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A Guide to Mapping Forest Land for the Emissions Trading Scheme



The Guide to Mapping Forest Land (“the Guide”) provides practical guidance on, and examples of, how
to map the area of pre-1990 and post-1989 forest land for the Emissions Trading Scheme (ETS). All
mapping must be completed in accordance with the Geospatial Mapping Information Standard “the
Mapping Standard”, available at and issued under the authority
delegated to the Chief Executive of the Ministry of Agriculture and Forestry (MAF) by the Climate
Change Response Act 2002 (“the Act”).

The Guide describes the steps that must be taken when applying the two approaches to mapping forest

land specified by the Mapping Standard:

« use of the on-line mapping tool within MAF’s Climate Change Information System (CCIS); or

= submission in electronic form to MAF of map information created using a Participant’s own
geographic information system (GIS).

For these approaches to mapping, the Guide covers the following key topics:
= When is a map of forest land required?

= How is forest land delineated in accordance with the Mapping Standard?
= What are Carbon Accounting Areas and why are they needed?

< How is mapping completed using the MAF on-line mapping tool?

e How do | prepare and submit mapping information from my own GIS?

The Guide also includes:
« aglossary of key terms relevant to forestry in the ETS, summarised from the Act and the Climate
Change (Forestry Sector) Regulations 2008 (“the Regulations”); and

= an abbreviated form of the Mapping Standard, as Appendix 1; (the detailed definition of the
New Zealand Transverse Mercator 2000 map projection is only included in the full version of the
Mapping Standard, available at )-

The Guide to Mapping Forest Land is one of a series of guides prepared to assist the forestry sector,
other landowners and potential investors understand the detailed operation of the ETS for forestry.
These guides provide general information only, and do not purport to give advice regarding specific
circumstances in relation to the ETS, New Zealand’s climate change legislation in general, or the
particular circumstances of individual land and forest owners.

The full set of guides that provide detailed information on the function, operation and information
requirements of forestry in the ETS can be found on the MAF website, at

. Some information for the forestry ETS must be collected, processed or submitted in accordance
with prescribed rules and procedures, in order to comply with legislation or regulations. These rules
and procedures are set out in documents termed “Standards” and are also available at

The guides provide not only a general introduction to all aspects of forestry in the ETS, but also give
practical advice and examples of how to interpret, and obtain information compliant with, the relevant



INTRODUCTION

For a Participant in the forestry Emissions Trading Scheme (ETS) to be able to calculate their
entitlements or obligations under the Act, they must first estimate the total amount of carbon stored on
the forest land registered in the ETS (that is, the forest “carbon stocks”). This requires that two steps
be completed:

1. Determining the area of forest land to be registered in the ETS.

2. Calculating the total forest carbon stocks on the registered forest land (in tonnes of carbon
dioxide [CO,] per hectare).

This Guide provides practical advice on the first of these two steps: determining the area of forest land
to be registered in the ETS. Essentially this involves mapping the forest land in accordance with the
Mapping Standard, and for post-1989 forests only, by also assigning discrete mapped areas to Carbon
Accounting Areas (CAAs). Other guides provide advice on estimating the average forest carbon stocks
(tonnes of CO, per hectare) on the forest land: the Look-up Table Guide, Field Measurement Guide, and
Carbon Calculator Guide. The total forest carbon stocks are obtained by multiplying together the average
carbon stocks per hectare and the registered forest land area.

Apart from determining forest land area, mapping forest land also allows:

« verification of the applicant’s legal rights (or obligations) in relation to the forest land area, by
allowing the mapped area to be checked against the areas recorded in legal titles, forestry rights or
leases, or Crown conservation contracts;

= confirmation of the dates of forest establishment and any other conditions associated with the
definition of forest land, by overlaying the mapped area on historical aerial photographs or satellite
imagery showing vegetation type.

1.1 When is a map of forest land required?

Geospatial mapping information (“mapping information”) about forest land must be prepared and

submitted to MAF when:

< initial registration is made to include post-1989 forest land in the ETS;

= adding land to, or removing some land from, the registered area of post-1989 forest land,;

« aforestry right or lease, or a Crown conservation contract, either comes into force or ceases to be
applicable, for part of a registered area of post-1989 forest land;

< an application is made for an exemption from deforestation liabilities for a total area of pre-1990
forest of less than 50 hectares; or

= an emissions return is submitted in relation to deforestation of pre-1990 forest land.

