr*

To convert tonnes C to Gg CO,, multiply the value by 44/12 and 107, For the convention (signs), refer to Section
3.1.7 or Annex 3A.2 (Reporting Tables and Worksheets).

3.2.2.1 CHANGE IN CARBON STOCKS IN LIVING BIOMASS

3.2.2.1.1 METHODOLOGICAL ISSUES

This section presents good practice approach for calculation emissions and removals of CO, by changes in
biomass on managed lands converted to forest land. This section covers the reporting categories of the IPCC
Guidelines “Changes in Forest and Other Woody Biomass Stocks” and “Abandonment of Managed Lands” as
applied to new forest land.

3.2.2.1.1.1 Choice of Method

Based on activity data and resources available, there are three tier methods that can be used by greenhouse gas
inventory preparers to estimate changes in biomass stocks. The decision tree in Figure 3.1.2 illustrates good
practice in choosing a method to calculate CO, removals and emissions in biomass on lands converted to forests.

Tier 1: Annual changes in carbon stocks in living biomass are estimated following default approach in the
IPCC Guidelines. Changes in carbon stocks in living biomass on land converted to forest through artificial and
natural regeneration are estimated with the use of Equation 3.2.22:

EQUATION 3.2.22
ANNUAL CHANGE IN CARBON STOCKS IN LIVING BIOMASS IN LAND CONVERTED TO FOREST LAND
(TIER 1)

AC'—':LB - AC'—':Loss

- ACLFGROWTH

Where:

ACLFLB = annual change in carbon stocks in living biomass in land converted to forest land, tonnes C yr™

= annual increase in carbon stocks in living biomass due to growth in land converted to
forest land, tonnes C yr*

ACLFGROWTH

ACir oo = annual decrease in carbon stocks in living biomass due to losses from harvesting, fuel wood
gathering and disturbances in land converted to forest, tonnes C yr™

® The default assumption in the IPCC Guidelines is that carbon does not accumulate in harvested wood products (HWP)
pools, though countries may report on HWP pools if they can document that existing stocks of long term forest products are
in fact increasing (Box 5 of the IPCC Guidelines). Future treatment of HWP is under discussion by the UNFCCC (i.e. the
Conference of the Parties (COP) and COP7 decided that any changes to the treatment of HWP shall be in accordance with
future decisions of the COP [Decision 11/CP.7 para 4]). With this background, discussions on methodological issues for
HWP are placed in Appendix 3a.1
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Tier 1 can be applied even when previous land uses are not known, which may be the case if areas are estimated
using Approach 1 or 2 from Chapter 2. It uses default parameters that are provided in Annex 3A.1 (Biomass
Default Tables).

Step 1: Annual Increase in Carbon Stocks in Living Biomass, ACLE mowth: The method follows Equation

3.2.4, Section 3.2.1 Forest land Remaining Forest land, which refers to Category 5A “Changes in Forest and
Other Woody Biomass Stocks” of the IPCC Guidelines. As growth rate of a forest strongly depends on
management regime, a distinction is made between forests that are managed intensively (e.g. plantation forestry
with intensive site preparation and fertilisation) and extensively (e.g. naturally regenerated forests with minimum
human intervention). The calculations are made according to Equation 3.2.23:

EQUATION 3.2.23
ANNUAL INCREASE IN CARBON STOCKS IN LIVING BIOMASS
IN LAND CONVERTED TO FOREST LAND

= ° + ° °
ACLFGROWTH [ZkAlNLMANk Grotal INT_MAN, ZmAExLMANm Grotal EXTﬁMANm] CF

Where:

= annual increase in carbon stocks in living biomass due to growth in land converted to
forest land, tonnes C yr*

AC
LFGROWTH

AINT man, = area of land converted to intensively managed forest in condition k (including plantations), ha

Grotal INT_MAN, = annual growth rate of biomass in intensively managed forest in condition k (including
plantations), tonnes d.m. ha™* yr*

AEXTﬁMANm = area of land converted to extensively managed forest in condition m, ha

Gotal EXT_MAN,, = annual growth rate of biomass in extensively managed forest in condition m, tonnes dm
ha™ yr? (includes natural regeneration)

k, m = represent the different conditions in which intensively and extensively managed forests are
growing

CF = carbon fraction of dry matter (default = 0.5), tonnes C (tonne d.m.)™

The annual increment in biomass of both intensively (Grow int man) and extensively Grow ext man) Managed
forests is calculated in accordance with Equation 3.2.5, Section 3.2.1 Forest land Remaining Forest land and with
the use of default values provided in Tables 3A.1.5, 3A.1.6, 3A.1.7, 3A.1.8, 3A.1.9, and 3A.1.10 in Annex 3A.1.
The values from tables should be chosen with regard to tree species composition and climatic region. Data for
extensively managed forests should be taken from Table 3.A.1.5 and for intensively managed forests from Table
3A.1.6 0or3A.1.7.

Step 2: Annual Decrease in Carbon Stocks in Living Biomass Due to Losses, ACiF oo In case harvesting,

fuel wood gathering and disturbances can be attributed to land converted to forest, annual losses in biomass
should be estimated with the use of Equation 3.2.24 that repeats the good practice approach given in Equation
3.2.6, Section 3.2.1, Forest land Remaining Forest land:

EQUATION 3.2.24
ANNUAL DECREASE IN CARBON STOCKS IN LIVING BIOMASS DUE TO LOSSES
IN LAND CONVERTED TO FOREST LAND

ACLFLOSS = I—fellings + quelwood + Lotherlosses

Where:
ACLFLOSS = annual decrease in carbon stocks in living biomass due to losses in land converted to forest

land, tonnes C yr*

Lteniings = biomass loss due to harvest of industrial wood and saw logs in land converted to forest land,
tonnes C yr*

Lsuewood = biomass loss due to fuelwood gathering in land converted to forest land, tonnes C yr*

Lother losses = Diomass loss due to fires and other disturbances in land converted to forest land, tonnes C yr*
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The biomass loss due to harvest (Ltings) is estimated with the use of Equation 3.2.7, Section 3.2.1, Forest land
Remaining Forest land, and default basic wood density and biomass expansion factor values provided in Tables
3A.1.9 and 3A.1.10 of Annex 3A.1. The good practice approaches for estimating biomass losses due to fuel
wood gathering (Lsueiwood) fires and other disturbances (Lgisturmance) are also described in Section 3.2.1, Forest land
Remaining Forest land. If no data on losses on this land category are available, all loss terms should be set to
value 0, thus also ACLF, s then equals 0. It is good practice to ensure consistent reporting on losses of biomass

between this category and Section 3.2.1 Forest land Remaining Forest land to prevent double accounting or
omission of biomass loss.

Tier 2: The Tier 2 method is similar to Tier 1, but it uses more disaggregated approach and allows for more
precise estimates of changes in carbon stocks in biomass. The net annual CO, removals in biomass are calculated
as a sum of removals due to growth of biomass on the areas converted to forest, changes in biomass due to actual
conversion (estimates the difference between initial biomass stocks on non-forest land before and after
conversion to forest e.g. by artificial regeneration), and losses on areas converted to forest (Equation 3.2.25):

EQUATION 3.2.25
ANNUAL CHANGE IN CARBON STOCKS IN LIVING BIOMASS IN LAND CONVERTED TO FOREST LAND
(TIER 2)

= + _
ACLFLB ACLFGROWTH ACLFCONVERSION AC'-FLoss

Where:

ACe = annual change in carbon stocks in living biomass in land converted to forest land, tonnes C yr™

= annual increase in carbon stocks in living biomass due to growth in land converted to
forest land, tonnes C yr

AC
LFGROWTH

= annual change in carbon stocks in living biomass due to actual conversion to forest
land, tonnes C yr*

AC
LFCONVERSION

ACir oo = annual decrease in carbon stocks in living biomass due to losses from harvesting, fuel wood
gathering and disturbances in land converted to forest land, tonnes C yr™

In addition to default values, the Tier-2 approach requires national data on: i) area converted to forest; ii) average
annual increase per ha in merchantable volume on land converted to forests, obtained e.g. from forest inventories
(no default values can be provided); iii) change of carbon in biomass when non-forest land becomes forest (e.g.
by artificial regeneration) and iv) emissions due to loss of biomass on converted land. The approach may imply
the knowledge of the land-use change matrix, and hence the distribution of previous land uses.

Step 1: Annual Increase in Carbon Stocks in Living Biomass, ACLFGROWTH' The method follows the Tier 1

approach using Equation 3.2.23 above. The average annual increment in biomass of both intensively (G
INT_man) and extensively (Grow ext man) Managed forests is calculated in accordance with Tier 2 good practice
approach, Section 3.2.1 Forest land Remaining Forest land and with the use of country-specific data on average
annual increase per ha in merchantable volume on land converted to forests (obtained e.g. from forest
inventories) and default basic wood density, biomass expansion factors and the ratio of belowground biomass to
aboveground biomass provided in Tables 3A.1.7, 3A.1.8, 3A.1.9, 3A.1.10 in Annex 3A.1.

Step 2: Change in Carbon Stocks in Living Biomass Due to Conversion, ACLE . o\vERSION' The change of

non-forest land to forest land (e.g. by artificial regeneration that includes clearing the vegetation on non-forest
land) may cause change in the biomass stock in the conversion. The changes in carbon stocks in living biomass
due to land-use change are calculated with the use of Equation 3.2.26:

EQUATION 3.2.26
CHANGE IN CARBON STOCKS IN LIVING BIOMASS
IN LAND ANNUALLY CONVERTED TO FOREST LAND

= Zi [BAFTERi - BBEFOREi] b AATOfFORESTi o CF

ACLFCONVERSION

Where:

= change in carbon stocks in living biomass in land annually converted to forest land,
tonnes C yr*

ACLFCONVERSION
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BBEFOREi = biomass stocks on land type i immediately before conversion, tonnes d.m. ha*

BAFTERi = biomass stocks that are on land immediately after conversion of land type i, tonnes d.m. ha™ (in
other words, the initial biomass stock after artificial or natural regeneration)

AATQFORESTi = area of land-use i annually converted to forest land, ha yr™*

CF = carbon fraction of dry matter (default = 0.5), tonnes C (tonnes d.m.)™
i =represent different types of land converted to forest

Note: The types of land should be stratified along biomass stocks before conversion

The AC ¢ conversion &N be expanded to take account of different carbon contents before transition. Tier 2 may
apply calculations on subdivisions of land area (regions, ecosystems, site types etc.).

Step 3: Change in Carbon Stocks in Living Biomass Due to Losses, ACLFLOSS. The annual losses in biomass

are estimated using Equation 3.2.24. This equation repeats good practice approach given in Equation 3.2.6,
Section 3.2.1, Forest land Remaining Forest land.

The biomass loss due to harvest (Lreings) iS estimated with the use of Equation 3.2.7, Section 3.2.1, Forest land
Remaining Forest land. Tables 3A.1.9 and 3A.1.10 in Annex 3A.1 provide default data on basic wood density
and biomass expansion factors. For Tier 2 and higher tiers, inventory experts are encouraged to develop country-
specific wood density and BEF values for growing stock increment and harvests. The good practice approaches
for estimating biomass losses due to fuel wood gathering (Lsuemood), fires and other disturbances (Lgisturbance) are
also described in Section 3.2.1, Forest land Remaining Forest land. If no data on losses on this land category are
available, all loss terms should be set to value 0, thus also ACLF oo then equals 0. It is good practice to ensure

consistent reporting on losses of biomass between this category and Section 3.2.1 Forest land Remaining Forest
land to avoid over- and underestimates due to double accounting or omissions.

Tier 3: The Tier 3 follows the same equations and steps as Tier 2, but should use substantial national
methodology and solely country-specific data. Tier 3 should be used, when land conversion to forest represents a
key category. In the inventory, Equations 3.2.25 and 3.2.26 are expanded on fine geographical scale and
stratifications according to ecosystems, vegetation types, subdivision of biomass pools, and types of land before
the conversions are made. Country-defined methodologies may be based on systematic forest inventory or use
geo-referenced data, and/or models for accounting for changes in biomass. National activity data should have
high resolution and be available on regular basis for all categories of converted lands and forest types established
on them. The methodology should be described and documented as specified in Section 5.5.6 Documentation,
Archiving and Reporting.

3.2.2.1.1.2 Choice of Emission/Removal Factors

INCREASE IN CARBON STOCKS IN LIVING BIOMASS, AC ¢

The calculations distinguish between two broad management practices: intensive (e.g. plantation forestry with
intensive site preparation and fertilisation) and extensive (e.g. naturally regenerated forests with minimum
human intervention) ones. These categories can also be refined according to national circumstances, for example
based on stand origin e.g. natural or artificial regeneration.

Tier 1: The IPCC Guidelines provide default methodology only for aboveground biomass calculations. The
present GPG report provides good practice approach to estimate for living biomass obtained as a sum of above-
and belowground biomass pools (for pool description refer to Section 3.1 Introduction). The Tables 3A.1.5 and
3A.1.6 in Annex 3A.1 represent default average annual increment values in aboveground biomass of intensively
and extensively managed forests (referred as plantations and naturally regenerated forests). The ratios of
belowground to aboveground biomass (root-to-shoot ratio) in Table 3A.1.8 should be used to account for
belowground biomass in living biomass estimations. Basic wood density (Table 3A.1.9) and biomass expansion
factors (Table 3A.1.10) allow for calculation of biomass as stipulated in Section 3.2.1 Forest land Remaining
Forest land.

Tier 2: It is good practice to determine wherever possible annual increment values, root-to-shoot ratios, basic
wood density, and biomass expansion factors in accordance with national conditions and use them in
calculations under Tier 2 approach. The possible stratifications go along tree species composition, management
regime, stand age or volume, climatic region and soil type. Countries are encouraged to obtain specific biomass
sequestration and expansion factors through research efforts. Further guidance is given in Section 3.2.1 Forest
land Remaining Forest land.
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Tier 3: The accounting for carbon removals in biomass should be implemented based on country-specific
annual growth rates and carbon fraction in biomass from dedicated forest inventories and/or models. The
inventory experts should ensure that the models and forest inventory data have been described in line with the
sampling and other procedures outlined in Chapter 5, Cross-cutting Issues, of this report.

CHANGE IN BIOMASS STOCKS ON LAND BEFORE AND AFTER CONVERSION, ACy¢_ oo o

It is good practice to use values of biomass stocks for pre-conversion land uses that are consistent with values
used in calculations for other land categories. For example, if default carbon stock values were used to estimate
changes in carbon stocks in grassland remaining grassland, then the same default values should be used to assess
carbon stocks in grassland prior to their conversion to forest land.

Tier 1: The IPCC Guidelines do not include estimation of biomass changes in conversion process.

ACLFCONVERSION is not included in Tier 1 calculations.

Tier 2: It is good practice to obtain and use wherever possible country-specific data on biomass stocks on land
before and after conversion. The estimates should be consistent with those used in the calculations of carbon
stock changes in grassland, cropland, wetlands, settlements and forest categories, and obtained from national
agencies or sampling. A Tier 2 approach may use some combination of country-specific and default biomass
stocks (given in Tables 3A.1.2 and 3A.1.3). For default values of biomass stocks for pre-conversion land uses
refer to other land categories described in the present report.

Tier 3: Estimates and calculations should be performed based on country-specific survey and model data.
Surveys should be based on the principles outlined in Section 5.3, and models and data documented in line with
procedures outlined in Chapter 5, Cross-cutting Issues, of this report.

CHANGE IN CARBON STOCKS IN LIVING BIOMASS DUE TO LOSSES, AC ¢/

Harvesting and natural disturbances such as windfall, fires and insect outbreaks can result in losses of carbon on
lands converted to forests. It is good practice to report on them. Section 3.2.1 Forest land Remaining Forest land,
of this report provides a good practice approach for estimating losses of carbon due to harvest and natural
disturbance that is fully applicable and should be used for appropriate calculations under Section 3.2.2.1.1.1
above. If changes in C stocks are derived from repeated inventories, the losses from harvesting and disturbances
will be covered without a need to report on them separately. It is good practice to ensure consistent reporting on
losses of biomass between this category and Section 3.2.1 Forest land Remaining Forest land to prevent double
accounting or omission part of biomass loss.

3.2.2.1.1.3 Choice of Activity Data

AREA OF LAND CONVERTED, AINTﬁMAN: AEXTiMAN: AATOfFOREST

All tiers require information on areas converted to forest land for a period of 20 years. After 20 years the areas
are accounted for under Section 3.2.1 Forest land Remaining Forest land. Lands that undergo a conversion in
prevailing use are covered here. Thus regeneration on existing forest land that was recently cleared as a result,
for example, of harvesting or natural disturbance, should be accounted for in Section 3.2.1 Forest land
Remaining Forest land because no change in land use is involved. The same data on areas should be used for
Section 3.2.2.2 Change in Carbon Stocks in Dead Organic Matter, Section 3.2.2.3 Change in Carbon Stocks in
Soils, and Section 3.2.2.4 Non-CO, Greenhouse Gas Emissions. The stratification in area estimation should take
into consideration, if possible, the major soil types and biomass densities on land before and after conversion.

In order to be consistent with the reporting categories of the IPCC Guidelines, the areas of forests re-growing
naturally on abandoned lands should be distinguished from other land conversion to forest. The inventory
experts are encouraged to search for information on prior land use to make this distinction. When Approach 1 of
Chapter 2 is used, additional data may be needed to distinguish between areas of natural and artificial
regeneration.

Tier 1: Activity data can be obtained through national statistics, from forest services (which may have
information on areas of different management practices), conservation agencies (especially for areas managed
for natural regeneration), municipalities, survey and mapping agencies. Cross-checks should be made to ensure
complete and consistent representation for avoiding omissions or double counting as specified in Chapter 2. I1f no
country data are available, aggregate information can be obtained from international data sources (FAO, 1995;
FAO, 2001; TBFRA, 2000).

Expert judgment can be used about whether the new forests are predominantly intensively or extensively
managed. In that case At man and Agxt man, data can be obtained through multiplication of annual area
changes in kha or by the period of conversion (the default period is 20 years). If the proportions of areas of
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intensively and extensively managed forests can be estimated, this information can be used for further
partitioning the areas to obtain more accurate estimates.

Tier 2: The areas under different land categories subjected to conversion during a given year or over a period of
years should be available. They come from national data sources and a land-use change matrix or its equivalent
that covers all possible transitions to forest land. Country-defined national data sets should have a resolution
sufficient to ensure appropriate representation of land areas in line with provisions of Chapter 2 of this report.

Tier 3: National activity data on conversion of land uses to forest through natural and artificial regeneration are
available, possibly from different sources, notably national forest inventories, registers of land-use and land-use
changes, and remote sensing, as described in Chapter 2 of this report. These data should give a full accounting of
all land use transitions to forest land and disaggregate along climate, soil and vegetation types.

3.2.2.1.1.4 Uncertainty Assessment

Emission and removal factors: Non-zero default values of wood density and expansion factors may have a
factor of two uncertainty associated with them. The major sources of uncertainty of default and country-specific
data are associated with averaging highly variable primary numbers and further extrapolation of average values
over broad areas. The use of regional and country-specific inventory data and models under Tiers 2 and 3
enables for significant reduction of uncertainties. Thus, the uncertainty of nationally determined values may be
within £30% (Zagreev et al., 1992; Filipchuk et al., 2000). The measures to reduce uncertainties include:
increase of the number of representative sample plots and measurements over them; further stratification of
estimates on the basis of similarity in growth, microclimate and other environmental characteristics; and
development of local and regional parameters on the basis of comprehensive surveys and information exchange.
If complex models are applied, the inventory experts should ensure their appropriate verification and
documentation in accordance with Chapter 5 of this report.

Activity data: Uncertainties associated with activity data will depend on sources of information used nationally
and the approaches used for land area identification described in Chapter 2 of this report. The combination of
remote sensing data with ground-based surveys is the most cost-efficient method of measurements of areas of
land-use change. It provides for uncertainties as low as +10-15% and should be applied under higher tier
methods. The major way to reduce uncertainty of area change estimates attributes to broad application of
advanced land survey techniques on regional and local scale. However, its application may be limited by
capacities of particular countries. To reduce both uncertainties of area estimates and costs of use of precise
methods, regional remote sensing data centers could be established by several countries for sharing and common
use of the information obtained for the purposes of sustainable land management.

3.2.2.2 CHANGE IN CARBON STOCKS IN DEAD ORGANIC MATTER

3.2.2.2.1 METHODOLOGICAL ISSUES

Methods to quantify emissions and removals of carbon in dead organic matter pools following conversion of
land to forest land require estimates of the carbon stocks just prior to and just following conversion, and the
estimates of the areas of lands converted during the period. Most other land uses will not have a dead wood or a
litter pool, so that corresponding carbon pools prior to conversion can be taken as zero as a default assumption.
Unmanaged forest, where converted to managed forest, could have significant carbon in these pools, as well as
rangelands and wetlands, and also forest areas around settlements that may have been defined as settlements
based on nearby use rather than land cover. The zero default should therefore be checked at Tiers 2 and 3.
Conversion of non-forest to forest may occur so slowly that it may be difficult to distinguish when the
conversion truly occurs; however, in these areas, if they were managed, the areas would probably be counted as
managed forest depending on crown cover and other thresholds.

3.2.2.2.1.1 Choice of Method

Calculation procedure for change in carbon stock in dead wood

Conceptually once the carbon stock has been initiated to the value just prior to the conversion to forest (often
zero by default, as discussed in the previous paragraph), annual changes for areas converting by plantations and
on sites managed for natural regeneration, categorized by previous land use and forest type, can be estimated
using Equation 3.2.27:
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EQUATION 3.2.27
ANNUAL CHANGE IN CARBON STOCKS IN DEAD WOOD IN LAND CONVERTED TO FOREST LAND

AC'-FDW = {[ANatR ° (BimoNatR - BOUtNatR)] + [AArtR ° (Bi"“’AnR - BOU‘ArtR)]} e CF

where

B; = Beandi oM and B; = Betangi oM
intoy g — Pstandingyip NatR intop — Pstandingayp ArR

Where:

ACLFDW: annual change in carbon stocks in dead wood in land converted to forest land, tonnes C yr*

A = area of land converted to forest land through natural regeneration, ha

A, g area of land converted to forest land through establishment of plantations, ha

Bino = average annual transfer of biomass into dead wood for forest area NatR or ArtR, tonnes d.m. ha™ yr*
Bou:= average annual transfer of biomass out of dead wood for forest area NatR or ArtR, tonnes d.m. ha™* yr*
Bstandging = Standing biomass stocks, tonnes d.m. ha™

M = mortality rate, i.e. proportion of Bsnging transferred annually into dead wood pool, dimensionless

CF = carbon fraction of dry matter (default = 0.5), tonnes C (tonne d.m.)™

Transfers into and out of a dead wood pool are difficult to measure and the stock change method described in
Equation 3.2.28 may be easier to use than the previous equation if appropriate survey data are available,
collected, for example, in conjunction with the National Forest Inventory:

EQUATION 3.2.28
ANNUAL CHANGE IN CARBON STOCKS IN DEAD WOOD IN LAND CONVERTED TO FOREST LAND

ACe,, = [(B,-By)/T] ® CF

Where:

ACLFDW = annual change in carbon stocks in dead wood in land converted to forest land, tonnes C ha™ yr™*
Btz = dead wood stock at time t,, tonnes d.m. ha™
B, = dead wood stock at time t, (the previous time), tonnes d.m. ha*

T = (t, —t;) = time period between time of the second stock estimate and the first stock estimate, yr

CF = carbon fraction of dry matter (default = 0.5), tonnes C (tonne d.m.)™

The decision tree in Figure 3.1.2 (Section 3.1.6) provides assistance in the selection of the appropriate tier level
for the implementation of estimation procedures. Dead wood carbon estimates often differ significantly by
previous land use, forest type, and regeneration type. Theoretically, Equations 3.2.27 and 3.2.28 should give the
same carbon estimates. In practical terms, data availability and desired accuracy determines choice of equation.

Tier 1 (Default): The IPCC Guidelines, consistent with reporting under Tier 1, assume no change in dead wood
carbon in land converting to forest. This is consistent with Equation 3.2.27 on the assumption that annual
transfers into the dead wood pool are the same as transfer out, and with Equation 3.2.28 if inventory of carbon
stocks have been performed at different times.

Tier 2: Tier 2 uses Equation 3.2.27 when transfer rates into and out of the dead wood pool have been estimated
using data from research plots sited nationally or in countries with similar conditions, and Equation 3.2.28 when
carbon stocks are measured. For comparative purposes, new plots, where established, should be sited on the
basis of the sampling principles set out in Section 5.3 with stratification by forest type and conversion regime.

Tier 3: Tier 3 methods can be used where countries have detailed inventories based on sample plots in their
managed forests, or detailed models validated against representative litter accumulation data. The statistical
design of the inventory (or for sample collection for model validation) should follow the principles set out in
Section 5.3, which will facilitate unbiased results and provide information on associated uncertainties.
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Calculation procedure for change in carbon stock in litter

The approach to estimating change of carbon in litter reflects expected differences in patterns and duration of
changes in litter carbon for intensively managed plantations and naturally regenerating forests on lands
converting to forest.

Conceptually once the carbon stock has been initialized to the value just prior to the conversion to forest (often
zero by default, as just discussed), annual changes for areas converting by plantations and on sites managed for
natural regeneration, categorized by previous land use and forest type, can be estimated using Equation 3.2.29:

EQUATION 3.2.29
ANNUAL CHANGE IN CARBON STOCKS IN LITTER IN LAND CONVERTED TO FOREST LAND

ACLFLT = [A o AC ] + [A o AC

NatR NatR ArtR ArtR]

Where:
AC ¢ . annual change in carbon stocks in litter in land converted to forest land, tonnes C yr*

A = area of land converted into forest land through natural regeneration, ha

A, g area of land converted into forest land through establishment of plantations, ha

ACNatR = average annual change in carbon stocks in litter for forest area NatR, tonnes C ha™* yr*

AC, . =average annual change in carbon stocks in litter for forest area ArtR, tonnes C ha™ yr*

Alternatively the stock change methods described in Equation 3.2.30 may be used if appropriate survey data are
available:

EQUATION 3.2.30
ANNUAL CHANGE IN CARBON STOCKS IN LITTER IN LAND CONVERTED TO FOREST LAND

ACLFLT =Ae (Ctz - Ctl) /T

Where:

AC ¢ . annual change in carbon stocks in litter in land converted to forest land, tonnes C yr*

A = area of land converted to forest land, ha

Ct2 = litter carbon stock at time t,, tonnes C ha™*
C‘l = litter carbon stock at time t; (the previous time), tonnes C ha™

T (= t, — ty) = time period between time of the second stock estimate and the first stock estimate, yr

Methodological choice for estimating this pool is made using the general decision tree for land converted to
forest land in Figure 3.1.2. Litter carbon estimates often differ significantly by previous land use, forest type, and
regeneration type. Theoretically, Equations 3.2.29 and 3.2.30 should give the same carbon estimates. In practical
terms, data availability and desired accuracy determines choice of equation.

Tier 1 (Default): The IPCC Guidelines, consistent with reporting under Tier 1, assume no change in carbon in
the litter pools in lands converting to forest. This is consistent with Equation 3.2.29 on the assumption that
annual transfers into the litter pool are the same as transfers out, and with Equation 3.2.30 when litter carbon
stocks are assumed stable.

Tier 2: Tier 2 uses Equation 3.2.29 when transfer rates into and out of the litter pool have been estimated using
data from research plots sited nationally or in countries with similar conditions, and Equation 3.2.30 when
carbon stocks are measured. For comparative purposes, new plots, where established, should be sited on the
basis of the sampling principles set out in Section 5.3 with stratification by forest type and conversion regime.

Tier 3: Tier 3 methods can be used where countries have detailed inventories based on sample plots in managed
forests, or detailed models validated against representative litter accumulation data. The statistical design of the
inventory (or for sample collection for model validation) should follow the principles set out in Section 5.3,
which will facilitate unbiased results and provide information on associated uncertainties.
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3.2.2.2.1.2 Choice of Emission/Removal Factors

DEAD WOOD

Tier 1: By default, consistent with reporting under Tier 1 in the IPCC Guidelines, it is assumed that the dead
wood carbon stocks in non-forest lands converting to forests are stable. The net effect of emission and removal
factors is therefore equal to zero.

Tier 2: Country-specific values for mortality rates related to standing biomass stocks are derived from scientific
studies, or taken from nearby regions with similar forests and climate. If country-specific input factors are
derived, corresponding loss factors for harvest and disturbance regimes could also be derived from country-
specific data. If only one of the pair of country-specific input and output factors are available, then the
assumption should be made that the other one of the pair is equal to the known factor. Default factors in Table
3.2.2 can be used for some forest categories if country or regional values are not available.

Tier 3: Countries develop their own methodologies and parameters for estimating changes in dead wood. Such
approaches are likely to involve permanent inventory measurement programs, related to fine-resolution activity
data, perhaps coupled modeling studies to capture the dynamics of all forest-related pools. Some countries have
developed disturbance matrices which for each type of disturbance provide a carbon reallocation pattern among
different pools (Kurz and Apps, 1992). Decay rates of dead wood may vary with the species of wood and
microclimatic conditions, and site preparation procedures (e.g. controlled broadcast burning, or burning of piles).
Default factors in Table 3.2.2 can be used as a check on country-specific factors.

LITTER

Tier 1 (Default): By default, it is assumed that the litter carbon stocks in non-forest lands converting to forests
are stable. The net effect of emission and removal factors is therefore equal to zero. Countries experiencing
significant changes in forest types, or disturbance or management regimes in their forests are encouraged to
develop domestic data to quantify this impact and report it under Tier 2 or 3 methodologies.

Tier 2: Where these are available, it is good practice to use country level data for net litter accumulation rates
for lands converting to forest by different forest types, in combination with default values in the final column of
Table 3.2.1 if country or regional values are not available for some forest categories.

Tier 3: Countries develop their own methodologies and parameters for estimating changes in litter, using
national level disaggregated litter carbon estimates for different forest types, disturbance or management regimes
or both. These would be based on measurements from National forest inventories or other country-specific
information, perhaps coupled with modeling studies to capture the dynamics of all forest-related pools. Updated
default factors in Table 3.2.1 can be used as a check for country-specific factors.

3.2.2.2.1.3 Choice of Activity Data

Activity data should be consistent with the activity data used for estimating changes in living biomass on land
areas undergoing conversion to forest. This can be obtained, consistent with the general principles set out in
Chapter 2 and as described in Section 3.2.2.1.1.3, through national statistics, from forest services, conservation
agencies, municipalities, survey and mapping agencies. Cross-checks should be made to ensure complete and
consistent representation of annually converted lands in order to avoid possible omissions or double counting.
Data should be disaggregated according to the general climatic categories and forest types in Table 3.2.1. Tier 3
inventories will require more comprehensive information on the establishment of new forests, with refined soil
classes, climates, and spatial and temporal resolution. All changes having occurred over the T years selected as
the transition period should be included with transitions longer ago than the past 20 years reported as a
subdivision of forest remaining forest.

3.2.2.2.1.4 Uncertainty Assessment

Uncertainties for dead organic matter on land converted to forest land may be quite small in absolute terms in the
first few years after conversion. Non-forest lands would have none to little dead organic matter. DOM can only
occur once live vegetation is established, grows, and dies.

DEAD WOOD

The estimates for uncertainties of dead wood on land converted to forest land in the first few years after
conversion may be close to zero percent. It is almost certain that there is zero dead wood on non-forest land prior
to conversion to forest land. The longer the transition period chosen, the larger the uncertainties of dead wood on
land converted to forest land. Uncertainties for dead wood on forest land remaining forest land are described in
Section 3.2.1.2.1.4.
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LITTER

The estimates for uncertainties of litter on land converted to forest land is very similar to estimates of
uncertainties of litter on forest land remaining forest land, described in Section 3.2.1.2.1.4. Litter builds up
relatively quickly. The shorter the transition period over which land stays in the category land converted to forest
land, the less the litter uncertainty.

Table 3.2.5 provides the sources of uncertainty in estimating CO, emissions and removals from forest soils and
dead organic matter pools, and indicates ways to reduce them.

Activity data: Uncertainties associated with activity data for dead organic matter should be consistent with the
uncertainties for the activity data for estimating changes in living biomass on land area undergoing conversion to
forest land, as described in Section 3.2.2.1.1.4.

3.2.2.3 CHANGE IN CARBON STOCKS IN SOILS

This section describes estimation procedures for carbon emissions and removals from the soils in land converted
to forest land. Separate guidance is provided for two types of forest soil carbon pools: 1) the organic fraction of
mineral forest soils, and 2) organic soils. The change in carbon stocks in soils in land converted to forest land
(AC._FSO"S) is equal to the sum of changes in carbon stocks in the mineral soils (AC._FMmeral) and organic soils

(ACLFOrganic) )

3.2.2.3.1 METHODOLOGICAL ISSUES

MINERAL SOILS

Studies of soil carbon dynamics upon changes from non-forest to forest indicate a wide range of trends, rates and
timing. This variability is commonly explained by diffferences in experimental design and sampling procedures,
varying land-use histories, climates and forest types (Paul et al., 2002; Post & Kwon, 2000). Afforestation of
improved grasslands has resulted in small decreases in mineral soil C in the upper soil horizon, which may or
may not persist or be reversed over subsequent rotations (Paul et al., 2002). Site characteristics were also found
to be a strong determinant of C dynamics following afforestation on former pastures (Jackson et al., 2002).
Hence, there is no consistent pattern on the magnitude and direction of long-term soil C stock changes upon
land-use changes from non-forest to managed forests (Post & Kwon 2000; Polglase et al., 2000).

Generally, soil C is found to accumulate following afforestation on croplands (Polglase et al., 2000). However,
the rate of soil carbon accumulation can depend strongly on initial conditions, which relate to the intensity of the
previous land-use and the remaining labile soil organic carbon prior to forest reestablishment (Post & Kwon,
2000). In spite of higher carbon inputs from litter, soil characteristics may also limit the contribution of SOC
accumulation to total carbon sequestration in the ecosystem upon forest regrowth (Richter et al., 1999).
Depending upon soil sampling depths, the redistribution of organic carbon along the soil may lead to incorrect
conclusions on the net changes in soil carbon stocks.

