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A Guide to Carbon Look-up Tables for Forestry in the Emissions Trading Scheme provides practical
adviceonusingthe carbonlook-uptablesto calculatethe amount of carbonstoredin foreststhat are
registered in the EmissionsTrading Scheme (ETS).

Carbon Look-up Tables can either be default carbon tables provided in the Climate Change (Forestry
Sector) Regulations 2008; or participant-specific carbon tables generated from information collected
onthep ar t i sregsteradpdst-1989 forest land under the Field Measurement Approach (FMA). All
examplesinthis guide usethe default carbontablesprovidedinthe Regulations.

The default carbon tables specified in Regulations are reproduced in Appendix 2 of this Guide; these
are accurate atthe date of publication. Asthe default carbontables are subjectto changeifthe
Regulations are amended, the tables in Appendix 2 must not be relied on for the preparation and
submissionof any required emissionsreturns.

This guide provides general guidance only, and does not purport to give advice regarding specific
circumstancesinrelationtothe ETS,NewZ e a | alimdtéchangelegislationin general, orthe
particular circumstancesof individual land and forest owners.

Thelegalrequirementsrelating to forestry inthe ETSare setoutin:
A Climate Change Response Act 2002 (the Act); and
A Climate Change (Forestry Sector) Regulations 2008 (the Regulations).

These are available at

Ministry for Primary Industries
PastoralHouse
25TheTerrace

POBo0x2526
Wellington6140

New Zealand

0800 CLIMATE (254 628)


http://www.legislation.govt.nz/
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Onceforestlandisregisteredinthe EmissionsTrading Scheme(ETS),forest carbonstockswill needto

be calculated as follows:

A foranarea of post-1989 forestland, if the participant wishes (oris required) to file an emissions
return to determine the changein carbon stocks; or

A foranareaof pre-1990forestlandthat hasbeendeforested, the participant isrequired to surrender
units equal to the forest carbon stocks prior to deforestation.

For post-1989 forest land, the emissions return submitted by a participant requires values for forest
carbonstocksatthe beginningandend ofthe returnperiod. For deforestation of pre-1990forestland,
the emissionsreturn requiresonlyasinglevaluefor forest carbonstocks: thoseinthe yearthat the
forest clearing, associatedwith the deforestation, occurred.

This guide explains how to calculate forest carbon stocks for a given year using carbon look-up tables.
Carbonlook-uptablesareeither the default carbontablesof carbonstocksprovidedinthe Climate
Change (Forestry Sector) Regulations 2008, or participant-specific carbon tables generated using

the Field Measurement Approach (FMA). All the examples in this guide use the default carbon tables
provided in the Regulations; however, the rules and calculationsthat are demonstrated apply equally to
participant-specific carbon tables.

Before reading the remainder of this document, you should be familiar with information given on

MP & dvebsite at This
provides explanations of key concepts and definitions that have special meaning under the Act and the
Regulations. The more important definitions are reproduced here in the Glossary. A complete list of
definitions canbefoundinthe ActorRegulations.

Carbonlook-uptablesareaseriesof pre-calculatedvaluesofforest carbonstocks,byage, for agiven
foresttype. Thecarbonstockvaluesare expressedin units oftonnesof CQ, perhectare. Thevaluesare
equivalentto the weight of CQ that isremovedfrom the atmosphereandstoredinthe forestduring
growth. Thisweight of CQ, isthe sameasthat whichwould be releasedbackto the atmosphereif the
forest fully decayed.

Theforest carbonstockvaluesin the carbonlook-up tablesinclude carboninallcomponentsofa
forest: thatis, inthe stem, branches, leaves androots, andinthe coarse woody debrisandfine litter on
the forest floor.

For post-1989 forest land, a separate set of tables provide the emissions from decay over time of the
coarsewoody debris, stumps, roots and other woody residuesthat remain after thinning or harvest.