1.2. QOther important information

Before reading the remainder of this document, readers should be familiar with information given in A
Guide to Forestry in the Emissions Trading Scheme (available at www.maf.govi.nz/sustainable-forestry). It
provides explanations of key concepts and definitions that have special meaning for forestry under the
Act and the Regulations.

The more important definitions are reproduced here in the glossary. Further details are available in the
Act and the Regulations, which can be found at www.legislation.govi.nz.



HOW IS FOREST LAND

DELINEATED IN ACCORDANCE
WITH THE MAPPING STANDARD?

The topics covered in this section of the Guide are:

e a summary of the mapping process;

key mapping concepts and definitions;

mapping forest land in accordance with the Mapping Standard;
examples of forest land mapping;

= some common mapping issues and what to do about them.

2.1. A summary of the mapping process

The process of mapping forest land - that is, in the context of the ETS, the process of producing
mapping information in compliance with the Mapping Standard - is completed by following the steps
summarised below. These steps are described using industry-standard mapping terminology and
concepts, and also use terms that have special meanings under the Mapping Standard. Such terms are
italicised in the steps below, with full descriptions given in Section 3.2 below.

Forest land is mapped by:

1. Obtaining base imagery (orthophotography or orthorectified satellite imagery) of sufficient detail
to map the edges of the forest over the area of interest. The base imagery must be in the correct
map projection.

2. Using a mapping tool to draw polygons that define the edges of the forest land eligible to be
registered in the ETS, over the base imagery.

Using the mapping tool to add attributes to the forest land polygons, as required.

Assembling the polygon and attribute data that define an applicant’s forest land into a shapefile,
and providing the shapefile to MAF.

A Participant can prepare shapefiles for registration in the ETS using either MAF’s on-line mapping
tool or the Participant’s (or a consultant’s) GIS. The shapefiles must be in the format specified in the
Mapping Standard.

The Mapping Standard specifies two ways to submit for registration a shapefile that defines an

applicant’s eligible forest land:

= using MAF’s on-line application process for areas of 2000 hectares or fewer, with the shapefile
submitted by electronic upload; or

= a paper-based application for an area of any size, with the shapefile submitted on a COROM/DVD
— in this case, areas greater than 10 000 hectares must be provided in separate shapefiles.

The use of these approaches to define and submit shapefiles is considered in detail below, in
Sections 5 and 6.

2.2. Key mapping concepts and definitions

Terms used in the mapping process
The terms introduced in the summary of the mapping process (Section 2.1 above) are defined, in the



order they were introduced, as:

Base imagery (orthophotography, or orthorectified satellite imagery)

Mapping tools use specially processed aerial photographs or satellite images as the backdrop over which
the polygons that define forest land may be drawn. The processing of aerial photographs or satellite
images so they are suitable for use as backdrops involves correcting for distortions due to topography,
camera angle and lens imperfections.

The result is an image that is orthographically correct. That is, it is like a map: it has a defined
orientation, and area, shape, direction and distance can be determined according to a single scale
across the entire area. Orthographically corrected imagery, including digital photographs, is often simply
referred to as orthoimagery. But the terms orthophotography and orthorectified satellite imagery are also
used, depending on the source of the image data.

There are a number of national orthoimage datasets based on satellite imagery held by Crown agencies
in New Zealand, and acquired within a few years of 1990, 1996, 2000 and 2008. Most of the country
is also covered by Crown-owned orthophotography, although the original photographs span a relatively
wide range of dates, with limited repeat coverage. A number of local authorities have also produced
orthophoto datasets, covering entire regions in some cases.

Persistent cloud in some areas of the country, particularly Northland, means there remain areas of
New Zealand without recent orthophoto coverage.

Map projection

Mapping involves representing (“projecting”) the three-dimensional surface of the Earth onto a two-
dimensional sheet of paper (or its electronic equivalent), in such a way as to minimise distortions in
area, shape, direction and distance. This is done by developing a map projection: a set of mathematical
equations that describe the relationship between the same points on the three-dimensional and
two-dimensional surfaces. The particular set of equations now used for topographic mapping in

New Zealand is known as the New Zealand Transverse Mercator 2000 (NZTM2000) map projection.
Details of the NZTM2000 map projection can be found in Appendix 1 of the full version of the Mapping
Standard available at

Mapping tool

A mapping tool is a computer software package designed to allow a user to create, store, edit and
display as a map the polygons (and their attributes) that define the boundaries of physical features
visible on base imagery — features such as forests, roads and lakes. The process of creating an
electronic representation of such features, by drawing directly over base imagery displayed on a
computer screen, is termed “on-screen digitising”.

