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3 CONSISTENT REPRESENTATION OF LANDS
3.1 INTRODUCTION

This chapter provides guidance on using different types of data to represent land-use categories, and conversions
between land-use categories, so that they are applied as appropriately and consistently as possible in inventory
calculations.

Countries use various methods to obtain data, including annual census, periodic surveys and remote sensing. Each
of these methods of data collection will yield different types of information (e.g., maps or tabulations), at different
reporting frequencies, and with different attributes. Guidance is provided on the use of three generic approaches.

Approach 1 identifies the total area for each individual land-use category within a country, but does not provide
detailed information on the nature of conversions between land uses. Approach 2 introduces tracking of
conversions between land-use categories. Approach 3 extends Approach 2 by allowing land-use conversions to be
tracked through time on a spatially explicit basis. Countries may use a mix of Approaches for different regions
over time.

The guidance presented here is intended to assist countries in making the best use of available data and reducing,
as far as practicable, possible overlaps and omissions in reporting. The guidance allows informed decisions on the
appropriate use of data of different types by those preparing greenhouse gas inventories, but is not intended to be
prescriptive on how data may be collected. Generally, all data should be:

e adequate, i.c., capable of representing land-use categories, and conversions between land-use categories, as
needed to estimate carbon stock changes and greenhouse gas emissions and removals;

e consistent, i.e., capable of representing land-use categories consistently over time, without being unduly
affected by artificial discontinuities in time-series data;

e complete, which means that all land within a country should be included, with increases in some areas balanced
by decreases in others, recognizing the bio-physical stratification of land if needed (and as can be supported
by data) for estimating and reporting emissions and removals of greenhouse gases; and

e transparent, i.c., data sources, definitions, methodologies and assumptions should be clearly described.
e The descriptions of land use follow the framework of:

e land-use category - is the broad land use (one of the six land-use categories described below) reported as either
land remaining in a land-use category (i.e., remaining in the same use throughout the inventory time-series) or
land converted to a new land-use category (representing a change in land use).

e sub-category - refers to special circumstances (e.g., areas of grazing within Forest Land) that are estimated and
reported separately but do not duplicate land in the broad land-use category.

e Land-use categories and sub-categories may be further stratified on the basis of land-use practices and bio-
physical characteristics in order to create more homogeneous spatial units as may be used for emissions
estimation (see Table 3.1 for examples).

Using the above approaches and framework, consistent representation of lands at the national level for inventory
purposes is achieved by following the main steps outlined below:

1. provide country-specific definitions of land-use categories (see Section 3.2);

2. decide which Approaches and methods to use to develop activity data (see Sections 3.3.1 and 3.3.3),
considering the methods to be used for estimating greenhouse gas emissions and removals (see Section 3.4)
and for estimating uncertainties (see Section 3.5).;

3. stratify the entire land area of the country as appropriate (see Section 3.3.6);

4. obtain data for these categories ensuring that the data cover the total land area of the country (see Section 3.2
and 3.3);

5. where needed, develop rules to translate land cover information into IPCC land-use and land-use change
categories, using auxiliary information as appropriate (see Section 3.3.5);

6. collect additional information if required (e.g., in situ or ground reference data, sampling, land use statistics
etc.);
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7. develop area estimates for land-use and land-use change categories according to good practice ensuring that
all IPCC requirements for completeness, avoidance of double-counting, accuracy and time-series consistency
(Chapter 5, Volume 1), are met;

8. develop uncertainty estimates for the area estimates (see section 3.5).

3.2 LAND-USE CATEGORIES

While the terms “land-use” and “land cover” are sometimes used interchangeably, they are not the same. Land
cover refers to the bio-physical coverage of land (e.g., bare soil, rocks, forests, buildings and roads or lakes). Land-
use refers to the socioeconomic use that is made of the land (e.g. agriculture, commerce, residential use or
recreation) (UNEP/FAO 1993). The definitions of land-use categories may incorporate management options and
predominance over other land-uses when a land is subject to multiple uses.

Attribution is the process of associating observed land cover and cover changes with land-use and land use change.
Because different management and disturbance types have different impacts on carbon stocks and GHG emissions,
knowledge of the cause of disturbance is needed not only to estimate areas of land-use and land-use change but
also to estimate the associated GHG emissions and removals.

The six broad land-use categories described below form the basis for estimating and reporting greenhouse gas
emissions and removals from land-use and land-use conversions. The land-uses may be considered as top-level
categories for representing all land-use areas, with sub-divisions describing specific circumstances significant to
emissions estimation. The categories are broad enough to classify all land areas in most countries and to
accommodate differences in national land-use classification systems, and may be readily stratified (e.g., by climate
or ecological zones). The categories (and sub-categories) are intended to be identified through the use of
Approaches for representing land-use area data described in subsequent sections.

The land-use categories for greenhouse gas inventory reporting are listed below. These definitions are provided
for the IPCC land-use categories because they are:

e robust as a basis for emissions and removals estimation;
e implementable; and
e complete, in that all land areas in a country may be classified by these categories without duplication.

(i) Forest Land

This category includes all land with woody vegetation consistent with thresholds used to define Forest Land in the
national greenhouse gas inventory. It also includes systems with a vegetation structure that currently fall below,
but in situ could potentially reach the threshold values used by a country to define the Forest Land category.

(ii) Cropland

This category includes cropped land, including rice fields, and agro-forestry systems where the vegetation structure
falls below the thresholds used for the Forest Land category.

(iii) Grassland

This category includes rangelands and pasture land that are not considered Cropland. It also includes systems with
woody vegetation and other non-grass vegetation such as herbs and bushes that fall below the threshold values
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, consistent with national definitions.

(iv) Wetlands

This category includes areas of peat extraction and land that is covered or saturated by water for all or part of the
year (peatlands and other wetland types) and that does not fall into the Forest Land, Cropland, Grassland or
Settlements categories. It includes reservoirs as a managed sub-division and natural rivers and lakes as unmanaged
sub-divisions. Further definitions of wetlands sub-divisions are provided in the IPCC Wetland Supplement (IPCC
2014).

(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 national definitions.
(vi) Other Land

This category includes bare soil, rock, ice, and all 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.
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If data are available, countries are encouraged to classify unmanaged lands by the above land-use categories (e.g.,
into Unmanaged Forest Land, Unmanaged Grassland, and Unmanaged Wetlands). This will improve transparency
and enhance the ability to track land-use conversions from specific types of unmanaged lands into the categories
above.

Countries can apply other definitions within the IPCC categories, which may or may not refer to internationally
accepted definitions, such as those proposed by FAO, Ramsar', SEEA%, WCA? and others. However, where there
are inconsistencies between these other definitions and the IPCC land-use categories definitions, the data should
be adjusted to fit within the IPCC categories. To ensure and show consistency and completeness of the land
representation reported, it is good practice to map the relationship between IPCC land-use categories and any other
land-use and land cover classification systems* from which data for the land representation are derived. All
definitions and classifications of land-use categories (and sub-categories) should be specified at the national level,
described in a transparent manner, and be applied consistently over time. To avoid double-counting of land areas
or misallocation of lands, each land unit is only reported in one category (or sub-division) in each year.

When moving unmanaged land to managed land, it is good practice to describe the processes that lead to the re-
categorization. Managed land generally cannot become unmanaged as the legacy effects of past management can
continue for extended periods, and such moves could result in anthropogenic emissions and removals being
unreported.

Where countries choose to develop country-specific methods for addressing issues of interannual variability (IAV),
it is good practice to describe the methods used to identify lands subject to natural disturbances (see Section 2.6,
Chapter 2, Volume 4) and to transparently report the area of these lands together with the rest of the lands in the
same land use category.