Theterm carbonlook-up tablesisusedinthis guide asageneralterm to refer to either of default
carbon tables or participant-specific carbon tables i whichever is required by the Regulations.


http://www.mpi.govt.nz/funding-and-programmes/forestry/emissions-trading-scheme/

Pre-1990 forest land participants (those that have notified the EPA that they are deforesting) are
required to usethe default carbontablesin Schedule4 of the Regulations.Post-1989forest land
participantswithlessthan 100 hectares of landregisteredinthe ETS, orinthe Permanent Forest Sink
Initiative (PFSI), are required to use default carbon tables provided in Schedule 6 of the Regulations.

As mentioned above, the default carbon tables consist of a series of pre-calculated values of forest
carbon stocks, by age, for a given forest type. As there is sufficient information on regional growth rates
available for Pinus radiata, the default carbon tables for that speciesare also differentiated by region.

Usingthe default carbon tables to assessforest carbon stocks is simple and low-cost, however, they are
notspecifictoanindividualp ar t i cforgstant 0 s

The default carbon tables may be revised from time to time as new information comesavailable.

Those with 100 hectares or more of post-1989forestland registeredinthe ETS, orinthe PFSIY, are
required to use participant-specific carbon tables generated from the FMA information.

More information on the FMA, when participant-specific carbon tables must be used, and how the
participant-specific carbon tables are generated, is provided in A Guide to Field Measurement Approach
for Forestry in the Emissions Trading Scheme.

The carbon look-up tables cover five different forest types:
A Pinusradiata;

A Douglasfir;

A exotic softwoods:

A exotic hardwoods:

A indigenousforest.

Pinus radiata and Douglas fir are covered by the carbon look-up tables as discrete species because good
quality data on growth rates and models for these speciesunder New Zealand conditions are available.
Allotherexotic species (thatis, those thatdo not occur naturallyin New Zealand or have notarrivedin
New Zealand without human assistance) are grouped into two generalised carbon look-up tables i exotic
softwoodsandexotichardwoods.

Allindigenous forest species are covered within the single generalised forest type, indigenous forest.

Whatareexotichardwood®r softwoods?

The Regulations provide definitions of exotic softwoods and hardwoods, based on their botanical
classification. Exotic softwoods are defined as exotic forest species in the class Coniferopsida
(gymnosperms), other than Pinus radiata or Douglas fir. Exotic hardwoods are defined as exotic forest
speciesin the classMagnoliopsida (angiosperms). A list of common exotic hardwood and softwood
speciesfound in New Zealandisgivenin Table1.

1 Subjecttothe specific covenantversion: the FMAis required for those with 100 hectares ormore intotalin approved PFSI
covenant(s). ETS and PFSI areas are considered separately for the purpose of FMA participation.



Softwoods Hardwoods

A PinesPinus species A 0akQuercusspecies

A Firs Abies species A Ash Fraxinus species

A Douglas-fir Pseudotsuga menzesii A Elm Alnus species

A SprucesPicea species A EucalyptsEucalyptus species

A CypressesCupressus species A TasmanianblackwoodAcaciamelanoxylon
A LeylandcypressX Cupressocyparis leylandii A Acacia Acacia species

A RedwoodSequoiaspecies A PoplarPopulus species

The carbon stock valuesin the exotic forest default carbon tables are based on well-established forest
growth modelling techniques. Thesetechniques are widely used by the New Zealandforestry sectorto
predict the increasein stem volume in forests over time. Stem volume is converted to whole-tree carbon
stocks using standard conversion factors established from scientific studies on New Zealand forests.
The decayrates for harvest residuesand thinnings are also taken from such studies.

The particular growth models usedto generate default table values for the main forest speciesin
New Zealand, Pinus radiata and Douglas fir, have been directly calibrated against measurements from
arange of sites throughout the country. For the less common exotic species, less data are currently
available. Thishasmeantthat the default table for all exotichardwoodshadto be basedonthe
single most robust growth model currently available: that for Eucalyptus nitens. For softwoods other
than Pinus radiata and Douglas fir, the default table is based on the Pinus radiata growth model, but
adjusted to account for the slower average growth rates of non-radiata species.