Polygon

For the purposes of mapping, a polygon is defined as a closed shape bounded by sequentially
connected polylines that do not cross, such that the map co-ordinates of the end point of one polyline
are the same as the map co-ordinates of the start of the next polyline.

Attributes

These are the properties of a polygon. For example, in the case of mapping forest land, attributes might
be the area, forest species and the planting date of the forest within the polygon.



Shapefile

A shapefile is the most widely used format for encoding map data as an electronic file. It comprises

a set of sub-files listing the types of geometric feature in the data (only polygons in the case of forest
land mapping), the data that defines the polygon locations, the attributes of each polygon, and the
map projection in which the polygon locations are given. The shapefile specification adopted under the
Mapping Standard is set by the Environmental Systems Research Institute (ESRI), the developer of the
world’s most widely used GIS. Most commercially available GIS known to be used to map forest land in
New Zealand are able to export mapped data in shapefile format.

On-line mapping tool
This is a tool provided by MAF to allow Participants who do not have access to a GIS to map their forests.

The tool essentially comprises a very simple GIS, and is available as part of MAF’s on-line Forestry ETS
application process. A description of how to use this tool is given later in this Guide (Section 5).

Geographic Information System (GIS)

A GIS is a computer software package that captures, stores, analyses, manages and presents information
that refers to, or is linked to, location - that is, it deals with spatial, or mapped, information. It is
typically used to create and store electronic maps; to overlay and analyse different sorts of spatial
information; and to display, edit, format and print new maps resulting from such analysis.

To complete mapping of forest land successfully, it is also necessary to be familiar with key terms defined
in the Mapping Standard. These terms are:

Land parcel boundary
The spatial boundaries recorded in Land Information New Zealand’s (LINZ’s) Landonline database.

Non-eligible land

Land that is not pre-1990 or post-1989 forest land. This comprises non-forest land, and areas of
indigenous forest land that existed at 31 December 1990 and remained until at least 1 January 2008.

Line segment
A straight line bounded by end points with distinct map co-ordinates.

Polyline
A continuous line composed of one or more line segments.

Polygon
As defined above.

Tree crown edge
The estimated spatial location of the outer edge of the foliage of a tree at the time of maturity, for an
individual tree that is a forest species.

The tree crown edge definition is one of the most important in terms of locating forest land boundaries.
Locating the tree crown edge involves some interpretation (and thus also has some intended flexibility) to



allow for variation in growing conditions and species. Using “at the time of maturity” as the condition
for determining the location of the tree crown edge also allows a single canopy edge to be drawn
irrespective of tree age. Further, the definition is also able to handle the situation in which an area of
deforested land must be mapped after trees have been felled.

For the purposes of mapping the extent of forest land for plantation forest, the age “at the time of
maturity” should be taken as meaning the age at which trees will be harvested or are cleared, while in
the case of permanent forests it will be when the tree canopy has reached maximum expansion.

The mapping process essentially comprises three steps:
1. Identifying discrete areas of contiguous forest land.

2. Identifying the forest land edges of that forest land.

3. Combining those edges to form polygons within which there is only post-1989 forest land or pre-
1990 forest land.

The set of rules that must be followed when performing these steps is given in Section 4 of the
Mapping Standard. In this section of the Guide we provide a practical interpretation of these rules, and
illustrate their application when digitising forest land using base imagery - in this case by digitising
over a series of aerial orthophotos.

Note that once an area of forest land enters the ETS, the area may only be changed if part of the
registered forest land area is either removed or transferred to another Participant.

The rules used to identify forest land edges are those given in Clauses (5)(a) to (5)(c) of Section 4 of
the Mapping Standard. The clauses apply in order of precedence (a) to (c), with (a) highest. Mapping of
a given forest edge ceases once completed under a given clause.

Using these rules, forest land edges are determined as follows (italicised text is from the Mapping
Standard):

Clause (5)(a): If the tree crown edges of an area of forest land adjoin or overlap a land parcel boundary,
by drawing a polyline coincident with the land parcel boundary; except if the land parcel boundary is
common to another land parcel to which the application, notification or emissions return also applies.

Interpretation: only forest land to which the applicant has some form of legal entitlement may be
registered in the ETS (whether as the forest landowner, a forest right-holder or lease-holder, or as a
Crown conservation contract holder). Thus, if the tree crown edges extend right up to (or overlap) a land
parcel boundary that marks the outermost limit of the forest land that the applicant may legally register
in the ETS, the forest land edge is a polyline drawn coincident with the land parcel boundary.