The proposed approach acknowledges the potential for sequestration or losses of SOC on lands converted to
forest lands; it allows for the incorporation of the available scientific knowledge and data on the direction and
rate of SOC changes in newly established forests.

Conceptually, the methodology is consistent with the one developed in Section 3.2.1.3.1.1 (Choice of Methods),
in that it assumes a stable, spatially-averaged carbon content of mineral soils under given forest types,
management practices and disturbance regimes. It is based on the following assumptions:

e Change from non-forest to forest land is potentially associated with changes in SOC, eventually reaching a
stable end-point; and

e SOC sequestration/release during the transition to a new equilibrium SOC occurs in a linear fashion.

ORGANIC SOILS

Afforestation activities or forest regrowth on organic soils may alter the moisture regime through changes in
interception of rainfall and evapotranspiration, and through increased organic matter inputs. These changes can
modify the carbon dynamics and balance between the release of CO, and CH, to the atmosphere, leading to the
expectation that land conversion to forest on drained organic soils — whether drained for this purpose, or
previously drained — will be an anthropogenic source of CO,. This is assumed not to be the case where
conversion to forest occurs without drainage.
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SOURCES OF UNCERTAINTY IN ESTIMATING CO, EMISSION/REMOVAL FROM FOREST SOIL AND DOM POOLS

TABLE 3.2.5

Sources of uncertainty

Characteristics

Treatment

Activity data

Omission of managed forest
areas

Not all managed forest areas is characterized
by type, management practices and disturbance
regimes; changes in forest types, practices or
events are not documented

Document and monitor forest types, management
practices and disturbances.

Omission of relevant changes
in events or practices.

Omission of some LU changes, practices or
disturbances believed to cause GHG emissions
or removals

State and document; discuss likely effect on estimate
validity

Mapping of spatial activity
data (e.g. organic soils).

Avreas or locations are not accurately mapped

Follow recommendations under Chapter 2 and
standard GIS texts for the treatment of uncertainty
associated with the manipulation of spatial data

Lack of proper stratification

Activity data are not stratified according to the
variables which most contribute to the overall
variability

Enhance the power of the sampling design through
improved stratification

Use of default classification

National land-use classification incompatible
with IPCC default

Design cross-walk

Parameters, emission/removal factors

Use of default parameters or
emission/removal factors

Default values do not represent national
circumstances

Use default uncertainties. Prioritize improvements to
reduce highest uncertainty first.

Sampling design

Stratification, sampling intensity, incompletely
capture spatial variability

Quantify random uncertainty (see Chapter 5 or
GPG2000)

Inconsistent sampling
protocol

Horizon sampling, depth, replication,
composite samples, handling of coarse
fragments, bulk density measurements are not
consistent

Improve and/or standardize sampling protocol;
develop cross-walk between different protocols

Layer thickness

Only superficial (0-30 cm) soil samples were
collected

Assume that 0-30 cm layer contains only 50% of
forest soil C; estimate uncertainty accordingly

Humus layer underneath boulders are not
samples — overestimation of litter C stocks

Evaluate and adjust the sampling design at the plot
level according to microspatial variability

Inconsistent identification of soil horizons or
reference depths

Vertical structure of soil profile should be assumed
constant during repetitive sampling in forest sites
without mechanical site preparation.

Bulk density (BD)

bulk density not measured at all sampling
sites; inaccurate bulk density values, especially
in compact or dense subsoils;

Use additional data from literature or databases to
identify systematic error in BD and supplement
missing data; request that representative
measurements of BD be carried out

Coarse fragments

No assessment of the volume or mass of coarse
fragments

Use additional data from literature or databases to
identify systematic error in coarse fragment;
calibrate and standardize the assessment of the
coarse fragment content during sampling campaigns

Carbon concentration

Analytical methods for C analyses have
changed

Avoid changing analytical methods if possible;
develop correction factors from comparative lab
studies, or used published ones

Scaling up of EF
experimental values to large
areas

(e.g EFDrainage)

Experimental values derived from site-specific
studies are applied to large areas.

Follow guidance in Chapter 5 for scaling-up

3.2.2.3.1.1 Choice of Method

MINERAL SOILS

Equation 3.2.31 indicates that the soil carbon stock change for any inventory year is equal to the sum of carbon
stock changes in new, intensively and extensively managed forests established for less than T years. The
equation reflects expected differences in patterns and duration of changes in SOC for intensively managed forest
and extensively managed forest.
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EQUATION 3.2.31
ANNUAL CHANGE IN CARBON STOCKS IN MINERAL SOILS IN LAND CONVERTED TO FOREST LAND®

AC =AC + AC
LFMineral LFExt Forest LFint Forest

Where,
ACLFExt Forest: [(SOCExt Forest — SOCNon Forest Land) b AExt Forest] /TExt Forest
ACLF|m Forest = [(Soclnt Forest — SOCNon Forest Land) b Alnt Forest] / Tlnt Forest
and

SOC nt, xt Forest = SOCret ® Trorest type @ Frnan intensity @ Faist regime

Where:
ACie o = annual change in carbon stocks in mineral soils for inventory year, tonnes C yr™
ACLFEXt Forest— annual change in carbon stocks in mineral soils in land converted to extensively managed
forest land, tonnes C yr*

AC F rorest = @NNUal change in carbon stocks in mineral soils in land converted to intensively managed
forest land , tonnes C yr™

SOCkx Forest = Stable soil organic carbon stocks of the new, extensively managed forest, tonnes C ha™
SOCnt Forest = Stable soil organic carbon stocks of the new, intensively managed forest, tonnes C ha™
SOCon Forest Land = S0il organic carbon stocks of the non-forest land prior to its conversion, tonnes C ha™
Acy Forest = area of land converted to extensively managed forest, ha

Antrorest = area of land converted to intensively managed forest, ha

Text Forest = duration of the transition from SOCpgn Forest Land t0 SOCext Forests Y

Tint Forest = duration of the transition from SOCpon Forest Land 10 SOCnt Forests YT

SOC,s= reference carbon stock, under native, unmanaged forest on a given soil, tonnes C ha™

Trorest type = adjustment factor for a forest type different from the native forest vegetation, dimensionless
Trman intensity = adjustment factor for the effect of management intensity, dimensionless

faist regime = adjustment factor reflecting the effect on SOC of a disturbance regime different from the
natural one, dimensionless

Note 1: These changes in carbon stocks should be reported annually for Tex rorest, @A Tint Forest YEQrS,
respectively. For example, if a land is converted to intensively managed forest land and Tn; Forest = 20
years, then the annual changes in carbon stocks in mineral soils on the area Ay rorest @S Calculated with
Equation 3.2.31 should be reported in the national inventory for 20 years following the conversion. The
total change in carbon stocks in mineral soils is the sum of all types of conversions to forest land.

Where non-forest land is reverting to unmanaged, native forest vegetation:

Frorest type = frnan intensity — Faist regime — 1, and
SOC nt, xt Forest = SOCres

Annual changes in SOC occur as long as fewer than T years have elapsed since the non-forest to forest
conversion.

The decision tree in Figure 3.1.2 (Section 3.1.6) provides basic guidance for tier selection in the estimation
methodology.

Tier 1: Conversion of cropland and grassland to forest lands may optionally be considered at Tier 1, although
the effects on soil carbon stock of conversions to forest land are not considered as part of the default
methodology in the IPCC Guidelines’. There is no distinction between intensive and extensive management of
new forests, hence SOCgy rorest = SOCnt Forest = SOCrer aNd Texe Forest = Tint Forest = T aff - 1 he default equation is
therefore simplified to:

7 Although losses of soil carbon from conversions from forest and grassland to other categories are considered.
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EQUATION 3.2.32
ANNUAL CHANGE IN CARBON STOCKS IN MINERAL SOILS UPON AFFORESTATION®

AC'—FMineral = [(Socref_ SOChnon Forest Land) b AAff] /TAff

Where:

ACLFMineral = annual change in carbon stocks in mineral soils for inventory year, tonnes C yr™

SOC,= reference carbon stock, under native, unmanaged forest on a given soil, tonnes C ha

SOCnon-forest Land = Stable soil organic carbon on previous land use, either cropland or grassland |,
tonnes C ha™*

A = the total afforested land derived from former cropland or grassland, ha
T asf = duration of the transition from SOCpyon-forest Land t0 SOCres, YI

Note 1: These changes in carbon stocks should be reported annually for T years. For example, if a land
is afforested and Tag = 20 years, then the annual changes in carbon stocks in mineral soils on the area
Axg as calculated with Equation 3.2.32 should be reported in the national inventory for 20 years
following the conversion.

Tier 1 calculations are very uncertain; countries for which land conversion to forests is a key category should
report at Tier 2 or 3.

Tier 2: For Tier 2 calculations, the new forest types can initially be distinguished using two broad management
categories: intensive management practices (e.g. plantation forestry with intensive site preparation and fertilisation)
or extensive ones (natural forests with minimum intervention); these categories can also be refined according to
national circumstances, for example based on stand origin such as natural or artificial regeneration. New forests
established on lands whose former land-use was not cropland or grassland can be reported under this tier.

Tier 3: Tier 3 calculation procedures involve the development of a country-specific estimation methodology
supported by disaggregated activity data and parameters, stratified by the ecological and anthropogenic factors
which are nationally relevant. The methodology should be comprehensive, including all new managed forests,
and all anthropogenic factors influencing the SOC balance of these lands. Section 3.2.1.3.1.1, Choice of
Methods, provides a schematic outline of generic steps in the development of a domestic methodology.

ORGANIC SOILS

Where conversion to forest takes place on drained organic soils, countries should at Tiers 1 and 2 apply the
estimation methodology described under the heading “Organic Soils” of Section 3.2.1.3.1.1 (Choice of Methods),
using Equation 3.2.33 below, which is a modified version of Equation 3.2.15. Tier 3 methods should be used where
extensive areas of drained organic soils have been converted to new forest lands. Emissions are assumed to
continue for as long as the aerobic organic layer remains and the soil is considered to be an organic soil.

EQUATION 3.2.33
CO, EMISSIONS FROM DRAINED ORGANIC SOILS IN LAND CONVERTED TO FOREST LAND

ACLFOrganic: Abrained Aff @ EFDrainage

Where:

ACLFOrganic: CO, emissions from drained organic forest soils in land converted to forest
land, tonnes C yr*
Abrained aff = area of drained organic soils in land converted to forest land, ha

EFbrainage = €Mission factor for CO, from drained organic forest soils, tonnes C ha™ yrt

3.2.2.3.1.2 Choice of Emission/Removal Factors

MINERAL SOILS
The parameters to be estimated are SOCer, SOCext rorest; SOCint Forests T int Forests T Ext Forests SOChion Forest Lands Trorest types
fman intensitys and 1:dist regime-

Tier 1: In Tier 1 calculations frorest type = fman intensity = Taist regime = 1, hence the new forest SOC = SOCger. Default
SOCkes Values under native vegetation for broad soil and climate categories are provided in Table 3.2.4.
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Since only the conversion of cropland and grasslands are considered, values SOCyon Forest Land Should be
consistent with reported SOC values in croplands (see guidance in Section 3.3.1.2) or grasslands (see guidance in
Section 3.4.1.2).

Tnataff = Tineass = T agr the years for abandoned agricultural lands to recover to the native forest biomass under the
native vegetation type and climate, which may be in the range 20 to 100 years, or longer for temperate and
boreal ecosystems. These long term dynamics would need following in the forest remaining forest category once
the land had been transferred from the conversion category.

Tier 2: In Tier 2 calculation procedures, countries provide their own values for SOCgre, SOCkxt Forests SOCint
Forests Tlnt forests TExt Forests SOCNon Forest Lands fforest types fman intensitys and fdist regime+

The default values for SOCrges should be replaced by data that better reflect national circumstances, based on
relevant forest types, and natural disturbance regimes. Particular attention should be paid to SOCge for which
defaults should only be used as the stable, end-point SOC upon afforestation where there is documented
evidence that the new forests are ecologically similar to native vegetation and not managed. Where forests have
been established on areas with no historical forest, SOCgres may be derived from the most representative data
available in the literature or from soil surveys of comparable forests and soil types.

National values for SOCegyt rorests SOCint Forest NG Frorest types Fman intensity: aNd Taist regime Should be consistent with the
forest types, management practices and disturbance regimes used in estimation procedures of the SOC in forests
remaining forests (Section 3.2.1.3.1.2, Choice of Emission/Removal Factors). Derivation of these parameters
should be carried out according to the guidance provided in the corresponding text of Section 3.2.1.3.1.2.

Values of SOCyen rorest Land ShOuld be consistent with those reported in the other land categories.

The time period required to reach stable forest SOC values should be estimated, taking into account that rates of
soil C sequestration are slower than those in aboveground biomass, that superficial changes in SOC may only
present a partial picture of the vertical redistribution of carbon along the soil profile, that the transition may be
shorter for new forests that are intensively managed than for extensively managed ones, and that, everything else
being equal, in the long-term SOC,; rorest 1S likely to be lower than SOCegy rorest -

Linear C sequestration may be replaced by sigmoidal or equivalent representations, where data are available.

Tier 3: Countries develop their own methodologies and parameters for estimating changes in SOC associated
with the creation of new forests. Such approaches will likely integrate rigorous, long-term monitoring programs,
coupled with numerical and/or dynamic modelling studies, and will be consistent with the methods used to
estimate emissions/removals for the SOC pools of forest land remaining forest land. Models should be selected
based on their capacity to adequately represent the range of conditions and practices that occur over the area of
interest, and their compatibility with available national data. Because of the complexity of these models, it may
be difficult to quantify the uncertainty associated with the model outputs. The use of models should be supported
by an independent validation of model assumptions, parameters, rules and outputs over the entire range of
conditions and practices modelled.

ORGANIC SOILS

The emission factor to be estimated is EFpyainage, fOr the emissions of CO, from drained organic soils converted to
forest land [tonnes C ha™ yr'], as discussed under emission factors for organic soils in Section 3.2.1.3.1.2.
Default values are provided in Table 3.2.3.

3.2.2.3.1.3 Choice of Activity Data

MINERAL SOILS

Activity data under Tier 1 consist of all croplands and grasslands converted to forests, either deliberately or as a
result of abandonment, estimated consistent with the guidance in Chapter 2. Typical conversion patterns show
plantation establishment on marginal agricultural lands, on abandoned degraded agricultural lands in marginally
productive areas, or on agricultural land and abandoned lands for other reasons.

Activity data under Tiers 2 and 3 consist of all lands converted to forest land, located according to the general
climatic categories , and distinguished based on management intensity (extensive or intensive) and stand origin
(natural or artificial forest establishment).

Under all tiers, new forests should remain in the conversion category for the duration of the transition period
(default = 20 years), and subsequently included in forest land remaining forest land. Assessment of changes in
forest SOC is greatly facilitated if the land-use change information can be used in conjunction with national soil
and climate data, vegetation inventories, and other geophysical data, and long term soil carbon dynamics may
need tracking in the forest land remaining forest land category after transferred at the end of the transition period.
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Data sources will vary according to a country’s land management systems, from individual contractors or companies,
to regulation bodies and government agencies responsible for land use planning, inventory and management, and
research institutions. Data formats include, among others, activity reports submitted regularly within incentive
programs or as required by regulations, forest management inventories and remotely sensed imagery.

ORGANIC SOILS

The activity data consists of Aprined aff » the area of drained organic soils converted to new forests. When organic
soils are drained for the purpose of afforesting the land, records will probably document the extent and location
of drainage activities in preparation for forest establishment. This may not be the case for the conversion of
previously drained soil, for which only the land conversion areas may be available. Additional surveys may be
needed, using the advice in Chapter 2 taking into account any need to adjust areas ascribed to previous land uses
to maintain consistent land area representation.

3.2.2.3.1.4 Uncertainty Assessment

Uncertainties in soil organic carbon data are basically the same in lands converted to forest land and in forest
land remaining forest land (Section 3.2.1.3.1.4). An additional source of uncertainty is associated with the
varying evidence on the effect of land conversion to forest land on the soil organic carbon (SOC): the direction
and rate of changes in SOC depend on the initial soil conditions at the time of conversion, and the soil's potential
for accumulating organic carbon. Unless there is contrary evidence, countries should assume a 30% uncertainty
on soil initial conditions.

3.2.2.4 NON-CO, GREENHOUSE GAS EMISSIONS

Non-CO, gases from biomass burning are addressed in Section 3.2.1.4 (Greenhouse gas emissions from biomass
burning).

In general, land conversion from cropland, grassland, settlements and other land to forest land tends not to alter
sources and removals of non-CO, gases from soil as compared to the sources and removals occurring under the
preceding (cropland, grassland, settlements, other land) or new land use (forest land). This assumption may not
always hold true, for instance, if a grassland is ploughed for afforestation. However, insufficient data exist to
provide a default methodology. N,O emissions from management including fertilisation and drainage are
addressed in Section 3.2.1.4 and Appendix 3a.2.

NITROUS OXIDE

Figure 3.1.2 provides the decision tree to select the respective tier for N,O emissions from land converted to
forest land. If data are available, the key category analysis should be performed separately for each land
conversion type (cropland to forest land, grassland to forest land, wetlands to forest land, settlements to forest
land, other land to forest land).

For all Tiers it is good practice to estimate N,O emissions from direct application of nitrogen to lands in the
conversion to forest land category using the same methods described in Section 3.2.1.4.1 for forest land
remaining forest land, remembering to avoid double counting with forest land remaining forest land, or
agriculture. If applications data cannot realistically be disaggregated below the forest land remaining forest land
or even the agriculture level emissions should be lumped into the parent category, to avoid double counting. In
addition the following points apply:

Tier 1: It is assumed that the conversion to forest land does not lead to soil carbon losses. Based on the
argument set out in Section 3.3.2.3 (Non-CO, emissions from conversion to cropland), N,O emissions from soil
carbon mineralisation are also assumed to be zero. Lagged N,O emissions from nitrogen application during the
preceding land use and new land use (managed forest) are implicitly calculated in the inventory and do not need
to be reported separately, avoiding double counting.

Tier 2: Countries with repeated soil carbon inventories are encouraged to check the assumption that the
conversion to forest land does not lead to soil carbon losses. If soil carbon losses can be documented, e.g. from
the afforestation of grassland, then N,O emissions are reported using the same tiers and methodologies as for the
conversion to cropland (Section 3.3.2.3, Non-CO, emissions from conversion to cropland). Lagged N,O
emissions from nitrogen application during the preceding land use are implicitly calculated in the inventory and
do not need to be reported separately, avoiding double counting. At present, there is no adequate information to
estimate the effect of carbon accumulation in soil on N,O emissions.

Tier 3: For countries reporting N,O emissions on a spatially explicit basis it is good practice to apply the same
detailed models as for lands remaining forest land, taking account of the interactions identified for Tier 1 and
Tier 2 above.
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The conversion of organic soils to forest land releases N,O in cases where the wetlands, especially organic soils,
are drained. It is good practice to report N,O emissions from drainage of organic soils for conversion to forest
land with the same tiers and methodology as N,O emissions from drained organic soils under forest land
(Appendix 3a.2), assuring consistency.

3.2.3 Completeness

Completeness is a requirement for inventory Quality Assurance and (QA) and Quality Control (QC), as outlined
in Chapter 5.5, and is defined, in the way set out in Chapter 1, by the coverage of the IPCC Guidelines.

This Guidance includes specific advice for all losses on managed forest areas (needed for the proper operation of
the methodology), which, at higher tiers, extends to all pools, rather than just aboveground biomass. CO, and
non-CO, emissions from fires and direct fertiliser application are included at all tiers and Appendix 3a.2
provides advice on nitrous oxide from drained organic soils. Good practice guidance on liming of forest soils is
identical with the guidance in the IPCC Guidelines and has not been elaborated further, although more detailed
methods are described in Chapter 4.

3.2.4  Developing a Consistent Time Series

It is good practice to develop a consistent time series of inventories of anthropogenic emissions and removals of
GHGs in all LULUCEF categories, using the guidance in Section 5.6 (Time series consistency and recalculations).
Because activity data may only be available every few years, achieving time series consistency may require
interpolation or extrapolation from longer time series or trends, possibly using information on changes in forest
policies and incentive schemes where drivers are needed.

To estimate emissions and removals of GHGs, whether by Tier 1, 2 or 3, ideally the same protocol (sampling
strategy, method, etc.) should be applied consistently to every year in the time series, at the same level of
disaggregation, and, where country-specific data are used, it is good practice to use the same coefficients
methods for equivalent calculations at all points in the time series.

However, as inventory capacity and information and data sources availability improve over time, new sources
and sinks categories are included, or moving to higher tier, the methods and data used to calculate estimates can
be updated and refined. In these circumstances, consistent recalculation of historical emissions and removals is a
good practice (see Section 5.6.3, Recalculation of periodic data). In some cases, if some historical data are
missing, then they may need to be estimated from other data sources.

Consistent accounting over time of land areas included in the soil C emissions/sinks inventory requires that
activity data for all land-use categories be stratified by a common definition of climate and soil types. Thus areas
subject to land-use change will be lost or double-counted due to accounting errors resulting from inconsistent
definitions for climate and soil strata within other land-use categories. Consistent definition of each of the
management systems included in the inventory is required.

The level of knowledge and detail of emission estimates for soils will also improve over time, necessitating
recalculation of historic inventories to take account of new data and/or methods, so that activity data are
stratified by common definitions of new forest types, management practices and disturbance regimes.

Often, changes in forest soils cannot be detected at time scale finer than a decade; it will be necessary to
interpolate between measurements in order to obtain annual estimates of emissions and removals.

Changes in forest types, practices and disturbances need to be tracked for long time periods determined for example
by soil carbon dynamics or forest rotation periods where these are specifically tracked in detailed model
calculations. Difficulties may arise from lack of historical data on these activities or events. Historical data
(including for non-CO, emissions drained and rewetted areas) will inevitably be of coarser resolution than recent
data; some may have to be reconstructed, based on expert knowledge, which should be documented as set out in
Chapter 5.

3.2.5 Reporting and Documentation

The categories described in Section 3.2 can be reported using the reporting tables in Annex 3A.2. The general
requirements for reporting and documentation are set out in Chapter 5 of this report and in general it is a good
practice to archive and document all data and information (such as figures, statistics, sources of assumptions,
modeling approaches, uncertainty analyses validation studies, inventory methods, research experiments,

3.66 IPCC Good Practice Guidance for LULUCF



Forest Land

measurements arising from field site studies, associated protocols, and other basis of basic data) applied to
produce the national emissions/removals inventory. Elaborations on pool definition should be reported, and
definitions relevant to determining the extent of the managed land included in the inventory, together with
evidence that these definitions have been applied consistently over time.

Documentation is also needed for demonstrating completeness, consistency of time series data and methods for
interpolating between samples and methods for interpolating between samples and years, and for recalculating,
and avoidance of double counting as well as for performing QA/QC.

As Parties decide to progress through higher tier levels, whose calculation methods and data are not described in
the IPCC Guidelines or characterised by more disaggregated approaches, additional documentation is required to
support the use of more advanced and accurate methodologies, country-defined parameters, and high resolution
maps and data sets. However, at all tier levels, explanation is needed for decisions regarding choice of
methodology, coefficients, and activity data. The aim is to facilitate reconstruction of the estimates by
independent third parties, but it may prove impractical to include all documentation necessary in the national
inventory report. The inventory should therefore include summaries of approaches and methods used, and
references to source of data such that the reported emissions estimates are transparent and steps adopted in their
calculation may be retraced.

Documentation is particularly important where the approach, calculation methods and data are not described in
the IPCC Guidelines, as in higher tier or more disaggregated approaches. In addition, it is a good practice to
provide documentation on:

Emission factors: Sources of the emission factors that were used (specific IPCC default values or otherwise)
have to be quoted. If country- or region-specific emission factors were used, and if new methods (other than the
default IPCC methods) were used, the scientific basis of these emission factors and methods should be
completely described and documented. This includes defining the input parameters and describing the process by
which these emission factors and methods are derived, as well as describing sources and magnitudes of
uncertainties. Inventory agencies using country-specific emission factors should provide information of the basis
for the selection of a different factor, describe how it was derived, compare it to other published emission
factors, explain any significant differences, and attempt to place bounds on the uncertainty.

Activity data: Sources of all activity data, such as areas, soil types and characteristics and vegetation covers,
used in the calculations should be provided (i.e. complete citations for the statistical databases from which data
were drawn). Reference to the metadata for the databases are useful, including information on dates and
frequency of data collection, sampling procedures, analytical procedures used to obtain soil characteristics and
minimum detectable change in organic carbon, and estimates of accuracy and precision. When activity data were
not obtained directly from databases, the information and assumptions that were used to derive the activity data
should be provided, as well as estimates of the uncertainty associated to the derived activity data. This applies in
particular when scaling up procedures were used to derive large-scale estimates; in these cases the statistical
procedures should be described along with the associated uncertainty.

Results of model simulations: If inventory agencies used data output from models in their estimation
procedures, the rationale for model selection and use should be provided. It is a good practice to provide
complete citations of peer-reviewed publications in which the model is described, and modelling results are
interpreted and validated. Detailed information should be provided to enable reviewers to assess the model’s
validity, including the general modelling approach, key model assumptions, input and output data, parameter
values and parameterisation procedures, confidence intervals of model outputs, and the outcome of any
sensitivity analysis conducted on the output.

Analysis of emissions: Significant fluctuations in emissions between years should be explained. A distinction
should be made between changes in activity levels and changes in emission coefficients from year to year, and
the reasons for these changes documented. If different emission factors are used for different years, the reasons
for this should be explained and documented.

Non-CO; greenhouse gases: the requirements on reporting follow three same principles as for CO,, but
particular attention needs to be given to methods for avoidance of omission or double counting with respect to
agriculture and between forest land remaining forest land, and transitions to forest land. Clarity is also needed on
coverage, between emissions estimated using the guidance in this chapter and any use made of the guidance in
the Annex 3A.2 (Reporting Tables and Worksheets). In view of the uncertainties clarity in methods and
reporting may help advance scientific knowledge as well as serve the purposes of inventory review.
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3.2.6 Inventory Quality Assurance/Quality Control
(QA/QC)

The characteristics of the LULUCF sector mean that estimates of emissions and removals of GHGs to be
reported by national inventories can have different level of precision, accuracy and levels of bias. Moreover, the
estimates are influenced by the quality and consistency of data and information available in a country, as well as
gaps in knowledge; in addition, depending on the tier level used by a Party, figures can be affected by different
sources of errors, such as sampling errors, assessment errors, classification errors in remote sensing imagery,
model errors, that can propagate to the total estimation.

It is good practice to execute quality control checks through Quality Assurance (QA) and Quality Control (QC)
procedures, and expert review of the emission estimates. Additional quality control checks as outlined in Tier 2
procedures in Chapter 8, QA/QC, of GPG2000 and in Chapter 5.5 of this report, and quality assurance
procedures may also be applicable, particularly if higher Tier methods are used to estimate emissions. It is good
practice to supplement the general QA/QC related to data processing, handling, and reporting and documenting,
with source-specific category procedures discussed below.

Agencies which collect data are responsible for reviewing the data collection methods, checking the data to
ensure that they are collected and aggregated or disaggregated correctly, and cross-checking the data with other
data sources and with previous years to ensure that the data are realistic, complete and consistent over time. The
basis for the estimates, whether statistical surveys or “desk estimates”, must be reviewed and described as part of
the QC process. Documentation is a crucial component of the review process because it enables reviewers to
identify inaccuracy, gaps and suggest improvements. Documentation and transparency in reporting is most
important for highly uncertain source categories and to give reasons for divergences between country-specific
factors and default or factors used by other countries. Countries with similar (ecological) conditions are
encouraged to collaborate in the refinements of methods, emissions factors and uncertainty assessment.

ACTIVITY DATA CHECK

The inventory agency should, where possible, check data comprising of all managed land areas, using
independent sources and compare them. Any differences in area records should be documented for the purposes
of review. Activity data area totals should be summed across all land-use categories to insure that total area
involved in the inventory and its stratification across climate and soil types, remains constant over time. This
ensures that land areas are neither ‘created’ nor ‘lost’ over time, which would result in major errors in the
inventory. When using country-specific data (such as data on standing biomass and biomass growth rates, carbon
fraction in aboveground biomass and biomass expansion factors, synthetic fertiliser consumption and synthetic
fertiliser consumption estimates) the inventory agency should compare them to the IPCC default values or
internationally well-established values such as those provided by the FAO and the International Fertilizer
Industry Association (IFA), and note the differences.

The country-specific parameters should be of high quality, preferably peer-reviewed experimental data,
adequately described and documented. The agencies performing the inventory are encouraged to ensure that
good practice methods have been used and the results have been peer-reviewed. Assessments on test areas can
be used to validate the reliability of figures reported.

The inventory agency should make sure that QA/QC in the Agriculture source category has been implemented
and that nitrogen excretion, volatile losses and application rates to forest are consistent with the Agriculture
source category and overall consumption of fertilisers and organic wastes, avoiding double counting.

The inventory agency should make sure that the entire area of drained forest peatlands is considered, not only the
recent drainage in the reporting year, and that repeated drainage of a given area is not counted as new area.

INTERNAL AND EXTERNAL REVIEW

The review processes as set out in Chapter 5 should be undertaken by experts preferably not directly involved in
the inventory development. The inventory agency should utilize experts in GHG removals and emissions in
LULUCEF to conduct expert peer-review of the methods and data used. Given the complexity and uniqueness of
the parameters used in calculating country-specific factors for some categories, selected specialists in the field
should be involved in such reviews. If soil factors are based on direct measurements, the inventory agency
should review the measurements to ensure that they are representative of the actual range of environmental and
soil management conditions, and inter-annual climatic variability, and were developed according to recognised
standards. The QA/QC protocol in effect at the sites should also be reviewed and the resulting estimates
compared between sites and with default-based estimates.
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3.3 CROPLAND

This section provides Good Practice Guidance on inventorying and reporting greenhouse gas emissions and
removals in ‘cropland remaining cropland (CC)’ and ‘land converted to cropland’ (LC). Cropland includes all
annual and perennial crops as well as temporary fallow land (i.e., land set at rest for one or several years before
being cultivated again). Annual crops may include cereals, oils seeds, vegetables, root crops and forages.
Perennial crops can include trees and shrubs, in combination with herbaceous crops (e.g. agroforestry) or as
orchards, vineyards and plantations such as cocoa, coffee, tea, oil palm, coconut, rubber trees, and bananas,
except where these lands meet the criteria for categorisation as forest land.* Arable land which is normally used
for cultivation of annual crops but which is temporarily used for forage crops or grazing as part of an annual
crop-pasture rotation is included under cropland.

The amount of carbon stored in and emitted or removed from permanent cropland depends on crop type,
management practices, and soil and climate variables. For example, annual crops (e.g. cereals, vegetables) are
harvested each year, so there is no long-term storage of carbon in biomass. However, perennial woody
vegetation in orchards, vineyards, and agroforestry systems can store significant carbon in long-lived biomass,
the amount depending on species type, density, growth rates, and harvesting and pruning practices. Carbon
stocks in soils can be significant and changes in stocks can occur in conjunction with most management practices,
including crop type and rotation, tillage, drainage, residue management and organic amendments.

The conversion of other land uses into cropland can affect carbon stocks and other greenhouse gases in a variety
of ways. Land-use conversions to cropland from forest land, grassland and wetlands usually result in a net loss of
carbon from biomass and soils to the atmosphere. However, cropland established on previously sparsely
vegetated or highly disturbed lands (e.g. mined lands) can result in a net gain in both biomass and soil carbon.
The term land-use conversion refers only to lands coming from one type of use into another. In cases where
existing perennial cropland is replanted to the same or different crops, the land use remains cropland; therefore,
the carbon stock changes should be estimated using the methods for cropland remaining cropland, as described
in Section 3.3.1 below.

For cropland remaining cropland, emissions of methane (CH,4) and nitrous oxide (N,O) from the management of
permanent agricultural lands are covered in Chapter 4 of the IPCC report on Good Practice Guidance and
Uncertainty Management in National Greenhouse Gas Inventories (GPG2000). This report provides guidance
on inventorying and reporting of N,O emissions from land-use conversions to cropland as a result of soil
oxidation.

In this section, guidance on the use of basic and advanced methodologies for inventorying and reporting
emissions and removals for cropland remaining cropland and land converted to cropland is provided for biomass
and soil carbon pools. Methodologies follow a hierarchical tier structure where Tier 1 methods use default values,
typically with limited disaggregation of area data. Tier 2 corresponds to use of country-specific coefficients and
typically finer scale area disaggregation, which will reduce uncertainty in emission/removal estimates. Tier 3
methods refer to the use of country-specific approaches, which may include process models and detailed
inventory measurements. Where possible, default values from the IPCC Guidelines are updated and new default
values are provided based on the most up-to-date research findings.

3.3.1 Cropland Remaining Cropland

Emissions and removals from cropland remaining cropland can include two subcategories of CO,
emissions/removals. Equation 3.3.1 summarises net emissions or removals of carbon from cropland remaining
cropland for these subcategories: changes in carbon stocks in living biomass (Section 3.3.1.1) and changes in
carbon stocks in soils (3.3.1.2). As noted above, emissions of CH, and N,O are estimated as part of the
Agriculture Chapter in the IPCC Guidelines and GPG2000. Table 3.3.1 summarises the methodological tiers for
each of the two subcategories covered below.

L As described in Chapter 2, Section 2.2 (Land categories), the IPCC does not provide a single definition for forest or other
land uses. Rather, countries should determine their own definition for the purposes of inventory reporting. It is good
practice to use clear definitions in the inventory report (include threshold values, e.g. for tree cover, land area, and tree
height) and to ensure that the categorisation is consistent across inventory reports and with other land use definitions.
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ANNUAL CHANGE IN CARBON STOCKS IN CROPLAND REMAINING CROPLAND

EQUATION 3.3.1

ACcc= ACCCLB + ACCCSoils

Where:

ACcc = annual change in carbon stocks in cropland remaining cropland, tonnes C yr™*

ACCCLB

= annual change in carbon stocks in living biomass, tonnes C yr™*

ACccy e = annual change in carbon stocks in soils, tonnes C yr™*

To convert tonnes C to Gg CO,, multiply the value by 44/12 and 10, For the convention (signs), refer to Section
3.1.7 or Annex 3A.2 (Reporting Tables and Worksheets).