For indigenous forest, values of carbon stocks used to generate the default carbon tables have been
taken from areas of regenerating indigenous shrublands. Shrublands represent the first step in the
progressiontoindigenous forest, anditis areaslike thesethatwillfirstenterthe ETS or PFSI. Data for
regenerating shrublands are dominated by the forest speciesmanuka/kanuka, asthis shrubland type
accounts for about 70 percent of the total regenerating indigenous area in New Zealand. The tables
represent the average increasein carbon stocks on a given hectare of land sincethe time regeneration
first began, following a land use change which has allowed an area of non-forest land to become forest
land.

Natural regeneration of indigenous shrublands tends to result initially in a patchy or clumped vegetation
cover,with the limited data availableindicating that it takesabout 10 yearsfor acomplete cover of
shrubland to occur. The indigenous default carbon tables allow for this gradual expansionin vegetation
coverovertime.

The stocking, thinning and pruning management regime for a forest has a substantial influence on the
volumeandquality ofindividuallogs. However,the total carbonstocksin aforest overawholerotation
arelessaffected bythe managementregimethanislogquality: thatis, whether the carbonresidesin
more but smaller logs, or fewer but larger logs, makes little difference. Also, when taken over an entire
rotation, and considering carbon in both live branches and dead branches on the forest floor, different
pruning regimes make practically no difference to total forest carbon stocks.

The main variable, other than growth conditions, that controls forest carbon stocks at any given time
during arotation is therefore the thinning regime and decay of thinnings residues. The default carbon



table valuesfor Pinus radiata and Douglas fir forests were compiled from growth models run for the
thinning regimes commonly usedin New Zealand. The model outputs were averaged accordingto
statistics on the proportion of existing exotic forest area under the different thinning regimes, and by
region for Pinus radiata.

Thethinning regime assumedfor exotic softwoods, other than Pinus radiata and Douglas fir, was the
sameasthe nationally averagedregime for Pinus radiata. For exotic hardwoods, itis assumed no
thinning occurs, consistent with the fact that the growth model for Eucalyptus nitens assumesstands
are not thinned.

The national average carbon sequestration valuesfor indigenous forest assumethere is no pruning or
thinning. The values do, however, implicitly account for both the enhanced natural mortality that is
generally present in naturally regenerated stands, and for the decay of the resultant dead wood.

The values in the default carbon tables reflect growth rates for typical forests in regionally or nationally
averaged environments, under average forest thinning and pruning regimes. It is not possibleto provide
default carbon tables that are site specific, because sufficient data to calibrate the growth models are
not available.

Treesin some locations will therefore grow faster than the default carbon tables predict, for example,
wheretreesareplanted onawarmer site with better soilmoisture thanthe averageconditionsinthe
regional or national datasets. Conversely, some trees will grow more slowly than predicted by the default
carbon tables, becausesite conditions are poorer than the regional or national average. However, the
growth models will accurately represent the average growth of a particular species(or group of species,
asappropriate) atanational scalei orataregional scaleinthe case ofthe Pinus radiata default
carbon tables.

There may also be differences between the carbon stock values predicted by the default carbon tables
andthosefor aparticular forest becauseof differencesin the thinning regime. However, theseare not
expectedto be large when averagedover atypical rotation.

Themainadvantageof usingthe default carbontablesisthat carbonstockscanbe determined atlow
cost and without a forest inventory i although the carbon stocks obtained from the default carbon tables
will not be as accurate in some cases as those obtained using the FMA measurement-based approach.



Forpost-1989forestlandthe carbonlook-uptables mustbe usedto:

A calculate the forest carbon stocks when filing an emissions return; or

A calculatethe forest carbonstockson ceasingto be aparticipant; onthe transmissionof aninterest
in forest land registered in the ETS;or when transferring registration on expiry or termination of a
forestry right, leaseor CrownConservationContract.

Forallpre-1990forestlandthe default carbon tables must be used to calculate the reduction inforest
carbon stocks that arises from deforestation; that is, there is no FMA for pre-1990 forests.