LAND-USE CONVERSIONS

Full application of the guidance requires estimation of land-use conversions that take place between data collection
intervals, particularly when different carbon stock estimates and different emission and removal factors are
associated with lands before and after a transition. Applicable land-uses and land-use conversions are shown below:

FF = Forest land Remaining Forest land LF = Land Converted to Forest land
CcC = Cropland Remaining Cropland LC = Land Converted to Cropland
GG = Grassland Remaining Grassland LG = Land Converted to Grassland
wWw = Wetlands Remaining Wetlands LW = Land Converted to Wetlands
SS = Settlements Remaining Settlements LS = Land Converted to Settlements
00 = Other Land Remaining Other Land LO = Land Converted to Other Land

Where detailed data about the origin of land converted to a category are available (which will depend on the
Approach available to a country to represent land-use areas), countries can specify the land-use conversion. For
example, LC can be sub-divided into Forest Land Converted to Cropland (FC) and Grassland Converted to
Cropland (GC). While both land areas end up in the Cropland category, the differences in their emissions and
removals of greenhouse gases due to their origin should be represented and reported wherever possible. When
applying these land-use category conversions, countries should classify land under only one (end land-use)
category to prevent double counting. The reporting category is therefore the end-use category, not the category of
origin prior to the land-use conversion.

If a country's national land-use classification system does not match categories (i) to (vi) as described above, the
land-use classifications should be combined or disaggregated in order to represent the categories presented here.
(See Section 3.3.5 “Derivation of IPCC Land-Use Categories from Land Cover Information” in this Chapter).
Countries should report on the procedure adopted for the reallocation. The national definitions for all categories
used in the inventory and any threshold or parameter values used in the definitions should be specified. Where

! Refers to Ramsar Convention on Wetlands. The Convention on Wetlands, signed in Ramsar, Iran, in 1971, is an
intergovernmental treaty which provides the framework for national action and international cooperation for the conservation
and wise use of wetlands and their resources.

2 System of Environmental Economic Accounting (SEEA) - https:/seea.un.org/

3 World Programme for the Census of Agriculture (WCA) - http://www.fao.org/world-census-agriculture/en/

4The relationship between IPCC, SEEA, WCA and FAO land cover and land-use classifications can be found at:
http://www.fao.org/economic/ess/ess-standards

2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories 3.7


https://seea.un.org/
http://www.fao.org/world-census-agriculture/en/
http://www.fao.org/economic/ess/ess-standards

Volume 4: Agriculture, Forestry and Other Land Use

national land classification systems are being changed or developed for the first time, compatibility with land-use
classes (i) to (vi) above should be sought.

The broad land-use categories listed above may be further stratified (as described in Section 3.3.6) by climate or
ecological zone, soil and vegetation type, etc., as necessary, to match land areas with the methods for assessing
carbon stock changes and greenhouse gas emissions and removals described in Chapters 2 and 4 to 9 of this
Volume. Default climate and soil classification schemes are provided in Annex 3A.5. Examples of stratifications
that are used for Tier 1 emissions and removals estimation are summarized in Table 3.1. Specific stratification
systems vary by land use and carbon pools and are used in the estimation methods later in this Volume. Guidance
on stratifying land-use areas to match data needs for estimating emissions and removals is provided in Section
3.3.6 of this chapter.

The method of determining areas of land-use and land-use change should be capable of representing lands
according to the definitions applied by the country, and ensure that losses or gains smaller than the minimum
mapping unit do not lead to bias in emission and removal estimates.

In some cases, the spatial resolution of existing maps or sample units may be coarser than the definitions used to
describe some of the land-use categories (e.g., if the Forest Land definition applied by a country includes a
minimum area of, say, one hectare, yet the available land-use data has a minimum mapping unit of five hectares).
This may lead to a situation where:

e small areas of one or more land-use categories are reported under another category; and,
e areas of land-use change are either under or overestimated.

Where this occurs, it is good practice to assess the extent of under or over reporting and, where necessary,
supplement the results with further samples or auxiliary information (e.g., concession boundaries, subsidies for
land use changes or land management) that reflect the chosen definitions to validate the results and/or correct for
these errors. Where data are not available, techniques provided in Chapter 5 of Volume 1: Time Series Consistency
can be used to address the data gaps.

When land cover change information is used, auxiliary data is commonly required to allocate land cover change
to the underlying cause of disturbance and to assign lands to the [IPCC land-use categories through time. This
process of attribution typically requires a combination of information including, but not limited to, past and current
land cover, management practices and country-specific decisions on a series of reporting rules (see Box 3.1a).
Moreover, reporting rules can also be applied to help countries determine how land-use change is categorized (Box
3.1a).
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Box3.1A (NEW)

EXAMPLES OF ASSIGNING IPCC LAND-USE AND LAND-USE CHANGE CATEGORIES

IPCC land-
use categories

Key elements that may
need to be considered

Examples

Forest Land

Definition of Forest
Land to be applied to
determine areas of

While countries can set their own definitions, Forest Land should
include all land with woody vegetation that meets country specific
thresholds (e.g., a combination of minimum canopy cover, minimum

Forest Land. height and minimum area) used to define Forest Lands.

Reporting lands When establishing new forests (e.g., reforestation, forest restoration) it
converted to Forest is often the case that the vegetation will not meet the national

Land but where the definition of Forest Land for some years. However, this land can be

vegetation structure
currently does not
necessarily meet the
national definition of
Forest Land.

classed as Forest Land at the point of conversion.

Determining if the land has the ‘potential’ to reach the national
definitions can consider criteria such as 1) that a woody vegetation
type exists on the land (e.g., newly planted or regrowing trees), and 2)
it will be able to reach the Forest Land definition thresholds (e.g., the
forest type will be able meet the Forest Land definition on that land).

Countries typically document the assumptions used to assess if land
meets these criteria. Countries also often include the time period within
which the land should reach the Forest Land definition thresholds
following the conversion.

Reporting Forest Land
areas that in a specific
inventory year or years
fall below the country
definition of Forest
Land.

There are typically two reasons that Forest Land temporarily falls
below the country definition: 1) forest harvesting 2) other disturbances
(e.g., fire, pest attack). When cover loss is only temporary countries
generally continue to report these areas under Forest Land. Countries
may use tenure or forest type maps to determine if a loss of cover is
due to harvest or clearing. For other disturbances data on the type of
disturbance can be obtained from maps or statistical information.

It is possible that some areas of temporarily destocked Forest Land will
not recover to meet the definition of Forest Land. Countries can decide
how long an area of Forest Land can remain temporarily destocked
before it should be moved to a conversion category. The time chosen
typically depends on expected recovery rates and may vary by, for
example, forest type, land conditions and management practices and
tenure.

areas and other non-
grass vegetation such as
herbs and brushes that
fall below the threshold
values used in the
Forest Land category.

Cropland Reporting lands that are Management of agricultural lands often moves opportunistically
under opportunistic or between cropping-pasture/grazing systems or fallow depending on
rotational climate, soils and market conditions. Where this occurs countries may
cropping/grazing/fallow choose to either 1) keep reporting these lands under the predominant
practices. Land use, if any, or 2) transfer the lands between land use categories
each reporting year. Countries using option 1 still apply the methods
and emissions factors relevant for the actual land use and management
system for estimating emissions and removals.
Countries using option 1 typically document the land management
practices and how they are grouped into a land use. They also may
define the number of years after which if the land has not been cropped
the land is moved to Grassland.