TABLE 3.3.1

TIER DESCRIPTIONS FOR SUBCATEGORIES UNDER CROPLAND REMAINING CROPLAND

Tier
Sub-

categories

Tier 1

Tier 2

Tier 3

Living Biomass
(for perennial
woody crops)

Use default coefficients for
carbon accumulation and loss
rates. The average area of
perennial woody crops is
estimated by climate region.

Use at least some country-specific
values for carbon accumulation and
loss rates. Use detailed annual or
periodic surveys to estimate the area
of land in perennial woody crops,
disaggregated to scales that match
the country-specific rates. Consider
including belowground biomass in
estimate, if data are available. May
rely on alternate approach of
measuring or estimating carbon
stocks at two points in time, in lieu
of developing rates of change in
carbon stocks.

Use highly disaggregated area
estimates for detailed
categories of perennial woody
crops (e.g., coffee, orchards,
intercropping systems).

Applies country-specific rates
or estimates of carbon stock
changes in the specific
perennial woody crop systems.
May use a country-specific
approach at fine spatial scale
(e.g., modeling, measurement)
provided it yields a more
accurate estimate of carbon
stock changes.

Soils For changes in soil carbon For both mineral and organic soils Use country-specific approach
from mineral soils use default | use some combination of default at fine spatial scale (e.g.,
coefficients. Areas should be and/or country-specific coefficients modeling, measurement)
stratified by climate and soil and area estimates of increasingly
type. For changes in soil finer spatial resolution. For
carbon from organic soils use | emissions from liming, use emission
default coefficients and factors differentiated by forms of
stratify the areas by climatic lime.
region. For emissions from
liming, use default emission
factors as given in IPCC
Guidelines.

3.3.1.1 CHANGE IN CARBON STOCKS IN LIVING BIOMASS

Carbon can be stored in the biomass of croplands that contain perennial woody vegetation, including, but not
limited to, monocultures such as coffee, oil palm, coconut, and rubber plantations, and fruit and nut orchards,
and polycultures such as agroforestry systems. The basic methodology for estimating changes in woody biomass
is provided in the IPCC Guidelines Section 5.2.2 (Changes in Forest and Other Woody Biomass Stocks) and in
Section 3.2.1.1 (Changes in Carbon Stocks in Living Biomass) under Section 3.2.1 (Forest land Remaining
Forest land) of this report. This section elaborates these methodologies with respect to estimating changes in
carbon stocks in living biomass in cropland remaining cropland.
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3.3.1.1.1 METHODOLOGICAL ISSUES

The change in biomass is only estimated for perennial woody crops. For annual crops, increase in biomass stocks
in a single year is assumed equal to biomass losses from harvest and mortality in that same year - thus there is no
net accumulation of biomass carbon stocks.

The principal equation for total change in carbon stocks of living biomass in perennial woody crops on cropland
(ACCCLB) is the same as Equation 3.2.2 in Section 3.2.1 (Forest land Remaining Forest land), with the only

difference being that estimates of carbon stock changes apply to aboveground biomass only because limited data
are available on belowground biomass. Default growth and loss rates are given in Table 3.3.2.

TABLE 3.3.2
DEFAULT COEFFICIENTS FOR ABOVEGROUND WOODY BIOMASS AND HARVEST CYCLES IN CROPPING SYSTEMS CONTAINING
PERENNIAL SPECIES
Climate region Aboveground Harvest Biomass Biomass carbon loss | Error range!
biomass carbon | /Maturity accumulation rate (L)
stock at harvest cycle G
4 ©) (tonnes C ha™)
(tonnes C ha®) (yr) (tonnes C hat yr?
Temperate (all 63 30 2.1 63 +75%
moisture regimes)
Tropical, dry 9 5 1.8 9 +75%
Tropical, moist 21 8 2.6 21 +75%
Tropical, wet 50 5 10.0 50 + 75%
Note: Values are derived from the literature survey and synthesis published by Schroeder (1994).
! Represents a nominal estimate of error, equivalent to two times standard deviation, as a percentage of the mean.

Currently, there is not sufficient information to provide a basic approach with default parameters to estimate
carbon stock changes in dead organic matter pools in cropland remaining cropland.

3.3.1.1.1.1 Choice of Method
To estimate change in carbon in cropland biomass (ACCCLB), there are two alternative approaches: (a) estimate

annual rates of growth and loss (Equation 3.2.2 in Forest land section) or (b) estimate carbon stocks at two points
in time (Equation 3.2.3 also in Forest land section). The first approach is developed below as the basic Tier 1
method; it can also serve as a Tier 2 or 3 method with refinements described below. The second approach is
developed as either a Tier 2 or Tier 3 method.

As described in more detail below, Tier 1 is based on highly aggregated area estimates for generic perennial
woody crops using default carbon accumulation rates and carbon losses. A Tier 2 estimate, in contrast, will
generally develop estimates for the major woody crop types by climate zones, using country-specific carbon
accumulation rates and stock losses where possible or country-specific estimates of carbon stocks at two points
in time. A Tier 3 estimate will use a highly disaggregated Tier 2 approach or a country-specific method
involving process modeling and/or detailed measurement. All countries should strive for improving inventory
and reporting approaches by advancing to the highest tier possible given national circumstances. It is good
practice for countries to use a Tier 2 or Tier 3 approach if carbon emissions and removals in cropland remaining
cropland is a key category and if the subcategory of living biomass is considered significant based on principles
outlined in Chapter 5. Countries should use the decision tree in Figure 3.1.1 to help with the choice of method.

Tier 1: The basic method is to multiply the area of perennial woody cropland by a net estimate of biomass
accumulation from growth and subtract losses associated with harvest or other removals (according to Equation
3.2.2. in the Forest land section). Losses are estimated by multiplying a carbon stock value by the area of
cropland on which perennial woody crops are harvested or removed.

Default Tier 1 assumptions are: all carbon in perennial woody biomass removed (e.g., biomass cleared and
replanted with a different crop) is emitted in the year of removal; and perennial woody crops accumulate carbon
for an amount of time equal to a nominal harvest/maturity cycle. The latter assumption implies that perennial
woody crops accumulate biomass for a finite period until they are removed through harvest or reach a steady
state where there is no net accumulation of carbon in biomass because growth rates have slowed and incremental
gains from growth are offset by losses from natural mortality, pruning or other losses.

At Tier 1, default factors, which are discussed in more detail in Section 3.3.1.1.1.2 and Table 3.3.2., are applied
to nationally derived estimates of land areas (A in Equation 3.2.4. in Forest land section).
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Example 1: In the inventory year, 90,000 hectares of perennial woody crops are cultivated in a
tropical moist environment, while 10,000 ha are removed. The immature perennial woody
cropland area accumulates carbon at a rate of approximately 2.6 tonnes of C ha™ yr. The area
harvested loses all carbon in biomass stocks in the year of removal. Default carbon stock losses for
a tropical moist perennial woody cropland are 21 tonnes C ha™ yr. Using equation 3.2.2, an
estimated 234,000 tonnes C accumulates per year and 210,000 tonnes C are lost. The net change in
carbon stocks in the tropical moist environment are 24,000 tonnes C yr™.

Tier 2: One of two alternative approaches can be used at Tier 2. In principle, either approach should yield the
same answer.

The approaches include:

e Extending Tier 1 by matching more disaggregated area estimates (e.g., by specific perennial woody crop
types and detailed climate regions) with at least some country-specific carbon accumulation and harvest data
applicable at the same scale. Countries should prioritize development of country-specific parameters by
focusing on either the most common perennial woody crops or the systems with relatively high levels of
perennial woody biomass per unit of land (i.e., high carbon stocks). Guidance on developing country-
specific parameters is provided in Section 3.3.1.1.1.2; or,

e Estimating total carbon stocks in perennial woody crops at regular time intervals (following Equation 3.2.3
of the Forest land section).

Tier 3: Tier 3 approaches are either highly disaggregated Tier 2 approaches that are parameterized with
country-specific carbon stock and carbon stock change values or they are country-specific methods such as use
of models or repeated measurements of stocks such as those obtained using detailed forest inventories (see
Section 3.2.1.1.1). For example, well validated and species-specific growth models and detailed information on
harvest and pruning practices could be used to estimate annual growth rates, analogous to Equation 3.2.2. This
would require information on the area of woody biomass crops by species and age class, as well as data on
climate, soil and other growth limiting conditions for specific areas. Alternatively, periodic sampling-based stock
estimates (and associated models), similar to those used in detailed forest inventories could be applied to
estimate stock changes as in Equation 3.2.3.

3.3.1.1.1.2 Choice of Emission/Removal Factors

Emission/removal factors for this methodology include the biomass accumulation (G) and loss rates (L). Table
3.3.2 provides default values for G and L across four general climate regions based on a published review of
carbon stock research on agroforestry systems (Schroeder, 1994). Additional data in Table 3.3.2 highlight
underlying assumptions of the default data (e.g., time to harvest/maturity) and demonstrate how the defaults
were derived. The default annual growth rate (G) is derived by dividing biomass stocks at maturity by the time
from crop establishment to harvest/maturity. The default annual loss rate is equal to biomass stocks at harvest,
which are assumed removed entirely in the year of removal. For an individual country, these defaults are highly
uncertain as they represent generic perennial woody biomass crop systems for broad climatic regions. Woody
crops vary greatly in their uses, growth and harvest rates, and degree of association with other non-woody crops
and thus the application of simple default factors will only coarsely approximate carbon changes.

When using the Tier 2 approach, biomass stocks, harvest cycles and carbon accumulation rates can be estimated
from country or region specific research results on perennial woody crop systems conducted by national experts.
Woody crops vary greatly, from annually harvested species used for green manure and fuel wood to potentially
long-lived woody crops such as fruit orchards. It is important in deriving estimates of biomass accumulation
rates to recognize that net increases in biomass stocks will occur primarily during the first years following initial
establishment or regrowth of the woody crops. While some longer-lived orchard crops may not be subject to a
regular removal and replanting cycle, losses due to pruning and tree replacement are likely to largely offset new
growth so that in mature crops net biomass stock increases will be near zero. Thus, at the country-level, net
increases in biomass carbon stocks would occur primarily where the area of cropland with woody crops is
increasing relative to other land uses having lower carbon stocks or where the proportion of land subject to
removals is less than the average dictated by the normal harvest frequency (e.g. if the land area is dominated by
young, recently established woody crops). Conversely, net biomass losses at the country-level would occur when
woody crops are replaced by other annual cropland systems or when the harvest frequency of woody crops is
increasing.

To further improve estimates of carbon accumulation in perennial woody crop biomass, countries may conduct
field research to measure carbon stock changes or accumulation rates. Research studies should be based on
sound scientific principles and follow general approaches laid out by other similar studies (Dixon et al., 1993;
Schroeder, 1994; Schroth et al., 2002; and Masera et al., 2003). Results from field research should be compared
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to estimates of carbon accumulation rates from other sources to verify that they are within documented ranges.
Reported carbon accumulation rates may be modified based on additional data and expert opinion, provided
clear rationale and documentation are included in the inventory report.

3.3.1.1.1.3 Choice of Activity Data

Activity data in this section refer to estimates of land areas (Ag, A.) of growing stock and harvested land in
perennial woody crops. Chapter 2 provides general guidance on approaches for obtaining and categorising area
by different land use classes. For estimating emissions and removals from this source, countries need to obtain
area estimates for land in perennial woody crops, disaggregated as required to correspond to the available
emission factors and other parameters.

Tier 1: Under Tier 1, annual or periodic surveys are used in conjunction with the approaches outlined in
Chapter 2 to estimate the average annual area of established perennial woody crops and the average annual area
of perennial woody crops that are harvested or removed. The area estimates are further subdivided into general
climate regions to match the default G and L values. Under Tier 1 calculations, international statistics such as
FAO databases, IPCC Guidelines and other sources can be used to estimate the area of land in perennial woody
crops.

Tier 2: For the Tier 2 method, more detailed annual or periodic surveys are used to estimate the areas of land in
different classes of perennial woody biomass crops. Areas are further classified into relevant categories such that
all major combinations of perennial woody crop types and climatic regions are represented with area estimates
for each. These area estimates must match any country-specific carbon accumulation and loss values developed
for the Tier 2 method. If country-specific finer resolution data are only partially available, countries are
encouraged to extrapolate to the entire land base of perennial woody crops using sound assumptions from best
available knowledge.

Tier 3: Tier 3 requires high-resolution activity data disaggregated at sub-national to fine grid scales. Similar to
Tier 2, land area is classified into specific types of perennial woody crops by major climate and soil categories
and other potentially important regional variables (e.g., regional patterns of management practices). If possible,
spatially explicit area estimates are used to facilitate complete coverage of the perennial woody cropland and
ensure that areas are not over- or underestimated. Furthermore, spatially explicit area estimates can be related to
locally relevant carbon accumulation and removal rates, and restocking and management impacts, improving the
accuracy of estimates.

3.3.1.1.1.4 Uncertainty Assessment

The following discussion provides guidance on approaches for assessing uncertainty associated with each tier
method described in Section 3.3.1.1.1.1.

Tier 1: The sources of uncertainty when using the Tier 1 method include the degree of accuracy in land area
estimates and in the default carbon accumulation and loss rates. A published compilation of research on carbon
stocks in agroforestry systems was used to derive the default data provided in Section 3.3.1.1.1.2 (Schroeder,
1994). While defaults were derived from multiple studies, their associated uncertainty ranges were not included
in the publication. Therefore, a default uncertainty level of + 75% of the parameter value has been assigned
based on expert judgement. This information can be used with a measure of uncertainty in area estimates from
Chapter 2 of this Report to assess the uncertainty in estimates of carbon emissions and removals in cropland
biomass using the Tier 1 methodology for uncertainty analysis in Chapter 5.2 (ldentifying and quantifying
uncertainties).

Tier 2: The Tier 2 method will reduce overall uncertainty because country-defined rates should provide more
accurate estimates of carbon accumulation and loss for crop systems and climatic regions within national
boundaries. It is good practice to calculate error estimates (i.e., standard deviations, standard error, or ranges) for
country-defined carbon accumulation rates and to use these variables in a basic uncertainty assessment. It is good
practice for countries to assess error ranges in country-specific coefficients and compare them to those of default
carbon accumulation coefficients. If country-defined rates have equal or greater error ranges than default
coefficients, then it is good practice to use a Tier 1 approach and to further refine country-defined rates with
more field measurements.

Tier 2 approaches may also use finer resolution activity data, such as area estimates for different climatic regions
or for specific cropping systems within national boundaries. The finer-resolution data will reduce uncertainty
levels when associated with carbon accumulation factors defined for those finer-scale land bases (e.g., when area
of coffee plantations is multiplied by a coffee plantation coefficient, rather than by a generic agroforestry
default).

Tier 3: Tier 3 approaches will provide the greatest level of certainty relative to Tiers 1 and 2 approaches. It is
good practice to calculate standard deviations, standard errors, or ranges for all country-defined biomass growth
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and loss rates. It is also good practice to assess the measurement error in land area estimates for each land base
category. Countries should consider developing probability density functions for model parameters to use in
Monte Carlo simulations.

3.3.1.2 CHANGE IN CARBON STOCKS IN SOILS

3.3.1.2.1 METHODOLOGICAL ISSUES

The IPCC Guidelines provide methods for estimating CO, Emissions and Uptake by Soils from Land-Use and
Management (Section 5.3) that can be applied to all land uses, including cropland. The methodology considers
organic carbon stock changes (CO, emissions or removals) for mineral soils, CO, emissions from organic soils
(i.e. peat soils) and emissions of CO, from liming of agricultural soils.

In the IPCC Guidelines, carbon stocks are measured to a default depth of 30cm and do not include C in surface
residue (i.e. dead organic matter) or changes in inorganic carbon (i.e. carbonate minerals). In most cropland soils,
surface residue is either absent (due to incorporation with tillage) or represents a minor stock. Other depths may
be used at higher tiers, but depth must in all cases be used consistently over time.

The summary Equation 3.3.2 for estimating the change in organic carbon stocks in soils is shown below:

EQUATION 3.3.2
ANNUAL CHANGE IN CARBON STOCKS IN SOILS IN CROPLAND REMAINING CROPLAND

ACCCSoils - ACCCMineral - ACCCOrganir: - ACCCLime

Where:

ACccy e = annual change in carbon stocks in soils in cropland remaining cropland, tonnes C yr*
ACCCMineral = annual change in carbon stocks in mineral soils, tonnes C yr*
ACcc orgatic— annual carbon emissions from cultivated organic soils (estimated as net annual flux), tonnes C yr*

ACcc . =annual C emissions from agricultural lime application, tonnes C yr™
Lime

For Tiers 1 and 2 methods, changes in dead organic matter and inorganic carbon should be assumed to be zero. If
dead organic matter is included in a Tier 3 approach, measurements should be based on the lowest amounts
present during an annual cycle to avoid including fresh post-harvest residues that represent a transient organic
matter pool. Selection of the most suitable tier will depend on: 1) type and level of detail of activity data on
agricultural management and changes in management over time, 2) availability of suitable information to
estimate base C stocks and stock change and emission factors, 3) availability of dedicated national inventory
systems designed for soils.

All countries should strive for improving inventory and reporting approaches by advancing to the highest tier
possible given national circumstances. It is good practice for countries to use a Tier 2 or Tier 3 approach if
carbon emissions and removals in cropland remaining cropland is a key category and if the subcategory of soil
organic matter is considered significant based on principles outlined in Chapter 5. Countries should use the
decision tree in Figure 3.1.1 to help with the choice of method.

3.3.1.2.1.1 Choice of Method

The method used to estimate carbon stock changes in mineral soils is different from the method used for organic
soils. It is also possible that countries will use different tiers to prepare estimates of the separate components on
this subcategory, given availability of resources. Thus, mineral soils, organic soils, and emissions from liming
are discussed separately below.

Mineral Soils

For mineral soils, the estimation method is based on changes in soil C stocks over a finite period following
changes in management that impact soil C, as shown in Equation 3.3.3. Previous soil C stocks (SOC.m)) and soil
C stocks in the inventory year (SOC,) for the area of a cropland system in the inventory are estimated from
reference carbon stocks (Table 3.3.3) and stock change factors (Table 3.3.4), applied for the respective time
points. Here a cropland system refers to a specific climate, soil and management combination. Annual rates of
emissions (source) or removals (sink) are calculated as the difference in stocks (over time) divided by the
inventory time period. The default time period is 20 years.
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EQUATION 3.3.3
ANNUAL CHANGE IN CARBON STOCKS IN MINERAL SOILS FOR A SINGLE CROPLAND SYSTEM

ACCCMineral = [(SOCO - SOC(O —T)) [ ] A] /T
SOC= SOCREF ® FLU [} FMG ® F|

Where:

ACccyinoral = annual change in carbon stocks in mineral soils, tonnes C yr*

SOC, = soil organic carbon stock in the inventory year, tonnes C ha™

SOC .1y = soil organic carbon stock T years prior to the inventory, tonnes C ha™

T = inventory time period, yr (default is 20 yr)

A = land area of each parcel, ha

SOC,. = the reference carbon stock, tonnes C ha’; see Table 3.3.3

FLu = stock change factor for land use or land-use change type, dimensionless; see Table 3.3.4
Fue = stock change factor for management regime, dimensionless; see Table 3.3.4

F, = stock change factor for input of organic matter, dimensionless; see Table 3.3.4

The types of land use and management factors supplied are very broadly defined and include: 1) a land use factor
(FLyu) that reflects C stock changes associated with type of land use, 2) a management factor (Fyg) that for
permanent cropland represents different types of tillage and 3) an input factor (F;) representing different levels of
C inputs to soil. For cropland, F, describes base C stocks for long-term cultivated soils, paddy rice cultivation
and for temporary cropland set-asides, relative to native (uncultivated) soil C stocks. If the area was in other land
use (e.g. forest land, grazing land) at the beginning of the inventory period, then guidance provided under
Section 3.3.2, Land Converted to Cropland, should be followed.

The calculation steps for determining SOC, and SOC .y and net soil C stock change per ha of land area are as
follows:

Step 1: Select the reference carbon stock value (SOCg), based on climate and soil type, for each area of land
being inventoried.

Step 2: Select the type of cropland use (long-term cultivated, paddy rice, set-aside) present at beginning of the
inventory period (e.g. 20 years ago), together with tillage (Fug) and C input levels (F)). These factors,
multiplied by the reference soil C stock, provide the estimate of ‘initial” soil C stock (SOC.1)) for the
inventory period.

Step 3: Calculate SOC, by repeating step 2 using the same reference carbon stock (SOCg), but with land use,
tillage and input factors that represent conditions in the (current) inventory year.

Step 4: Calculate the average annual change in soil C stock for the area over the inventory period (ACCCMmemI)
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Example: For a Mollisol soil in a warm temperate moist climate, SOCx; is 88 tonnes C ha™. On
an area of land under long-term annual cropping, previously managed with intensive tillage and
low C input level, the carbon stock at the beginning of the inventory period is calculated as
(SOCrer ® FLy ® Fyg ® F;,) = 88 tonnes C ha™e 0.71 @ 1 @ 0.91 = 56.9 tonnes C ha™. Under the
current management of annual cropping with no tillage and medium C input level the carbon stock
is calculated as 88 tonnes C ha” e 0.71 @ 1.16 1 = 72.5 tonnes C ha™. Thus the average annual
change in soil C stock for the area over the inventory period is calculated as (72.5 tonnes C ha™—
56.9 tonnes C ha™) / 20 yrs = 0.78 tonnes C ha™yr™.

TABLE 3.3.3

DEFAULT REFERENCE (UNDER NATIVE VEGETATION) SOIL ORGANIC C STOCKS (SOCRger)
(TONNES C PER HA FOR 0-30 CM DEPTH)

Region HAC soils® | LAC soils® | Sandy soils® | Spodic soils* Vg(';igic V\{S%tillzgd
Boreal 68 NA 10* 117 20* 146
Cold temperate, dry 50 33 34 NA 20%
Cold temperate, moist 95 85 71 115 130 o7
Warm temperate, dry 38 24 19 NA 70
Warm temperate, moist 88 63 34 NA 80 8
Tropical, dry 38 35 31 NA 50%
Tropical, moist 65 47 39 NA 70* 86
Tropical, wet 44 60 66 NA 130*

Note: Data are derived from soil databases described by Jobbagy and Jackson (2000) and Bernoux et al. (2002). Mean stocks are
shown. A default error estimate of 95% (expressed as 2X standard deviations as percent of the mean) are assumed for soil-climate
types. NA denotes ‘not applicable’ because these soils do not normally occur in some climate zones.

# indicates where no data were available and default values from IPCC Guidelines were retained.

! Soils with high activity clay (HAC) minerals are lightly to moderately weathered soils, which are dominated by 2:1 silicate clay
minerals (in the World Reference Base for Soil Resources (WRB) classification these include Leptosols, Vertisols, Kastanozems,
Chernozems, Phaeozems, Luvisols, Alisols, Albeluvisols, Solonetz, Calcisols, Gypsisols, Umbrisols, Cambisols, Regosols; in USDA
classification includes Mollisols, Vertisols, high-base status Alfisols, Aridisols, Inceptisols).

2 Soils with low activity clay (LAC) minerals are highly weathered soils, dominated by 1:1 clay minerals and amorphous iron and
aluminium oxides (in WRB classification includes Acrisols, Lixisols, Nitisols, Ferralsols, Durisols; in USDA classification includes
Ultisols, Oxisols, acidic Alfisols).

® Includes all soils (regardless of taxonomic classification) having > 70% sand and < 8% clay, based on standard textural analyses (in
WRB classification includes Arenosols,; in USDA classification includes Psamments).
* Soils exhibiting strong podzolization (in WRB classification includes Podzols; in USDA classification Spodosols)

% Soils derived from volcanic ash with allophanic mineralogy (in WRB classification Andosols; in USDA classification Andisols)

® Soils with restricted drainage leading to periodic flooding and anaerobic conditions (in WRB classification Gleysols; in USDA
classification Aquic suborders).

3.76 IPCC Good Practice Guidance for LULUCF



Cropland

TaBLE 3.34
RELATIVE STOCK CHANGE FACTORS (Fy, Fpmg, AND F)) (OVER 20 YEARS) FOR DIFFERENT MANAGEMENT ACTIVITIES ON
CROPLAND [SEE SECTION 3.3.7 FOR METHODS AND DATA SOURCES USED IN FACTOR DERIVATION]
Factor Temper- 96 Moisture GPG
value Level ature IPCC Regime! revised Error?® Description
type regime default 9 default
Dry 0.82 +10% Represents area that has been continuously
Land Temperate | 0.7,0.6* managed for >20 yrs, to predominantly
Long- Wet 0.71 +12% | annual crops. Input and tillage factors are
use h ;
term also applied to estimate carbon stock
(FL,) | cultivated ) Dry 0.69 +38% | changes. Land use factor was estimated
Tropical | 06,05 W 058 a2 relative to use of full tillage and nominal
et : T a7 (‘medium”) carbon input levels.
Land T Long-term (> 20 year) annual cropping of
emperate i i -
use Paddy aﬁd 11 Dry and 11 0% wetland (paddy rice). Can include double
rice C : Wet : x cropping with non-flooded crops. For
(FL) Tropical paddy rice, tillage and input factors are not
used.
Land . Temperate Dry 0.93 +10% Represents temporary set aside of annually
use Set aside and 08 — cropland (e.g. conservation reserves) or
) (<20¥1) | Tropical Wet 0.82 +189 | other idle cropland that has been
LU revegetated with perennial grasses.
Dry and Substantial soil disturbance with full
Tillage Temperate 10 Wet 10 NA inversion and/or frequent (within year)
Full tillage operations. At planting time, little
(Fwe) Tropical 0.9,0.8 Dry and 1.0 NA (e.g. <30%) of the surface is covered by
Wet residues.
Dr 1.03 + 6% i i i
_ Temperate 1.05 y + Primary aqd/qr secondary tillage but with
Tillage Wet 1.09 + 6% reduced soil disturbance (usually shallow
Reduced = and without full soil inversion). Normally
(Fue) Tropical 10 Dry 1.10 *+10% | Jeaves surface with >30% coverage by
Wet 1.16 + 8% residues at planting.
+ 69
. Temperate 11 Dry 110 + 6% Direct seeding without primary tillage,
Tillage No-till Wet 116 +4% | with only minimal soil disturbance in the
(Fwc) ) Dry 1.17 +8% seeding zone. Herbicides are typically
Tropical 11 Wet 173 8% used for weed control.
Dr 0.92 + 4% i
Temperate 09 y + Loyv re5|du'e return QUe to remo_val of
Input Wet 0.91 + 8% residues (via collection or burning),
Low — frequent bare-fallowing or production of
(F) Tropical 08 Dry 0.92 +4% | crops yielding low residues (e.g.
Wet 091 +4% vegetables, tobacco, cotton)
Dry and Representative for annual cropping with
Input ) Temperate 10 Wet 1o NA cereals where all crop residues are
Medium returned to the field. If residues are
() Tropical 0.9 Dry and 1.0 NA removed then _supplemental organic matter
Wet (e.g. manure) is added.
Represents significantly greater crop
. Dry 1.07 +10% residue inputs due to production of high
Input High - Temperate residue yielding crops, use of green
without and 11 manures, cover crops, improved vegetated
(F) manure Tropical . fallows, frequent use of perennial grasses
Wet 111 +10% in annual crop rotations, but without
manure applied (see row below)
Input High - Temperate Dry 1.34 +12% | Represents high input of crop residues
with and 1.2 together with regular addition of animal
(F) manure Tropical Wet 1.38 +8% manure (see row above).

! Where data were sufficient, separate values were determined for temperate and tropical temperature regimes and dry and wet moisture
regimes. Temperate and tropical zones correspond to those defined in the Chapter 3 introduction (3.1); wet moisture regime
corresponds to the combined moist and wet zones in the tropics and wet zone temperate region (see Figure 3.1.3); dry zone is the same
as defined Figure 3.1.3.

2 + two standard deviations, expressed as a percent of the mean; where sufficient studies were not available for a statistical analysis a
default, based on expert judgement, of + 50% is used. NA denotes ‘Not Applicable’, where factor values constitute defined reference
values.

% This error range does not include potential systematic error due to small sample sizes that may not be representative of the true impact
for all regions of the world.

* The second value applies to the Aquic soil class as defined in the IPCC Guidelines. No significant differences were found for different
soil types in the updated estimates produced here for the Good Practice Guidance.
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Tier 1: For Tier 1, default reference carbon stocks and stock change factors are used (as shown in Equation
3.3.3) for major cropland systems in a country, stratified by the default climate and soil types (Equation 3.3.4).
For the aggregate area of cropland remaining cropland, stock changes can be calculated either by tracking
management changes and calculating stock changes on individual parcels of land (Equation 3.3.4B) or by
calculating aggregate soil carbon stocks at the start and end of the inventory period from more general data on
the area distribution of cropland systems (Equation 3.3.4A). Aggregate results will be the same with either
approach, the main difference being that attribution of the effects of specific changes in management require
activity data that tracks management changes on specific areas of land. Default values for this calculation are
described in Section 3.3.1.2.1.2.

EQUATION 3.3.4
ANNUAL CHANGE IN CARBON STOCKS IN MINERAL SOILS IN CROPLAND REMAINING CROPLAND

ACccy o = 202524 [(SOCo — SOComy) @ Al csi/ T (A)
ACceyyorm = [2c22i (SOCo @ A) o5 = 2252 (SOCom) @ A) i ]/ T (B)

Where:

ACccyinoral = annual change in carbon stocks in mineral soils, tonnes C yr*

SOC, = soil organic carbon stock in the inventory year, tonnes C ha™

SOC .1y = soil organic carbon stock T years prior to the inventory, tonnes C ha*
T = inventory time period, yr (default is 20 yr)

A = land area of each parcel, ha

¢ represents the climate zones, s the soil types, and i the set of major cropland systems that are present in a
country.

Example: The following example shows calculations for aggregate areas of cropland soil carbon
stock change using Equation 3.3.4B. In a warm temperate moist climate on Mollisol soils, there
are 1Mha of permanent annual cropland. The native reference carbon stock (SOCxge) for the region
is 88 tonnes C ha™. At the beginning of the inventory calculation period (i.e. 20 yrs earlier) the
distribution of cropland systems were 400,000 ha of annual cropland with low carbon input levels
and full tillage and 600,000 ha of annual cropland with medium input levels and full tillage. Thus
initial soil carbon stocks for the area were: 400,000 ha e (88 tonnes C ha™ @ 0.71 @ 1 @ 0.91) +
600,000 ha e (88 tonnes C ha™ @ 0.71 e 1 e 1) = 60.231 million tonnes C. In the (current)
inventory year, there are: 200,000 ha of annual cropping with full tillage and low C input, 700,000
ha of annual cropping with reduced tillage and medium C input, and 100,000 ha of annual
cropping with no-till and medium C input. Thus total soil carbon stocks in the inventory year are:
200,000 ha e (88 tonnes C ha™ @ 0.71 e 1 @ 0.91) + 700,000 ha e (88 tonnes C ha™ e 0.71 ¢ 1.09
e 1) + 100,000 ha e (88 tonnes C ha™ @ 0.71 @ 1.16 e 1) = 66.291 million tonnes C. Thus the
average annual stock change over the period for the entire area is: (66.291 — 60.231) million tonnes
C /20 yr = 6.060 million tonnes / 20 yr = 303,028 tonnes per year soil C stock increase.

Tier 2: For Tier 2, the same basic equations as in Tier 1 are used but country-specific values for reference
carbon stocks and/or stock change factors are used. In addition, Tier 2 approaches will likely involve a more
detailed stratification of management systems if sufficient data are available.

Tier 3: Tier 3 approaches, using a combination of dynamic models along with detailed soil C emission/stock
change inventory measurements, will likely not employ simple stock change or emission factors per se.
Estimates of emissions using model-based approaches derive from the interaction of multiple equations that
estimate the net change of soil C stocks within the models. A variety of models designed to simulate soil carbon
dynamics exist (for example, see reviews by McGill et al., 1996; Smith et al., 1997).

Key criteria in selecting an appropriate model are that the model is capable of representing all of the
management practices that are represented and that model inputs (i.e. driving variables) are compatible with the
availability of country-wide input data. It is critical that the model be validated with independent observations
from country or region-specific field locations that are representatives of the variability of climate, soil and
management systems in the country. Examples of appropriate validation data sets include long-term replicated
field experiments (e.g. SOMNET, 1996; Paul et al., 1997) or long-term measurements of ecosystem carbon flux
for agricultural systems, using techniques such as eddy covariance (Baldocchi et al., 2001). Ideally, an inventory
system of permanent, statistically representative “on-farm” plots, that include major climatic regions, soil types,
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and management systems and system changes, would be established where repeated measures of soil carbon
stocks could be made over time. Recommended re-sampling frequencies in most cases should not be less than 3
to 5 years (IPCC, 2000b). Where possible, measurements of soil carbon stocks should be made on an equivalent
mass basis (e.g. Ellert et al., 2001). Procedures should be implemented to minimize the influence of spatial
variability with repeated sampling over time (e.g. Conant and Paustian 2002). Such inventory measurements
could be integrated with a model-based methodology.

Organic Soils

The basic methodology for estimating carbon stock change in organic (e.g. peat-derived) soils is to assign an
annual loss rate of C due to the drainage and other perturbations such as tillage of the land for agricultural
production. Drainage and tillage stimulate the oxidation of organic matter previously built up under a largely
anoxic environment. The area of cropland organic soils under each climate type is multiplied by the emission
factor to derive an estimate of annual C emissions, as shown in Equation 3.3.5 below:

EQUATION 3.3.5
CO, EMISSIONS FROM CULTIVATED ORGANIC SOILS IN CROPLAND REMAINING CROPLAND

ACCCOrganic: 2 (AeEF).

Where:
ACCCOrganic = CO, emissions from cultivated organic soils in cropland remaining cropland, tonnes C yr*

A = land area of organic soils in climate type c, ha
EF = emission factor for climate type ¢ (see Table 3.3.5), tonnes C ha™* yr*

Tier 1: For Tier 1, default emission factors (Table 3.3.5) are used along with area estimates for cultivated
organic soils within each climate region present in the country (Equation 3.3.5). Area estimates can be developed
using the guidance in Chapter 2.