Carbonstocksfor pre-1990forest land (without anexemption) only needto be calculatedinthe case
whengreaterthan 2 hectaresisdeforestedin acommitment period; andnotinthe caseof harvesting
with re-establishment.

The pre-1990 forest land default carbon tables assume deforested areas comprise second or
subsequentrotation forests. Theemissionsliability isaccountedasthe total carbonstocksatthe time
of deforestation; that is, allthe carbonisassumedto beinstantly emitted to the atmosphere.

Useofthe carbonlook-uptablesto calculateforest carbonstocksin pre-1990forestsis consideredin
detail on page 17 onwards, complete with worked examples.

Calculation of carbon stocks for post-1989 forests must allow for a wider range of circumstances: first
rotation forest growth, deforestation/withdrawal from the ETS,and harvesting with re-establishment.
In the latter case,the carboninthe harvestresiduesfrom the previousrotation isaccountedforin
separatetables,andisassumedto decayataconstantrate over10years.

Useof carbonlook-uptablesfor estimating the changein post-1989forest carbonstocksovertime
(for forests continuing in the ETS),or for post-1989 forests that are deforested or voluntarily withdrawn
from the ETS,isconsideredin detail onpage 18 onwards, completewith worked examples.

Touseacarbonlook-uptable to calculatecarbonstocksfor agivenareaof forestland, youneedthe

following information:

A whether the areaisapre-1990or post-1989forestland:

A pre-1990, the area clearedin the previous calendar year;

A theforesttype oneachareaofforestland;

A ifrequiredto usethe default carbontablesfor the forest type of Pinus radiata, the region the forest
landislocatedin;

A the ageofthe forest type atthe time carbonstocksareto be determined; and

A ifthe areaisasecondor subsequentrotation post-1989forest, the previousforest type andits age
at harvest; and if the previous forest type was Pinus radiata, the region.



The Actrequires all records used as the basis for determining forest land area, forest age, forest type
andforestcarbonstocks be keptforatleast 20 years afterthey arefirstused.

Information onclassifyinganareaof forestaspre-1990or post-1989forestlandisprovidedinthe
An Overview of Forestry in the Emissions Trading Scheme at
Hin-the-emissionstrading-scheme/.

If the landregisteredinthe ETSispost-1989forestland, the geospatialmapping information
submitted at registration must also have defined which Carbon Accounting Area (CAA) each mapped
areaofforestland belongsto. Information onassigningforestlandto CAAs canbefoundin AGuideto
Mapping Forest Land for the Emissions Trading Scheme at

Tothecarbonlook-uptables, anareaofforestland mustbe classified as one of five foresttypes: Pinus
radiata, Douglas fir, exotic softwoods, exotic hardwoods or indigenous forest?. This classification is
straightforward if allspeciespresentinagivenareabelongto asingleforesttype.

Where mixed speciesfrom different forest types occur, you may needto identify the predominant
species: that is, the single species with the largest basal area. The predominant species then defines
the foresttype for anareawith mixedspecies.Determination ofthe predominant speciesin areasof
mixed speciesmust be performed on a hectare-by-hectare basis.

An example of determining the predominant species for an area of forest land is given below. Further
examplescanbe found on pages16to 23 of this guide.

Example:Determiningpredominanispecies

Anareaofpre-1990forestlandinNorthland comprises mixed (thatis, intermingled) trees ofthree
different species: Pinus radiata, redwood and Pinus muricata. The basalarea in these speciesis
estimatedas60 percent, 30 percentand 10 percentof the total oneachhectare, respectively. The
predominant speciesis therefore Pinus radiata, and carbon stocks are estimated using the pre-1990
Pinusradiatadefaultcarbontable (Appendix 2, Schedule 4, Table 1, column2).

FMA participants do not needto determine region for their areas of Pinus radiata foresttype. As part of
the FMA process, they receive a single set of participant-specific carbon tables averaged for all of their
Pinus radiata forests.