Reporting of orchards, Depending on the definition of Forest Land used, some areas of

agroforestry or other orchards, agroforestry and woody crops can meet the definition of

woody crops. Forest Land. Countries typically document which woody crops meet
the Forest Land definition and may also create sub-divisions under
Cropland or Forest Land to separate these lands.

Grassland Reporting of wooded Where areas of wooded grasslands meet the national definition of

Forest Land, they are reported under Forest Land. There may also be
some areas of wooded grassland that are considered woody crops, such
as naturally occurring areas of fruit or nut trees.
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Box 3.2A. (NEW) (CONTINUED)
EXAMPLES OF ASSIGNING IPCC LAND-USE AND LAND-USE CHANGE CATEGORIES

IPCC land-use Key elements that may Examples

categories need to be considered
Wetlands Separating different Wetlands include a range of different lands and waterways that
types of Wetlands and occur within a national boundary.
water bodies. Countries typically adopt national definitions of Wetlands. Some
also use globally available products such as maps of wetlands
reported under the Ramsar [1] convention to assist with sub-
categorisation.
Determining the In many areas there is an indistinct boundary between land and
boundary between land marine ecosystems (e.g., mangroves).

and marine systems. To remain consistent with other areas of the inventory, countries

typically use the agreed national border to separate land from marine
systems. Emissions occurring in the marine ecosystem outside of the
national borders are not captured under the AFOLU sector.

Settlements Reporting of areas that Settlements may also contain lands with a cover that could be
could also be classified included in other land uses, such as urban parks, lawns and small
as other land-uses. semi-urban farms.

Where an area of land meets the national definition of Forest Land
then the land is reported as Forest Land. Other areas, such as lawns,
may be included under Settlements unless they meet the definition
applied for the other land uses, such as Grassland or Cropland. For
example, urban areas with a land cover of scattered trees and grass
are often classed as Settlements as they do not meet the definition of
Forest Land and are not managed in line with the national definitions
for other land use categories.

U https://www.ramsar.org/
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TABLE 3.1
EXAMPLE STRATIFICATIONS WITH SUPPORTING DATA FOR TIER 1 EMISSIONS ESTIMATION METHODS

Factor Strata
CLIMATE Boreal
(see Annex 3A.5) Cold temperate dry

Cold temperate wet
Warm temperate dry
Warm temperate moist
Tropical dry

Tropical moist
Tropical wet

SOIL High activity clay
(see Annex 3A.5) Low activity clay
Sandy

Spodic

Volcanic
Wetland

Organic

BIOMASS (ECOLOGICAL ZONE) Tropical rainforest

(see Figure 4.1, in Chapter 4 Forest Tropical moist deciduous forest
Land) Tropical dry forest

Tropical shrubland

Tropical desert

Tropical mountain systems
Subtropical humid forest
Subtropical dry forest
Subtropical steppe
Subtropical desert
Subtropical mountain systems
Temperate oceanic forest
Temperate continental forest
Temperate steppe

Temperate desert

Temperate mountain systems
Boreal coniferous forest
Boreal tundra woodland
Boreal mountain systems

Polar
MANAGEMENT PRACTICES (more Intensive tillage/Reduced till/No-till
than one may be applied to any land Long term cultivated
area) Perennial tree crop

Liming

High/Low/Medium Input Cropping Systems
Improved Grassland
Unimproved Grassland

3.3 REPRESENTING LAND-USE AREAS

This section describes three Approaches that may be used to represent areas of land-use using the categories
defined in the previous section. The Approaches are presented below in order of increasing information content.
Approach 1 identifies the total change in area for each individual land-use category within a country but does not
provide information on the nature and area of conversions between land-uses. Approach 2 introduces tracking of
land-use conversions between categories, but it does not allow land-use conversions to be tracked through time.
Approach 3 extends Approach 2 by allowing land-use conversions to be tracked through time on a spatially explicit
basis.

The Approaches are not presented as a hierarchical system. When considering which Approach to adopt countries
should consider their national circumstances, including data availability and quality, patterns of land use and land-
use change, land management, ecosystem characteristics and the emissions estimation methods to be used. Using
activity data that are not consistent with the emissions estimation methods can decrease accuracy of carbon stock
changes and the associated emissions and removals estimates.
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The Approaches are not mutually exclusive, and a country can use a mix of Approaches for different regions of
the country and/or land uses based on national circumstances. In all cases, it is good practice to describe how the
approaches are used together and demonstrate how approaches applied cover all the land uses and land use changes,
provide consistent time-series and prevent misallocation of lands within and between land use categories.

All data should reflect the historical trends in land-use area, as needed for the inventory methods described in
Chapters 2 and 4 to 9 of this Volume. The commencement time for the historical data required is based on the
amount of time needed for dead organic matter and soil carbon stocks to reach equilibrium following land-use
conversion (20 years is recommended as a default, but can e.g. be longer, e.g., for temperate and boreal systems).
After the period to reach equilibrium has passed, land that was added to a land-use conversion category needs to
be transferred to “land remaining in a land-use category”. The time-series data on land-use conversion is therefore
also used to determine the annual transfer of area from the category “land converted to category” to “land
remaining in a land-use category”.

TIME-SERIES

Inventories require data on land-use area for at least two points in time relevant to the inventory year. For
Approach 1 (identifying only the net national change in area of each land-use category, but not the transfers
between them), the historical land-use may still not be known. In such circumstances countries should either infer
the previous land-use (see Section 3.3.7 below) or assume that the land has remained in the land-use category for
all time prior to the land-use conversion. This assumption may underestimate removals where conversions to land-
uses with higher carbon contents predominate, or underestimate emissions in the opposite case.

It is important that there is a consistent time-series in the preparation of land-use category and conversion data so
that artefact from method change is not included as an actual land-use conversion. Care should also be taken to
ensure that the areas of managed and unmanaged land are both defined and estimated consistently. The following
section details how to deal with changes in managed land areas (and consequent changes in carbon stock) when
using stock change methods for emissions estimation.

CONSISTENT USE OF LAND AREA IN CARBON STOCK ESTIMATES

Over the time-series of a national inventory, it is likely that the total area of managed lands will increase as
unmanaged lands are converted to managed land. In this case, where the land area is used to estimate the carbon
stock (when using a stock-difference method of emissions estimation), it is possible that the entry of additional
land into the inventory (by changing from an unmanaged to managed status) will incorrectly appear as a carbon
stock increase. This could wrongly be inferred as a removal from the atmosphere, whereas in reality it is only an
increase due to the expanded land-use area over the inventory time-series. To separate carbon stock increases
arising from changes in area from true carbon stock changes, carbon stock estimates should be recalculated for the
complete inventory time-series area whenever the total area of managed land changes in an annual inventory.

The maximum area of land (and associated carbon stock) at any point in the time-series should be used as the basis
for emissions and removals estimation throughout the inventory time-series. Carbon stocks on unmanaged lands
can be assumed to remain constant (thus, carbon stock changes would be zero) until the year in which land is
classified as a managed use. The recalculation will therefore change the initial carbon stock estimate in the year
the land entered the inventory but will not affect the estimation of carbon stock change over the inventory time-
series until the relevant land becomes managed.

DATA AVAILABILITY

For many countries, implementing these inventory guidelines may require new data collection. Annex 3A.2.4
provides guidance on remote sensing techniques, Annex 3A.3 provides general guidance on sampling techniques
and Annex 3A.4 on spatially explicit (Approach 3) datasets. Where the data needed to apply these inventory
guidelines on land-use are not available nationally, data on land categories may be derived from global datasets.
For instance, FAO has such datasets, however, care should be taken as these are compiled with national data,
(primary data), or secondary data gathered by a third party. More examples are provided in Annex 3A.1, but
generally report on the basis of land cover only, and not land-use (See Section 3.3.5). It is preferable that data used
should be capable of producing input to uncertainty calculations (See Section 3.5).