This rule is not, of course, mandatory where there is a legal entitlement to register in the ETS forest
land that exists on either side of a land parcel boundary (such as when the forest covers two adjoining
land parcels both owned by the Participant).

Figure 1 illustrates a common example of applying Clause (5)(a) of the Mapping Standard.



Figure 1: Identification of forest land edges

1. Correct placement of the polyline
delineating the forest land edge
when a forested area adjoins or

overlaps a land parcel boundary
that is also a land tile boundary.

2. The forest land edge follows the
tree crown edge when there are
discernable gaps between the land
title boundary and the edge of the
forest.

Key

Yellow: forest land polygon
White:  land parcel boundary
Red: land title boundary

Clause (5)(b): if Clause (5)(a) does not apply; for an area of pre-1990 forest land that adjoins an area of

post-1989 forest land, by drawing a polyline to separate the pre-1990 forest land and the post-1989
forest land.

Interpretation: the ETS requires post-1989 and pre-1990 forest land to be separately mapped. Thus, if
the tree crown edges of an area of pre-1990 and post-1989 forest land are immediately adjacent to one
another, the forest land edge is a polyline drawn to pass equally between the (possibly overlapping) tree
crown edges of the trees in the pre-1990 and post-1989 forest land classes. Figure 2 illustrates some
common examples of applying Clause (5)(b) of the Mapping Standard.

Figure 2: Forest land edges where post-1989 and pre-1990 forests adjoin

1. Correct placement of polylines
separating pre-1990 and post-
1989 exotic forest land.

2. The forest land edge follows
the tree crown edge when
there are discernable gaps
between the pre-1990 and
post-1989 forest land (e.g. if
separated by a road).

Key
Yellow: polylines delineating the
forest land edge




Clause (5)(c): if Clause (5)(a) or (5)(b) do not apply, by drawing a polyline to separate forest land from
non-eligible land, with the polyline constructed so that:

i) line segments intersect all tree crown edges that are adjacent to the non-eligible land, and are as
close as practicable to the adjacent non-eligible land; and

ii)  no point within any line segment shall be more than 15 metres from a point at which that line
segment intersects a tree crown edge.

Interpretation: the Act permits only eligible forest land (i.e. pre-1990 or post-1989 forest land) to be
registered. Non-eligible land (e.g. indigenous forest established on or before 31 December 1989, and
non-forest land) must be excluded. However, it is recognised that it is not feasible to exclude during
mapping all small areas of non-eligible land, although the inclusion of such areas should be minimised
as far as practicable.

The rules in Clause (5)(c) above are therefore a compromise between the effort of mapping out all areas
of non-eligible land, the total error in the area of forest land if some minor amounts of non-eligible land
are included, and the level of detail generally visible on base imagery used to map forest land (i.e. 15
metres is reasonably discernable).

Clause (5)(c)(i) above is designed simply to ensure the forest land edge is placed inside, rather than
outside, the forest — while also being as close to the edge of the forest land as possible.

Clause (5)(c)(ii) above is designed to reduce the mapping effort for forests with complex edges by
avoiding having to follow exactly every detail of the edge. It also allows mapping to be performed
under a single set of rules irrespective of whether the forest is a closed-canopy or open-canopy forest.
Further, it provides some discretion about how areas on either side of forest tracks are mapped, as the
“15 metre rule” (Clause (5)(c)(ii) of the Mapping Standard, above) allows a mapped forest edge to
cross narrow tracks or roads so as to include within a single polygon the forest land on either side - if
desired).

Figures 3, 4 and 5 illustrate some common examples of applying Clause (5)(c) of the Mapping Standard.

1. Exercising the “15 m rule”
avoids having to follow the
exact edges of tree crowns,
allowing simpler delineation
of the forest land edge. Care
should be taken to avoid
mistaking shadows as part of
the tree crown.

Key

Yellow: polyline delineating the
forest land edge,
“smoothed” by exercising
the”15 m rule”




Figure 4: Bridging a gap using the “15 metre rule”

1. The “15 m rule” optionally
allows small gaps to be
crossed during delineation
of the forest land edge,
simplifying digitising.

Key

Yellow: polyline delineating the
forest land edge, “smoothed”
by exercising the”15 m rule”

Figure 5: Inclusion and exclusion of areas less than 30 metres wide

1. Forest land may include an area
of forest less than 30 metres wide
provided that it is contiguous with
an area that already meets the
definition of forest land.