Participantsrequiredto usethe default carbontablesfor Pinusradiata mustidentify the regionfor
eacharea of forest land. There are separate default carbon tables for Pinus radiata for nine regions:
Auckland, Bay of Plenty, Canterbury/West Coast, Gisborne, H a w k Ba§/Southern North Island, Nelson/
Marlborough, Otago, Southland and Waikato/Taupo. The location of these regions is specified in terms of
district and city boundaries, and is given in Schedule 1 of the Regulations and reproduced in Appendix
2.

2t isveryunusualfor pre-1990forest landto haveaforest type of indigenousforest. Onlyif pre-1990forest land
(i.e. comprising exotic forest species)was cleared after 31 December 2007, and indigenous forest speciesestablished
intheir place, would this be the case.


http://www.mpi.govt.nz/growing-and-producing/forestry/forestry-in-the-emissions-trading-scheme/
http://www.mpi.govt.nz/growing-and-producing/forestry/forestry-in-the-emissions-trading-scheme/
http://www.mpi.govt.nz/growing-and-producing/forestry/forestry-in-the-emissions-trading-scheme/mapping-forest-land-in-the-ets/
http://www.mpi.govt.nz/growing-and-producing/forestry/forestry-in-the-emissions-trading-scheme/mapping-forest-land-in-the-ets/

Theageofthe treesinaforesttype iscalculateddifferently in different cases,asoutlined below (some
aspectsof which are describedin more detail in later sections):

1. Forpost-1989forests, itis the age relating to the start and end of the period for which an emissions
returnis beingfiled that mustbe determined.

2. Forpre-1990 and post-1989 forests that are cleared, itis the age in relation tothe year of clearing
(no matter when in the year clearing occurred) that must be determined.

3. For planted forest species, the age is the number of years from the year of planting®, no matter when
in the year planting occurred.

4. If forest speciesregenerate after a previous harvest: the speciesare treated asif they regenerate in
the yearimmediately following the yearof harvest. Thisisbecauseit would mostusuallybe exotic
forest speciesthat regenerated, andthesewould likely only be of similar sizeto plantedtrees (which
the carbon look-up tables assume)in the year after regeneration.

5. For mixed (intermingled) forest types, age and forest type are determined according to the
predominant species:

A If the predominant speciesisanexotic forest species,the forest ageis calculatedasthe basal
area-weighted average age of all forest speciesbelonging to the same forest type asthe predominant
species.

A If the predominant speciesis a regenerating indigenous forest species, age is calculated as described
below (or lesscommonly, case4 above if regeneration is after a previous harvest).

6. Determining the age of regeneratedtrees

A The ageto be determined is that of the oldest trees that have regenerated following the land-
usechangewhich hasallowedanareaof non-forestlandto becomeforestland. If the site being
considered is one in which regeneration conditions are favourable, it will usually be sufficient to
assumethe trees regenerated in the year after the land-use change. However, in other casesit is
likelyto be necessaryto determine agebyring-counting of acore sample,or byfelling severaltrees
of similardiameterto the largerofthoseinaparticular permanent sampleplot butlocated somewhat
outside of the plot perimeter.

A Areas with regenerated trees may contain older trees that established significantly before the change
in land management that allowed an area of former non-forest land became forest land. Typically,
theseoldertreeswill beremnantsfrom someearliercycleoflandclearance,which haveactedas
seedsourcesonce the change in land management occurred that promoted the present conversionto
forestland. It isnot appropriate to usethe date of establishmentof sucholder seed-sourcetreesto
determinetheage offirstregenerationoftreesinasample plot.

Note alsothat:

A If the forestagecalculatedisother than awhole number: agesmustberoundedto the nearestwhole
number (that is, rounded upif adecimalof 0.5 or greater anddown otherwise).

A Wheneveranareaofforestlandhasmixedforest speciesof morethan oneforesttype, thenthe
Regulationsrequire the predominant speciesto be determined (on a hectare-by-hectare basisif the
speciescomprising the forest types are not evenly mixed). If the proportion of forest species,or the
age of trees, varies within a given area, then both the predominant speciesand age may vary hectare
by hectare.

3Yearsspentinaforest nurseryarenot counted.