When using land-use data, inventory compilers should:

e Harmonize definitions between the existing independent databases as well as with the land-use categories to
minimize gaps and overlaps. For example, overlaps might occur if woodland on farms were included both in
forestry and agricultural datasets. In order to harmonize data, the woodland should be counted only once for
greenhouse gas inventory purposes, taking into account the forest definition adopted nationally (See Section
“Multiple land-uses in a single unit of land”). Information on possible overlaps for the purposes of
harmonization should be available from agencies responsible for surveys. Harmonization of definitions does
not mean that agencies should abandon definitions that are of use to them but should establish the relationship
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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.

e Ensure that the land-use categories used can identify all relevant activities. For example, if a country needs to
track a managed land-use category such as Forest Land, then the classification system must distinguish
managed from unmanaged Forest Land.

e Ensure that data acquisition methods are reliable, well documented methodologically, timely, at an appropriate
scale, and from reliable sources.

e 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 tree crown cover and other parameters.
If changes are identified, use the corrected data for recalculation consistently throughout the time-series, and
report on actions taken. Guidance on recalculation can be found in Volume 1 Chapter 5.

e Prepare uncertainty estimates for those land-use areas and conversions in area that will be used in the estimation
of carbon stock changes, greenhouse gas emissions and removals.

e Ensure that the national land area is consistent across the inventory time-series; otherwise stock changes will
reflect false C increases or decreases due to a change in total land area accounted for when using a stock change
emissions estimation method.

e Assess whether the sum of the areas in the land classification databases is consistent with the total national
area, given the level of data uncertainty. If coverage is complete, then the net sum of all the changes in land
area 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 national 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, inventory compilers should investigate, explain, and
make any corrections necessary. These checks on the total area should take into account the uncertainties in
the annual or periodic surveys or censuses involved. Information on uncertainties should be obtained from the
agencies responsible for the surveys. Remaining differences between the sum of areas accounted for by the
available data and the national area should be within the expected uncertainty for area estimation.

For some activities reported, such as the application of nitrogen fertilizer, liming and harvested wood products,
only national aggregate data may be available. Where emissions and removals estimation methods are applied at
a national level, it is appropriate to use such data without categorization by land-use

3.3.1 Three Approaches

APPROACH 1: TOTAL LAND-USE AREA, NO DATA ON
CONVERSIONS BETWEEN LAND-USES

Approach 1 represents land-use area totals within a defined spatial unit, which is often defined by political
boundaries, such as a country, province or municipality. Another characteristic of Approach 1 data is that only the
net changes in land-use area can be tracked through time. Consequently, the exact location or pattern of the land-
uses is not known within the spatial unit, and moreover the exact changes in land-use categories cannot be
ascertained. Datasets are likely to have been prepared for other purposes, such as forestry or agricultural statistics.
Frequently, several datasets will be combined to cover all national land classifications and regions of a country. In
this case the absence of a unified data system can potentially lead to double counting or omission, since the
agencies involved may use different definitions of specific land-use for assembling their databases. Ways to deal
with this are suggested below.

Tables 3.2 and 3.3 show summary land-use area data for a hypothetical country (with a national land area of 140
million ha) using locally relevant land classifications. Table 3.2. is prepared at the level of the broad land-use
categories. Table 3.3 depicts the same information with example stratifications to estimate the effect of various
activities using the emissions estimation methods described elsewhere in this Volume.

Determination of the area of land-use conversion 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 conversions (i.e., ‘land
remaining in a land-use category’ and ‘land converted to a new land-use category’) is possible under Approach 1
unless supplementary data are available (which would then introduce a mix with Approach 2).

The land-use area data may come originally from periodic sample survey data, maps or censuses (such as
landowner surveys), but will probably not be spatially explicit. The sum of all land-use category areas may or may
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not equal the total area of the country or region under consideration, and the net result of land-use conversions
may or may not equal zero, depending on the consistency in data collection and application in the inventories for
each land-use category. The final result of this Approach is a table of land-use at given points in time. Because
the total land base that is reported each year for all land-use categories should remain constant, a table similar to
Table 3.3 should be generated as a QA/QC measure. If inconsistencies are found, it is good practice to identify
and correct the problem(s) for future inventories. This may require closer coordination among inventory teams for
separate land-use categories (if analysed separately) or possibly new surveys or other types of data collection.

Other parts of this Volume require information on land area in each land-use category presented in Table 3.3 to be
broken down into the categories “land remaining in the same land-use category” and “land converted to a new
land-use category”. This is dependent on methodological requirements in other chapters of this Volume. If land-
use data are not sufficient to support Approach 2 (see below), where the total (gross) land conversion areas can be
quantified, the emissions and removals may be reported in the “land remaining in the same land-use category” (as
specified in Table 3.2). This is because the data may only be sufficient to identify the net change in area of each
land-use category, and not the total effect of all land conversions. However, in general the methods for both soils
and biomass related emissions estimation require land area data categorized by “lands remaining” and “converted
to” categories and thus it is desirable to do this if possible, even if this is done using expert judgment.

Note that by reporting only in the “land remaining” category, emissions and removals will include, but not
explicitly reflect a changing land base within a land-use category (different areas, e.g., by the net transition in areas
to and from the Forest Land category) over time. This may overestimate or underestimate emissions for that
particular “land remaining” category. However, a complete inventory will tend to counter-balance this with
emissions and removals from another “land remaining” category in the inventory.

It is acceptable to report non-CO, emission by source category without attribution to land-uses if emissions are
estimated based on national statistics, without reference to individual land-uses (e.g., N>O emissions from soils).
Methods outlined in this Volume frequently estimate emissions using national statistics in this manner.

EXAMPLE OF APPROACH 1: AVAILABLE LA:]/: I:J];f: ?)fTA WITH COMPLETE NATIONAL COVERAGE
F = 18 F = 19 Forest Land = +1
G = 84 G = 82 Grassland = -2
C = 31 C = 29 Cropland = -2
w = 0 w = 0 Wetlands = 0
S = 5 S = 8 Settlements = +3
(0] = 2 (0] = 2 Other Land = 0
Sum = 140 Sum = 140 Sum = 0
INote: 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 3.3
ILLUSTRATIVE EXAMPLE OF STRATIFICATION OF DATA FOR APPROACH 1
Land-use category/ Initial land area Final land area Net Change in area Status
strata (million ha) (million ha) (million ha)
Forest Land total 18 19 1
Forest Land Not included in the
5 5 0 . .
(Unmanaged) inventory estimates
Forest Land
(temperate Estimates should be
continental forest; 7 8 1 prepared on the 8
converted to million ha
another land-use
No land-use
conversion. Could
Forest Land (boreal 6 6 0 require stratification
coniferous) for different
management
regimes etc.
Grassland total 84 82 -2
Fall in area
indicates land-use
conversion. Could
Grassland . . .
(Unimproved) 65 63 -2 require stratification
for different
management
regimes etc.
No land-use
conversion. Could
Grassland 19 19 0 require stratification
(Improved) for different
management
regimes etc.
Fall in area
indicates land-use
conversion. Could
Cropland total 31 29 -2 require stratification
for different
management
regimes etc.
Wetlands total 0 0 0
Settlements total 5 8 3
Other Land total 2 2 0 Unmanaged - not in
inventory estimates
TOTAL 140 140 0 Note: areas'should
reconcile

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-
categorisation of an appropriate land category.
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APPROACH 2: TOTAL LAND-USE AREA, INCLUDING CHANGES
BETWEEN CATEGORIES

The essential feature of Approach 2 is that it provides an assessment of both total losses and gains in the area of
specific land-use categories and what these conversions represent (i.e., changes both from and to a category). Thus,
Approach 2 differs from Approach 1 in that it includes information on conversions between categories, but is still
only tracking those changes across two points in time. Tracking land-use conversions in this manner will normally
require estimation of initial and final land-use categories for all conversion types, as well 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 conversion matrix. The matrix form is a compact format for representing the areas that have come under
different conversions 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 or other methods. The input data
may or may not have originally been spatially-explicit (i.e., mapped or otherwise geographically referenced).