Tier 2: The Tier 2 approach uses Equation 3.3.5 where emission factors are estimated from country-specific
data, stratified by climate region, as described in Section 3.3.2.1.3. Area estimates should be developed
following the guidance of Chapter 2.

Tier 3: Tier 3 approaches for organic soils will include more detailed systems integrating dynamic models and
measurement networks as described above for mineral soils.

TABLE 3.3.5
ANNUAL EMISSION FACTORS (EF) FOR CULTIVATED ORGANIC SOILS

Climatic temperature regime IPCC Guidelines default Error *

(tonnes C hat yr?

Cold Temperate 1.0 +90%
Warm Temperate 10.0 +90%
Tropical/sub-tropical 20.0 +90%

*Represents a nominal estimate of error, equivalent to two times standard deviation, as a percentage of the mean.

Liming

The IPCC Guidelines include application of carbonate containing lime (e.g. calcic limestone (CaCOs), or
dolomite (CaMg(CQs),) to agricultural soils as a source of CO, emissions. A simplified explanation of the
process is that when carbonate lime is dissolved in soil, the base cations (Ca*™, Mg*™) exchange with hydrogen
ions (H") on soil colloids (thereby reducing soil acidity) and the bicarbonate formed (2HCO5) can react further to
evolve CO, and water (H,O). Although the liming effect generally has a duration of a few years (after which
lime is again added), depending on climate, soil and cropping practices, the IPCC Guidelines account for
emission as CO, of all the added carbonate carbon in the year of application. Thus the basic methodology is
simply the amount of agricultural lime applied times an emission factor that varies slightly depending on the
composition of the material added.
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EQUATION 3.3.6
ANNUAL CARBON EMISSIONS FROM AGRICULTURAL LIME APPLICATION

ACCC

= MLimestone L4 EFLimestone + MDolomite L4 EFDolomite

Lime

Where:

ACcc_, = annual C emissions from agricultural lime application, tonnes C yr!

M = annual amount of calcic limestone (CaCOs) or dolomite (CaMg(COs),), tonnes yr'

EF = emission factor, tonnes C (tonne limestone or dolomite)” (These are equivalent to carbonate carbon
contents of the materials (12% for CaCOs;, 13% for CaMg(CO3), )).

Tier 1: For Tier 1, the total amount of carbonate containing lime applied annually to cropland soil and an
overall emission factor of 0.12 can be used to estimate CO, emissions, without differentiating between variable
compositions of lime material. Note that while carbonate limes are the dominant liming material used, oxides
and hydroxides of lime, which do not contain inorganic carbon, are used to a limited extent for agricultural
liming and should not be included here (CO, is produced in their manufacture but not following soil application).

Tier 2: A Tier 2 approach could entail differentiation of different forms of lime and specific emission factors if
data are available, since different carbonate liming materials (limestone as well as other sources such as marl and
shell deposits) can vary somewhat in their carbon content and overall purity.

Tier 3: A Tier 3 approach could entail a more detailed accounting of emissions stemming from lime
applications than is assumed under Tiers 1 and 2. Depending on climate and soil conditions, biocarbonate
derived from lime application may not all be released as CO, in the soil or from drainage water — some can be
leached and precipitated deeper in the soil profile or be transported to deep groundwater, lakes and oceans and
sequestered. If sufficient data and understanding of inorganic carbon transformation for specific climate-soil
conditions are available, specific emission factors could be derived. However, such an analysis would likely
necessitate including carbon fluxes associated with primary and secondary carbonate minerals in soil and their
response to agricultural management practices.

3.3.1.2.1.2 Choice of Emission/Removal Factors

Mineral soils

When using either the Tier 1 or Tier 2 method, the following emission/removal factors are needed for mineral
soils: reference carbon stock (SOCy); stock change factor for land-use change (FLy); stock change factor for
management regime (Fyg); stock change factor for input of organic matter (Fy).

Reference carbon stocks (SOCxggr)

Soils under native vegetation that have not been subject to significant land use and management impacts are used
as a baseline or reference to which management-induced changes in soil carbon can be related.

Tier 1: Under Tier 1, it is good practice to use the default reference carbon stocks (SOCyg;) provided in Table
3.3.3. These are updated from those provided in the IPCC Guidelines with the following improvements: i)
estimates are statistically-derived from recent compilations of soil profiles under native vegetation, ii) ‘Spodic’
soils (defined as boreal and temperate zone podzols in WRB classification, Spodosols in USDA classification)
are included as a separate category, iii) soils within the boreal climate region have been included.

Tier 2: For Tier 2, reference soil C stocks can be determined from measurements of soils, for example, as part
of a country’s soil survey and mapping activities. Advantages include more representative values for an
individual country and the ability to better estimate probability distribution functions that can be used in a formal
uncertainty analysis. Accepted standards for sampling and analysis of soil organic carbon and bulk density
should be used and documented.

Stock change factors (F_y, Fue, F1)

Tier 1: Under Tier 1, it is good practice to use default stock change factors (F_y, Fme, Fi) provided in Table
3.3.4. These are updated from the IPCC Guidelines, based on a statistical analysis of published research.
Definitions guiding the selection of appropriate factor values are provided in the table.
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Tier 2: For the Tier 2 method, stock change factors can be estimated from long-term experiments (e.g. Smith et
al., 1996; Paul et al., 1997) or other field measurements (e.g. field chronosequences?) for a particular country or
region. To estimate stock change factors, information compiled from published studies and other sources should
include organic C stock (i.e. mass per unit area to a specified depth) or all information needed to calculate SOC
stocks, i.e. percent organic matter together with bulk density. If the percent organic matter and not the percent
organic carbon are reported, a conversion factor of 0.58 for the carbon content of soil organic matter can be used.
Other information that must be included is depth of measurement and time frame over which the management
difference has been expressed. In the absence of specific information upon which to select an alternative depth
interval, it is good practice to compare stock change factors at a depth of at least 30 cm (i.e. the depth used for
Tier 1 calculations). Stock changes over a deeper depth may be desirable if a sufficient number of studies are
available and if statistically significant differences in stocks due to land management are demonstrated at deeper
depths. However, it is critical that the reference soil carbon stocks (SOCge) and stock change factors be
determined to a common depth. Factor values should be compiled for major climate and/or soils types, at least to
the level of detail used in the Tier 1 method.

Organic soils
When estimating emissions from organic soils, an emission factor (EF) is required for different climatic regimes
where organic soils have been drained for cropland use.

Tier 1: For Tier 1, default emission factors, unchanged from the IPCC Guidelines, are provided in Table 3.3.5.
These factors are differentiated by major climate (temperature) regimes and assume that soils have been drained
prior to use as cropland. Organic soils used for paddy rice or minor crops grown under flooded conditions (e.g.
cranberry bogs, wild rice) are excluded.

Tier 2: For Tier 2, it is possible to derive emission factors from literature data on carbon losses from organic
soils. Estimates of carbon losses from cultivated organic soils are usually based on measurements of subsidence
with fewer studies based on direct measurements of CO, fluxes (Klemedtsson et al., 1997; Ogle et al., 2003).
Processes that contribute to subsidence include erosion, compaction, burning, and decomposition. Only
decomposition losses should be included in the emission factor estimate. If using subsidence data, appropriate
regional conversion factors to determine the proportion of subsidence attributable to oxidation should be used,
based on studies measuring both subsidence and CO, flux. In the absence of such information, a default factor of
0.5 for oxidation-to-subsidence, on a gram-per-gram equivalent basis, is recommended based on a review by
Armentano and Menges (1986). If available, direct measurements of carbon fluxes are recommended as
providing the best means of estimating emission rates from organic soils.

Liming
See Section 3.3.1.2.1.1.

3.3.1.2.1.3 Choice of Activity Data

Mineral Soils
The area of cropland under different management practices (A) is required for estimating mineral soil
emissions/removals.

For existing cropland, activity data should record changes or trends in management practices that affect soil
carbon storage, such as crop types and crop rotations, tillage practices, irrigation, manure application, residue
management, etc. Two main types of management activity data exist: 1) aggregate statistics compiled by country
or for administrative areas within countries (e.g. provinces, counties) or 2) point-based land use and management
inventories making up a statistically-based sample of a country’s land area. Either type of activity data could be
used for any of the three tiers, depending on their spatial and temporal resolution. For Tier 1 and Tier 2
inventories, activity data should be stratified by major climatic regions and soil types, since reference soil C
stocks vary significantly according to these factors. For the broadly defined soil categories used in Tier 1,
national or even global soil maps can be used to delineate soil divisions within the cropland land area. For
application of dynamic models and/or a direct measurement-based inventory in Tier 3, similar or more detailed
knowledge of the combinations of climate, soil, topographic and management data are needed, but the exact
requirements will be in part dependent on the model used.

2 Chronosequences consist of measurements taken from similar but separate locations that represent a temporal sequence in
land use or management, for example, years since deforestation. Efforts are made to control all other between-site
differences (e.g. by selecting areas with similar soil type, topography, previous vegetation). Chronosequences are often
used as a surrogate for experimental studies or measurements repeated over time at the same location.

IPCC Good Practice Guidance for LULUCF 3.81



Chapter 3: LUCF Sector Good Practice Guidance

Globally available land use and crop production statistics such as FAO databases (http://apps.fao.org) provide
annual compilations of total land area by major land-use types, with some differentiation of management
systems, (e.g., irrigated vs. non-irrigated cropland), area in ‘permanent’ crops (i.e. vineyards, orchards), and land
area and production for major crops (e.g. wheat, rice, maize, sorghum, etc.). Thus FAO or similar country-total
data would require additional in-country information to stratify areas by climate and soil types. If such
information has not already been compiled, an initial approach would be to overlay available land cover/land use
maps (of national origin or from global datasets such as IGBP_DIS) with soil maps of national origin or global
sources such as the FAO Soils Map of the World. Where possible, land areas associated with cropping systems
(e.g. rotations and tillage practice), rather than simply area by crop, should be delineated and associated with the
appropriate management factor values. [Note: This is applicable to the cropland biomass section as well since the
methodology uses area-based estimates for specific crop types such as FAO classified “permanent crops”.] Refer
to Chapter 2 of this report.

National land-use and resource inventories, comprised of a collection of permanent sample points where data are
collected at regular intervals, have some advantages over aggregate agricultural and land-use statistics. Inventory
points can more readily be associated with a particular cropping system and the soil type associated with the
particular location can be determined by sampling or by referencing the location to a suitable soil map. Inventory
points selected based on an appropriate statistical design also enable estimates of the variability associated with
activity data, which can be used as part of a formal uncertainty analysis. An example of a point-based resource
inventory that includes cropland is the National Resource Inventory in the U.S. (Nusser and Goebel, 1997).

Organic Soils

The area of cultivated organic soils by climate regime (A) is required to estimate organic soil emissions. Similar
databases and approaches as those outlined above can be used for deriving area estimates. An overlay of soils
maps showing the spatial distribution of histosols (i.e. organic soils) with land use maps showing cropland area
can provide initial information on areas with organic soils under agricultural use. In addition, because organic
soils usually require extensive artificial drainage to be used for agricultural purposes, country-specific data on
drainage projects combined with soil maps and surveys can be used to get a more refined estimate of relevant
areas.

3.3.1.2.1.4 Uncertainty Assessment

A formal assessment of uncertainty requires that uncertainty in per area emission/sequestration rates as well as
uncertainty in the activity data (i.e. the land areas involved in land-use and management changes), and their
interaction be estimated. Where available, estimates of the uncertainty of the revised global default values
developed in this report are provided in the tables; these can be used with the appropriate estimates of variability
in activity data to estimate uncertainty, using the guidance provided in Chapter 5 of this report. Inventory
agencies should be aware that simple global defaults have a relatively high level of uncertainty associated with
them when applied to specific countries. In addition, because the field studies available to derive the global
defaults are not evenly distributed across climate regions, soil types and management systems, some areas —
particularly in tropical regions — are underrepresented. For the Tier 2 methods, probability density functions (i.e.
providing mean and variance estimates) can be derived for stock change factors, organic soil emission factors
and reference C stocks as part of the process of deriving region- or country-specific data. For example, Ogle et al.
(2003) applied linear mixed-effect models to derive probability density functions for US specific factor values
and reference carbon stocks for agricultural soils. Activity data from a statistically-derived land use and
management inventory system should provide a basis to assign estimates of uncertainty to areas associated with
land-use and management changes. Combining emission and activity data and their associated uncertainties can
be done using Monte-Carlo procedures to estimate means and confidence intervals for the overall inventory
(Ogle et al., 2003; Smith and Heath, 2001) — see Chapter 5 of this report.

3.3.1.3 NON-CO, GREENHOUSE GAS EMISSIONS

NITROUS OXIDE
The IPCC Guidelines and GPG2000 already address the following non-CO, emission sources:

e N,O emissions from application of mineral and organic fertilisers, organic residues and biological nitrogen
fixation (IPCC Guidelines, Chapter 4 Agriculture);

e N,0O, NO,, CH, and CO emissions from on-site and off-site biomass burning (IPCC Guidelines, Chapter 4
Agriculture); and

e N,O emissions from cultivation of organic soils.
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It is good practice to follow the existing IPCC Guidelines and GPG2000 and continue to report these emissions
under the Agriculture sector.

METHANE

Methane emissions from rice paddies are addressed in the IPCC Guidelines and GPG2000 and should be
reported under the Agriculture sector.

Changes in the rate of methane oxidation in aerobic soils are not addressed at this time. The limited current
information indicates that the CH, sink is small as compared to the CH, sources from flooded soils such as rice
paddies. As more research is done and additional information becomes available, a fuller consideration of the
impact of various activities on methane oxidation should be possible.

3.3.2 Land Converted to Cropland

The conversion of land from other uses and from natural states to cropland will, in most cases, result in
emissions of CO, from both biomass and soils, at least for some years following conversion, as well as N,O and
CH,4 emissions from the soil. Possible exceptions are the irrigation of formerly arid lands, which can result in net
carbon gains in soils and biomass, and conversion of degraded lands to cropland. The calculation of carbon
emissions from conversion of forest land and grassland to cropland is found in the IPCC Guidelines in Section
5.2.3 (Forest and Grassland Conversion) and Section 5.3 (CO, Emissions and Uptake from Soils). When
estimating emissions and removals from land-use conversions to cropland, it is good practice to consider three
subcategories: change in carbon stocks in biomass (Section 3.3.2.1), change in carbon stocks in soil (Section
3.3.2.2), and emissions of nitrous oxide (Section 3.3.2.3). Methodological guidance is provided below for each
of these subcategories.

It is good practice to estimate emissions/removals from ‘land converted to cropland’ using the methods
described in this subsection for a period sufficient for the carbon stock changes to occur following land-use
conversion. However, biomass and soil pools respond differently to land-use conversions and therefore, time
periods are different for equilibrium carbon stocks to be reached. Changes in carbon in biomass pools are
estimated using the method in Section 3.3.2.1 below for the first time period following the land-use conversion
to cropland.® After this time period, countries should estimate carbon stock changes in biomass using methods
described under Section 3.3.1.1 Cropland Remaining Cropland, Change in carbon stocks in biomass. Since the
default inventory period for changes in soil carbon is 20 years, this period of time should be used in area
accounting for conversions to cropland.

The summary equation for carbon stock change in Land Converted to Cropland is shown below in Equation
3.3.7. In addition, methodologies based on emissions coefficients are discussed for N,O. Table 3.3.6 summarises
the tiers for each of the carbon subcategories, as well as for the N,O subcategory.

EQUATION 3.3.7
TOTAL CHANGE IN CARBON STOCKS IN LAND CONVERTED TO CROPLAND

ACic= ACLCLB + AC'-Csmls

Where:
AC, ¢ = total change in carbon stocks in land converted to cropland, tonnes C yr*

ACic = change in carbon stocks in living biomass in land converted to cropland, tonnes C yr™*

ACicy ;= change in carbon stocks in soil in land converted to cropland, tonnes C yr*

® The time period will depend on the frequency with which countries collect data. For example, if land use surveys are
collected on a five-year cycle, e.g., 1990, 1995, 2000, then a land conversion that takes place in 1992 will be captured by
the 1995 data collection and thus recorded using the methods below in the inventory report that employs survey data for
1995.
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3.3.2.1

This section provides good practice guidance for calculating carbon stock change in biomass due to the
conversion of land from natural conditions and other uses to cropland, including deforestation and conversion of
pasture and grazing lands to cropland. The methods require estimates of carbon in living biomass stocks prior to
and following conversion, based on estimates of the areas of lands converted during the period between land use
surveys. As a result of conversion to cropland, it is assumed (in Tier 1) that the dominant vegetation is removed
entirely, resulting in near zero amounts of carbon remaining in biomass. Some type of cropping system is
planted soon thereafter, increasing the amount of carbon stored in biomass. The difference between initial and
final biomass carbon pools is used to calculate carbon stock change from land-use conversion and in subsequent
years accumulations and losses in perennial woody biomass in cropland are counted using methods in section
3.3.1 Croplands remaining Croplands.

CHANGE IN CARBON STOCKS LIVING BIOMASS

3.3.2.1.1 METHODOLOGICAL ISSUES

The methodology estimates carbon stock change in living biomass. Currently, there is not sufficient information
to provide a basic approach with default parameters to estimate carbon stock change in dead organic matter pools
in land converted to cropland®. In addition, the methodology below considers carbon stock change in
aboveground biomass only because limited data are available on belowground carbon stocks in perennial
cropland.

TABLE 3.3.6
TIER DESCRIPTIONS FOR SUBCATEGORIES UNDER LAND CONVERTED TO CROPLAND (LC)
Tier
Sub Tier 1 Tier 2 Tier 3
-categories
Biomass Use default coefficients to estimate | Use at least some country-specific Use country-specific

carbon stock change in biomass carbon stock parameters to estimate approach at fine

resulting from land use conversions
and for carbon in biomass that
replaces cleared vegetation during
the year of land use transition.

carbon stock changes from land use
conversion to cropland. Apportion
carbon from biomass removal to
burning, decay, and other nationally
important conversion processes.
Estimate non-CO, trace gas emissions
from the portion of biomass burned
both on-site and off-site. Use area
estimates that are disaggregated to
nationally relevant climate zones and
other boundaries to match country-
specific carbon stock parameters.

spatial scale (e.g.,
modeling,
measurement).

Carbon stocks
in Soil

For change in soil carbon from
mineral soils use default
coefficients. The areas must be
stratified by climate and soil type.
For change in soil carbon from
organic soils use default
coefficients and stratify the areas by
climatic region. For emissions from
liming, use default emission factors.

For both mineral and organic soils use
some combination of default and or
country-specific coefficients and area
estimates of increasingly finer spatial
resolution. For emissions from liming,
use emission factors differentiated by
forms of lime.

Use country-specific
approach at fine
spatial scale (e.g.,
modeling,
measurement)

Nitrous Oxide
from soil
oxidation
during
conversion

Use default parameters and coarse
spatial disaggregation

Use of country-specific parameters and

increased spatial disaggregation

Use country-specific
approach at fine
spatial scale (e.qg.,
modeling,
measurement) and
report under
LULUCEF cropland
remaining cropland

4 Any litter and dead wood pools (estimated using the methods described in Section 3.2.2.2) should be assumed oxidized
following land conversion.
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3.3.2.1.1.1 Choice of Method

The IPCC Guidelines describe increasingly sophisticated alternatives that incorporate greater detail on the areas
of land converted, carbon stocks on lands, and removal of carbon resulting from land conversions. Good practice
guidance reflects this in a tiered methodology with the choice of tier depending on data availability and national
circumstances. All countries should strive for improving inventory and reporting approaches by advancing to the
highest tier possible given national circumstances. It is good practice for countries to use a Tier 2 or Tier 3
approach if carbon emissions and removals in land converted to cropland is a key category and if the
subcategory of living biomass is considered significant based on principles outlined in Chapter 5. Countries
should use the decision tree in Figure 3.1.2 to help with the choice of method.

Tier 1: The Tier 1 method follows the approach in IPCC Guidelines Section 5.2.3. Forest and Grassland
Conversion where the amount of biomass that is cleared for cropland is estimated by multiplying the forest area
converted in one year by the average carbon stock in biomass in the forest prior to conversion. It is good practice
to account completely for all land conversions to cropland. Thus, this section elaborates on the method such that
it includes each initial land use, including but not limited to forests.

Equation 3.3.8 summarises the major elements of a first order approximation of carbon stock change from land-
use conversion to cropland. Average carbon stock change on a per area basis is estimated for each type of
conversion. The average carbon stock change is equal to the carbon stock change due to the removal of biomass
from the initial land use (i.e., carbon in biomass immediately after conversion minus the carbon in biomass prior
to conversion), plus carbon stocks from one year of growth in cropland following conversion. As stated in the
IPCC Guidelines, it is necessary to account for any vegetation that replaces the vegetation that was cleared
during land use conversion. The IPCC Guidelines combine carbon in biomass after conversion and carbon in
biomass that grows on the land following conversion into a single term. In this method, they are separated into
two terms, Cager and ACgoutn t0 increase transparency. At Tier 1, carbon stocks in biomass immediately after
conversion (Cagner) are assumed to be zero, i.e., the land is cleared of all vegetation before planting crops.
Average carbon stock change per area for a given land use conversion is multiplied by the estimated area of
lands undergoing such a conversion in a given year. In subsequent years, change in biomass of annual crops is
considered zero because carbon gains in biomass from annual growth are offset by losses from harvesting and
change in biomass of perennial woody crops are counted following the methodology in Section 3.3.1.1 (Change
in carbon stocks in biomass, in: Cropland Remaining Cropland).

The basic steps in estimating carbon stock change in biomass from land conversion to cropland are as follows:

(i) Estimate the average area of land undergoing a transition from non-cropland to cropland during a
year (Aconversion), Separately for each initial land use (i.e., forest land, grasslands, etc.) and final crop
type (i.e., annual or perennial woody).

(i) For each type of land use transition to cropland, use Equation 3.3.8 to estimate the resulting change
in carbon stocks. Default data in Section 3.3.2.1.1.2 for Cagters Cgeforer aNd ACgrowin Can be used to
estimate the total stock change on a per area basis for each type of land use transition. The estimate
for stock change on a per area basis can then be multiplied by the appropriate area estimates from
step 1.

(iii)  Estimate the total carbon stock change from all land-use conversions to cropland by summing the
individual estimates for each transition.

The default assumption for Tier 1 is that all carbon in biomass is lost to the atmosphere through decay processes
either on- or off-site. As such, Tier 1 calculations do not differentiate immediate emissions from burning and
other conversion activities.

EQUATION 3.3.8
ANNUAL CHANGE IN CARBON STOCKS IN LIVING BIOMASS
IN LAND CONVERTED TO CROPLAND

ACLCLB = AConversion L4 (LConversion + ACGrowth)

I—Conversion = CAfter - CBefore

Where:
ACLCLB = annual change in carbon stocks in living biomass in land converted to cropland, tonnes C yr™

Aconversion = annual area of land converted to cropland, ha yr'1

Lconversion = carbon stock change per area for that type of conversion when land is converted to cropland,
tonnes C ha
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ACgrowtn = Changes in carbon stocks from one year of cropland growth, tonnes C ha™
Caser= carbon stocks in biomass immediately after conversion to cropland, tonnes C ha™

Caefore= Carbon stocks in biomass immediately before conversion to cropland, tonnes C ha™

Tier 2: The Tier 2 calculations are structurally similar to Tier 1, with these distinctions. First, Tier 2 relies on at
least some country-specific estimates of the carbon stocks in initial and final land uses rather than the defaults
provided in Section 3.3.2.1.1.2. Area estimates for land converted to cropland are disaggregated at finer spatial
scales to capture regional and crop systems variations in country-specific carbon stocks values.

Second, Tier 2 may modify the assumption that carbon stocks immediately following conversion are zero. This
enables countries to take into account land use transitions where some, but not all, vegetation from the original
land use is removed.

Third, under Tier 2, it is good practice to apportion carbon losses to burning and decay processes if applicable.
Emissions of carbon dioxide occur as a result of burning and decay in land-use conversions. In addition, non-
CO; trace gas emissions occur as a result of burning. By partitioning losses to burning and decay, countries can
also calculate non-CO, trace gas emissions from burning. The IPCC Guidelines Workbook provides step-by-step
instructions for estimating carbon removals from burning and decay of biomass on-site and off-site and for
estimating non-CO, trace gas emissions from burning (pages 5.7-5.17). Below is guidance on estimating carbon
removals from burning and decay and Section 3.2.1.4 of this chapter provides further guidance on estimating
non-CO, trace gas emissions from burning.

The basic equations for estimating the amount of carbon burned or left to decay are provided in Equations 3.3.10
and 3.3.11 below. This methodology addresses burning for the purposes of land clearing. Non-CO, emissions
from burning for management of cropland remaining cropland are covered in the Agriculture chapter of
GPG2000. The default assumption in Equations 3.3.10 and 3.3.11 is that only aboveground biomass, is burned
or decays. Countries are encouraged to use additional information to assess this assumption, particularly for
decaying belowground biomass. Equations 3.3.10 and 3.3.11 estimate the amount of carbon in biomass removed
during a land use conversion to cropland that is burned (on-site and off-site) or that decays, respectively. The
basic approach can be modified to address other conversion activities as well to meet the needs of national
circumstances. Both equations use as an input the total amount of carbon in biomass removed during land
clearing (ACconversion) (Equation 3.3.9), which is equivalent to area of land converted (Aconversion) Multiplied by the
carbon stock change per area for that type of conversion (Lconversion in Equation 3.3.8).

The portion of biomass removed is sometimes used as wood products. In the case of wood products, countries
may use the default assumption that carbon in wood products is oxidized in the year of removal. Alternatively,
countries may refer to Appendix 3a.1 for estimation techniques for carbon storage in harvested wood products,
which may be accounted for provided carbon in the product pool is increasing.

EQUATION 3.3.9
CHANGE IN CARBON STOCKS AS A RESULT OF CLEARING BIOMASS IN A LAND USE CONVERSION

ACconversion = Aconversion L4 I—conversion

Where:
AC.onversion = Change in carbon stocks as a result of clearing biomass in a land use conversion, tonnes C
Aconversion = area of land converted to croplands from some initial use, ha

Lconversion = carbon stocks removed when land is converted from some initial use to cropland, tonnes C ha'*
(from Equation 3.3.8)

EQUATION 3.3.10
CARBON LOSSES FROM BIOMASS BURNING, ON-SITE AND OFF-SITE

I—burn onsite — ACconversion ® Dvurned on site ® Poxid

Lburn offsite — ACconversion ® Dvurned off site ® Poxid

Where:
Lyum = carbon losses from biomass burned, tonnes C
AConversion = Change in carbon stocks as a result of a clearing biomass in a land use conversion, tonnes C

Phourned on site = fraction of biomass that is burned on-site, dimensionless
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Poxia = fraction of biomass that oxidizes when burned, dimensionless

Phured off site = fraction of biomass that is burned off-site, dimensionless

EQUATION 3.3.11
CARBON LOSSES FROM BIOMASS DECAY

Lgecay = ACconversion ® Pdecay

Pecay =1 — (Pourned on site + Pourned off site )

Where:
Lgecay = Carbon losses from biomass decay, tonnes C
AConversion = Change in carbon stocks as a result of a clearing biomass in a land use conversion, tonnes C
Puecay = Traction of biomass that is left on-site to decay, dimensionless
Pourned on site = fraction of biomass that is burned on-site, dimensionless
Phoured off site = fraction of biomass that is burned off-site, dimensionless

It is good practice for countries to use the terms Lyum on site @A Lour off site @S iNPULS to estimate non-CO, trace gas
emissions from burning following guidance provided in Section 3.2.1.4.

Tier 3: The Tier 3 method is similar to Tier 2, with the following distinctions: rather than relying on average
annual rates of conversion, countries can use direct estimates of spatially disaggregated areas converted annually
for each initial and final land use; carbon densities and soil carbon stock change are based on locally specific
information, which makes possible a dynamic link between biomass and soil; and biomass volumes are based on
actual inventories.

3.3.2.1.1.2 Choice of Emission/Removal Factors

Tier 1: Default parameters are provided in both the IPCC Guidelines and in this report to enable countries with
limited data resources to estimate emissions and removals from this source. The first step in this methodology
requires parameters for carbon stocks before conversion for each initial land use (Cgefore) @and after conversion
(Cater)- It is assumed that all biomass is cleared when preparing a site for cropland use, thus, the default for Cage,
is 0 tonnes C ha™. Table 3.3.7 provides default carbon stock values for Cgesore in either forest or grassland land
uses prior to clearing.

In addition, a value is needed for carbon stocks after one year of growth in crops planted after conversion
(ACgrowtn)- Table 3.3.8 provides defaults for ACgown- Separate defaults are provided for annual non-woody crops
and perennial woody crops. For lands planted in annual crops, the default value of ACgowt IS 5 tonnes of C per
hectare, based on the original IPCC Guidelines recommendation of 10 tonnes of dry biomass per hectare (dry
biomass has been converted to tonnes carbon in Table 3.3.8). Default carbon stocks from one year of growth in
perennial woody crops the same as those in Table 3.3.2. The total accumulation of carbon in perennial woody
biomass will, over time, exceed that of the default carbon stock for annual cropland. However, default values
provide in this section are for one year of growth immediately following conversion, which usually give lower
carbon stocks for perennial woody crops compared to annual crops.

TABLE 3.3.7
DEFAULT BIOMASS CARBON STOCKS REMOVED DUE TO LAND CONVERSION TO CROPLAND

Carbon stock in biomass before conversion (Cgefore) #
Land-use category (tonnes C ha) Error range
Forest land See Tables 3A.2 and 3A.3 in Annex 3A.1 for carbon stocks in a range of See Section 3.2.2
forest types by climate regions. Stocks are in terms of dry matter. Multiply (Land Converted to
values by a carbon fraction (CF) 0.5 to convert dry matter to carbon. Forest land)
Grassland See Table 3.4.2 for carbon stocks in a range of grassland types by climate +75%
regions.

#Represents a nominal estimate of error, equivalent to two times standard deviation, as a percentage of the mean.
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TaBLE 3.3.8
DEFAULT BIOMASS CARBON STOCKS PRESENT ON LAND CONVERTED TO CROPLAND
IN THE YEAR FOLLOWING CONVERSION
Carbon stock in biomass after Error range”
Crop type by climate region one year (ACgroutn)
(tonnes C ha™)
Annual cropland 5 +75%
Perennial cropland
Temperate (all moisture regimes) 2.1 +75%
Tropical, dry 1.8 +75%
Tropical, moist 2.6 + 75%
Tropical, wet 10.0 + 75%
# Represents a nominal estimate of error, equivalent to two times standard deviation, as a percentage of the mean.

Tier 2: Tier 2 methods should include some country-specific estimates for biomass stocks and removals due to
land conversion, and also include estimates of on- and off-site losses due to burning and decay following land
conversion to cropland. These improvements can take the form of systematic studies of carbon content and
emissions and removals associated with land uses and land-use conversions within the country and a re-
examination of default assumptions in light of country-specific conditions.

Default parameters for emissions from burning and decay are provided, however countries are encouraged to
develop country-specific coefficients to improve the accuracy of estimates. The IPCC Guidelines use a general
default of 0.5 for the proportion of biomass burned on-site for both forest and grassland conversions. Research
studies suggest that the fraction is highly variable and could be as low as 0.2 (Fearnside 2000, Barbosa and
Fearnside, 1996, and Fearnside, 1990). Updated default proportions of biomass burned on site are provided in
Table 3A.13 for a range of forest vegetation classes. These defaults should be used for transitions from forest
land to cropland. For non-forest initial land uses, the default proportion of biomass left on-site and burned is 0.35.
This default takes into consideration research, which suggests the fraction should fall within the range 0.2 to 0.5
(e.g. Fearnside, 2000; Barbosa and Fearnside, 1996; and Fearnside, 1990). It is good practice for countries to use
0.35, or another value within this range provided the rationale for the choice is documented. There is no default
value for the amount of biomass taken off-site and burned; countries will need to develop a proportion based on
national data sources. In Equation 3.3.10., the default proportion of biomass oxidized as a result of burning is 0.9,
as originally stated in the IPCC Guidelines.

The method for estimating emissions from decay assumes that all biomass decays over a period of 10 years. For
reporting purposes countries have two options: to report all emissions from decay in one year, recognizing that in
reality they occur over a 10 year period, or report all emission from decay on an annual basis, estimating the rate
as one tenth of the totals in Equation 3.3.11. If countries choose the latter option, they should add a
multiplication factor of 0.10 to Equations 3.3.11.

Tier 3: Under Tier 3, all parameters should be country-defined using more accurate values rather than the
defaults.

3.3.2.1.1.3 Choice of Activity Data

All tiers require estimates of land areas converted to cropland. The same area estimates should be used for both
biomass and soil calculations on land converted to cropland. Higher tiers require greater specificity of areas. To
be consistent with IPCC Guidelines, at a minimum, the area of forest and natural grassland converted to cropland
should be identified separately for all tiers. This implies at least some knowledge of the land uses prior to
conversion; this may require expert judgment if Approach 1 in Chapter 2 is used for land area identification.

Tier 1: One type of activity data is needed for a Tier 1 approach: separate estimates of areas converted to
cropland from initial land uses (i.e., forest land, grassland, settlement, etc.) to final crop type (i.e., annual or
perennial) (Aconversion)- FOr example, countries should estimate separately the area of tropical moist forest
converted to annual cropland, tropical moist forest converted to perennial cropland, tropical moist grassland
converted to perennial cropland, etc. The methodology assumes that area estimates are based on a one-year time
frame. If area estimates are assessed over longer time frames, they should be converted to average annual areas
to match the default carbon stock values provided above. If countries do not have these data, partial samples may
be extrapolated to the entire land base or historic estimates of conversions may be extrapolated over time based
on the judgement of country experts. Under Tier 1 calculations, international statistics such as FAO databases,
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IPCC Guidelines and other sources, supplemented with sound assumptions, can be used to estimate the area of
land converted to cropland from each initial land use. For higher tier calculations, country-specific data sources
are used to estimate all possible transitions from initial land use to final crop type.