A Fortunately, species and age usually only vary hectare by hectare when forest land is naturally
regeneratedpost-1989indigenousforest. In that case,the ageofalltreesisdetermined fromthe
single date of first regeneration after the land use change which promoted conversion to forest land,
irrespective of when theyregeneratedi as described above.

A Theonlytime that regionbecomesanimportant considerationin determining forestageisif the
forest area spansmore than one region and Pinus radiata of mixed age occursin varying proportions
throughout the area. It ispossiblein this situation that the ageandpredominant speciesof the forest
mayvary hectarebyhectare. In this case,the forestareashouldbe subdividedbyregion (asper
Appendix 1) as a first step, and each region then considered separately.

Specific rules covering determination of tree age in the situations outlined above are given in the
remainder of this section, together with worked examples. Further examples of determining tree age for
usewith the carbonlook-up tables canbe found in Sections5 and 6 of this guide.

Determiningorest agavhen using thpre-1990 forest defawdarbontables
Forpre-1990forestland, the age of atree is determined under the Actand Regulations by tworules:

i) Theageofatreeisthe number of yearsfrom the year of planting* or regeneration of the tree to the
yearofclearingofthe tree, nomatter wheninthe relevantyearthe tree wasplanted, regeneratedor
cleared.

i) If thetreesclearedfrom pre-1990forestlandaspart of deforestation arelessthan nine yearsold,
then the emissionsare calculatedonthe basisof the ageand (predominant) speciesof the oldest
trees cleared from each hectare of pre-1990 forest land during the previous nine years. For this
reason, the default carbon tables for pre-1990 forests start at age nine years.

This latter rule requires that:

A deforestation liabilities are calculated based on carbon stocks in the previous forest, if deforestation
of the current forest takes place lessthan nine years after the previous forest was harvested; or

A theforestestablishedafter the harvestof apreviousforest mustbeallowedto grow for not lessthan
nine years before deforesting, and the liability arising from deforestation of at least nine-year-old
treesmustthenbemet.

Examples of determining tree age for single and mixed forest species are given below. Further examples
canbe found on pages16to 23 of this guide.

ExamplesTreeageatthetimeofdeforestationfpre-199Gorestiand

a) Afirstrotation Douglasfirforestwas plantedin September 1985 andis deforestedin February
2013. Applying rule (i) above, the age of the forest used to calculate the deforestation liability
usingdefault carbontablesis28years.

b) APinusradiataforestwas plantedinthe AucklandregioninJune 1968. ltwas harvestedinJune
2008 at age 40 and Douglas fir seedlings were planted soon after. The land therefore remained
pre-1990 forest land. In November 2012, the Douglas fir forest was cleared and the area changed
todairyfarming:thatis, deforestationoccurred. The Douglasfirtrees arefouryearsold atthetime
of deforestation. However, under rule (ii) above, the deforestation liability that exists is calculated
usingthe default carbontablesfor the previousrotation Pinusradiataforestatanageof40years.
Theresulting liability isvery large: 1090tonnes CQ, per hectare foran Auckland forest (default
carbontable datafrom Appendix 2, Schedule 4, Table 1, column 2).

4 Yearsspentinaforest nurseryarenot counted.



c) Forexample b) above, consider that the harvest of the Douglas fir forest is delayed until January
2017. The Douglas fir trees are then nine years old under rule (i). Rule (i) above no longer applies,
and the deforestation liability that exists is calculated using the default carbon tables for Douglas fir
forest for an age of nine years. The resulting liability is much smaller than for example B: 131 tonnes
CQ, per hectare (default carbon table data from Appendix 2, Schedule 4, Table 2, column 2).

Forpost-1989forestland, the age of atreeis determined under the Actand Regulations by the rules
given below. The rules relate age to key determining events, and ensure that tree age is a whole number
i as required when using the carbon look-up tables.