For Approach 2, emission and removal factors can be chosen to reflect differences in the rate of changes in carbon
according to the conversions 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 from cropping than from pasture.

Approach 2 is illustrated in Table 3.4 using the data from the Approach 1 example (Table 3.3) by adding
information on all the conversions taking place. Such data can be written in the more compact form of a matrix
and this is presented in Table 3.5. To illustrate the added value of Approach 2 and this land-use conversion matrix
format, the data of Table 3.5 is given in Table 3.6 without the stratification of the land-use categories. This can be
compared with the more limited information from Approach 1 in Table 3.2. In Table 3.6, the conversions into and
out of land categories can be tracked, whereas in Table 3.2 only the net changes in a broad land-use category are
detectable.

In Tables 3.5 and 3.6, the area in the diagonal cells represents the area in each land-use category that was not
affected by land-use conversion in this inventory year. In preparation for the greenhouse gas emission and removal
estimations described elsewhere in this Volume, this area should be further sub-divided into the area that has
remained in the land-use category and area that has been affected by a land-use conversion (i.e., the land converted
to a different land-use category) in the previous Y years (where Y is the time period during which C pools are
expected to reach equilibrium (the IPCC default is 20 years, based on soil C pools typical time to equilibrium after
land-use conversion).

Therefore, under the default assumption in every inventory year, the area converted to a land-use category should
be added to the category “land converted to” and the same area removed from the land remaining in the land-use
category. The area of land that entered that “land converted to” category, 21 years ago (if using the default 20 year
period), should be removed and added to the category “land remaining land”. For example, in Table 3.5 if data
indicated that four of the 56 Mha in the Grassland category had been converted from Forest Land 21 years ago,
then four Mha of land should be moved from the category Land Converted to Grassland to the category Grassland
Remaining Grassland in this annual inventory.
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TABLE 3.4

DEFINED STRATA

ILLUSTRATIVE EXAMPLE OF TABULATING ALL LAND-USE CONVERSION FOR APPROACH 2 INCLUDING NATIONALLY

Initial land-use Final land-use Land area, Mha Inclusions/Exclusions

Forest Land (Unmanaged) Forest Land (Unmanaged) 5 Excluded from GHG inventory

Forest Land (Managed, Forest Land (Managed, 4 Included in GHG inventory

temperate continental) temperate continental)

Forest Land (Managed, Grassland (Unimproved) 2 Included in GHG inventory

temperate continental)

Forest Land (Managed, Settlements 1 Included in GHG inventory

temperate continental)

Forest Lanfl (Managed, Forest Lan.d (Managed, 6 Included in GHG inventory

boreal coniferous) boreal coniferous)

Grassland (Unimproved) Grassland (Unimproved) 61 Included in GHG inventory

Grassland (Unimproved) Grassland (Improved) 2 Included in GHG inventory

Grassland (Unimproved) Forest Land (Managed, 1 Included in GHG inventory
temperate continental)

Grassland (Unimproved) Settlements 1 Included in GHG inventory

Grassland (Improved) Grassland (Improved) 17 Included in GHG inventory

Grassland (Improved) Forest Land (Managed, 2 Included in GHG inventory
temperate continental)

Cropland Cropland 29 Included in GHG inventory

Cropland Forest Land (Managed, 1 Included in GHG inventory
temperate continental)

Cropland Settlements 1 Included in GHG inventory

Wetlands Wetlands 0 Included in GHG inventory

Settlements Settlements 5 Included in GHG inventory

Other Land Other Land 2 Excluded from GHG inventory

TOTAL 140

at the date of assessment.

Note: Data are a stratified version of those in Table 3.3. 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
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TABLE 3.5
ILLUSTRATIVE EXAMPLE OF APPROACH 2 DATA IN A LAND-USE CONVERSION MATRIX WITH CATEGORY STRATIFICATION
.. . |Forest |Forest Land|Forest Land | Grasslan| Grass- |Croplan | Wetland | Settle- | Other | Final
Initial | 5nq (managed, |(managed, |d (unim-|land (im- d s ments |Land |area
(unman- | temperate | boreal proved) |proved)
. aged) continental) | coniferous)
Final
Forest Land
(unman- 5 5
aged)
Forest Land
(managed, 4 1 2 1 8
temperate
continental)
Forest Land
(managed, 6 6
boreal
coniferous)
Grassland
(unim- 2 61 63
proved)
(Frassland 5 17 19
(improved)
Cropland 29 29
Wetlands 0
Settlements 1 1 1 5
Other Land 2
Initial area 5 7 6 65 19 31 0 5 2 140
Net change 0 1 0 -2 0 -2 0 +3 0 0
INote: Column and row totals show net conversion of land-use as presented in Table 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 (conversion) categories shown at the head of the
corresponding column. Blank entry indicates no land-use conversion for this transition.

TABLE 3.6
SIMPLIFIED LAND-USE CONVERSION MATRIX FOR APPROACH 2 EXAMPLE

Gross and Net land-use conversion matrix

Initial
Final F G C w S o Final sum

F 15 3 1 19
G 2 80 82
C 29 29
\4 0
S 1 1 1 5
o

Initial sum 18 84 31 0 5 2 140

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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APPROACH 3: SPATIALLY-EXPLICIT LAND-USE CONVERSION
DATA

The key defining characteristic of Approach 3 is that it is both spatially and temporally consistent and explicit.
Sample-based, survey-based and wall-to-wall methods can be considered Approach 3 depending on the design of
the sampling/mapping program and the way the data is processed and analysed (Table 3.6A). The decision to use
sample based, survey based or wall-to-wall methods, and how to process them, depends on national circumstances
and the method applied to estimate carbon stock changes and the associated emissions and removals.

Approach 3 data can be summarized in tables similar to Tables 3.5 and 3.6. The main advantage of spatially-
explicit data is that analysis tools such as Geographic Information Systems can be used to link multiple spatially-
explicit data sets (such as those used for stratification) and describe in detail the conditions on a particular piece
of land prior to and after a land-use conversion. This analytical capacity can improve emissions estimates by better
aligning land-use categories (and conversions) with strata mapped for classification of carbon stocks and emission
factors by soil type, vegetation type. This may be particularly applicable for Tier 3 emission estimation
methodologies. However, issues of compatible and comparable spatial resolutions need to be taken into account.
An overview of potential methods for developing Approach 3 datasets is provided in Annex 3A.4.

3.3.2 Data of Land Representation

Figure 3.1 is a decision tree to assist in describing and/or obtaining the data on land-use areas. It provides guidance
on which Approach and method a country can use for representing lands depending on the availability of primary
and secondary datasets. Approach 3 method, for example, can be applied if spatially explicit land-use data is
available for the whole country including complete time series coverage. Geographically mixed Approach (1,2 &
3) can be used where limited spatial data is available. As shown in this figure, where data is missing new data can
be collected or international datasets can be used to minimise gaps in geographical coverage. Similarly,
interpolation or extrapolation techniques can be used where complete time series is not available and new data
cannot be collected. This will ensure all lands are represented consistently using one of the three generic
approaches. Lastly, it is important to document the choice of methods applied for land representation.