Tier 2: Countries should strive to use actual area estimates for all possible transitions from initial land use to
final crop type. Full coverage of land areas can be accomplished either though analysis of periodic remotely
sensed images of land use and land cover patterns, through periodic ground-based sampling of land use patterns,
or hybrid inventory systems. If finer resolution country-specific data are partially available, countries are
encouraged to use sound assumptions from best available knowledge to extrapolate to the entire land base.
Historic estimates of conversions may be extrapolated over time based on the judgment of country experts.

Tier 3: Activity data used in Tier 3 calculations should be a full accounting of all land use transitions to
cropland and be disaggregated to account for different conditions within a country. Disaggregation can occur
along political (county, province, etc.), biome, climate, or on a combination of these parameters. In many cases
countries may have information on multi-year trends in land conversion (from periodic sample-based or
remotely sensed inventories of land use and land cover).

3.3.2.1.1.4. Uncertainty Assessment

Tier 1: The sources of uncertainty in this method are from the use of global or national average rates of
conversion and coarse estimates of land areas converted to cropland. In addition, reliance on default parameters
for carbon stocks in initial and final conditions contributes to relatively high degrees of uncertainty. The default
values in this method have corresponding error ranges associated with them. A published compilation of
research on carbon stocks in agroforestry systems was used to derive the default data provided in Section
3.3.2.1.1.2 (Schroeder, 1994). While defaults were derived from multiple studies, their associated uncertainty
ranges were not included in the publication. Therefore, a default uncertainty level of +/- 75% of the carbon stock
has been assumed based on expert judgement.

Tier 2: Actual area estimates for different land use transitions will enable more transparent accounting and
allow experts to identify gaps and double counting of land areas. The Tier 2 method uses at least some country-
defined defaults, which will improve the accuracy of estimates, because they better represent conditions relevant
to the country. Use of country-specific values should entail sufficient sample sizes and or use of expert judgment
to estimate uncertainties, which, together with uncertainty estimates on activity data derived using the advice in
Chapter 2 should be used in the approaches to uncertainty analysis described in Chapter 5 of this report.

Tier 3: Activity data from a land use and management inventory system should provide a basis to assign
estimates of uncertainty to areas associated with land-use changes. Combining emission and activity data and
their associated uncertainties can be done using Monte-Carlo procedures to estimate means and confidence
intervals for the overall inventory.

3.3.2.2 CHANGE IN CARBON STOCKS IN SOILS

3.3.2.2.1 METHODOLOGICAL ISSUES

Land conversion to cropland can occur from unmanaged land, including native, relatively undisturbed
ecosystems (e.g. forest land, grassland, savanna, wetland) and from land managed for other uses (e.g. managed
forest, managed grazing land). The more intensive management entailed in cropland use (i.e. high removal of
harvested biomass, often frequent soil disturbance by tillage) will usually result in losses of C in soil organic
matter and dead organic matter (surface litter and coarse woody debris). Any litter and dead wood pools
(estimated using the methods described in Section 3.2.2.2) should be assumed oxidized following land
conversion and changes in soil organic matter C stocks should be estimated as described below.

The total change in carbon stocks in soils on Lands Converted to Cropland is shown in Equation 3.3.12 below:

EQUATION 3.3.12
ANNUAL CHANGE IN CARBON STOCKS IN SOILS IN LAND CONVERTED TO CROPLAND

ACI‘CSoiIs - ACI‘CMineraI - ACI‘COrganic - ACI‘CLiming

Where:

ACLCSOHS = annual change in carbon stocks in soils in land converted to cropland, tonnes C yr™

ACLC e =change in carbon stocks in mineral soils in land converted to cropland, tonnes C yr™
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ACLCOrganic = annual C emissions from cultivated organic soils converted to cropland (estimated as net
annual flux), tonnes C yr*

ACLCLiming = annual C emissions from agricultural lime application on land converted to cropland, tonnes
Cyrt

Criteria for selecting the most suitable estimation method are similar to that outlined for permanent cropland
soils. Key factors include type of land conversion and the longevity of the conversion, and availability of suitable
country-specific information to estimate reference soil C stocks and stock change and emission factors.

All countries should strive for improving inventory and reporting approaches by advancing to the highest tier
possible given national circumstances. It is good practice for countries to use a Tier 2 or Tier 3 approach if
carbon emissions and removals in land converted to cropland is a key category and if the subcategory of soil
organic matter is considered significant based on principles outlined in Chapter 5. Countries should use the
decision tree in Figure 3.1.2 to help with the choice of method.

3.3.2.2.1.1 Choice of Method

Mineral Soils

The Tier 1 method is based on the IPCC Guidelines (CO, Emissions and Uptake by Soils from Land-Use and
Management, Section 5.3), using Equation 3.3.3, following land conversion. Tier 1 methods rely on default
values for reference C stocks and stock change factors and relatively aggregated data on the location and rates of
land-use conversion.

For Tier 1, the initial (pre-conversion) soil C stock (SOC.m)) is determined from the same reference soil C
stocks (SOCrg) used for all land uses (Table 3.3.3), together with stock change factors (F_y, Fue, Fi) appropriate
for the previous land use as shown in Table 3.3.9 (also see Sections 3.2.1.3 (Forest soils) and 3.4.1.2 (Grassland
soils)). For unmanaged land, as well as for managed forest and grazing land with low disturbance regimes, soil C
stocks are assumed equal to the reference values (i.e. land use, management and input factors equal 1). Current
(SOC,) soil C stocks on land converted to cropland are estimated exactly as for permanent cropland, i.e., using
the reference carbon stocks (Table 3.3.3) and stock change factors (Table 3.3.9). Thus, annual rates of emissions
(source) or removals (sink) are calculated as the difference in stocks (over time) divided by the inventory time
period (default is 20 years).

The calculation steps for determining SOC, and SOC .1y and net soil C stock change per ha of land area are as
follows:

Step 1: Select the reference carbon stock value (SOCgg), based on climate and soil type, for each area of land
being inventoried.

Step 2: Calculate the pre-conversion C stock (SOC.m)) of land being converted into cropland, based on the
reference carbon stock and previous land use and management, which determine land use (F_y),
management (Fyg) and input (F, ) factors. Note that where the land being converted is forest or native
grassland, the pre-conversion stocks will be equal to the native soil carbon reference stocks.

Step 3: Calculate SOC, by repeating step 2 using the same reference carbon stock (SOCx), but with land use,
tillage and input factors that represent conditions in the land converted to cropland.

Step 4: Calculate the average annual change in soil C stock for the area over the inventory period (ACCCMineraI ).

Example: For a forest on volcanic soil in a tropical moist environment: SOCges = 70 tonnes C ha™.
For all forest soils (and for native grasslands) default values for stock change factors (F .y, Fmg »
F)) are all 1; thus SOCq.1y is 70 tonnes C ha™. If the land is converted into annual cropland, with
intensive tillage and low residue C inputs then SOC, = 70 tonnes C ha e 0.58 @ 1 @ 0.91 = 36.9
tonnes C ha™’. Thus the average annual change in soil C stock for the area over the inventory
period is calculated as (36.9 tonnes C ha™— 70 tonnes C ha™) / 20 yrs = -1.7 tonnes C ha™* yr™.

The IPCC Guidelines also provide estimates for C stock change associated with the transient land-use
conversion to cropland represented by shifting cultivation. In this case, the stock change factors are different
from those used if the conversion is to permanent cropland, and change in soil C stocks will depend on the
length of the fallow (vegetation recovery) cycle. The soil carbon stocks calculated for shifting cultivation
represent an average over the crop-fallow cycle. Mature fallow denotes situations where the non-cropland
vegetation (e.g. forest, savanna) recovers to a mature or near mature state prior to being cleared again for
cropland use, whereas in shortened fallow vegetation recovery is not attained prior to re-clearing. If land already
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in shifting-cultivation is converted to permanent cropland (or other land uses) the stock factors representing
shifting cultivation would provide the ‘initial’ C stocks in the calculations of changes following conversion.

The Tier 2 method for mineral soils also uses Equation 3.3.3, but involves country or region-specific reference C
stocks and/or stock change factors and more disaggregated land use activity data.

Organic Soils

Tier 1 and Tier 2 approaches for organic soils that are converted from other land uses to cropland within the
inventory period are treated the same as long-term cropped organic soils, i.e., they have a constant emission
factor applied to them, based on climate regime (see Equation 3.3.5 and Table 3.3.5). In Tier 2, emission factors
are derived from country or region-specific data.

Mineral and organic soils

For both mineral and organic soils, Tier 3 methods will involve more detailed and country-specific models
and/or measurement-based approaches along with highly disaggregated land use and management data. Tier 3
approaches for estimating soil C change from land-use conversions to cropland should employ models and data
sets that are capable of representing transitions over time between different land use and vegetation types,
including forest, savanna, grasslands, cropland. The Tier 3 method needs to be integrated with estimates of
biomass removal and the post-clearance treatment of plant residues (including woody debris and litter), as
variation in the removal and treatment of residues (e.g. burning, site preparation) will affect C inputs to soil
organic matter formation and C losses through decomposition and combustion. It is critical that models be
validated with independent observations from country or region-specific field locations that are representative of
the interactions of climate, soil and vegetation type on post-conversion change in soil C stocks.

Liming
If agricultural lime is applied to cropland converted from other land uses then the methods for estimating CO,
emissions from liming are the same as described for Cropland Remaining Cropland, in Section 3.3.1.2.1.1.

3.3.2.2.1.2 Choice of Emission/Removal Factors

Mineral soils
The following variables are needed when using either the Tier 1 or Tier 2 method:

Reference carbon stocks (SOCxgg)

Tier 1: Under Tier 1, it is good practice to use the default reference carbon stocks (SOCg.) provided in Table
3.3.3. These are updated from those provided in the IPCC Guidelines with the following improvements: i)
estimates are statistically-derived from recent compilations of soil profiles under native vegetation, ii) ‘Spodic’
soils (defined as boreal and temperate zone podzols in WRB classification, Spodosols in USDA classification)
are included as a separate category, iii) soils within the boreal climate region have been included.

Tier 2: For the Tier 2 method, reference soil C stocks can be determined from measurements of soils, for
example, as part of a country’s soil survey and mapping activities. It is important that reliable taxonomic
descriptions of measured soils be used to group soils into the classes defined in Table 3.3.3 or if a finer
subdivision of reference soil C stocks is used definitions of soil groupings need to be consistently and well
documented. Advantages to using country-specific data for estimating reference soil C stocks include more
accurate and representative values for an individual country and the ability to better estimate probability
distribution functions that can be used in a formal uncertainty analysis.

Stock change factors (FLy, Fue, Fi)

Tier 1: Under Tier 1, it is good practice to use default stock change factors (F_y, Fue, Fi) provided in Table
3.3.9. These are updated from the IPCC Guidelines, based on a statistical analysis of published research.
Definitions guiding the selection of appropriate factor values are provided in the table. Stock change factors are
used in estimating both post- (SOC,) and pre-conversion (SOC.m) stocks; values will vary according to land
use and management conditions before and after the conversion. Note that where forest land or native grasslands
are converted to cropland use, the stock change factors all have the value of one, such that the pre-conversion
soil carbon stocks are equal to the native vegetation reference values (SOCxg).

Tier 2: For the Tier 2 method, estimation of country-specific stock change factors for land-use conversion to
cropland will typically be based on paired-plot comparisons representing converted and unconverted lands,
where all factors other than land-use history are as similar as possible (e.g. Davidson and Ackermann, 1993).
Ideally several sample locations can be found that represent a given land use at different times since conversion
— referred to as a chronosequence (e.g. Neill et al., 1997). There are few replicated long-term experiments of
land- use conversions and thus stock change factors and emission factors for land-use conversions will have
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greater uncertainty than for permanent cropland. In evaluating existing studies or conducting new measurements
it is critical that the plots being compared have similar pre-conversion histories and management as well as
similar topographic position, soil physical properties and be located in close proximity. As for permanent
cropland, required information includes C stock (i.e. mass per unit area to a specified depth) for each land use
(and time point if a chronosequence). As previously described under Cropland Remaining Cropland, in the
absence of specific information upon which to select an alternative depth interval, it is good practice to compare
stock change factors at a depth of at least 30 cm (i.e. the depth used for Tier 1 calculations). Stock changes over
a deeper depth may be desirable if a sufficient number of studies are available and if statistically significant
differences in stocks due to land management are demonstrated at deeper depths. However, it is critical that the
reference soil carbon stocks (SOCkgef) and stock change factors (F y, Fus, Fi) be determined to a common depth.

Organic soils

Tier 1 and Tier 2 choice of C emission factors from organic soils recently converted to cropland should observe
the same procedures for deriving emission factors as described earlier under the Cropland Remaining Cropland
section.

TABLE3.3.9
RELATIVE SOIL STOCK CHANGE FACTORS (F_y, Fma, Fi) FOR LAND-USE CONVERSIONS TO CROPLAND
. IPCC
vaﬁjgtto r . Level Cr:é'r?r?;e Guidelines | Error” Definition
P g default
Native forest or Temperate 1 NA | Represents native or long-term, non-
Land use grassland - degraded and sustainably managed forest
(non-degraded) Tropical 1 NA | and grasslands.
Shifting cultivation | .0 ., 064 +500 | Permanent shifting cultivation, where
Land use — Shortened fallow tropical forest or woodland is cleared for
Shifting cultivation Tropical 08 +50% planting of annual crops for a short time
— Mature fallow ' - (e.g. 3-5 yr) period and then abandoned to
Land use,
Management, Managed forest See Equation 3.2.14 and accompanying text
& Input
Land use,
Management, | Managed grassland See default values in Table 3.4.5
& Input
Land use,
Management, Cropland See default values in Table 3.3.4
& Input
#Represents a nominal estimate of error, equivalent to two times standard deviation, as a percentage of the mean. NA denotes ‘Not
Applicable’, where factor values constitute defined reference values.

3.3.2.2.1.3 Choice of Activity Data

Mineral and Organic Soils

At a minimum, countries should have estimates of the areas of land converted to cropland during the inventory
period. If land use and management data are limited, aggregate data, such as FAO statistics on land conversions,
can be used as a starting point, along with knowledge of country experts of the approximate distribution of land
use types (e.g. forest land and grassland areas and their respective soil types) being converted and knowledge of
the types of cropland practices being used on land converted to cropland. More detailed accounting can be
accomplished either through analysis of periodic remotely sensed images of land use and land cover patterns,
through periodic ground-based sampling of land use patterns, and/or hybrid inventory systems. Estimates of
land-use conversions to cropland should be stratified according to major soil types, as defined for Tier 1, or
based on country-specific stratifications if employed in Tier 2 or 3 approaches. This can be based on overlays
with suitable soil maps and spatially-explicit data of the location of land conversions.

3.3.2.2.1.4 Uncertainty Assessment

Because most conversions to cropland uses entail losses from soil carbon stocks, the most critical data from the
standpoint of reducing overall uncertainty is accurate estimates of the land area being converted to cropland. Due
to their high native soil carbon stocks and potential for large losses, conversions to cropland occurring on
organic soils, as well as wetland mineral soils and volcanic soils, are of particular importance. Reducing
uncertainty in the estimates of stock change and emission factors for lands recently (<20 yrs) converted to
cropland can best be accomplished from direct monitoring of C stocks (and emissions) before and after (for a
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period of several year) conversion to cropland, at the same location. However, data based on indirect estimates,
so-called chronosequences, in which land converted to cropland at different times in the past and at different
locations, are more common. Use of estimates based on chronosequences will have a higher uncertainty than
direct monitoring over time. In constructing and evaluating chronosequences it is important to select areas which
are as similar as possible with respect to original vegetation, soil type and landscape position — i.e. the main
difference being time since conversion. Estimates should be based on more than one chronosequence. Overall
uncertainty assessment will require combining uncertainties associated with stock change and emission factors
and activity data concerning land areas converted to cropland.

3.3.2.3 NON-CO, GREENHOUSE GAS EMISSIONS

This section deals with the increase in N,O emissions arising from the conversion of forest land, grassland, and
other land to cropland. An increase in N,O emissions can be expected following the conversion of forest land,
grassland and other land to cropland. This is a consequence of the enhanced mineralisation (conversion to
inorganic form) of soil organic matter (SOM) that normally takes place as a result of that conversion. The
mineralisation results not only in a net loss of soil C and hence a net CO, emission (Section 3.3.2.2.1.2) but also
in associated conversion of nitrogen previously in the SOM to ammonium and nitrate. Microbial activity in the
soil converts some of the ammonium and nitrate present to N,O. Thus an increase in this microbial substrate
caused by a net decrease in SOM can be expected to give an increase in net N,O emissions. The approach here is
to use the same emission factor (EF,) as that used for direct emissions from agricultural land which has been in
cultivation for a long time (see Agriculture, GPG2000), and has the same logical basis, i.e. that N converted into
inorganic form in the soil, as a result of mineralisation, is all of equal value as a substrate for the organisms
producing N,O by nitrification and denitrification, no matter what the organic source is, soil organic matter in
this case of land-use conversion to cropland, or plant roots and crop residues from cultivation after harvest, or
added organic manures as in the case of the N,O emissions addressed in the IPCC Guidelines, Chapter 4
Agriculture and GPG2000.

Guidance on estimating trace gas emissions (N,O, NO,, CH, and CO) from on-site and off-site biomass burning
is provided in Section 3.2.1.4.

The rate of methane oxidation in aerated topsoils can change due to conversion to cropland. The reduction in
oxidation is not addressed in this report, however, due to limited information. In the future, as more data become
available, it may be possible to provide a fuller consideration of the impact of various activities on methane
oxidation rates.

3.3.2.3.1 METHODOLOGICAL ISSUES
NITROUS OXIDE FROM MINERAL SOILS

3.3.2.3.1.1 Choice of Method

The total emissions of N,O are equivalent to the sum of all N,O emissions from land use conversions as shown
in Equation 3.3.13 and 3.3.14. These are emissions from mineralisation of soil organic matter resulting from
conversion of forest land, grassland, settlements or other land to cropland.

EQUATION 3.3.13
TOTAL ANNUAL EMISSIONS OF N,O FROM MINERAL SOILS IN LAND CONVERTED TO CROPLAND

Total N2O-Neony = 2 N2O-Neonyi

Where:

Total N,O-Nc,n = total annual emissions of N,O from mineral soils in land converted to cropland, kg
N,O-N yr!
N20-N¢onvi = N2O emissions from land conversion type i, kg N,O-N yr'l
Emissions from fertilisation: N,O emissions from nitrogen application in the preceding land use (managed forest

or grassland) and new land use (cropland) are calculated elsewhere in the inventory (GPG 2000) and should not
be reported here, to avoid double counting.
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EQUATION 3.3.14
N,O EMISSIONS AS A RESULT OF THE DISTURBANCE ASSOCIATED WITH LAND-USE CONVERSION
OF FOREST LAND, GRASSLAND, OR OTHER LAND TO CROPLAND

N20-Nconv = N2Onet.min-N
N2Onet-min-N = EF1 ® Nyet.min

Where:

N,O-N¢onv = NoO emissions as a result of the disturbance associated with land-use conversion of forest
land, grassland, or other land to cropland, kg N,O-N yr*

N;Oret.min-N = additional emissions arising from the land-use change, kg N,O-N yr*
Nretmin = N released annually by net soil organic matter mineralisation as a result of the disturbance, kg N yr™

EF; = IPCC default emission factor used to calculate emissions from agricultural land caused by added N,
whether in the form of mineral fertilisers, manures, or crop residues, kg N,O-N/kg N. (The default
value is 0.0125 kg N,O-N/kg N)

Note: Multiply N,O-Ncon, by 44/28 and10°® to obtain N,O emissions in Gg N,O yr™

The N released by net mineralisation, Npe.min, €an be calculated following the calculation of the soil C
mineralised over the same period (20 years). The default method assumes a constant C:N ratio in the soil organic
matter over the period, thus:

EQUATION 3.3.15
ANNUAL NITROGEN RELEASED BY NET SOIL ORGANIC MINERALISATION AS A RESULT OF THE
DISTURBANCE (BASED ON SOIL C MINERALISED)

Nret-min = ACLCMineral e 1/C:N ratio

Where:
Nretmin = @annual N released by net soil organic matter mineralisation as a result of the disturbance, kg N yr'1

ACic,,;.., = Values obtained from Equation 3.3.12 (see also Section 3.3.2.2.1.1)), where applied to an
area of land converted to cropland (see Section 3.3.2.2.1.), kg C yr*

C:N ratio = the ratio by mass of C to N in the soil organic matter (SOM), kg C (kg N)*

Tier 1: Use default values and minimal spatial disaggregation with Equations 3.3.13 and 3.3.14

Tier 2: Actual measurements of locally specific C:N ratios in SOM will improve the calculations of N,O
emissions after conversion.

Tier 3: Tier 3 comprises a more dynamic way of simulating emissions using process models, based on locally
specific data, possibly spatially explicit, taking into account local characteristics of the land use conversion to
cropland.

3.3.2.3.1.2 Choice of Emission Factor
The following factors are needed:
e EF;: The emission factor for calculating emissions of N,O from N in the soil. The global default value is

0.0125 kg N,O-N/kg N, based on the general default emission factor used for N,O emissions in Chapter 4
(Agriculture) of the IPCC Guidelines.

e C released is calculated using Equation 3.3.3.

e C:N ratio: The ratio of C to N in soil organic matter is by default 15. This reflects the somewhat greater
C:N ratio found in forest or grassland soils compared to most cropland soils where C:N ratios typically
around 8-12.

The box below highlights ways in which further refinement of emissions estimates may be made, by analogy
with the equivalent text in GPG2000.
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Box 3.3.1
GOOD PRACTICE IN DERIVATION OF COUNTRY-SPECIFIC EMISSION FACTORS

In situations where higher-tier methods may be possible, the following points apply:

Good practice requires the measurement of N,O emissions by individual sub-source category (e.g.
synthetic fertiliser (Fsy), animal manure (Fav), crop residue mineralisation (Fcr) and (in the
present context of land-use conversion to cropland), mineralisation of soil organic N (Fom-min)-

For N,O emission factors to be representative of environmental and management conditions within
the country, measurements should be made in the major crop growing regions within a country, in
all seasons, and if relevant, in different geographic and soil regions and under different
management regimes. Soil factors such as texture and drainage condition, temperature and
moisture will affect EFs (Firestone and Davidson, 1989; Dobbie et al., 1999).

Validated, calibrated, and well-documented simulation models may be a useful tool to develop
area-average N,O emission factors on the basis of measurement data.

Regarding measurement period and frequency, N,O emission measurements should be taken over
an entire year (including fallow periods), and preferably over a series of years, in order to reflect
differences in weather conditions and inter-annual climatic variability. Measurements should be
frequent during the initial period after land conversion.

3.3.2.3.1.3 Choice of Activity Data

Aconv: The area of land being converted is required. For Tier 1 the Ay is a single value, but for Tier 2 it is
disaggregated by the types of conversions.

3.3.3 Completeness

A complete data series for land area estimates contains, at a minimum, the area of land within country
boundaries that is considered cropland during the time period covered by land use surveys or other data sources
and for which greenhouse gas emission and removals are estimated in the LULUCF sector. The total area
covered by the cropland inventory methodology is the sum of land remaining in cropland and land converted to
cropland during the time period. This inventory methodology may not include some cropland areas where
greenhouse gas emissions and removals are believed to be insignificant or constant through time, such as non-
woody cropland where there are no management or land-use changes. Therefore, it is possible for the total
cropland area for which estimates are prepared to be less than the total area of cropland within country
boundaries. In this case, it is good practice for countries to document and explain the difference in cropland area
in the inventory and total cropland within their boundaries. Countries are encouraged to track through time the
total area of land in cropland within country boundaries, keeping transparent records on which portions are used
to estimate carbon dioxide emissions and removals. As addressed in Chapter 2, all cropland areas, including
those not covered by the emissions inventory, should be part of the consistency checks to help avoid double
counting or omission. When summed with area estimates for other land uses, the cropland area data series will
enable a complete assessment of the land base included in a countries’ LULUCF sector inventory report.

Countries that use Tier 2 or 3 methods for cropland biomass and soil pools should include more detail in their
inventory on the cropland area data series. For example, countries may need to stratify the cropland area by
major climate and soil types, including both the inventoried and non-inventoried cropland areas. When stratified
land areas are used in the inventory, it is good practice for countries to use the same area classifications for both
the biomass and soils pools. This will ensure consistency and transparency, allow for efficient use of land
surveys and other data collection tools, and enable the explicit linking between carbon dioxide emissions and
removals in biomass and soil pools.

3.3.4  Developing a Consistent Time Series

To maintain a consistent time series, it is good practice for countries to maintain records on the cropland areas
used in inventory reports over time. These records should track the total cropland area included in the inventory,
subdivided by land remaining in cropland and land converted to cropland. Countries are encouraged to include
an estimate of the total cropland area within country boundaries. To ensure that area estimates are treated
consistently through time, land use definitions should be clearly defined and kept constant. If changes are made
to land use definitions, it is good practice to keep transparent records of how the definition changed. Consistent
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definitions should also be used for each of the cropland types and management systems included in the inventory.
In addition, to facilitate the proper accounting of carbon emissions and removals over several periods,
information on historic land conversions can be utilized. Even if a country cannot rely on historic data for current
inventories, improvements to current inventory practices to provide the ability to track land conversions across
time will have benefits in future inventories.

3.3.5 Reporting and Documentation

The categories described in Section 3.3 can be reported using the reporting tables in Annex 3A.2. The estimates
under the cropland category can be compared with the reporting categories in the IPCC Guidelines as follows:

. Carbon dioxide emissions and removals in biomass in cropland remaining cropland to IPCC Reporting
Category 5A, Changes in woody biomass;

. Carbon dioxide emissions and removals in soils in cropland remaining cropland to IPCC Reporting
Category 5D, Changes in soil carbon; and

. Carbon dioxide emissions and removals resulting from land-use conversions to cropland to IPCC
Reporting Category 5B for biomass, IPCC Reporting category 5D for soils, and IPCC Reporting Category
5E for non-CO, gases.

It is good practice to maintain and archive all information used to produce national inventory estimates.
Metadata and data sources for information used to estimate country-specific factors should be documented and
both mean and variance estimates provided. Actual databases and procedures used to process the data (e.g.
statistical programs) to estimate country-specific factors should be archived. Activity data and definitions used to
categorise or aggregate the activity data must be documented and archived. Procedures used to categorise
activity data by climate and soil types (for Tier 1 and Tier 2) must be clearly documented. For Tier 3 approaches
that use modelling, model version and identification must be documented. Use of dynamic models requires that
copies of all model input files as well as copies of model source code and executable programs be permanently
archived.

3.3.6 Inventory Quality Assurance/Quality Control
(QA/QC)

It is good practice to implement quality control checks and external expert review of inventory estimates and
data. Specific attention should be paid to country-specific estimates of stock change and emission factors to
ensure that they are based on high quality data and verifiable expert opinion.

Specific QA/QC checks across the cropland methodology include:

Cropland remaining cropland: Cropland soil estimates may be based on area data that includes both perennial
woody crops and annual crops, while biomass estimates are based on area data for perennial woody crops only.
Therefore, the area estimates underlying biomass and soils estimates in cropland remaining cropland may differ,
with biomass estimates based on a smaller land area than soil estimates. This will be true in most cases, except in
countries where cropland is comprised entirely of perennial woody crops or management and land use is
constant on annual crops.

Lands converted to cropland: Aggregate area totals for land converted to cropland should be the same in the
biomass and soils estimations. While biomass and soil pools may be disaggregated to different levels of detail,
the same general categories should be used to disaggregate the area data.

For all soil carbon stock change estimates using Tier 1 or Tier 2 methods, total areas for each climate-soil type
combination must be the same for the start (year.r)) and the end (year) of the inventory period (see Equation
3.3.4).
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3.3.7 Estimation of Revised GPG Tier 1 Defaults for
Mineral Soil C Emissions/Removals for Cropland
(see Table 3.3.4)

Cropland management factors were computed for tillage, input, set-aside, and land use conversion from
grassland or forest land. The land use conversion factor represents the loss of carbon that occurs after 20 years of
continuous cultivation. Tillage factors represent the impact of changing management from a conventional tillage
system, in which the soil is completely inverted, to conservation practices, including no-till and reduced till. No-
tillage is direct seeding without tillage of the soil. Reduced tillage involves some tillage, but does not involve full
inversion of the soil and typically leaves more than 60% of the soil surface covered by residue, including
practices such as chisel, mulch, and ridge tillage. The input factors represent the effect changing carbon input to
the soil by planting more productive crops, cropping intensification, or applying amendments; input factors
include cropping systems categorised as low, medium, high, and high w/manure amendments. Low input factors
represent low residue crops, rotations with bare-fallow, or cropping systems in which the residue is burned or
removed from the field. Medium input cropping systems represent cereals in which the residue is returned to the
field or rotations receiving organic amendments that otherwise would be considered low input due to residue
removal. High input rotations have high residue-yielding crops, cover crops, improved vegetated fallow, or years
with grass cover, such as hay or pasture in the rotation. Tillage and input factors represent the effect on C stocks
after 20 years since the management change. Set-aside factors represent the effect of temporary removal of
cropland from production and placing it into grass vegetation for a period of time that may extend to 20 years.

The data were synthesized in linear mixed-effects models, accounting for both fixed and random effects. Fixed
effects included depth, number of years since the management change, and the type of management change (e.g.,
reduced tillage vs. no-till). For depth, data were not aggregated but included C stocks measured for each depth
increment (e.g., 0-5 cm, 5-10 cm, and 10-30 cm) as a separate point in the dataset. Similarly, time series data
were not aggregated, even though those measurements were conducted on the same plots. Consequently, random
effects were used to account for the interdependence in times series data and the interdependence among data
points representing different depths from the same study. Data were transformed with a natural log
transformation if model assumptions were not met for normality and homogeneity of variance (back-transformed
values are given in the tables). Factors represent the effect of the management practice at 20 years for the top 30
cm of the soil, with the exception of the land use conversion factor, which represents the average loss of carbon
at 20 years or longer time period following cultivation. Users of this carbon accounting method can approximate
the annual change in carbon storage by the dividing the inventory estimate by 20. Variance was calculated for
each of the factor values, and can be used to construct probability distribution functions with a normal density.
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3.4 GRASSLAND

Grassland as defined in Chapter 2 covers about one-quarter of the earth’s land surface (Ojima et al., 1993) and
span a range of climate conditions from arid to humid. Grasslands can vary greatly in their degree and intensity
of management, from extensively managed rangelands and savannahs — where animal stocking rates and fire
regimes are the main management variables — to intensively managed (e.g. with fertilization, irrigation, species
changes) continuous pasture and hay land. Grasslands generally have a vegetation dominated by perennial
grasses, with grazing as the predominant land use, and are distinguished from “forest” by having a tree canopy
cover of less than the threshold used in the forest definition.

Belowground carbon dominates in grassland, mainly in roots and soil organic matter. For a given climate regime,
grassland often has higher soil carbon contents than other vegetation types. Grazing and fire are common
perturbations that grassland has evolved with; consequently both the vegetation and soil carbon are relatively
resistant to moderate disturbances from grazing and fire regimes (Milchunas and Lauenroth, 1993). In many
grasslands, the presence of fire is a key factor in preventing the invasion of woody species which can
significantly affect ecosystem carbon stores (Jackson et al., 2002).

The Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories (IPCC Guidelines) deal with
biomass and soil carbon stock changes for land-use conversions between grassland and other land uses (e.g.,
cropland), soil carbon stock changes due to management changes between improved and unimproved pasture,
and CO, emissions for wetlands that are drained and from liming of pasture.

This report complements the IPCC Guidelines by:

e Elaborating on the methodologies needed to address C stock changes in the two main pools in grassland:
living biomass and soils;

e Explicitly including impacts of natural disturbances and vegetation fires on managed grassland; and
e Covering comprehensively the estimation of land use conversion to grassland.

In this section, guidance on the use of basic and advanced methodologies for inventorying and reporting
emissions and removals for grassland remaining grassland and land converted to grassland is provided for
biomass and soil carbon pools. Methods for non-CO, emissions are also covered. Methodologies follow a
hierarchical tier structure where Tier 1 methods use default values, typically with limited disaggregation of area
data. Tier 2 corresponds to use of country-specific coefficients and/or finer scale area disaggregation, which will
reduce uncertainty in emission/removal estimates. Tier 3 methods refer to the use of more complex country-
specific approaches. Where possible, default values from the IPCC Guidelines are updated and new default
values are provided based on the most up-to-date research findings.

3.4.1 Grassland Remaining Grassland

Carbon stocks in permanent grassland are influenced by human activities and natural disturbances, including
harvesting of woody biomass, rangeland degradation, grazing, fires, rehabilitation, pasture management, etc.
Annual production of biomass in grassland can be large, but due to rapid turnover and removals through grazing
and fire, standing stock of aboveground biomass rarely exceeds a few tonnes per hectare. Larger amounts can
accumulate in the woody component of vegetation, in root biomass and in soils. The extent to which carbon stocks
increase or decrease in each of these pools is affected by management practices such as those described above.

This section provides guidance on estimating carbon stock changes in grassland remaining grassland (GG) for
two carbon pools: living biomass and soils. At this time, not enough information is available to develop default
coefficients for estimating the dead organic matter pool. The total annual carbon stock change in grassland
remaining grassland is therefore the sum of annual estimates of carbon stock changes in each carbon pool—
living biomass and soils—as shown in Equation 3.4.1. Estimation techniques for each pool are described
separately below.

EQUATION 3.4.1
ANNUAL CHANGE IN CARBON STOCKS IN GRASSLAND REMAINING GRASSLAND

ACqq = ACGGLB + ACGGSoils

Where:

ACgg = annual change in carbon stocks in grassland remaining grassland, tonnes C yr*
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ACqq = annual change in carbon stocks in living biomass in grassland remaining grassland, tonnes C yr*

ACeog ) = annual change in carbon stocks in soils in grassland remaining grassland, tonnes C yr*

To convert tonnes C to Gg CO,, multiply the value by 44/12 and by 107. For the convention (signs), refer to
Section 3.1.7 or Annex 3A.2 (Reporting Tables and Worksheets).