2. Areas of forest smaller than one
hectare, or with an average width
of less than 30 metres and not
contiguous with another area of
forest land, do not comply with
the ETS definition of forest land.

Key

Yellow: polyline defining the outer
boundary of an area of forest
land

Forming forest land polygons

Having defined forest land edges as a series of polylines, as described above, the next step in mapping
forest land is to form the polylines into polygons. To ensure the forest land polygons are formed in an
unambiguous way, the Mapping Standard provides a set of rules (Clauses (2)(a) to (2)(e), and Clause
(3), in Section 4) that govern how polygons are formed.

Using these rules, polygons are defined by (italicised text is from the Mapping Standard):

Clause (2)(a): spatially delineating the forest land edges of the outer boundary of each area of
contiguous forest land. (That is, using the rules and examples in the last section above.)



Clause (2)(b): constructing as a polygon the outer boundary of each area of contiguous forest land from

the polylines that comprise the forest land edges, provided that each resultant polygon has an area of at
least one hectare.

Note that the resultant polygon must be what in mapping terminology is referred to as “topologically
correct”: the constituent polylines must each have an end point that is coincident with the start point

of the next polyline, and if two polygons have a common boundary, that boundary must be derived from
the same polyline(s).

Figures 6 and 7 illustrate examples of the correct formation of a polygon by applying Clauses (2)(a) and
(2)(b) of the Mapping Standard.

Figure 6: Formation of a polygon over two forest species

1. A polygon formed from forest
land edges consisting of tree
crown edges along forest
tracks, and the edge marked
by a land parcel boundary.

Key

Yellow: forest land polygon
White:  land parcel boundary
Red: land title boundary

Figure 7: Formation of a polygon over two land parcels

1. A polygon formed over two
adjacent land parcels under
one ownership. The forest land
edges consist of tree crown
edges along forest tracks, and
the edge marked by a land
parcel boundary (that is also
a land title boundary in this
case).

Key

Yellow: forest land polygon
White:  land parcel boundary
Red: land title boundary




Clause (2)(c): for each polygon created by steps (2)(a) and (2)(b), spatially delineating any forest land
edges within the polygon adjacent to any area of contiguous non-eligible land that is greater than
1 hectare and has an average width of at least 15 metres measured between tree crown edges.

Clause (2)(d): constructing as a polygon the boundary of any non-eligible land from the polylines that
comprise the forest land edges adjacent to each area of contiguous non-eligible land.

Clause (2)(e): removing the polygons of non-eligible land from the polygons of eligible forest land.

Figure 8 illustrates the correct formation of polygons by applying Clauses (2)(c) to (2)(e) of the Mapping
Standard.

Figure 8: Excluding non-eligible land

1. Non-forest land (a transmission line
corridor that is a legal easement) is
excluded from forest land polygons.

2. A paper road exists next to the
land parcel boundary, and must be
excluded when defining forest land
polygons.

3. Tracks along the outer boundary of
a forest may not be included in a
forest land polygon: that is, the outer
boundary of the forest land polygon
is in this case the tree crown edge.

Key

Yellow: forest land polygons
White:  land parcel boundary
Red: land title boundary

It is optional to apply Clauses (2)(c) to (2)(e) above to any area of contiguous non-eligible land that is
less than one hectare, or that is more than one hectare but has an average width between tree crown

edges of less than 15 metres. Figure 9 illustrates the optional exclusion of an area of non-forest land

less than one hectare and less than 15 metres wide.



Figure 9: Formation of polygons including non-forest areas of less than one hectare and areas less

than 15 metres wide

1. At forest maturity, the skid access

track will be covered by tree crowns,
and so is forest land - and is thus
included in the forest land polygon.

2. Typical skid sites are less than

1 hectare, and so may also be
included within a forest land
polygon. It is, however, optional to
delineate and exclude such areas
— as shown here.

Key

Yellow: forest land polygons
Blue:  non-eligible land polygon
White:  land parcel boundary
Red: land title boundary

Clause (3): each eligible forest land polygon may be further spatially subdivided, provided each resultant

polygon has an area of at least one hectare.

Figure 10 illustrates polygon formation by applying Clause (3) of the Mapping Standard, in this case

subdivision of the polygon by forest age.

Figure 10: Forest land subdivided by species

1, 2. Subdivision of a larger forest
land polygon by forest species,
with the resultant polygons being
at least 1 ha in area.

Key

Yellow: forest land polygons
White:  land parcel boundary
Red: land title boundary
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