All three Approaches can, if implemented appropriately and consistently, be used to produce robust greenhouse
gas emission and removal estimates. However, it should be noted that Approach 1 will probably not detect changes
in biomass, such as those due to the full extent of deforestation and reforestation on separate areas of land, but
only those due to the net conversion of land-use area from a forest to a non-forest use. In general, only Approach
3 will allow for the spatial representation required as an input to spatially-based carbon models.

Different Approaches may be more effective over different time periods or may be required for different reporting
purposes. Methods to carry out matching of the time-series between the different periods or uses should be applied.

There are numerous sources of data and methods to process data that can be used to derive activity data. It is not
necessarily the data itself that determines of the approach. For example, depending on how the data is used, a time-
series of data could be used to generate information at Approaches 1, 2 or 3. Other data, such as single surveys or
sample processes used in isolation can only generate activity data at Approach 1. Where the data available allow
for the application of approach higher than approach 1 it is good practice to do so to ensure that uncertainties are
minimized as far as practicable. Table 3.6A provides some examples of different data and methods and the
resulting Approach.
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different times.

stratifications).

Maps developed using consistent
methods changes tracked across
two consecutive maps only not
tracked through a time-series of
maps.

TABLE 3.6A (NEW)
EXAMPLES OF DIFFERENT DATA INPUTS AND METHODS TO DERIVE IPCC LAND-USE CLASSES AND THE RESULTING
APPROACHES (1,2 OR 3)!
Method Approach 1 Approach 2 Approach 3
Sample- e Single sample e Samples collected from e Permanent and consistent
based e Temporary sample permanent units but changes georeferenced ground plots.
methods units only t'racked across  tWo | o Continuous and consistent
consecutive sample periods. samples  using  remote
sensing data.
Survey- e Single census at one e General surveys between two e Specific survey designs that
based point in time. periods. identify activities through
methods e Repeat census but e National census data that can time for each land unit within
without reference to refer a past period. a known region.
previous censuses.
Wall-to- e Single map e Inconsistent maps through time e Tracking pixels / land units
Wall e Inconsistent maps combined with Approach 2-type using time-series consistent
methods developed at samples (e.g. using maps as data.

! These examples assume that only one type of data and process is used. In many cases the data inputs and processes can be combined
resulting in a higher quality of the land representation than can be achieved with any one single data source.
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Figure 3.1
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3.3.3
Estimation

Methods for Land-Use and Land-Use Change

The three main methods for estimating areas of land-use and land-use change are sample-based, survey-based and
wall-to-wall. These methods are not mutually exclusive; for example, wall-to-wall methods typically require
samples for calibration, validation and uncertainty analysis, and some sample methods require wall-to-wall maps
for scaling as well as for dimensioning the sample size and designing the sample grid. The method itself does not
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determine the Approach and all these methods can be used to develop land-use information at Approaches 1, 2 or
3 (see Table 3.6A).

Wall-to-wall methods

The continually increasing volume and improving quality of data available from remote sensing allows countries
to develop wall-to-wall maps of land cover and land cover change that, when combined with other data, can be
used to generate land-use and land-use change information. There are numerous potential applications for remote
sensing products to derive consistent land use and land use change estimates:

e identifying land cover and land cover change (e.g., forest cover change and multiple land cover change types);

e attribution of land cover change to specific disturbances (e.g., harvesting, clearing, fire) and processes (e.g.,
biomass growth) to determine land use; and,

o stratification of land-use categories into logical units that facilitate the estimation of emissions and removals,
such as forest condition, growth stage, time since disturbance and forest type.

Although there is an ever-increasing focus on and availability of remote sensing data for wall-to-wall mapping, it
is also possible to generate wall-to-wall methods using traditional mapping processes. For example, some countries
have access to detailed maps of forest stands or agricultural areas with associated records of human interventions
(such as harvesting) and other disturbances, such as fire. Combining these maps and records can produce time-
series consistent activity data. Where maps are not available, the record data can still be used in a survey type
approach.

There are two broad wall-to-wall methods:

1. aconsistent time-series of data using the same or similar sensors, common analysis methods and time-series
processing methods; and,

2. one or more maps developed using different sensors and methods, and not applying time-series consistent
processes.

When using Approach 3, wall-to-wall methods it is good practice to:
e minimize the influence of misalignment of images or artefacts in data (e.g., cloud cover);
o ensure the data will be consistent with the methods for estimating emissions and removals

e ensure the time-series is dense enough to identify activities that drive emissions and removals (e.g., if the period
between two points in time (i.e. the change detection period) is 5 years, but forest cover following clearing or
harvesting recovers in 2 years, then management events affecting emissions and removals may be missed,
depending on the method applied);

e demonstrate that, in cases where the time between maps differ (e.g., a 5-year gap, followed by a 2-year gap),
this does not bias results by changing detection rates;

e use that the sensor data used in the maps does not cross over the mapping time period. For example, when
creating composite products (e.g., to remove cloud or sensor errors) ensure that the images selected for one
year are not the same or cross over image dates in the previous or following years (cross over occurs when e.g.,
a 2005 map uses data from 2002-2008 and a 2010 map uses data from 2007-2013);

e demonstrate that the changes tracked through time are consistent and to report on any corrected biases and
known uncertainties of the analysis.

e ensure that any improvements made to any single map in the time-series are consistently applied to the other
maps in the time-series and the results are recalculated, in particular when new maps are added to the time-
series; and

o evaluate the final products to ensure consistent representation of land-use with no double counting or omission
of lands.

An example of an Approach 3 wall-to-wall approach can be found in Australia’s national inventory report
(Department of the Environment and Energy 2018).

It is challenging to maintain a spatially consistent time series where different land cover maps have been developed
using different data (e.g., different sensors) or methods (different algorithms or operators using visual
interpretation). In such cases it may not be possible to use this data in an Approach 3 context, since it is difficult
to ensure that the land-uses will be spatially consistent through time in the time series. However such data may be
used to stratify samples used in the application of Approach 2 (GFOI 2016).

When using wall-to-wall Approach 2 methods it is good practice to:
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e describe the difference between the land cover data in the time series;
e apply sample-based methods to determine uncertainties and correct for bias; and

e describe how areas with potential multiple changes in land-use through time are addressed in estimating
emissions and removals using the data.

Sample based methods

Sample based methods directly estimate land-use and land-use change from repeated samples. Samples may be
obtained from ground surveys (such as a national forest inventory or national land survey) or remote sensing (e.g.,
satellite imagery, aerial photography or lidar or a combination of both). Well-designed sample-based methods
provide an accurate statistical representation of land-use and land-use change but do not provide information on
every specific area of the land territory (i.e. is not wall-to-wall spatially explicit).

The two most common sampling methods applied are:

e permanent sampling methods, where the same sample area is measured or analysed through time using
consistent methods and processes; and,

e temporary sampling methods, where data is collected for only one point in time or, if repeated measurements
are taken through time, these are not taken for the same locations.

Within these two broad methods there are a range of options countries can apply, including combining permanent
and temporary sampling methods.

Where permanent sample methods have been applied it is possible to use these data in an Approach 3 system by
tracking each sample unit through time and determining the history and scaling appropriately. These units could
also be used in an Approach 2 method by only determining land use and land use change between two consecutive
periods. An example of Approach 3 sample based method for estimating land-use and land-use change can be
found in Sweden’s national inventory report (Swedish Environmental Protection Agency 2016).