TABLE34.1
TIER DESCRIPTIONS FOR SUBCATEGORIES UNDER GRASSLAND REMAINING GRASSLAND
Tier
Sub Tier 1 Tier 2 Tier 3
-categories
Living Assume there is no change in Use country-specific values for carbon Use country-specific
Biomass carbon stocks. accumulation and removal rates and approach at fine
annual or periodic surveys to estimate spatial scale (e.g.,
the areas under different classes of modeling,
grassland by climate region. measurement)
Soils For changes in soil carbon from For both mineral and organic soils use Use country-specific
mineral soils use default some combination of default and/or approach at fine
coefficients. The areas must be country-specific coefficients and area spatial scale (e.g.,
stratified by climate and soil type. estimates of increasingly finer spatial modeling,
For changes in soil carbon from resolution. For emissions from liming, measurement)
organic soils use default use emission factors differentiated by
coefficients and stratify the areas by | forms of lime.
climatic region. For emissions from
liming, use default emission factors.
3.4.1.1 CHANGE IN CARBON STOCKS IN LIVING BIOMASS

Although the methods used for estimating biomass changes are conceptually similar between grassland, cropland,
and forest (described in detail in Section 3.2.1.1), grasslands are unique in a number of ways. Grasslands are
subject to frequent vegetation fires that can influence savannah thickening®, mortality and regrowth, and root to
shoot ratio. Other management activities, such as tree and brush removal, pasture improvement, tree planting
(silvopastoralism), as well as overgrazing and degradation can influence biomass stocks. For woody species in
savannahs (grassland with trees), the allometric relationships differ from those used in forests because of large
numbers of multi-stem trees, large number of shrubs, hollow trees, high proportion of standing dead trees, high
root-to-shoot ratios and coppicing regeneration.

3.4.1.1.1 METHODOLOGICAL ISSUES

Equation 3.4.2 shows the summary equation for estimating changes in carbon stocks in living biomass in
grassland remaining grassland. Depending on the methodological tier being used and data availability, grassland
can be disaggregated by type, region or climate zone.

EQUATION 3.4.2
ANNUAL CHANGE IN CARBON STOCKS IN LIVING BIOMASS
IN GRASSLAND REMAINING GRASSLAND

ACqq 5 = 2XeXi2m ACc6 g (im)

Where:

ACqq, ;= annual change in carbon stocks in living biomass in grassland remaining grassland summed
across all grassland types i, climate zones ¢, and management regimes m, tonnes C yr*

ACGGLB(C — change in carbon stocks in living biomass for a specific grassland type i, climate zone ¢ and
management regime m, tonnes C yr*

! Savannah thickening is a general term referring to an increase in the density and biomass of woody species in grassland
ecosystems over time due to changes in fire and/or grazing regimes as well as climate changes. For example, in the south-
central US woody biomass encroachment/thickening on grasslands is estimated to have increased biomass stocks by around
0.7 tonnes d.m. ha* yr'* over a several year period (Pacala et. al. 2001)
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The living biomass pool in grassland includes above- and belowground carbon stocks in woody and herbaceous
(grasses and forbs) vegetation. However, carbon stocks in the aboveground herbaceous component are usually
small and relatively insensitive to management; thus aboveground grass biomass is only considered for
estimating non-CO, emissions from burning. Carbon stocks in belowground biomass of grasses are larger and
more sensitive to management changes and are therefore included in estimates of carbon stock changes in living
biomass of grassland.

3.4.1.1.1.1 Choice of Method

All countries should strive for improving inventory and reporting approaches by advancing to the highest tier
possible given national circumstances. It is good practice for countries to use a Tier 2 or Tier 3 approach if
carbon emissions and removals in grassland remaining grassland is a key category and if the sub-category of
living biomass is considered significant based on principles outlined in Chapter 5. Countries should use the
decision tree in Figure 3.1.1 to help with the choice of method.

Tier 1: In grassland where management practices are static, biomass carbon stocks will be in an approximate
steady-state (i.e. carbon accumulation through plant growth is roughly balanced by losses through decomposition
and fire). In grassland where management changes are occurring over time (e.g. through savannah thickening,
tree/brush removal for grazing management, improved pasture management or other practices), the stock
changes can be significant. However, information is not available to develop broadly applicable default rates of
change in living biomass carbon stocks in grassland for these different management regimes. Therefore, the Tier
1 assumption is no change in living biomass carbon stocks.

Tier 2: At Tier 2, carbon stock changes are estimated for above- and belowground biomass in perennial woody
vegetation and for belowground biomass of grasses, as summarised in Equation 3.4.3.

EQUATION 3.4.3
ANNUAL CHANGE IN CARBON STOCKS IN LIVING BIOMASS
IN GRASSLAND REMAINING GRASSLAND

ACGGLB(c,i,m) = (ABperennial + ABgrasses) o CF

Where:

ACGGLB(c . change in carbon stocks in living biomass for a specific grassland type i, climate zone c and
management regime m tonnes C yr™*

ABperemnial = Cchange in above- and belowground perennial woody biomass, tonnes d. m. yr'l
AByrasses = Change in belowground biomass of grasses, tonnes d. m. yr'1
CF = carbon fraction of dry matter (default = 0.5), tonnes C (tonnes d.m.)™

Changes in living biomass (AB) can be estimated in one of two ways: using annual rates of growth and loss
(Equation 3.4.4) or (b) with biomass stocks at two points in time (Equation 3.4.5).

EQUATION 3.4.4
ANNUAL CHANGE IN LIVING BIOMASS ( RATE APPROACH)

AB;=A o (G-L)

Where:
AB; = annual change in living biomass in grassland of type i, tonnes d. m. yr*
A = area of grassland of type i, ha
G = average annual biomass growth, tonnes d. m. ha™ yr*
L = average annual biomass loss, tonnes d. m. ha™ yr*

The biomass difference approach (Equation 3.4.5) can be applied where data on biomass stocks are estimated at
regular time intervals through some types of national inventory system. The difference between total biomass
stocks at two points in time is calculated. This value is divided by the number of years between measurements to
generate an annual rate of change in biomass stocks.
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EQUATION 3.4.5
ANNUAL CHANGE IN LIVING BIOMASS (DIFFERENCE APPROACH)

AB = (Btz— Btl) / (t2_tl)

Where:
AB = annual change in living biomass, tonnes d. m. yr*

B 6= biomass at time t,, tonnes d. m.
B 4= biomass at time t, tonnes d. m.

Tier 2 methods involve country- or region-specific estimates of biomass stocks by major grassland types and
management activity and estimates of stock change as a function of major management activity (i.e. grazing and
fire regimes, productivity management).

Either of the approaches described above can be used to estimate changes in above- and belowground biomass.
In long-established grassland, changes in biomass are likely only in response to relatively recent changes (e.g.
within the past 20 yrs) in management practices. Therefore, it is good practice to associate estimates of biomass
change with specific management conditions, categorized if possible by climate and grassland type. For
example, when using the rate approach, the area of semi-arid grassland under intensive grazing should be
multiplied by coefficients (G and L) that are specific to semi-arid intensively grazed grassland. If the difference
approach is used, then biomass stocks should be measured or estimated separately for different grassland types
under specific management regimes. A stratification of management regimes/grassland conditions could include
categories such as: native, extensively managed grassland, grassland subject to woody encroachment, moderately
and severely degrading grassland, intensively managed, improved pastures (see broadly defined management
conditions in Section 3.4.1.2. on Changes in Carbon Stocks in Soils).

While Equations 3.4.4 and 3.4.5 can be used to estimate changes in belowground biomass stocks directly,
belowground biomass stocks are often approximated using expansion factors applied to aboveground biomass
stocks. Such expansion factors are ratios of belowground to aboveground biomass, otherwise known as root to
shoot ratios. The ratios may vary by grassland type, climate region, and management activity. Equation 3.4.6
demonstrates how to estimate total (above- and belowground) biomass stocks. Note that aboveground biomass
(Bag) must be estimated first and then applied in Equation 3.4.6. Total biomass stock (Brow), belowground
biomass stock (Bgg), or aboveground biomass stock (Bag) from Equation 3.4.6 can be used in Equations 3.4.5 to
estimate changes in biomass stocks over time.

EQUATION 3.4.6
TOTAL BIOMASS

Brotal = Bac + Bae
and
Bec =Bac ® R

Where:
Bt = total biomass, including above- and belowground, tonnes d. m.
Bac = aboveground biomass, tonnes d. m.
Bgg = belowground biomass, tonnes d. m.
R = root-to-shoot ratio, dimensionless

Tier 3: Tier 3 involves inventory systems using statistically-based sampling of carbon stocks over time and/or
process models, stratified by climate, grassland type and management regime. For example, validated species-
specific growth models that incorporate management effects such as grazing intensity, fire, and fertilization, with
corresponding data on management activities, could be used to estimate net changes in grassland biomass carbon
stocks over time. Models can be used together with periodic sampling-based stock estimates similar to those
used in detailed forest inventories could be applied to estimate stock changes as in Equation 3.4.5 to make spatial
extrapolations for grassland areas

3.4.1.1.1.2 Choice of Emission/Removal Factors

Tier 1: At Tier 1, the default assumption is no change in biomass stocks. Therefore, no default
emission/removal factors are provided.
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Tier 2: Some data are available to assist in making estimates at Tier 2. The factors needed for a Tier 2 estimate
are: biomass growth (G) and loss (L) or biomass stocks at multiple points in time (B, B.;), and expansion factors
for belowground biomass.

The rate-based approach (Equation 3.4.4) requires derivation of loss rates (i.e. L in Equation 3.4.4), for woody
biomass (e.g. losses from harvest or bush removal) and belowground biomass of herbaceous species (e.g. due to
pasture degradation) , and net growth rates (e.g. from savannah thickening or pasture improvements) of woody
and belowground biomass (G in Equation 3.4.4). To develop carbon growth and loss coefficients from reported
carbon stock values, estimates for at least two points in time are needed. The change in carbon stocks between
two time periods are then calculated and this amount is divided by the number of years during the time period to
develop an annual rate. Rates of change should be estimated in response to changes in specific management/land
use activities (e.g. pasture fertilization, shrub removal, savannah thickening). Results from field research should
be compared to estimates of carbon growth and losses from other sources to verify that they are within
documented ranges. Reported carbon growth and loss rates may be modified based on additional data and expert
opinion, provided clear rationale and documentation are included in the inventory report. (Note: It is important,
in deriving estimates of biomass accumulation rates, to recognize that net changes in biomass stocks will occur
primarily during the first years (e.g. 20 years) following changes in management. After which time biomass
stocks will tend towards a new steady-state level with little or no change in biomass stocks occurring unless
further changes in management conditions occur).

Region- or country-specific data on biomass stocks over time are needed for use in Equation 3.4.5. These can be
obtained through a variety of methods, including estimating density (crown coverage) of woody vegetation from
air photos (or high resolution satellite imagery) and ground-based measurement plots. Species composition,
density and above- vs. below-ground biomass can vary widely for different grassland types and conditions and
thus it may be most efficient to stratify sampling and survey activities by grassland types. General guidance on
survey and sampling techniques for biomass inventories is given in Chapter 5 (Section 5.3).

Default estimates of above-ground biomass stocks and annual above-ground productivity are provided in Table
3.4.2. These are globally-averaged valued, by major climate zones, and are not intended as a basis for Tier 2
estimates of biomass stock change but can serve as defaults for estimating non-CO, emissions from burning (see
Section 3.4.1.3) and for a first-order comparison with country-derived biomass stock estimates.

TABLE 3.4.2
DEFAULT ESTIMATES FOR STANDING BIOMASS GRASSLAND (AS DRY MATTER)
AND ABOVEGROUND NET PRIMARY PRODUCTION, CLASSIFIED BY IPCC CLIMATE ZONES

Peak aboveground live biomass Aboveground n(eptﬁlgig)lary production

IPCC Climate zone (tonnes d.m. ha™) (tonnes d.m. ha yr)
Average No. of studies Errort Average No. of studies Error?
Boreal - Dry & Wet 2 1.7 3 +75% 1.8 5 + 75%
Cold Temperate - Dry 1.7 10 +75% 2.2 18 +75%
Cold Temperate -Wet 2.4 6 +75% 5.6 17 +75%
Warm Temperate — Dry 1.6 8 +75% 24 21 +75%
Warm Temperate —Wet 2.7 5 +75% 5.8 13 +75%
Tropical - Dry 2.3 3 +75% 3.8 13 +75%
Tropical - Moist & Wet 6.2 4 +75% 8.2 10 +75%

Data for standing live biomass are compiled from multi-year averages reported at grassland sites registered in the ORNL DAAC NPP
database [http://www.daac.ornl.gov/NPP/html_docs/npp_site.html]. Estimates for above-ground primary production are from: Olson, R.
J., J. M. O. Scurlock, S. D. Prince, D. L. Zheng, and K. R. Johnson (eds.). 2001. NPP Multi-Biome: NPP and Driver Data for Ecosystem
Model-Data Intercomparison. Sources available on-line at [http://www.daac.ornl.gov/NPP/html_docs/EMDI_des.html]).

! Represents a nominal estimate of error, equivalent to two times standard deviation, as a percentage of the mean.

2Due to limited data, dry and moist zones for the boreal temperature regime and moist and wet zones for the tropical temperature regime
were combined.

Estimating below-ground biomass can be an important component of biomass surveys of grassland but field
measurements are laborious and difficult and thus expansion factors to estimate below-ground biomass from
above-ground biomass are often used. Adaptations to fire and grazing have led to higher root-to-shoot ratios
compared to many other ecosystems; thus forest-based biomass expansion factors cannot be applied without
modification. Root-to-shoot ratios show wide ranges in values at both individual species (e.g. Anderson et al.,
1972) and community scales (e.g. Jackson et al., 1996; Cairns et al., 1997). Thus it is recommended to use, as far
as possible, empirically-derived root-to-shoot ratios specific to a region or vegetation type. Table 3.4.3 provides
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default root-to-shoot ratios for major grassland ecosystems of the world; these data can be used as defaults when
countries do not have more regionally specific information to develop country-specific ratios. Ratios for
woodland/savannah and shrublands are also included for use by countries that include these lands in the
grassland section of their inventory.

Tier 3: Tier 3 approaches, e.g. using a combination of dynamic models along with inventory measurements of
biomass stock changes, do not employ simple stock change or emission factors per se. Estimates of
emissions/removals using model-based approaches derive from the interaction of multiple equations that
estimate the net change of biomass stocks within the models. Key criteria in selecting appropriate models are
that they are capable of representing all of the management practices that are represented in the activity data. It is
critical that the model be validated with independent observations from country or region-specific field locations
that are representatives of the variability of climate, soil and grassland management systems in the country.

TABLE 3.4.3
DEFAULT EXPANSION FACTORS (ROOT-TO-SHOOT [R:S] RATIOS)
FOR THE MAJOR SAVANNAH/RANGELAND ECOSYSTEMS OF THE WORLD

Vegetation type Approximate IPCC climate zone! rz':[iso n Error?
. Boreal (Dry & Wet), Cold Temperate
o Steppe/tundra/prairie grassland Wet, Warm Temperate Wet 4.0 7 + 150%
©
] L Dry (Cold Temperate, Warm
o Semi-arid grassland Temperate and Tropical) 2.8 9 + 95%
V]
Sub-tropical/ tropical grassland Tropical Moist & Wet 16 7 + 130%
Woodland/savanna 0.5 19 + 80%
Other
Shrubland 2.8 9 + 144%

! Classification of the source data was by grassland biome types and thus correspondence to the IPCC climate zones are approximations.

2 Error estimates are given as two times standard deviation, as a percentage of the mean.

3.4.1.1.1.3 Choice of Activity Data

Activity data in this section refer to estimates of land areas (A;) of long-term grassland (i.e. not recently
converted from other land uses). In addition, countries will need to estimate area burned each year to estimate
non-CO, emissions. Chapter 2 provides general guidance on approaches for obtaining and categorizing area by
different land use classes. For estimating emissions and removals from this source, countries need to obtain area
estimates for grassland, disaggregated as required to correspond to the available emission factors and other
parameters. Because Tier 1 assumes no net change in grassland biomass through growth and losses, there is no
need to develop activity data at Tier 1, except to estimate non-CO, emissions associated with burning (Section
3.4.1.3). Guidance below is for developing activity data for Tiers 2 and 3 methods.

Annual or periodic surveys are used in conjunction with the approaches outlined in Chapter 2 to estimate the
average annual area of land in grassland. The area estimates are further sub-divided into general climate regions
and management practices to match the G and L values. International statistics such as FAO databases, IPCC
Guidelines, and other sources can be used to estimate the area of land in grassland. Area of grassland burning
can be estimated from knowledge of the average fire frequency for different grassland types or from more
accurate assessments, such as use of remote sensing to inventory burned areas.

To improve estimates, more detailed annual or periodic surveys are used to estimate the areas of grassland
stratified by grassland types, climatic regions and management regimes. If finer resolution country-specific data
are only partially available, countries are encouraged to extrapolate to the entire land base of grassland using
sound assumptions from best available knowledge.

Tier 3 requires high-resolution activity data disaggregated at sub-national to fine grid scales. Similar to Tier 2, land
area is classified into specific grassland types by major climate, and management categories. If possible, spatially
explicit area estimates are used to facilitate complete coverage of the grassland and ensure that areas are not over-
or underestimated. Furthermore, spatially explicit area estimates can be related to locally relevant carbon
accumulation and removal rates, and restocking and management impacts, improving the accuracy of estimates.

3.4.1.1.1.4 Uncertainty Assessment

Because Tier 1 assumes no change in grassland biomass, it is not relevant to develop uncertainty estimates for
Tier 1. Guidance below is for developing uncertainty estimates for Tiers 2 and 3 methods.
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Sources of uncertainty include the degree of accuracy in land area estimates (A;), fraction of land area burned
(fourne,i), carbon increase and loss (G and L), carbon stock (B), and expansion factor (EF) terms. It is good
practice to calculate error estimates (i.e., standard deviations, standard error, or ranges) for each of these
country-defined terms and to use these estimates in a basic uncertainty assessment. Default uncertainty estimates
provided in Table 3.4.3 can be used for the biomass expansion factors.

Tier 2 approaches may also use finer resolution activity data, such as area estimates for different climatic regions
or for grassland management systems within national boundaries. The finer-resolution data will reduce
uncertainty levels when associated with carbon accumulation factors defined for those finer-scale land bases.

This information can be used with a measure of uncertainty in area estimates from Chapter 2 to assess the
uncertainty in estimates of carbon emissions and removals in grassland biomass using the Tier 1 methodology
for uncertainty analysis in Chapter 5.2 (Identifying and quantifying uncertainties).

3.4.1.2 CHANGE IN CARBON STOCKS IN SOILS

3.4.1.2.1 METHODOLOGICAL ISSUES

The IPCC Guidelines provide methods for estimating CO, Emissions and Uptake by Soils from Land-Use and
Management (Section 5.3) that can be applied to all land uses, including grassland. The methodology considers
organic carbon stock changes (CO, emissions or removals) for mineral soils, CO, emissions from organic soils
(i.e. peat or muck soils) converted to pastures and emissions of CO, from liming of grassland soils.

For carbon stock changes in mineral soils, the IPCC Guidelines define soil carbon stocks as organic carbon
incorporated into mineral soil horizons to a depth of 30cm and do not include C in surface residue (i.e. dead
organic matter) or changes in inorganic carbon (i.e. carbonate minerals). In most grassland soils, surface residue
represents a minor stock compared with carbon within the soil.

The summary Equation 3.4.7 for estimating the change in carbon stocks in soils is shown below:

EQUATION 3.4.7
ANNUAL CHANGE IN CARBON STOCKS IN SOILS IN GRASSLAND REMAINING GRASSLAND

ACGGSoils - ACGGMineral - ACGGOrganic - ACGGLiming

Where:

ACooq ;= annual change in carbon stocks in soils in grassland remaining grassland, tonnes C yr*

ACqg = annual change in carbon stocks in mineral soils in grassland remaining grassland, tonnes C yr*

Minel
ACGGOrganic = annual change in carbon stocks in organic soils in grassland remaining grassland (estimated
as net annual flux), tonnes C yr*

ACGGLiming = annual C emissions from lime application to grassland, tonnes C yr*

For Tier 1 and 2 methods, changes in dead organic matter and inorganic carbon stocks should be assumed to be
zero. If dead organic matter is included in a Tier 3 approach, measurements should be based on the lowest
amounts present during an annual cycle to avoid including newly senesced plant material that represents a
transient organic matter pool. Selection of the most suitable tier will depend on: (i) availability and detail of
activity data on grassland management and changes in management over time, (ii) availability of suitable
information to estimate base C stocks and stock change and emission factors, and (iii) availability of dedicated
national inventory systems designed for soils.

All countries should strive for improving inventory and reporting approaches by advancing to the highest tier
possible given national circumstances. It is good practice for countries to use a Tier 2 or Tier 3 approach if
carbon emissions and removals in grassland remaining grassland is a key category and if the sub-category of soil
organic matter is considered significant based on principles outlined in Chapter 5. Countries should use the
decision tree in Figure 3.1.1 to help with the choice of method.

3.4.1.2.1.1 Choice of Method

The method used to estimate carbon stock changes in mineral soils is different from the method used for organic
soils. It is also possible that countries will use different Tiers to prepare estimates of the separate components on
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this subcategory, given availability of resources. Thus, mineral soils, organic soils, and emissions from liming
are discussed separately below.

Mineral Soils

For mineral soils, the estimation method is based on changes in soil C stocks over a finite period following
changes in management that impact soil C, as shown in Equation 3.4.8. Previous soil C stocks (SOC.r) ) and
soil C stocks in the inventory year (SOC,) for the area of a grassland system in the inventory are estimated from
reference carbon stocks (Table 3.4.4) and stock change factors (Table 3.4.5), applied for the respective time
points. Here a grassland system refers to a specific climate, soil and management combination. Annual rates of
emissions (source) or removals (sink) are calculated as the difference in stocks (over time) divided by the
inventory time period. The default time period is 20 years.

EQUATION 3.4.8
ANNUAL CHANGE IN CARBON STOCKS IN MINERAL SOILS FOR A SINGLE GRASSLAND SYSTEM

ACGGMineral = [(SOCO - SOC(O —T)) [ ] A] /T
SOC=SOCrer @ FLy ® Fyg @ F

Where:

ACGGMineral = annual change in carbon stocks in mineral soils, tonnes C yr*

SOC, = soil organic carbon stock in the inventory year, tonnes C ha™

SOC .1y = soil organic carbon stock T years prior to the inventory, tonnes C ha™

T = inventory time period, yr (default is 20 yr)

A= land area of each parcel, ha

SOC, = the reference carbon stock, tonnes C ha’; see Table 3.4.4

FLu = stock change factor for land use or land-use change type, dimensionless; see Table 3.4.5
Fue = stock change factor for management regime, dimensionless; see Table 3.4.5

F, = stock change factor for input of organic matter, dimensionless; see Table 3.4.5

The types of land use and management factors supplied are broadly defined and include: 1) a land use factor (F_y)
that reflects C stock levels relative to native ecosystems, 2) a management factor (Fyg) that represents broad
categories of improved and degraded grassland and 3) an input factor (F,) representing different levels of C
inputs to soil, which is implemented for improved grassland only. If the area was in other land use (e.g. forest
land, cropland) at the beginning of the inventory period, then guidance provided under Section 3.4.2, Land
Converted to Grassland, should be followed.

The calculation steps for determining SOC, and SOC.1y and net soil C stock change per ha of land area are as
follows:

Step 1: Select the reference carbon stock value (SOCge), based on climate and soil type, for each area of
grassland being inventoried.

Step 2: Select the management condition of the grassland (Fyg) present at beginning of the inventory period
(e.g. 20 years ago) and the C input level (F,). These factors, multiplied by the reference soil C stock,
provide the estimate of ‘initial” soil C stock (SOC.m)) for the inventory period. Note for Grassland
Remaining Grassland the land use factor (F_y) always equals 1.

Step 3: Calculate SOC, by repeating step 2 using the same reference carbon stock (SOCyg) and F y=1, but with
management and input factors that represent conditions in (current) inventory year.

Step 4: Calculate the average annual change in soil C stock for the area over the inventory period (ACGGMineral)
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Example: For an Ultisol soil in a tropical moist climate, SOCger (0-30 cm) is 47 tonnes C ha™.
Under management resulting in an unimproved, moderately overgrazed pasture, the soil carbon
stock at the beginning of the inventory period (default is 20 yr previous) is (SOCgres ® F y ® Fyc ®
F)) = 47 tonnes C ha™ @ 1 e 0.97 @ 1 = 45.6 tonnes C ha™. Improved pasture with fertiliser
addition (Fye = 1.17) is the management condition in the (current) inventory year, yielding a soil
carbon stock estimate of 47 tonnes C ha @ 1  1.17 e 1 = 55 tonnes C ha™. Thus the average
annual change in soil C stock for the area over the inventory period is calculated as (55 tonnes C
ha™ - 45.6 tonnes C ha™) / 20 yrs = 0.47 tonnes C ha™ yr™.

Tier 1: For Tier 1, default reference carbon stocks and stock change factors are used (as shown in Equation 3.4.8)
for major grassland systems in a country, stratified by the default climate and soil types (Equation 3.4.9). For the
aggregate area of grassland remaining grassland, stock changes can be calculated either by tracking management
changes and calculating stock changes on individual parcels of land (Equation 3.4.9A) or by calculating aggregate
soil carbon stocks at the start and end of the inventory period from more general data on the area distribution of
grassland systems (Equation 3.4.9B). Aggregate results will be the same with either approach, the main difference
being that attribution of the effects of specific changes in management requires activity data that tracks
management changes on specific areas of land. Default values for this calculation are described in Section
3.4.1.2.1.2.

EQUATION 3.4.9
ANNUAL CHANGE IN CARBON STOCKS IN MINERAL SOILS
IN TOTAL GRASSLAND REMAINING GRASSLAND

ACGGMineral = zczszi [(SOCO - SOC(O _T)) °A ] c,s,i T (A)
ACGGMineral =2 czsZ i (SOCO ° A) esi 2 cZ sZ i (SOC(O -ne A) cs,i /T (B)

Where:

ACGGMineral = annual change in carbon stocks in mineral soils, tonnes C yr*

SOC, = soil organic carbon stock in the inventory year, tonnes C ha™

SOC-1) = soil organic carbon stock T years prior to the inventory, tonnes C ha*
T = inventory time period, yr (default is 20 yr)

A = land area of each parcel, ha

c represents the climate zones, s the soil types, and i the set of major grassland types that are present in a
country.

Example: The following example shows calculations for aggregate areas of grassland soil carbon
stock change using Equation 3.4.9B. In a tropical moist climate on Ultisol soils, there are 1Mha of
permanent grassland. The native reference carbon stock (SOCge) for the climate/soil type is 47
tonnes C ha™. At the beginning of the inventory calculation period (i.e. 20 yrs earlier) the
distribution of grassland systems was 500,000 ha of unmanaged native grassland, 400,000 ha of
unimproved, moderately degraded grazing land and 100,000 ha of heavily degraded grassland.
Thus initial soil carbon stocks for the area were: 500,000 ha e (47 tonnes C ha™ @ 1 @ 1 @ 1) +
400,000 ha e (47 tonnes C ha™ @ 1 @ 0.97 @ 1) + 100,000 ha ® (47 tonnes Cha” @ 1 @ 0.7 @ 1) =
45.026 million tonnes C. In the (current) inventory year, there are: 300,000 ha of unmanaged
native grassland, 300,000 ha of unimproved, moderately degraded grazing land, 200,000 ha of
heavily degraded grassland, 100,000 ha of improved pasture receiving fertiliser, and 100,000 ha of
highly improved pasture receiving fertiliser together with irrigation. Thus total soil carbon stocks
in the inventory year are: 300,000 ha (47 tonnes C ha™ @ 1 @ 1 @ 1) + 300,000 ha e (47 tonnes C
ha™ @ 1 @ 0.97 @ 1) + 200,000 ha ® (47 tonnes C ha’ @ 1 @ 0.7 @ 1) + 100,000 ha e (47 tonnes C
ha' e 1 e 1.17 e 1) + 100,000 ha @ (47 tonnes C ha™ o 1 @ 1.17 @ 1.11) = 45.960 million tonnes C.
The average annual stock change over the period for the entire area is: (45.960 — 45.026) million
tonnes C/20 yr = 0.934 million tonnes/20 yr = 46,695 tonnes per year soil C stock increase.

Tier 2: For Tier 2, the same basic equations as in Tier 1 are used but country-specific values for reference
carbon stocks and/or stock change factors are used. In addition, Tier 2 approaches will likely involve a more
detailed stratification of management systems if sufficient data are available.
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Tier 3: Tier 3 approaches, using a combination of dynamic models along with detailed soil C emission/stock
change inventory measurements, will likely not employ simple stock change or emission factors per se.
Estimates of emissions using model-based approaches derive from the interaction of multiple equations that
estimate the net change of soil C stocks within the models. A variety of models designed to simulate soil carbon
dynamics exist (for example, see reviews by McGill et al., 1996; Smith et al., 1997).

Key criteria in selecting an appropriate model are that the model is capable of representing all of the
management practices that are represented and that model inputs (i.e. driving variables) are compatible with the
availability of country-wide input data. It is critical that the model be validated with independent observations
from country or region-specific field locations that are representatives of the variability of climate, soil and
management systems in the country. Examples of appropriate validation data sets include long-term grassland
experiments (e.g. Conant et al., 2001) or long-term measurements of ecosystem carbon flux for grassland
systems, using techniques such as eddy covariance (Baldocchi et al., 2001). Ideally, an inventory system of
permanent, statistically representative grassland plots, that include major climatic regions, soil types, and
management systems and system changes, would be established where repeated measures of soil carbon stocks
could be made over time. Recommended re-sampling frequencies in most cases should not be less than 3 to 5
years (IPCC, 2000b). Where possible, measurements of soil carbon stocks should be made on an equivalent mass
basis (e.g. Ellert et al., 2001). Procedures should be implemented to minimize the influence of spatial variability
with repeated sampling over time (e.g. Conant and Paustian, 2002a). Such inventory measurements could be
integrated with a process model-based methodology.

Organic Soils

The methodology for estimating carbon stock change in organic soils used for managed grassland is to assign an
annual loss rate of C due to the drainage and other management perturbations in adapting these soils to managed
grassland 2. Drainage and pasture management practices stimulate the oxidation of organic matter previously
built up under a largely anoxic environment (although emission rates are lower than under annual cropland use
where repeated tillage further stimulates decomposition). The area of grassland organic soils under each climate
type is multiplied by the emission factor to derive an estimate of annual C emissions, as shown in Equation
3.4.10 below:

EQUATION 3.4.10
CO, EMISSIONS FROM CULTIVATED ORGANIC SOILS IN GRASSLAND REMAINING GRASSLAND

ACGGOrganiC: 2c(A®EF),

Where:

ACGGOrganic: CO, emissions from cultivated organic soils in grassland remaining grassland, tonnes C yr™

A = land area of organic soils in climate type c, ha

EF = emission factor for climate type ¢ (see Table 3.4.6), tonnes C ha™ yr™

Tier 1: For Tier 1, default emission factors (Table 3.4.6) are used along with area estimates for organic soils
under grassland management within each climate region present in the country (Equation 3.4.10). Area estimates
can be developed using the guidance in Chapter 2.

Tier 2: The Tier 2 approach uses Equation 3.4.10 where emission factors are estimated from country-specific
data, stratified by climate region, as described in Section 3.4.1.2.1.2. Area estimates should be developed
following the guidance Chapter 2.

Tier 3: Tier 3 approaches for organic soils will include more detailed systems integrating dynamic models and
measurement networks as described above for mineral soils.

Liming

The IPCC Guidelines include application of carbonate containing lime (e.g. calcic limestone (CaCOj) or
dolomite CaMg(COs),) to soils as a source of CO, emissions. In humid regions, intensively managed pastures
may be periodically limed to reduce soil acidity. A simplified explanation of the process is that when carbonate
lime is dissolved in soil, the base cations (Ca™, Mg'™) exchange with hydrogen ions (H") on soil colloids
(thereby reducing soil acidity) and the bicarbonate formed (2HCOs) can react further to evolve CO, and water

2 Natural, ‘wetland’ grasslands that may be used for seasonal grazing but have not been artificially drained should not be
included in this category.
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(H,0O). Although the liming effect generally has a duration of a few years (after which lime is again added),
depending on climate, soil and management practices, the IPCC Guidelines account for emission as CO, of all
the added carbonate carbon in the year of application. Thus the basic methodology is simply the amount of lime
applied times an emission factor that varies slightly depending on the composition of the material added.

EQUATION 3.4.11
ANNUAL CARBON EMISSIONS FROM AGRICULTURAL LIME APPLICATION

ACGG = MLimestone L4 EFLimestone + MDolomite L4 EFDolomite

Liming

Where:

ACGGLiming = annual C emissions from agricultural lime application, tonnes C yr'

M = annual amount of calcic limestone (CaCOs) or dolomite (CaMg(COs),), tonnes yr'

EF = emission factor, tonnes C (tonne limestone or dolomite)™ (These are equivalent to carbonate carbon
contents of the materials (12% for CaCO;, 13% for CaMg(CO3), ))

Tier 1: For Tier 1, the total amount of carbonate containing lime applied annually to grassland soil and an
overall emission factor of 0.12 can be used to estimate CO, emissions, without differentiating between variable
compositions of lime material. Note that while carbonate limes are the dominant liming material used, oxides
and hydroxides of lime, which do not contain inorganic carbon, are used to a limited extent for agricultural
liming and should not be included here (CO, is produced in their manufacture but not following soil application).

Tier 2: A Tier 2 approach could entail differentiation of different forms of lime and specific emission factors if
data are available, since different carbonate liming materials (limestone as well as other sources such as marl and
shell deposits) can vary somewhat in their carbon content and overall purity.