Where only temporary sample units are used without repeat measurements, it is not possible to apply Approach 2
or 3 methods unless temporary sample data is combined with other data (auxiliary data or permanent plots).

A key issue when selecting a sampling design is that the sampling methods must be able to be applied over the
whole area of interest and the sample size must be large enough to produce sufficiently accurate estimates of land-
use and land-use change categories and sub-divisions, given the policy requirement and the costs involved. No
matter what type of sample method applied (ground or remote sensing), it is good practice to ensure:

¢ asufficient number of samples are used with repeat measurements over time to identify both land-use and land-
use changes with a desired level of uncertainty;

e where samples are used to determine land cover, that these data are used with other information, if necessary,
to identify the land-use category;

e samples are collected or re-measured with sufficient temporal frequency to ensure land-use changes and
management events affecting emissions and removals are identified,;

e samples are collected with sufficient temporal consistency that detection rates of change do not alter due to
differences in sampling frequency;

e where sampling methods have changed through time, these changes do not lead to inconsistencies in the
reporting of areas of land-use and land-use change; and

o the sample assessment protocols are well documented.
Survey based methods

Statistical survey methods involve obtaining information on land-use and land-use change and land management
practices either through national programs or through targeted requests to land holders, land management agencies
and companies.

There are two broad methods for statistical surveys:

e surveys that collect information on land management practices through time for a specific area or land use;
and,

e surveys that aim to collect information on land use and management practices in a specific period only, or only
on land use without information on land management.
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Surveys can provide inventory compilers with access to lists of stands or land areas subject to different land-use
and activities. These lists can provide detailed information on land areas and their management but may or may
not include information on the exact location of the land unit. For example, within a region, information on the
area, species, type and management of all forest areas (stands) may be available to the inventory compiler as a
table, but the exact location of the stand is unavailable (e.g., due to privacy, commercial or political reasons). This
data can be particularly accurate for land-uses with high-commercial value as detailed data is collected on these.
However, these types of survey data do have temporal consistency and known geographic boundaries and can be
considered Approach 2 or 3 depending on whether the land use changes are tracked across time or not. When using
this method, it is good practice to:

e ensure that the area of the land units surveyed is consistent with the area of the entire land use category and
other land uses, in particular where the land units do not cover all the land-use categories (i.e., where a mix of
Approaches are applied); and

e where possible, compare the area estimates obtained from other methods, such as sample-based methods.

Surveys that provide an estimate of the area of land use for a single point in time or where land use and activities
cannot be assigned to any land unit only can be used to develop Approach 1 land representation. This data is often
used in combination with other data to develop a complete land use estimate. An example of an Approach 3 survey
based approach for estimating land-use and land-use change can be found in Canada’s national inventory report
(Environment and Climate Change Canada 2018).

3.3.4 Combining Multiple Data Sources

Remote sensing products are increasingly being used by countries as a source of information to estimate land-use
and land-use change (GFOI 2016). The most common use of these products is to detect land cover and cover
change. There are few cases where one single data source or method are used to develop area estimates for land-
use and land-use change for all strata, sub-strata and reporting categories. For instance, while remote sensing data
is useful for identifying land cover and where a change in cover has occurred, the resulting products often do not
provide information on the drivers that occurred to cause the change, the actual land uses and the likely associated
emissions and removals. Combining remote sensing data products with other data sources is often required to
obtain all the required information for estimating emissions and removals and to correctly allocate lands to the
IPCC land-use categories over time.

Typically, countries will combine a variety of different data sources and approaches to estimate areas of land-use.
This could include multiple remote sensing products (including wall-to-wall and sampling approaches), census,
survey, farmer interviews, field observations, expert knowledge, or some combination of these sources (Ogle et
al. 2013; GFOI 2016). Combinations of data sources may also occur within a type of data. (e.g., national and
regional or local statistics may be combined when national data is incomplete). These may occur for several
reasons, including that the time-series is incomplete (i.e. some years are missing and are supplemented with other
statistics), a land-use class or stratum is missing (e.g. sugarcane area is missing in the national cropland area
statistics), more accurate statistics are available (e.g. from a different data provider).

When combining different data types and sources it is good practice to:
o report the spatial and temporal scales of the data sources;
e cnsure consistency between different temporal or spatial scales in the data sources;

o verify spatial datasets conform to national mapping standards (e.g., appropriate equal area projections) to
ensure accurate area calculations, and that raster and/or vector layers align and are within official national
boundaries;

e cnsure that land conversion areas are consistent with each other across the entire time-series. For example,
losses in the area of Forest Land categories are consistent with gains in the areas of Forest Land converted to
Cropland, Grassland, Settlements, Wetlands, and Other Land;

e ensure that the land conversion period is applied consistently across all land-use categories (i.e., that the same
number of years is used before lands in a ‘converted to’ sub-category move to the ‘remaining’ sub-category);

e establish a hierarchy among various data sources and proceed to their integration accordingly (i.e., higher
quality data prevail to other data when an inconsistency appears among them);

o fill data gaps to derive consistent time-series of land-use and land-use change (See Section 5.3, Chapter 5
Volume 1); and,

e report uncertainties of land-use and land-use change estimates.
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Spatially explicit approaches are commonly combined with other spatial data (e.g., forest and/or soil types, climate
data) to produce emissions estimates. When using multiple spatial data layers, especially when combining vector
and raster data sources of different spatial and temporal resolutions (Merchant & Narumalani 2009) it is good
practice to ensure that:

e all data layers are registered to a common projection, and that the layers align as far as possible, to prevent
errors due to misalignment such as slivers or areas of false change along the edges of boundaries between
different land-use categories;

e reprojection of spatial data do not cause errors if applied correctly using appropriate type of projection for a
given location (Seong 2003);

e when combining data of different pixel sizes (e.g., climate data at 1km, with satellite land cover data at 25m)
that the pixels align with ground coordinates; and,

o if pixels are resampled (e.g., resampling of Landsat pixels from nominal 30 m to 25 m) this is done prior to
classification.

3.3.5 Derivation of IPCC Land-Use Categories from Land
Cover Information

Inferring land use from land cover at a specific point in time can lead to misclassification of the predominant land-
use. It is good practice to clearly document the country-specific rules applied in the inventory to consistently
derive land-use from land cover, both spatially and temporally, including predominance among land use categories.
When deriving IPCC land-use and land-use change categories from land cover data, the following generic steps
should be considered:

e translate remote sensing data to land cover types using decision rules and image classification;

e develop rules to translate land cover and cover change types to land-use and land-use change categories (i.e.,
attributing land cover information to land-use) using well-defined specific supplementary information

e collect any required supplementary information and apply the developed rules.
Existing national data

Existing national data can be used for estimating land areas, alone or in combination with other data to derive
IPCC land-use categories. Defining the equivalence between national land-use categories and IPCC land-use
categories may not be straightforward, as national datasets are often developed for other purposes and do not
necessarily match the [IPCC definitions. For example, the definition of forest cover in some existing remote sensing
products may differ from the nationally adopted definition for Forest Land. Even where the definitions are the
same, existing forest type maps generally cannot compare to new remote sensing products due to differences in
spectral and geometrical resolutions and the methods applied for land-use classification. This is particularly the
case for older forest type maps derived from visual interpretation compared to semi-automated and automated
methods.

In developing IPCC land-use information, it is good practice to:
e define the national land-use categories and develop rules to track them in the inventory, where needed;

e describe how multiple data sources are combined to classify land-use and how the methods ensure consistent
representation of lands;

e demonstrate that the land-use categories definitions cover the entire variability of land-uses of the country
territory, and do not overlap;

e report an equivalence table between the categories used in the national land-use classification scheme and the
IPCC land-use categories defined in Section 3.2, and

e report which land cover elements and classification rules are used to identify land-use categories and
attributions, including predominance among land uses. The applied classification rules need to be explained
by reporting additional information used and any assumptions made to match land-use categories for the
national classification system and the [IPCC Guidelines discussed in this Chapter.

Global datasets for land-use classification

Accuracy of global products (Table 3.A.1.1) varies regionally due to factors including differential sensitivity of
detection at biome and eco-regional scales, limited availability of regional data to calibrate algorithms and limited
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validation of outputs. Furthermore, many global products only produce estimates of land cover not land-use, with
definitions that may not match national country definitions. Because of these issues, using global maps for
inventory reporting can lead to inconsistencies in data and tend to produce activity data estimates with lower
accuracy and higher uncertainty than are attainable by national mapping (GFOI 2016). Conversely, national
products can be tuned to national circumstances and land-use definitions using knowledge and auxiliary data
available at the national/international level. Therefore, when using global data sets, it is good practice to:

e assess the consistency of the global dataset with national definitions of land-use and suitability for reporting
(e.g., time-series consistency, spatial scales, update processes);

e assess the accuracy of the products for the mapped land-use categories and correct for bias by using ground or
other reference data; and,

e ecnsure that the accuracy assessment processes represent not just the IPCC land-use categories, but also the
strata (e.g., by forest types, areas impacted by disturbances, soil classes) used to estimate emissions and
removals.

National assessment of the relative advantages of global and national maps to generate national level estimates of
land-use and change are also related to: 1) preferences for national ownership of the process; 2) whether national
mapping capacity already exists and 3) national needs for a land cover map (e.g. related to forest definition and
land cover classifications, for integration with domestic planning).

The relationship between global data and the national land-use definitions is important and in comparing national
estimates and global products, it is good practice to:

e cnsure that products are applied to the same geographic extent and time period;

e ensure that the land-use area and changes derived from the global data correspond as nearly as possible to the
national definitions and legend;

e use reference observations consistent with the national definition. If the reference data are stratified, e.g. by
accessibility or biomass quantity, strata should be applied consistently over time irrespective of whether
national or global map products are being used; and,

e reduce common inconsistencies between global data and national definitions which are related to e.g. the
minimum canopy cover thresholds, detailed consideration of land-use, the minimum size of land-use areas, and
the minimum tree height.

Addressing gaps in remote sensing data

National inventories require annual estimates of emissions and removals and ideally, annual data would enable the
generation of annual estimates of change for all land-uses. In practice, such data is not always available for all
land-uses for every year and the cost of obtaining and processing the data may be too high. Consequently, inventory
compilers will likely need to decide which data to collect, how frequently and to apply methods, such as splicing
techniques, to cover these gaps.

When covering data gaps from unavailable land-use and land cover data, it is good practice to:

e define, document and report the years where remote sensing data are missing. When the number of years
between data availability varies, demonstrate that the land-use change detected across the time series is
consistent and not influenced by the change in frequency of observations;

e justify the choice of the methods used to fill the data gap, and describe the method used for interpolation or
extrapolation consistent with the guidance provided in Chapter 5, Volume 1. When using interpolation methods,
if the land-use category on a sample unit or on a land use changes between consecutive inventories the year of
conversion should be identified. If this is not possible a random year for the conversion should be selected.
When extrapolating missing data based on trends and proxies, justify the length of the time-series used to
develop the trend. Whenever possible use functional proxies (i.e. driver of changes) for extrapolation or
interpolation; and

e report the limitations and consequences of filling land cover data gaps with the chosen method. Whenever
possible, estimate, document and report the uncertainty linked to the remote sensing annual data available and
the uncertainty linked to the periods where this data is not available.

Further, in the case of remote sensing data, some areas of land may not be covered with data in every period. This
often occurs due to persistent cloud or haze, errors in the satellite or due to limited acquisitions in some areas.
These areas are often removed from the analysis and classed as ‘no data’. Where wall-to-wall approaches are used,
these gaps may lead to errors in the estimates of land-use and land-use change. This problem increases with
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increasing temporal density of the data. As such it is good practice to apply methods that can accurately fill these
data gaps in a time-series consistent manner (See Annex 3A.2.4 for examples).

3.3.6 Stratification of land-use data

Once land-use and land-use conversion areas have been established, it is necessary to consider the capacity and
need for further stratification.

Stratification is the process of disaggregating a land-use category (e.g. Forest Land, Cropland, Grassland) into
logical, typically homogenous, sub-divisions (e.g. tropical/dry forest, crop types, improved or unimproved
pastures). This process is commonly applied to reduce the uncertainty of emissions and removals estimates as it is
useful to:

e cstimate emissions and removals for key land-use sub-categories;

e enable tailoring of specific methods or data collection processes in different strata. For example, due to weather
conditions and cloud effects, it is much more difficult to measure Forest Land converted to other land uses
using multispectral remote sensing data in fragmented dryland forests than contiguous moist tropical forests;

e track areas under conversion across time-series, especially to deal with subsequent changes;
e assist in the management of uncertainties and plan continuous improvement of the inventory;

e increase the flexibility in reporting of monitored data, such as the effectiveness of policies tailored to specific
strata (e.g. forest types, risk types).

Stratification may be needed to locate relevant data from subsequent chapters for emissions factors, carbon stocks,
etc. Table 3.1 shows the typical stratifications for which data are available for the application of Tier 1 emissions
and removals estimation. Throughout the default tables used to populate equations to calculate a Tier 1 inventory,
specific data cells are highlighted that represented the pre-defined stratifications applied to Tier 1 inventories. That
is, Tier 1 default data (tables) conform to a consistent stratification so that there is no further calculation or
ambiguity in the appropriate selection of default data to populate equations. Where countries are preparing Tiers
2 and 3 inventories, it is likely that stratification schemes may differ based on country-specific information and
selection, manipulation or supplementation of default data may be required.

Common strata include layers such as soils, site class, topography, aspect, dominant tree species or species clusters
are commonly used for stratification. However, unless all land-use area and stratification data are spatially-explicit
(Approach 3), the development of rules for allocations to strata may be required. Table 3.6B provides some
examples of possible data types and assumptions to stratify land-use and land cover.
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TABLE 3.6B (NEW)

EXAMPLES OF AUXILIARY DATA AND POSSIBLE ASSUMPTIONS THAT CAN HELP TO DETERMINE AND STRATIFY LAND-USE.

Issue

Data

Possible assumptions'

Separate forest cover change due to
management activities from land
use changes

Maps of forest management
areas

Data on forest management
practices and harvesting
plans

Areas of cover change in Forest Land are due
to harvesting (i.e., not land use change)

Separate cover changes between
those associated with natural
disturbances (these are only cover
changes)l and those due to human
intervention (e.g. land use changes
or harvesting)

Maps of disturbances, such
as fire or pest extent maps

Maps of National parks and
protected areas

Changes in cover that occur at the same time
as fire or pest attack may be considered due
to these causes unless otherwise noted.

In certain circumstances, cover changes under
certain tenures (such as national parks) may
be due to natural processes, but these still
need to be assessed.

Determine if the forest type is
natural or plantation

Maps of plantation
management areas, private
plantation areas.
Knowledge of new planting
areas and policies

Soils and climate

Forest areas within the plantation areas can be
considered plantations.

Areas of newly established forest classes
depending on known planting types

Commercial plantations only occur on
specific soils or in climatic ranges

Separate crop types and
management practices

Climate (rainfall,
temperature etc), soil
c