Tier 3: A Tier 3 approach could entail a more detailed accounting of emissions stemming from lime
applications than is assumed under Tiers 1 and 2. Depending on climate and soil conditions, biocarbonate
derived from lime application may not all be released as CO, in the soil or from drainage water — some can be
leached and precipitated deeper in the soil profile or be transported to deep groundwater, lakes and oceans and
sequestered. If sufficient data and understanding of inorganic carbon transformation for specific climate-soil
conditions are available, specific emission factors could be derived. However, such an analysis would likely
necessitate including carbon fluxes associated with primary and secondary carbonate minerals in soil and their
response to grassland management practices.

3.4.1.2.1.2 Choice of Emission/Removal Factors

Mineral soils

When using either the Tier 1 or Tier 2 method, the following emission/removal factors are needed for mineral
soils: reference carbon stock (SOC,); stock change factor for land-use change (FLy); stock change factor for
management regime (Fy,g); and factor for input of organic matter (F).

Reference carbon stocks (SOCxgg)

Soils under native vegetation that have not been subject to significant land use and management impacts are used
as a baseline or reference to which management-induced changes in soil carbon can be related.

Tier 1: Under Tier 1, it is good practice to use the default reference carbon stocks (SOC,g;) provided in Table
3.4.4. These are updated from those provided in the IPCC Guidelines with the following improvements: i)
estimates are statistically-derived from recent compilations of soil profiles under native vegetation, ii) ‘Spodic’
soils (defined as boreal and temperate zone podzols in WRB classification, Spodosols in USDA classification)
are included as a separate category, iii) soils within the boreal climate region have been included.

Tier 2: For Tier 2, reference soil C stocks can be determined from measurements of soils, for example, as part of a
country’s soil survey and mapping activities. Advantages include more representative values for an individual
country and the ability to better estimate probability distribution functions that can be used in a formal uncertainty
analysis. Accepted standards for sampling and analysis of soil organic carbon and bulk density should be used.

Stock change factors (Foy, Fue, Fi)

Tier 1: Under Tier 1, it is good practice to use default stock change factors (F_y, Fme, Fi) provided in Table
3.4.5.

These are updated from the IPCC Guidelines, based on statistical analysis of published research. Where
sufficient data exists, separate values were computed for temperate and tropical grassland. All grasslands
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(excluding those on organic soils) are assigned a base or (land use) factor of 1. Four categories of grassland
management condition are defined (unimproved/non-degraded, moderately degraded, severely degraded and
improved — see definitions in Table 3.4.5). Improved grasslands are defined as sustainably (non-degraded)
managed grassland that receive at least one type of external input (e.g. improved species, fertilization, or
irrigation) to increase productivity. For improved grasslands there are two levels for the input factor value,
‘nominal’ (which denotes the base case (F\=1) where there is no additional management improvement, beyond
that required for classification as improved grassland) and “high’, in which at least one addition improvement has
been implemented (e.g. fertilization plus irrigation), representing highly intensive grassland management. Values
for the moderately degraded grassland category were based on studies reporting conditions or treatments
representative of overgrazing and/or degradation. However, in many cases, particularly in the tropics, pasture
degradation is associated with a loss of more palatable grass species and replacement by ‘weedy’ species (often
woody plants). Although this constitutes degradation from the standpoint of use for grazing, negative impacts on
soil C may be less severe (as indicated by the small reduction in F for moderately degraded grassland, relative
to the native condition). In the IPCC Guidelines there was only one category specified for degraded grassland
with a much lower value for Fyg (0.7), implying severe degradation and high soil C loss. There are insufficient
studies in the literature to re-estimate a factor value for this condition and thus the previous value has been
retained to represent this severely degraded condition.

Tier 2: For Tier 2 applications, stock change factor values can be estimated from long-term experiments or
other field measurements (e.g., field chronosequences) for a particular country or region. Advantages include
more accurate and representative values for the country of interest and the ability to estimate probability
distribution functions for factor values that can be used in a scientific uncertainty analysis. There are few
replicated long-term experiments investigating the impacts of grassland management on soil C stocks, and thus
uncertainties of emission factors for grassland management are greater than those for permanent cropland. Many
studies evaluate stock differences in paired plots and it is important that the plots being compared have similar
land use/management histories prior to implementation of experimental management treatments. If sufficient
sequestration rate and land management data are available, factor values may be calculated for specific grassland
management practices (e.g., fertilisation, sowing improved grass and legume species, grazing management, etc.).

Information compiled from published studies and other sources should include C stock (i.e., mass per unit area to
a specified depth) or all information needed to calculate SOC stocks, i.e., percent organic matter together with
bulk density. If the percent organic matter and not the percent organic carbon are reported, a conversion factor of
0.58 for the carbon content of soil organic matter can be used. Other information that must be included in the
analysis is the soil type (e.g., WRB or USDA Soil Taxonomy Reference), depth of measurement, and time frame
over which the management difference has been expressed. Stock change factors should encompass sufficient
depth to include the full influence of management changes on soil C stocks and correcting for possible changes
in bulk density (Ellert et al., 2001). It is good practice to include a minimum depth of at least 30 cm (i.e., the
depth used for Tier 1 calculations); stock changes over deeper depths may be desirable if a sufficient number of
studies are available and if statistically significant differences in stocks due to land management are
demonstrated at those depths.

Organic soils
When estimating emissions from organic soils that have been modified through artificial drainage and other
practices for use as managed grassland, an emission factor (EF) is required for different climatic regimes.

Tier 1: For Tier 1, default emission factors, unchanged from the IPCC Guidelines, are provided in Table 3.4.6.
Natural, ‘wetland’ grasslands that may be used for seasonal grazing but have not been artificially drained are
excluded.

Tier 2: For Tier 2, there are limited literature data on emissions from organic soils used for managed grassland;
published studies usually make estimates based on subsidence, with a limited number of direct measurements of
CO; fluxes from grassland organic soils (Ogle et al., 2003). Processes that contribute to subsidence include
erosion, compaction, burning, and decomposition, only the latter of which should be included in the emission
factor estimate. If using subsidence data, appropriate regional conversion factors to determine the proportion of
subsidence attributable to oxidation should be used, based on studies measuring both subsidence and CO, flux.
In the absence of such information, a default factor of 0.5 for oxidation-to-subsidence, on a gram-per-gram
equivalent basis, is recommended based on reviews by Armentano and Menges (1986). If available, direct
measurements of carbon fluxes are recommended as providing the best means of estimating emission rates from
organic soils.
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TABLE3.4.4
DEFAULT REFERENCE (UNDER NATIVE VEGETATION) SOIL ORGANIC C STOCKS (SOCRgee)
(TONNES C PER HA FOR 0-30 CM DEPTH)

Region HAC soils' | LAC soils?> | Sandy soils® | Spodic soils* | Volcanic soils® V\geotilligd
Boreal 68 NA 10* 117 20" 146
Cold temperate, dry 50 33 34 NA 20" -
Cold temperate, moist 95 85 71 115 130

Warm temperate, dry 38 24 19 NA 70*

\r;V:i;T temperate, 88 63 34 NA 80 88
Tropical, dry 38 35 31 NA 50"

Tropical, moist 65 47 39 NA 70* 86
Tropical, wet 44 60 66 NA 130*

Note: Data are derived from soil databases described by Jobbagy and Jackson (2000) and Bernoux et al. (2002). Mean stocks are shown.
A default error estimate of 95% (expressed as 2X standard deviations as percent of the mean) are assumed for soil-climate types. NA
denotes ‘not applicable’ because these soils do not normally occur in some climate zones.

# indicates where no data were available and default values from IPCC Guidelines were retained.

! Soils with high activity clay (HAC) minerals are lightly to moderately weathered soils, which are dominated by 2:1 silicate clay
minerals (in the World Reference Base for Soil Resources (WRB) classification these include Leptosols, Vertisols, Kastanozems,
Chernozems, Phaeozems, Luvisols, Alisols, Albeluvisols, Solonetz, Calcisols, Gypsisols, Umbrisols, Cambisols, Regosols; in USDA
classification includes Mollisols, Vertisols, high-base status Alfisols, Aridisols, Inceptisols).

2 Soils with low activity clay (LAC) minerals are highly weathered soils, dominated by 1:1 clay minerals and amorphous iron and
aluminium oxides (in WRB classification includes Acrisols, Lixisols, Nitisols, Ferralsols, Durisols; in USDA classification includes
Ultisols, Oxisols, acidic Alfisols).

% Includes all soils (regardless of taxonomic classification) having > 70% sand and < 8% clay, based on standard textural analyses (in
WRB classification includes Arenosols,; in USDA classification includes Psamments).

* Soils exhibiting strong podzolization (in WRB classification includes Podzols; in USDA classification Spodosols)
% Soils derived from volcanic ash with allophanic mineralogy (in WRB classification Andosols; in USDA classification Andisols)

® Soils with restricted drainage leading to periodic flooding and anaerobic conditions (in WRB classification Gleysols; in USDA
classification Aquic suborders).
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TABLE3.4.5
RELATIVE STOCK CHANGE FACTORS FOR GRASSLAND MANAGEMENT
[SEE SECTION 3.4.7 FOR METHODS USED TO ESTIMATE THE STOCK CHANGE FACTORS]
Climate IPCC GPG
Factor Level reqime | CUidelines| revised | Error 12 Definition
g default | default
Land use All All 10 1.0 NA All permanent grassland is assigned a
(FLu) land use factor of 1.
. Represents, non-degraded and
Management Nominally sustainably managed grassland, but
managed (non | All 1.0 1.0 NA - S '
(Fme) without significant management
—degraded) .
improvements.
Temperate Represents overgrazed or moderately
Moderately |, | NA 0.95 +12% | degraded grassland, with somewhat
Management dearaded Borea i :
(Fuc) egrade reduced productivity (relative to the
grassland Tropical NA 0.97 +10% native or n_ominally managed g_rassland)
and receiving no management inputs.
Implies major long-term loss of
Management Severely All 07 0.7 +50% productivity and \_/egetatlon cover, due
(Fme) degraded to severe mechanical damage to the
vegetation and/or severe soil erosion.
Temperate Represents grassland which is
P 1.1 1.14 +10% | sustainably managed with moderate
/Boreal . -
Management Improved grazing pressure and that receive at
(Fme) grassland least one improvement (e.g.
Tropical 11 1.17 +10% | fertilization, species improvement,
irrigation).
Input (applied Applies to improved grassland where
only to improved | Nominal All NA 1.0 NA |no additional management inputs have
grassland) (F,) been used.
Temperate Applies to improved grassland where
Input (applied /Boreal NA 111 | +8% |one or more additional management
only to improved | High inputs/improvements have been used
grassland) (F,) Tropical NA 111 +8% gbeyond that required to be classified as
improved grassland).

! + two standard deviations, expressed as a percent of the mean; where sufficient studies were not available for a statistical analysis a
default, based on expert judgement, of + 50% is used. NA denotes ‘Not Applicable’, for factor values that constitute reference values or
where factor values were not previously estimated for the IPCC Guidelines.

2 This error range does not include potential systematic error due to small sample sizes that may not be representative of the true impact
for all regions of the world.

TABLE 3.4.6

ANNUAL EMISSION FACTORS (EF) FOR MANAGED GRASSLAND ORGANIC SOILS

Climatic temperature regime IPCC Guidelines default Error *
P 9 (tonnes C ha™ yrh
Cold Temperate 0.25 +90%
Warm Temperate 25 +90%
Tropical/sub-tropical 5.0 +90%
#Represents a nominal estimate of error, equivalent to two times standard deviation, as a percentage of the mean

Liming
See discussion under Section 3.4.1.2.1.1.

3.4.1.2.1.3 Choice of Activity Data

Mineral Soils
The area of grassland under different management practices (A) is required for estimating mineral soil
emissions/removals.
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For existing grassland, activity data should record changes or trends in management practices or utilization of the
grassland that affect soil carbon storage by impacting production. Two main types of activity data exist: (i)
aggregate statistics compiled at a national level or for administrative areas within countries (e.g., provinces,
counties, districts), or (ii) point-based land use and management inventories making up a statistically-based
sample of a country’s land area. The use of both sorts of activity data is described in Chapter 2, and the use of
the methods set out there with the three tiers described here will depend on the spatial and temporal resolution
required. For Tier 1 and Tier 2 inventories, activity data need to be stratified by major climatic differences and
soil types, since reference soil C stocks vary significantly according to these factors. For application of dynamic
models and/or a direct measurement-based inventory in Tier 3, similar or more detailed knowledge of the
combinations of climate, soil, topographic and management data are needed, but the exact requirements will be
in part dependent on the model used.

Globally available land use statistics such as FAO’s databases (http://www.fao.org/waicent/portal/glossary_en.asp)
provide annual compilations of total land area by major land use types, without any additional details for
grassland management, climate, or soil. Thus FAO or similar country-total data would require additional in-
country information to stratify areas by management, climate, and soil types. If such information has not already
been compiled, an initial approach would be to overlay available land cover/land use maps (of national origin or
from global datasets such as IGBP_DIS) with soil maps of national origin or global sources such as the FAO
Soils Map of the World. Where possible land areas associated with a characteristic grassland management
should be delineated and associated with the appropriate general (i.e., degraded, native, or improved) or specific
(e.g., fertilization or grazing intensity) management factor values. Soil degradation maps may be a useful source
of information for stratifying grassland according to management (e.g. Conant and Paustian, 2002b).

National land use and resource inventories, comprised of a collection of permanent sample points where data is
collected at regular intervals, have some advantages over aggregate pastoral and land use statistics. Inventory
points can more readily be associated with a particular grassland management system and the soil type
associated with the particular location can be determined by sampling or by referencing the location to a suitable
soil map. Inventory points selected based on an appropriate statistical design also enable estimates of the
variability associated with activity data, which can be used as part of a formal uncertainty analysis. The
principles of sampling are described in Chapter 2 and an example of a point-based resource inventory is the
National Resource Inventory in the U.S. (Nusser and Goebel, 1997).

Organic Soils

The area of cultivated organic soils by climate regime (A) is required to estimate organic soil emissions. Similar
databases and approaches as those outlined above can be used for deriving area estimates. An overlay of soils
maps showing the spatial distribution of histosols (i.e. organic soils) with land cover maps showing grassland
area can provide initial information on areas with organic soils under grassland. Country-specific data on
drainage projects combined with soil maps and surveys can be used to get a more refined estimate of relevant
areas of managed grassland on organic soils.

3.4.1.2.1.4 Uncertainty Assessment

An assessment of uncertainty requires that uncertainty in per area emission/removal rates as well as uncertainty
in the activity data (i.e. the land areas involved in land-use and management changes), and their interaction be
estimated.

Where available, estimates of the standard deviation (and sample size) for the revised global default values
developed in this report are provided in the tables; these can be used with the appropriate estimates of variability
in activity data to estimate uncertainty, using the guidance provided in Chapter 5 of this report. Inventory
agencies should be aware that simple global defaults have a relatively high level of uncertainty associated with
them when applied to specific countries. In addition, because the field studies available to derive the global
defaults are not evenly distributed across climate regions, soil types and management systems, some areas —
particularly in tropical regions — are underrepresented. For the Tier 2 methods, probability density functions (i.e.
providing mean and variance estimates) can be derived for stock change factors, organic soil emission factors
and reference C stocks as part of the process of deriving region- or country-specific data. Uncertainty in soil
emission and removal rates can be reduced by field studies of management influences on soil C stocks for major
grassland types and management regimes. Where chronosequence data are used, uncertainty in the carbon stock
changes estimates can be relatively high and thus it is desirable to use the mean of several ‘replicate’ studies to
derive more representative values.
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3.4.1.3 NON-CO, GREENHOUSE GAS EMISSIONS

Coverage of Non-CO, gases in IPCC Guidelines
The IPCC Guidelines and GPG2000 (Chapter 4, Agriculture) already address the following emissions:

e N,O emissions from application of mineral and organic fertilisers, organic residues and biological nitrogen
fixation in managed grassland;

e N,0, NOx, CH, and CO emissions from grassland (savanna) burning in the tropics; and
e CH, emissions from grazing livestock.

It is good practice to follow the existing IPCC Guidelines (Chapter 4, Agriculture) and GPG2000 to estimate
and report these fluxes in the Agriculture section.

Additional sources of emissions and removals, not included in IPCC Guidelines (Chapter 4, Agriculture) and
GPG2000, include N,O emissions from organic nitrogen mineralization in drained, organic grassland soils®,
changes reduced uptake of CH, in managed grassland soils and emissions from burning in temperate grassland.
Insufficient data on N,O emissions from enhanced mineralization of organic nitrogen on organic grassland soils
and management-induced reductions in CH, sinks in grassland soils preclude recommending specific
methodologies at this time. In most circumstances they are likely to represent minor fluxes and as more research
is done and additional information becomes available, a fuller consideration of these sources may be possible.

For grassland burning occurring in grassland outside the tropics (and hence not included in IPCC Guidelines
(Chapter 4, Agriculture) and GPG2000), methods to estimate N,O, NO,, CH, and CO released from grassland
burning are described in Section 3.2.1.4. Default estimates for standing biomass, used to estimate the quantity of
fuel consumed, can be obtained from Table 3.4.2. Note that the amount of biomass that can serve as fuel can
vary considerably according to the time of year and grazing regime and thus country-specific biomass estimates
that correspond to when and where grassland burning occurs are recommended.

3.4.2 Land Converted to Grassland

The carbon implications of the conversion from other land uses (mostly forest land, cropland, and to lesser
degree wetlands and seldom settlements) to grassland is less clearcut than the case of conversion to cropland.
Literature on the main conversion type (from forest land to grassland in the tropics) provides evidence for net
gains as well as net losses in soil carbon, and the effect of management on the soil carbon changes of grassland
after conversion is critical (see for example Veldkamp, 2001). Conversion of land from other uses and from
natural states to grassland can result in net emissions (or net uptake) of CO, from both, biomass and soil.
Emissions from biomass are addressed in Section 3.4.2.1 and those from soil in Section 3.4.2.2. The calculation
of carbon stock changes in biomass as a result of land use conversions to grassland is found in the IPCC
Guidelines in Section 5.2.3. (Forest and Grassland Conversion).

Methods described in this section are designed to account for changes in biomass and soils stocks associated
with the land use conversion and the establishment of new grassland. Subsequent stock changes should be
estimated under Grassland Remaining Grassland.

The summary equation for carbon stock changes in Lands Converted to Grassland is shown below in Equation
3.4.12. Two sub-categories are estimated for the category of Lands Converted to Grasslands: living biomass and
soil organic matter. Table 3.4.7 summarises the tiers for each of the carbon subcategories.

EQUATION 3.4.12
TOTAL CHANGE IN CARBON STOCKS IN LAND CONVERTED TO GRASSLAND

ACic = AC'-GLB + AC'-Gsmls

Where:
AC ¢ = total change in carbon stocks in land converted to grassland, tonnes C yr*

ACig = change in carbon stocks in living biomass in land converted to grassland, tonnes C yr*

® Emissions from fertilization and manuring on these grasslands are included in IPCC Guidelines (Chapter 4, Agriculture)
and GPG2000.
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ACiey = change in carbon stocks in soils in land converted to grassland, tonnes C yr*

3.4.2.1 CHANGE IN CARBON STOCKS IN BIOMASS

3.4.2.1.1 METHODOLOGICAL ISSUES

This section provides good practice guidance for calculating CO, emissions and removals in biomass due to the
conversion of land from natural conditions and other uses to grassland, including deforestation and conversion of
cropland to pasture and grazing lands. The carbon emissions and removals in biomass in land use conversion to
grassland result from the removal of existing and replacement with different vegetation. This process may result
in increases or decreases in carbon stocks in biomass depending on the type of land use conversion. This is
different from the concepts underlying carbon stock changes in biomass of grassland remaining grassland where
changes are tied to management practices.

Generically, the methods to quantify emissions and removals of carbon due to conversion of other land uses to
grassland require estimates of the carbon stocks prior to and following conversion (depending on whether
previous land use was forest land, cropland, wetlands) and the estimates of the areas of land converted during the
period over which conversion has an effect. As a result of conversion to grassland, it is assumed that the
dominant vegetation is removed entirely, after which some type of grass is planted or otherwise established (e.g.
in establishment of pasture). Alternatively, grassland can result from the abandonment of the preceding land use
e.g. cropland, and the area is taken over by grassland. Vegetation that replaces that which was cleared during
conversion should be accounted for using this methodology in conjunction with the methods in Section 3.4.1.

3.4.2.1.1.1 Choice of Method

Tier 1: The Tier 1 method follows the approach in IPCC Guidelines Section 5.2.3. Forest and Grassland
Conversion where the amount of carbon removed is estimated by multiplying the area converted annually by the
difference between average carbon stocks in biomass prior to and following conversion, accounting for carbon in
biomass that replaces cleared vegetation. It is good practice to account completely for all land conversions to
grassland. Thus, this section elaborates on the method such that it includes each initial land use, including but not
limited to forests. All countries should strive for improving inventory and reporting approaches by advancing to
the highest tier possible given national circumstances. It is good practice for countries to use a Tier 2 or Tier 3
approach if carbon emissions and removals in land converted to grassland is a key category and if the sub-
category of living biomass is considered significant based on principles outlined in Chapter 5. Countries should
use the decision tree in Figure 3.1.2 to help with the choice of method.

Equation 3.4.13 summarises the major elements of a first order approximation of carbon stock changes from land
use conversion to grassland. Average carbon stock change on a per area basis is estimated for each type of
conversion. The average carbon stock change is equal to the carbon stock change due to the removal of biomass
from the initial land use (i.e., carbon in biomass immediately after conversion minus the carbon in biomass prior
to conversion), plus carbon stocks from biomass growth following conversion. As stated in the IPCC Guidelines,
it is necessary to account for any vegetation that replaces the vegetation that was cleared during land use
conversion. The IPCC Guidelines combine carbon in biomass after conversion and carbon in biomass that grows
on the land following conversion into a single term. In this method, they are separated into two terms, Cager and
Corowth t0 increase transparency. At Tier 1, carbon stocks in biomass immediately after conversion (Cager) are
assumed to be zero, i.e., the land is cleared of all vegetation before grass or woody vegetation is seeded, planted
or naturally regenerated. Average carbon stock change per area for a given land use conversion is multiplied by
the estimated area of lands undergoing such a conversion in a given year. In subsequent years, carbon stock
changes in living biomass of grassland, resulting from management changes, are counted following the
methodology in Section 3.4.1.1 (Change in Biomass in: Grassland Remaining Grassland).
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TABLE 3.4.7

TIER DESCRIPTIONS FOR SUBCATEGORIES UNDER LAND CONVERTED TO GRASSLAND

Tier
Sub-
categories

Tier 1

Tier 2

Tier 3

Living biomass

Use default coefficients to
estimate carbon stock change
in biomass resulting from land
use conversions and for carbon
in biomass that replaces
cleared vegetation.

Use at least some country-specific carbon
stock parameters to estimate carbon stock
changes from land use conversion to
grassland. Apportion carbon from biomass
removal to burning, decay, and other
nationally important conversion processes.
Estimate non-CO, trace gas emissions from
the portion of biomass burned both on-site
and off-site. Use area estimates that are
disaggregated to nationally relevant climate
zones and other boundaries to match
country-specific carbon stock parameters.

Use country-specific
approach at fine
spatial scale (e.g.,
modeling,
measurement).

Carbon stocks
in soil

For changes in soil carbon
from mineral soils use default
coefficients. The areas must be
stratified by climate and soil
type. For changes in soil
carbon from organic soils use

For both mineral and organic soils use some
combination of default and/or country-
specific coefficients and area estimates of
increasingly finer spatial resolution. For
emissions from liming, use emission factors
differentiated by forms of lime.

Use country-specific
approach at fine
spatial scale (e.g.,
modeling,
measurement).

default coefficients and stratify
the areas by climatic region.
For emissions from liming, use
default emission factors.

The basic steps in estimating carbon stock changes in biomass from land conversion to grassland are as follows:

1. Estimate the average area of land undergoing a transition from non-grassland to grassland during a year
(Aconversion), separately for each initial land use (i.e., forest land, cropland, etc.) and final grassland type.

2. For each type of land use transition to grassland, use Equation 3.4.13 to estimate the resulting change in
carbon stocks. Default data in Section 3.4.2.1.1.2 for Casier, Caefores aNd Cgrowtn €an be used to estimate the
total stock change on a per area basis for each type of land use transition. The estimate for stock change on a
per area basis can then be multiplied by the appropriate area estimates from step 1.

3. Estimate the total carbon stock change from all land use conversions to grassland by summing the individual
estimates for each transition.

The default assumption for Tier 1 is that all carbon in biomass is lost to the atmosphere through decay processes
either on- or off-site. As such, Tier 1 calculations do not differentiate immediate emissions from burning and
other conversion activities.

EQUATION 3.4.13
ANNUAL CHANGE IN CARBON STOCKS IN LIVING BIOMASS IN LAND CONVERTED TO GRASSLAND

ACLGLB = AConversion 4 (I—Conversion + ACGrowth)

I—Conversion = CAfter_ CBefore

Where:

ACig = annual change in carbon stocks in living biomass in land converted to grassland, tonnes C yr™

Aconversion = annual area of land converted to grassland from some initial use, ha yr*

Lconversion = €arbon stock change per area for that type of conversion when land is converted to grassland,
tonnes C ha

ACgroutn = carbon stocks from one year of growth of grassland vegetation after conversion, tonnes C ha™
Caser= Carbon stocks in biomass immediately after conversion to grassland, tonnes C ha™

Caefore= Carbon stocks in biomass immediately before conversion to grassland, tonnes C ha*
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Biomass stocks in newly established grassland tend to level out within a few years following conversion (e.g. 1-2
years for above-ground herbaceous biomass, 3-5 years for below-ground biomass), varying depending on the
type of land conversion (for example, sown pastures can become quickly established whereas natural
regeneration on abandoned cropland may take several years), climate and management conditions. Since under
Tier 1 Grassland Remaining Grassland the default biomass stock change is zero, changes in biomass carbon
stocks for grassland established following land use conversion are accounted for in the year of the conversion.

Tier 2: The Tier 2 calculations are structurally similar to Tier 1, with these distinctions. First, Tier 2 relies on at
least some country-specific estimates of the carbon stocks in initial and final land uses rather than the defaults
provided in Section 3.4.2.1.1.2. Area estimates for land converted to grassland are disaggregated at finer spatial
scales to capture regional variations in country-specific carbon stocks values.

Second, Tier 2 may modify the assumption that carbon stocks immediately following conversion are zero. This
enables countries to take into account land use transitions where some, but not all, vegetation from the original
land use is removed. In addition, under Tier 2 it is possible to account for biomass accumulation following
grassland establishment over a several year period (rather than accounting all biomass stock change in the year
of conversion) if data are available to estimate the time to full biomass establishment and the annual stock
changes.

Third, under Tier 2, it is good practice to apportion carbon losses to burning and decay processes if applicable.
Emissions of carbon dioxide occur as a result of burning and decay in land-use conversions. In addition, non-
CO, trace gas emissions occur as a result of burning. By partitioning losses to burning and decay, countries can
calculate non-CO, trace gas emissions from burning. The IPCC Guidelines Workbook provides step-by-step
instructions for estimating carbon removals from burning and decay of biomass on-site and off-site and for
estimating non-CO, trace gas emissions from burning (pages 5.7-5.17). Below is guidance on estimating carbon
removals from burning and decay and Section 3.2.1.4 of this chapter provides further guidance on estimating
non-CO, trace gas emissions from burning.

The basic equations for estimating the amount of carbon burned or left to decay are provided in Equations 3.4.15
and 3.4.16 below, respectively. This methodology addresses burning for the purposes of land clearing. Non-CO,
emissions from burning in Grassland Remaining Grassland are covered in Section 3.4.3 of this report. The
default assumption in Equations 3.4.15 and 3.4.16 is that only aboveground biomass is burned or decays.
Countries are encouraged to use additional information to assess this assumption, particularly for decaying
belowground biomass. The basic approach can be modified to address other conversion activities as well as to
meet the needs of national circumstances. Both equations use as an input the total amount of carbon in biomass
removed during land clearing (AC.onversion) (Equation 3.4.14), which is equivalent to area of land converted
(Aconversion) multiplied by the carbon stock change per area for that type of conversion (Lconversion) iN Equation
3.4.13).

The portion of woody biomass removed is sometimes used as wood products. In the case of wood products,
countries may use the default assumption that carbon in wood products is oxidized in the year of removal.
Alternatively, countries may refer to Appendix 3a.1 for estimation techniques for carbon storage in harvested
wood products, which may be accounted provided carbon in the product pool is increasing.

EQUATION 3.4.14
CHANGE IN CARBON STOCKS AS A RESULT OF BIOMASS CLEARING DURING LAND USE
CONVERSION

ACt:onversion = Ar:onversion L4 (Lconversion)

Where:
AC.onversion = Change in carbon stocks as a result of a clearing biomass in a land use conversion, tonnes C
Aconversion = area of land converted to grassland, ha

Lconversion = Carbon stock change per area for that type of conversion, tonnes C ha™ (from Equation 3.4.13)

EQUATION 3.4.15
CARBON LOSSES FROM BIOMASS BURNING, ON-SITE AND OFF-SITE

I—burn onsite — ACconversion ® Dvurned on site ® Poxid

Lourn offsite = ACconversion ® Pourmed off site ® Poxid

Where:
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Lyum = carbon losses from biomass burned, tonnes C

AConversion = Change in carbon stocks as a result of a clearing biomass in a land use conversion, tonnes C
Phourned on site = Proportion of biomass that is burned on-site, dimensionless

Poxid = proportion of biomass that oxidizes when burned, dimensionless

Pourned off site = Proportion of biomass that is burned off-site, dimensionless

EQUATION 3.4.16
CARBON LOSSES FROM BIOMASS DECAY

Lgecay = ACconversion ® Pdecay

Pecay =1 — (Pourned on site + Pourned off site )

Where:
Lgecay = carbon losses from biomass decay, tonnes C
AC.onversion = Change in carbon stocks as a result of a clearing biomass in a land use conversion, tonnes C
Puecay = Proportion of biomass that is left on-site to decay, dimensionless
Phurned on site = Proportion of biomass that is burned on-site, dimensionless
Phourned off site = Proportion of biomass that is burned off-site, dimensionless

It is good practice for countries to use the terms Lyum on site @0 Lourm off site @S iNPULS to estimate non-CO, trace gas
emissions from burning following guidance provided in Section 3.2.1.4.

Tier 3: Tier 3 is similar to Tier 2, with the following distinctions: rather than relying on average annual rates of
conversion, countries use direct estimates of spatially disaggregated areas converted annually for each initial and
final land use; carbon stock changes are based on locally specific information. In addition, countries may use
dynamic models, making it possible to spatially and temporally link biomass and soil carbon stock change
estimates.

3.4.2.1.1.2 Choice of Emission/Removal Factors

Tier 1: The first step in this methodology requires parameters for carbon stocks before conversion for each
initial land use (Cgefore) and after conversion (Cager). It is assumed that all biomass is cleared when preparing a
site for grassland use, thus, the default for Cage is O tonnes C ha™. Table 3.4.8 provides users with directions on
where to find carbon stock values for Cgetore in land uses prior to clearing. Table 3.4.9 provides default values for
carbon stocks in grassland after conversion (ACgrowtn). These values are based on the defaults aboveground
biomass stocks (Table 3.4.2) and the root:shoot ratios (Table 3.4.3), provided in Section 3.4.1.1.1.2 under
Grassland Remaining Grassland, and apply to herbaceous (i.e. non-woody) biomass only.

TABLE 3.4.8
DEFAULT BIOMASS CARBON STOCKS REMOVED DUE TO LAND CONVERSION TO GRASSLAND
Carbon stock in biomass before conversion (Cgefore) Error
Land-use category 1 1
(tonnes C ha™) Range
Forest land See Table 3A.1.2 for carbon stocks in a range of forest types by climate

regions. Stocks are in terms of dry matter of carbon. Multiply values by a
carbon fraction (CF) 0.5 to convert dry matter to carbon.

Cropland: See Table 3.3.2 for carbon stocks in a range of climate regions for generic
Perennial Woody Crops | perennial woody cropland. Use the term for aboveground biomass carbon + 75%
stocks at harvest. Values are in units of tonnes C ha™.
Cropland: Use IPCC Guidelines default of 5 tonnes carbon ha™ (or 10 tonnes dry
! +75%
Annual Crops matter ha™)

! Represents a nominal estimate of error, equivalent to two times standard deviation, as a percentage of the mean.

Tier 2: Tier 2 methods should include some country-specific estimates for biomass stocks and removals due to
land conversion, and also include estimates of on- and off-site losses due to burning and decay following land
conversion to grassland. These improvements can take the form of systematic studies of carbon content and
emissions and removals associated with land uses and land-use conversions within the country and a re-
examination of default assumptions in light of country-specific conditions.
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Default parameters for emissions from burning and decay are provided, however countries are encouraged to
develop country-specific coefficients to improve the accuracy of estimates. The IPCC Guidelines use a general
default of 0.5 for the proportion of biomass burned on-site for forest conversions. Research studies suggests that
the fraction is highly variable and could be as low as 0.2 (e.g. Fearnside, 2000; Barbosa and Fearnside, 1996; and
Fearnside, 1990). Updated default proportions of biomass burned on site are provided here. Table 3A.1.12
provides defaults for proportion of biomass consumed in on-site burning by a range of forest vegetation classes.
These defaults should be used for transitions from forest land to grassland. For non-forest initial land uses, the
default proportion of biomass left on-site and burned is 0.35. This default takes into consideration research,
which suggests the fraction should fall within the range 0.2 to 0.5 (Fearnside, 2000; Barbosa and Fearnside, 1996;
and Fearnside, 1990). It is good practice for countries to use 0.35, or another value within this range provided
the rationale for the choice is documented. There is no default value for the amount of biomass taken off-site and
burned; countries will need to develop a proportion based on national data sources. In Equation 3.4.15., the
default proportion of biomass oxidized as a result of burning is 0.9, as originally stated in the IPCC Guidelines.

The method for estimating emissions from decay assumes that all biomass decays over a period of 10 years. For
reporting purposes countries have two options: to report all emissions from decay in one year, recognizing that in
reality they occur over a 10 year period, or report all emission from decay on an annual basis, estimating the rate
as one tenth of the totals in Equation 3.4.16. If countries choose the latter option, they should add a
multiplication factor of 0.10 to Equations 3.4.16.

Tier 3: Under Tier 3, all parameters should be country-defined using more accurate values rather than the
defaults.

TABLE 3.4.9
DEFAULT BIOMASS CARBON STOCKS PRESENT ON LAND CONVERTED TO GRASSLAND
_ Total (above- and bfelowground) non- Error !
IPCC Climate zone woody biomass
(tonnes d.m. ha™®)

Boreal - Dry & Wet ? 8.5 +75%

Cold Temperate - Dry 6.5 +75%

Cold Temperate -Wet 13.6 + 75%

Warm Temperate — Dry 6.1 +75%

Warm Temperate —Wet 135 +75%

Tropical - Dry 8.7 +75%

Tropical - Moist & Wet 16.1 +75%

! Represents a nominal estimate of error, equivalent to two times standard deviation, as a percentage of the mean.
2Due to limited data, dry and moist zones for the boreal temperature regime and moist and wet zones for the tropical

temperature regime were combined.

3.4.2.1.1.3 Choice of Activity Data

All tiers require estimates of land areas converted to grassland. The same area data should be used for biomass
calculations and the soil estimates described in Section 3.4.2.2. If necessary, area data used in the soils analysis
can be aggregated to match the spatial scale required for lower order estimates of biomass; however, at higher
tiers, stratification should take account of major soil types. Area data should be obtained using the methods
described in Chapter 2. Higher tiers require greater detail but the minimum requirement for inventories to be
consistent with the IPCC Guidelines is that the areas of forest conversion can be identified separately. This is
because forest will usually have higher carbon density before conversion. This implies that at least partial
knowledge of the land-use change matrix and therefore, where Chapter 2 Approaches 1 and 2 are being used,
supplementary surveys may be needed to identify how much of the land being converted to grassland came from
forest. As pointed out in Chapter 2, where surveys are being set up, it will often be more accurate to seek to
establish directly areas under conversion, than to estimate these from the differences in total land areas under
particular uses at different times.

Tier 1: At this level, one type of activity data is needed: estimates of areas converted to grassland from initial
land uses (i.e., forest land, cropland, settlements, etc.) to final grassland type (Aconversion). The methodology
assumes that area estimates are based on a one-year time frame. If area estimates are assessed over longer time
frames, they should be converted to average annual areas to match the default carbon stock values provided. If
countries do not have these data, partial samples may be extrapolated to the entire land base or historic estimates
of conversions may be extrapolated over time based on the judgement of country experts. At a minimum,
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countries can rely on information on average deforestation rates and land-use conversions to grassland from
international sources, including the FAO. Tier 1 approaches may use average annual rates of conversion and
estimated areas in place of direct estimates.

Tier 2: Countries should strive to use actual area estimates for all possible transitions from initial land use to
final grassland type. Complete reporting can be accomplished either through analysis of periodic remotely
sensed images of land use and land cover patterns, and/or periodic ground-based sampling of land use patterns,
or hybrid inventory systems.

Tier 3: Activity data used in Tier 3 calculations should be a full accounting of all land use transitions to
grassland and be disaggregate to account for different conditions within a country. Disaggregation can occur
along political (county, province, etc.), biome, climate, or on a combination of these parameters. In many cases
countries may have information on multi-year trends in land conversion (from periodic sample-based or
remotely sensed inventories of land use and land cover).

3.4.2.1.1.4 Uncertainty Assessment

Tier 1: The sources of uncertainty in this method are from the use of global or national average rates of
conversion and course estimates of land areas converted to grassland. In addition, reliance on default parameters
for carbon stocks in initial and final conditions contributes to relatively high degrees of uncertainty. The default
values in this method have corresponding error ranges associated with them and the values are included in
default tables.

Tier 2: The use of actual area estimates rather than average rates of conversion will improve the accuracy of
estimates. In addition, the tracking of each land area for all possible land-use transitions will enable more
transparent accounting and allow experts to identify gaps and areas where land areas are accounted for multiple
times. Finally, a Tier 2 method uses at least some country-defined defaults, which will improve the accuracy of
estimates, provided they better represent conditions relevant to the country. Probability density functions (i.e.
providing mean and variance estimates) can be derived for all country-defined parameters. Such data can be used
in advanced uncertainty analyses such as Monte Carlo simulations. Refer to Chapter 5 (Section 5.2) of this report
for guidance on developing estimates of sample-based uncertainties. At a minimum, Tier 2 methods should
provide error ranges in the form of percent standard deviations for each country-defined parameter.

Tier 3: Activity data from a land use and management inventory system should provide a basis to assign
estimates of uncertainty to areas associated with land-use changes by use of various methods, including Monte
Carlo simulations.

3.4.2.2 CHANGE IN CARBON STOCKS IN SOILS

3.4.2.2.1 METHODOLOGICAL ISSUES

Land conversion to grassland can occur from unmanaged land, including native, relatively undisturbed
ecosystems (e.g. forest land, wetlands) and from intensively managed cropland. With conversion from forest
land, disturbance associated with land clearing will usually result in losses of C in dead organic matter (surface
litter and coarse woody debris). Any litter and coarse woody debris pools (estimated using the methods described
in Section 3.2.2.2) should be assumed oxidized following land conversion and changes in soil organic matter C
stocks should be estimated as described below.

The total change in carbon stocks in soils on Lands Converted to Grassland is shown in Equation 3.4.17 below:

EQUATION 3.4.17
ANNUAL CHANGE IN CARBON STOCKS IN SOILS IN LAND CONVERTED TO GRASSLAND (LG)

ACI‘GSoiIs - ACI‘GMineraI - ACI‘GOrganic - ACI‘GLime

Where:

ACiey = annual change in stocks in soils in land converted to grassland, tonnes C yr*
ACLGy o = change in carbon stocks in mineral soils in land converted to grassland, tonnes C yr™

ACLGOrganic = annual C emissions from organic soils converted to grassland (estimated as net annual flux),
tonnes C yr!
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AC, . = annual C emissions from agricultural lime application on land converted to grassland, tonnes
Cyrt!

Criteria for selecting the most suitable estimation method depend on the type of land conversion and the
longevity of the conversion, and availability of suitable country-specific information to estimate reference soil C
stocks and stock change and emission factors. All countries should strive for improving inventory and reporting
approaches by advancing to the highest tier possible given national circumstances. It is good practice for
countries to use a Tier 2 or Tier 3 approach if carbon emissions and removals in land converted to grassland is a
key category and if the sub-category of soil organic matter is considered significant based on principles outlined
in Chapter 5. Countries should use the decision tree in Figure 3.1.2 to help with the choice of method.

3.4.2.2.1.1 Choice of Method

Mineral Soils

Tier 1: The Tier 1 method is fundamentally similar as for Grasslands Remaining Grasslands (Equation 3.4.8 in
Section 3.4.1.2.1.1) except pre-conversion carbon stocks are dependent of parameters for other land use. Tier 1
methods rely on default values for reference C stocks and stock change factors and relatively aggregated data on
the location and rates of land-use conversion.

For Tier 1, the initial (pre-conversion) soil C stock (SOC.m)) is determined from the same reference soil C
stocks (SOCr.) used for all land uses (Table 3.4.4), together with stock change factors (F_y, Fme, Fi) appropriate
for the previous land use as well as for grassland use. For native unmanaged land, as well as for managed forest,
soil C stocks are assumed equal to the reference values (i.e. land use, management and input factors equal 1).
Current (SOC,) soil C stocks on land converted to grassland are estimated exactly as for permanent grassland,
i.e., using the reference carbon stocks (Table 3.4.4) and stock change factors (Table 3.4.5). Thus, annual rates of
emissions (source) or removals (sink) are calculated as the difference in stocks (over time) divided by the
inventory time period (default is 20 years).

The calculation steps for determining SOC, and SOC .1y and net soil C stock change per ha of land area are as
follows:

Step 1: Select the reference carbon stock value (SOCg), based on climate and soil type, for each area of land
being inventoried.

Step 2: Calculate the pre-conversion C stock (SOC.my) of land being converted into grassland, based on the
reference carbon stock and previous land use and management, which determine land use (F.y),
management (Fyg) and input (F, ) factors. Note that where the land being converted is forest the pre-
conversion stocks will be equal to the native soil carbon reference stocks.

Step 3: Calculate SOC, by repeating step 2 using the same reference carbon stock (SOCxge)), but management
and input factors that represent conditions in the land converted to grassland.

Step 4: Calculate the average annual change in soil C stock for the area over the inventory period (AC._GMineral ).

Example 1: For a forest on volcanic soil in a tropical moist environment; SOC.- = 70 tonnes C ha™.
For all forest soils default values for stock change factors (F .y, Fuc , Fi) are all 1; thus SOCq.y is
70 tonnes C ha™. If the land is converted into pasture that is moderately degraded/overgrazed then
SOC, = 70 tonnes C ha’e 1 @ 0.97 @ 1 = 67.9 tonnes C ha™. Thus the average annual change in
soil C stock for the area over the inventory period is calculated as (67.9 tonnes C ha™— 70 tonnes
C ha™) /20 yrs = -0.01 tonnes C ha™* yr™.

Example 2: For tropical moist, volcanic soil that has been under long-term annual cropland, with
intensive tillage and where crop residues are removed from the field, carbon stocks at the
beginning of the inventory period SOC .ty are 70 tonnes C ha’ e 0.58 @ 1 ® 0.91 = 36.9 tonnes C
ha™. Following conversion to improved (e.g. fertilised) pasture, carbon stocks (SOC,) are 70
tonnes C ha'e 1e 1.17 @ 1 = 81.9 tonnes C ha™. Thus the average annual change in soil C stock
for the area over the inventory period is calculated as (81.9 tonnes C ha™ - 36.9 tonnes C ha™) / 20
yrs =2.25 tonnes C ha™ yr™.

Tier 2: The Tier 2 method for mineral soils also uses Equation 3.4.8, but involves country or region-specific
reference C stocks and/or stock change factors and more disaggregated land use activity data.

Organic Soils
Tier 1 and Tier 2 approaches for organic soils that are converted from other land uses to grassland within the
inventory period are treated the same as long-term grassland on organic soils, i.e., they have a constant emission
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factor applied to them, based on climate regime (see Equation 3.4.10 and Table 3.4.6). In Tier 2, emission factors
are derived from country or region-specific data.

Mineral and Organic soils

For both mineral and organic soils, Tier 3 methods will involve more detailed and country-specific models
and/or measurement-based approaches along with highly disaggregated land use and management data. Tier 3
approaches for estimating soil C changes from land-use conversions to grassland should employ models and data
sets that are capable of representing transitions over time between different land use and vegetation types,
including forest, savanna, grassland and cropland. The Tier 3 method needs to be integrated with estimates of
biomass removal and the post-clearance treatment of plant residues (including woody debris and litter), as
variation in the removal and treatment of residues (e.g. burning, site preparation) will affect C inputs to soil
organic matter formation and C losses through decomposition and combustion. It is critical that models be
validated with independent observations from country or region-specific field locations that are representative of
the interactions of climate, soil and vegetation type on post-conversion changes in soil C stocks.

Liming
If lime is applied to grassland converted from other land uses then the methods for estimating CO, emissions
from liming are the same as described for Grassland Remaining Grassland, in Section 3.4.1.2.1.1.

3.4.2.2.1.2 Choice of Emission/Removal Factors

Mineral soils
The following variables are needed when using either the Tier 1 or Tier 2 method:

Reference carbon stocks (SOCxgg)

Tier 1: Under Tier 1, it is good practice to use the default reference carbon stocks (SOCg) provided in Table
3.4.4. These are updated from those provided in the IPCC Guidelines with the following improvements: i)
estimates are statistically-derived from recent compilations of soil profiles under native vegetation, ii) ‘Spodic’
soils (defined as boreal and temperate zone podzols in WRB classification, Spodosols in USDA classification)
are included as a separate category, iii) soils within the boreal climate region have been included.

Tier 2: For the Tier 2 method, reference soil C stocks can be determined from measurements of soils, for
example, as part of a country’s soil survey and mapping activities. It is important that reliable taxonomic
descriptions of measured soils be used to group soils into the classes defined in Table 3.4.4 or if a finer
subdivision of reference soil C stocks is used definitions of soil groupings need to be consistently and well
documented. Advantages to using country-specific data for estimating reference soil C stocks include more
accurate and representative values for an individual country and the ability to better estimate probability
distribution functions that can be used in a formal uncertainty analysis.

Stock change factors (FLy, Fue, Fi)

Tier 1: Under Tier 1, it is good practice to use default stock change factors (F .y, Fmg, Fi) as referred to in Table
3.4.10. These are updated from the IPCC Guidelines, based on a statistical analysis of published research.
Definitions guiding the selection of appropriate factor values are provided in the table. Stock change factors are
used in estimating both post- (SOC,) and pre-conversion (SOC.m)) stocks; values will vary according to land
use and management conditions before and after the conversion. Note that where forest is converted to grassland
use, the stock change factors all have the value of one, such that the pre-conversion soil carbon stocks are equal
to the native vegetation reference values (SOCgg).

TABLE 3.4.10
RELATIVE SOIL STOCK CHANGE FACTORS FOR LAND-USE CONVERSIONS TO GRASSLAND
Factor value type Level GPG default
Land use, Management, & Input Managed grassland See default values in Table 3.4.5
Land use, Management, & Input Cropland See default values in Table 3.3.4
Land use, Management, & Input Forest land Default values for Fy, Fpe, Fi =1

Tier 2: For the Tier 2 method, estimation of country-specific stock change factors for land-use conversion to
grassland will typically be based on paired-plot comparisons representing converted and unconverted lands,
where all factors other than land-use history are as similar as possible (e.g. Davidson and Ackermann, 1993).
Ideally several sample locations can be found that represent a given land use at different times since conversion
— referred to as a chronosequence (e.g. Neill et al., 1997). There are few replicated long-term experiments of
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land- use conversions and thus stock change factors and emission factors for land-use conversions will have a
relatively high uncertainty. In evaluating existing studies or conducting new measurements it is critical that the
plots being compared have similar pre-conversion histories and management as well as similar topographic
position, soil physical properties, and be located in close proximity. As for permanent grassland, required
information includes C stock (i.e. mass per unit area to a specified depth) for each land use (and time point if a
chronosequence). As previously described under Grassland Remaining Grassland, in the absence of specific
information upon which to select an alternative depth interval, it is good practice to compare stock change
factors at a depth of at least 30 cm (i.e. the depth used for Tier 1 calculations). Stock changes over a deeper depth
may be desirable if a sufficient number of studies are available and if statistically significant differences in
stocks due to land management are demonstrated at deeper depths. However, it is critical that the reference soil
carbon stocks (SOCkgef) and stock change factors (Fy, Fme, Fi) be determined to a common depth.

Organic soils

Tier 1 and Tier 2 choice of C emission factors from organic soils recently converted to managed grassland
should observe the same procedures for deriving emission factors as described earlier under the Grassland
Remaining Grassland section.

3.4.2.2.1.3 Choice of Activity Data

All tiers require estimates of land areas converted to grassland. The same area estimates should be used for both
biomass and soil calculations on land converted to grassland. Higher tiers require greater specificity of areas. To
be consistent with IPCC Guidelines, at a minimum, the area of land converted to grassland should be identified
separately for all tiers. This implies at least some knowledge of the land uses prior to conversion; this may
require expert judgment if Approach 1 in Chapter 2 is used for land area identification.

Tier 1: One type of activity data is needed for a Tier 1 approach: separate estimates of areas converted to
grassland from initial land uses (i.e., forest land, cropland), by climate region. Distribution of land use
conversion by soil type (i.e. within a climate region) needs to be estimated, either by spatially explicit methods
(e.g. overlays between maps of land use conversion and soils maps) or by knowledge of the distribution of major
soil types within areas subject to land use conversion by country experts. The determination of the area of land
converted to grassland needs to be consistent with the time period (T in Equation 3.4.8) used in the stock change
calculations. If countries do not have these data, partial samples may be extrapolated to the entire land base or
historic estimates of conversions may be extrapolated in time based on the judgement of country experts. Under
Tier 1 calculations, international statistics such as FAO databases, IPCC Guidelines, and other sources,
supplemented with sound assumptions by country experts, can be used to estimate the area of land converted to
grassland from each initial land use. For higher tier calculations, country-specific data sources are used to
estimate all transitions from initial land use to grassland.

Tier 2: Countries should strive to use actual area estimates for all possible transitions from initial land use to
grassland, stratified by management condition. Full coverage of land areas can be accomplished through analysis
of periodic remotely sensed images of land use and land cover patterns, through periodic ground-based sampling
of land use patterns, or hybrid inventory systems. If such finer resolution country-specific data are partially
available, countries are encouraged to use sound assumptions from best available knowledge to extrapolate to the
entire land base. Historical estimates of conversions may be extrapolated in time based on the judgment of
country experts.

Tier 3: Activity data used in Tier 3 calculations should be a full accounting of all land use transitions to
grassland and be disaggregated to account for different conditions within a country. Disaggregation can occur
along political (county, province, etc.), biome, climate, or on a combination of these parameters. In many cases
countries may have information on multi-year trends in land conversion (from periodic sample-based or
remotely sensed inventories of land use and land cover).

3.4.2.2.1.4 Uncertainty Assessment

Tier 1: The sources of uncertainty in this method are from the use of global or national average rates of
conversion and course estimates of land areas converted to grassland. In addition, reliance on default parameters
for carbon stocks in initial and final conditions contributes to relatively high degrees of uncertainty. The default
values in this method have corresponding error ranges associated with them.

Tier 2: Actual area estimates for different land use transitions will enable more transparent accounting and
allow experts to identify gaps and double counting of land areas. The Tier 2 method uses at least some country-
defined defaults, which will improve the accuracy of estimates, because they better represent conditions relevant
to the country. Use of country-specific values should entail sufficient sample sizes and or use of expert judgment
to estimate uncertainties, which, together with uncertainty estimates on activity data derived using the advice in
Chapter 2 should be used in the approaches to uncertainty analysis described in Chapter 5 of this report.
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Tier 3: Activity data from a land use and management inventory system should provide a basis to assign
estimates of uncertainty to areas associated with land-use changes. Combining emission and activity data and
their associated uncertainties can be done using Monte-Carlo procedures to estimate means and confidence
intervals for the overall inventory.

3.4.2.3 NON-CO, GREENHOUSE GASES

As for all grasslands, sources of CH4 and N,O emissions associated with grassland that have recently undergone
a change in land use are likely to be:

e Emissions from vegetation fires;

e N,O emissions from mineralisation of soil organic matter;

e N,O from fertiliser use;

e Increase in N,O emissions and reduction in CH, emissions from drainage of organic soils; and
e Reduced CH, sink in aerobic soils due to fertiliser use.

Emissions of methane from grazing livestock (enteric fermentation) and nitrous oxide from fertiliser use and
animal waste should be calculated and reported using the methods set out in Chapter 4 (the Agriculture chapter)
of the IPCC Guidelines and the corresponding parts (Section 4.2 and 4.7) of GPG2000.

Fire related emissions should be calculated using the methods set out in Section 3.2.1.4, taking account, where
data are available to do so, of the fact that the fuel load will often be higher during the transition period if the
previous land use was forest.

Land-use conversion may lead to mineralisation of soil organic matter nitrogen, which can increase N,O
emissions. However, depending on the previous land use, climate and soil type, land-use conversion to grassland
can also increase soil organic matter (Guo and Gifford, 2002).

Fertilization of grassland will tend to reduce the soil methane uptake, and, where wetland soils have been drained
nitrous oxide emissions may increase and countries reporting Agricultural emissions at Tier 3 may wish to take
these effects into account as described in Section 3.4.1.3. Additional effects of the transition to grassland that
may influence non-CO, emissions, for example soil disturbance due to ploughing, or compaction where
mechanical equipment is used for clearance, but the effects are unlikely to be large, and no default methods exist
to account for them. Changes in the rate of removal CH, from the atmosphere by aerated topsoil arising from the
conversion is not addressed in this guidance, though a fuller consideration of various activities on methane
oxidation may be possible in future.

3.4.3 Completeness

A complete data series for land area estimates contains, at a minimum, the area of land within country
boundaries that is considered grassland during the time period covered by land use surveys or other data sources
and for which greenhouse gas emission and removals are estimated in the LULUCF sector. The total area
covered by the grassland inventory methodology is the sum of land remaining in grassland and land converted to
grassland during the time period. This inventory methodology may not include some grassland areas where
greenhouse gas emissions and removals are believed to be insignificant or constant through time, such as native
grassland with moderate grazing and no significant management inputs. Therefore, it is possible for the total
grassland area for which estimates are prepared to be less than the total area of grassland within country
boundaries. In this case, it is good practice for countries to document and explain the difference in grassland area
in the inventory and total grassland within their boundaries. Countries are encouraged to track through time the
total area of land in grassland within country boundaries, keeping transparent records on which portions are used
to estimate carbon dioxide emissions and removals. As addressed in Chapter 2, all grassland areas, including
those not covered by the emissions inventory, should be part of the consistency checks to help avoid double
counting or omission. When summed with area estimates for other land uses, the grassland area data series will
enable a complete assessment of the land base included in a countries’ LULUCF sector inventory report.

Countries that use Tier 2 or 3 methods for grassland biomass and soil pools should include more detail in their
inventory on the grassland area data series. For example, countries may need to stratify the grassland area by
major climate and soil types, including both the inventoried and non-inventoried grassland areas. When stratified
land areas are used in the inventory, it is good practice for countries to use the same area classifications for both
the biomass and soils pools. This will ensure consistency and transparency, allow for efficient use of land
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surveys and other data collection tools, and enable the explicit linking between carbon dioxide emissions and
removals in biomass and soil pools.

3.4.4  Developing a Consistent Time Series

To maintain a consistent time series, it is good practice for countries to maintain records on the grassland areas
used in inventory reports over time. These records should track the total grassland area included in the inventory,
subdivided by lands remaining in grassland and land converted to grassland. Countries are encouraged to include
an estimate of the total grassland area within country boundaries. To ensure that area estimates are treated
consistently through time, land use definitions should be clearly defined and kept constant. If changes are made
to land use definitions, it is good practice to keep transparent records of how the definition changed. Consistent
definitions should also be used for each of the grassland types and management systems included in the
inventory. In addition, to facilitate the proper accounting of carbon emissions and removals over several periods,
information on historic land conversions can be utilized. Even if a country cannot rely on historic data for current
inventories, improvements to current inventory practices to provide the ability to track land conversions across
time will have benefits in future inventories.

Consistent estimation and reporting requires common definitions of activities, climate and soil types during the
period of the inventory, which may require work to relate definitions used by national agencies involved in data
collection, as set out in Chapter 2.

3.4.5 Reporting and Documentation

The categories described in Section 3.4 can be reported using the reporting tables in Annex 3A.2. The estimates
under the grassland category can be compared with the reporting categories in the IPCC Guidelines as follows:

e Carbon dioxide emissions and removals in woody biomass in grassland remaining grassland to IPCC
Reporting Category 5A, Changes in woody biomass;

e Carbon dioxide emissions and removals in soils in grassland remaining grassland to IPCC Reporting
Category 5D, Changes in soil carbon; and

e Carbon dioxide emissions and removals resulting from land-use conversions to grassland to IPCC Reporting
Category 5B for biomass, IPCC Reporting category 5D for soils, and IPCC Reporting Category 5E for non-
CO; gases.

It is good practice to maintain and archive all information used to produce national inventory estimates.
Metadata and data sources for information used to estimate country-specific factors should be documented and
both mean and variance estimates provided. Actual databases and procedures used to process the data (e.g.
statistical programs) to estimate country-specific factors should be archived. Activity data and definitions used to
categorize or aggregate the activity data must be documented and archived. Procedures used to categorize
activity data by climate and soil types (for Tier 1 and Tier 2) must be clearly documented. For Tier 3 approaches
that use modelling, the model version and identification must be documented. Use of dynamic models requires
that copies of all model input files as well as copies of model source code and executable programs be
permanently archived.

3.4.6 Inventory Quality Assurance/Quality Control
(QA/QC)

It is good practice to implement quality control checks and external expert review of inventory estimates and
data. Specific attention should be paid to country-specific estimates of stock change and emission factors to
ensure that they are based on high quality data and verifiable expert opinion.

Specific QA/QC checks across the grassland methodology include:

Grassland remaining grassland: Areas reporting of grassland biomass stock changes and grassland soil stock
changes should be the same. Grassland may include areas where soil stock changes are accounted for but
biomass changes are assumed to be zero (e.g. where non-woody biomass is largely absent), areas where both
biomass and soil stocks are changing (e.g. areas with woody biomass encroachment), and areas where neither
biomass nor soil stocks are changing (e.g. extensively managed native grassland). To increase transparency and
eliminate errors, the total grassland area where any stock changes are estimated should be reported, and where
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biomass stock changes equal zero these should still be reported if soil carbon stock changes are reported for the
same area.

Lands converted to grassland: Aggregate area totals for land converted to grassland should be the same in the
biomass and soils estimations. While biomass and soil pools may be disaggregated to different levels of detail,
the same general categories should be used to disaggregate the area data.

For all soil carbon stock change estimates using Tier 1 or Tier 2 methods, total areas for each climate-soil type
combination must be the same for the start (year.r) and the end (year(,) of the inventory period (see Equation
3.4.9).

3.4.7 Estimation of Revised GPG Tier 1 Defaults for
Grassland Management (see Table 3.4.5)

Grassland C stock change factors were calculated for three general types of grassland condition: degraded,
nominally managed, and improved grassland. An additional input factor was included for application to
improved grassland. The management improvements considered here were limited to fertilization (organic or
inorganic), sowing legumes or more grass species, and irrigation. Overgrazed grassland and poorly managed (i.e.,
none of the management improvements were applied) tropical pastures were classified as degraded grassland.
Native or introduced grasslands that were unimproved were grouped into the nominal grassland classification.
Grasslands with any single type of management improvement were classified as improved grassland with
medium C input rates. For improved grassland in which multiple management improvements were implemented,
C input rates were considered high. The data were synthesized in linear mixed-effects models, accounting for
both fixed and random effects. Fixed effects included depth, number of years since the management change, and
the type of management change (e.g., reduced tillage vs. no-till). For depth, we did not aggregate data but
included C stocks measured for each depth increment (e.g., 0-5 ¢cm, 5-10 cm, and 10-30 cm) as a separate point
in the dataset. Similarly, we did not aggregate data collected at different points in time from the same study.
Consequently, random effects were used to account for the interdependence in times series data and the
interdependence among data points representing different depths from the same study. We estimated factors for
the effect of the management practice at 20 years for the top 30 cm of the soil. Variance was calculated for each
of the factor values, and used to construct probability distribution functions with a normal density.
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3.5 WETLANDS

Wetlands include land that is covered or saturated by water for all or part of the year (e.g. peatland) and that does
not fall into the forest land, cropland, grassland or settlements categories defined in Chapter 2 of this report
(Section 2.2, Land Categories)’. This category can be subdivided into managed and unmanaged according to
national definitions. It includes reservoirs as a managed subdivision and natural rivers and lakes as unmanaged
subdivisions. Forest land, cropland, and grassland that are established on peaty or wet soils are addressed in
Sections 3.2, 3.3, and 3.4, respectively, of this chapter. Rice paddies are addressed in the Agriculture chapter of
the IPCC Guidelines and GPG2000. Flooding and wetland drainage are included in the IPCC Guidelines in
Section 5.4.3 Other Possible Categories of Activity.

For purposes of estimating greenhouse gas emissions, it is necessary to distinguish between managed and
unmanaged wetlands. In this report, managed wetlands are those in which the water table is artificially changed
(e.g. drained peatlands) or those that are created through human activity (e.g., damming a river). Major
greenhouse gas emissions from managed wetlands, and the sections of this report in which they are estimated,
are summarised in Table 3.5.1.

TaBLE3.5.1
SECTIONS AND APPENDICES
ADDRESSING MAJOR GREENHOUSE GAS EMISSIONS FROM MANAGED WETLANDS IN THIS REPORT
Peatland Flooded Land?
Wetlands Remaining Wetlands
CO, Appendix 3a.3 Appendix 3a.3
CH, Not addressed Appendix 3a.3
N,O Appendix 3a.3 Appendix 3a.3
Land Converted to Wetlands
CO, Section 3.5 Section 3.5
Not addressed Covered in Appendix 3a.3
CH, (drainage and rewetting of forest soils (no distinction is made based on the
is discussed in Appendix 3a.2) age of the reservoir)
Appendix 3a.3 Covered in Appendix 3a.3
N,O (drainage and rewetting of forest soils (no distinction is made based on the
is discussed in Appendix 3a.2) age of the reservoir)

3.5.1 Wetlands Remaining Wetlands

This category is addressed in Appendix 3a.3 Wetlands Remaining Wetlands: Basis for future methodological
development.

3.5.2 Land Converted to Wetlands

In this section, CO, emissions associated with either peat extraction or flooding are addressed. The conversion of
lands to wetlands may be an important component of national estimates of deforestation (or other nationally
important land use conversions). For conversions related to peat extraction, carbon stock changes associated with
living biomass and soil are addressed below. For conversions related to flooding, only the carbon stock change
associated with the loss of living biomass is addressed.

Lands converted to wetlands include conversions from forest land, cropland, grassland and settlements to this
category. The most likely conversions are conversions from forest land to wetlands (e.g. rewetting of peatlands

! The definition used in this report agrees with common definitions used in the Ramsar Convention on Wetlands and the
Convention on Biological Diversity (CBD).

% Flooded lands are defined as water bodies regulated by human activities for energy production, irrigation, navigation,

recreation, etc. and where substantial changes in water area due to water regulation occur. Regulated lakes and rivers,
where the main pre-flooded ecosystem was a natural lake or river, are not considered as flooded lands. Rice paddies are
addressed in the Agriculture Chapter of the IPCC Guidelines and GPG2000.
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drained for forestry purposes), conversions related to peat extraction (conversion of natural peatlands to managed
lands), or conversions to flooded land (for hydroelectric or other purposes). Methodologies for rewetting are not
included due to the scarcity of available data (Appendix 3a.2 addresses emissions of non-CO, greenhouse gases
from drainage and rewetting, with emphasis on drainage). As shown in Equation 3.5.1, guidance on estimating
carbon stock change in land converted to wetlands covers conversion to two possible land uses: peat extraction
and flooding.

EQUATION 3.5.1
CHANGE IN CARBON STOCKS IN LAND CONVERTED TO WETLANDS

ACLw = ACLw peat * ACLw fiood

Where:
AC.w = change in carbon stocks in land converted to wetlands, tonnes C yr™
ACyw peat = Change in carbon stocks in land converted to peat extraction (Section 3.5.1), tonnes C yrt
AC_w 00 = Change in carbon stocks in land converted to flooded land (Section 3.5.2), tonnes C yr'l

The carbon stock change in tonnes C is converted to Gg CO, emissions by multiplying the value with 44/12 and
10 to correspond to the reporting requirements. Emissions are reported as positive values and removals as
negative values (Equation 3.5.1 is expected to result in a loss of carbon). For more details on reporting and the
rule on the signs, see Section 3.1.7 and Annex 3A.2 (Reporting Tables and Worksheets).

Figure 3.1.2 provides a general decision tree to select the appropriate tier for land conversion and is applicable for
land converted to wetlands. If data are available, the choice of tier should be performed separately for each land
conversion type (forest land to wetlands, grassland to wetlands, cropland to wetlands, other land to wetlands).

3.5.2.1 CHANGE IN CARBON STOCKS IN LAND CONVERTED TO
PEAT EXTRACTION

3.5.2.1.1 METHODOLOGICAL ISSUES

A method to estimate emissions from land converted to peat extraction is given below. Neither emissions from
organic soils managed for peat extraction nor land-use changes associated with organic soils managed for peat
extraction are dealt with explicitly in the IPCC Guidelines. Emissions from peat combustion are dealt with in the
Energy section of the IPCC Guidelines. Therefore, the method below addresses only emissions from removal of
vegetation from land prepared for peat extraction and changes in soil organic matter due to oxidation of peat in
the aerobic layer on the land during the extraction. The removal of peat is covered by the estimates from peat
combustion in the energy section and is not considered in this section. This method, and the associated default
values used for Tier 1 estimates, can be applied for both lands with ongoing peat extraction (to be reported under
Wetlands remaining wetlands subcategory) and land converted to peat extraction.

3.5.2.1.1.1 Choice of Method

The estimate of carbon stock changes from land converted to peat extraction has two basic elements, as shown in
Equation 3.5.2. Equation 3.5.2 calculates a loss of carbon.

EQUATION 3.5.2
ANNUAL CHANGE IN CARBON STOCKS IN LAND CONVERTED TO PEAT EXTRACTION

ACpw peat — ACpw peat g + ACLw peatg i

Where:
ACyw peat = @nnual change in carbon stocks in land converted to peat extraction, tonnes C yrt

ACLw peat, g = annual change in carbon stocks in living biomass, tonnes C yr™
ACLw peatg s = annual change in carbon stocks in soils, tonnes C yr*

It is assumed that the dead organic matter pool is not significant. If a country has data on dead organic matter, it
can be included in the estimate under Tier 2 or 3 methods.

Carbon stock changes in living biomass associated with the conversion of land to peat extraction are estimated
by Equation 3.5.3.
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EQUATION 3.5.3
ANNUAL CHANGE IN CARBON STOCKS IN LIVING BIOMASS
IN LAND CONVERTED TO PEAT EXTRACTION

ACpw peat; p = 2 Aj ® (Bafter — Bgefore) i ® CF

Where:

ACLw peat = annual change in carbon stocks in living biomass in land converted to peat extraction,
tonnes C yr*

A, = area of land converted annually to peat extraction from original land use i, ha yr*
Beefore = aboveground biomass immediately before conversion to peat extraction, tonnes d.m. ha™

Baer = aboveground biomass immediately following conversion to peat extraction, tonnes d.m. ha™
(default = 0)

CF = carbon fraction of dry matter (default = 0.5), tonnes C (tonnes d.m.)™

The method follows the approach in IPCC Guidelines Section 5.2.3 (Forest and Grassland Conversion) and is
consistent with the tiered approaches for estimating carbon stock changes in living biomass outlined in Sections
3.2.2,3.3.2, and 3.4.2. As the equation shows, the amount of living aboveground biomass that is cleared for peat
extraction is estimated by multiplying the land area converted annually to