Theageofatreeisthe number of yearsfrom the yearof planting®or sinceregeneration began(no

matter wheninthat yearthe tree wasplanted orisconsideredto haveregenerated), to oneof the

following keyevents:

A the year of commencement of an emissionsreturn period, if calculating the opening carbon stocks
for that return period; or

A theyearof clearingofthe tree, no matter wheninthat yearthe tree wascleared, if calculating:
i the reduction in carbon stocks due to harvesting or deforestation; or
i the decay of harvest residuesthat result from clearing; or

A theyearinwhichany event occurs thatunderthe Actrequires or allows a participanttofile an
emissionsreturn$, ifthat eventoccurshefore 31 Decemberofthat year; or

A the yearafter the end of anemissionsreturn period, if anemissionsreturn that coversafull calendar
yearisbeingfiled.

Examplesof determining tree agewhensingleexoticforest speciesare present, or the foresttype is
indigenous, are given below. Examplesof determining tree age when mixed speciesare present are
giveninthefollowing sub-sections. Further examples can be found on pages 21to 23 ofthis guide.

ExampleTreeageatthetimeof commencemertndendof anemissiongeturnperiod

ADouglas fir forestis planted in June 1992. The owner joinsthe ETS in June 2012, and files afirst

emissions returninthefirst quarter of 2013. The return covers the period 1 January 2008 until

31December2012. Underthe rules for determining the age of trees on post-1989 forestland:

A Theyear of planting of the treesis 1992.

A Theyearof commencementof the emissionsreturn periodis 2008, andthe age of the treesin
thatyearis: 200871 1992=16years.

A The emissions return period finishes on 31 December 2012, so the year used to determine age at
the end of the emissionsreturn isthe year after, that is, 2013. The age of the trees at the end of
the emissions return periodis: 20137 1992 = 21 years.

ExampleTreeageatthetimeof commencemerindendof anemissiongeturnperiod withharvesting
andreplantingof partof theforestduringthereturnperiod

A40.1 hectare Pinus radiata forest is planted in the Auckland region in June 1992, butin May 2010
the owner decides to harvest half of it and immediately plant Tasmanian blackwood. The owner joins
the ETSin June 2012, and files a first emissions returnin the first quarter of 2013 that covers the
period 1 January 2008 until 31 December 2012.

5Yearsspentinaforest nurseryarenot counted.
6 Thatis, any emissions return otherthan areturn under section 189(3) of the Act.



Underthe rulesfor determining the age of treeson post-1989forest land:

A Theyearof planting of the Pinus radiata is 1992.

A Theyearof commencementof the emissionsreturn periodis 2008, sothat the age of the Pinus
radiata trees at that time is: 20081 1992 = 16 years.

A Theyearthat half of the Pinus radiata forest washarvestedis 2010, irrespective of whenin that
yearthetreeswere cleared. The age ofthose trees that were harvestedis: 20107 1992=18
years.

A Theyearthat half of the post-1989forest land wasre-planted with Tasmanianblackwoodis 2010,
irrespectiveofwheninthat yearthe newtreeswere planted. Theageofthosetreesat the end of
the emissions return period is therefore: 201371 2010 =3years.

A Theageatthe endofthe emissionsreturn period of the Pinus radiata treesthat were not
harvested in 2010is: 20137 1992 = 21 years.

ExampleAgeof naturallyregeneratethdigenoudorestspeciesatthecommencemerindendofan
emissionsgeturnperiod

An owner intends to regenerate an area into indigenous forest species. The area is fenced, and stock

were removedin 2000. Inspection in late 2000indicated noregeneration, but by late Springin

2001 some seedlingsof indigenous forest specieshad established and were expected to survive. In

early 2008 a survey showed sufficient seedlings of indigenous forest species had become established

overthewhole areaforthe landto be eligible as post-1989 forestland. The ownerjoinsthe ETS

in 2009, and completes their first emissions return in the first quarter of 2013 (for the period 1

January 2008t0 31 December 2012).

Underthe rulesfor determining the ageofthe trees:

A The year regeneration began following the land use change is 2001.

A Theyearof commencementof the emissionsreturn periodis 2008, andthe age of the treesin that
yearis: 20081 2001=7years.

A The emissions return period finishes on 31 December 2012, so the year used to determine tree age
at the end of the emissionsreturn isthe yearafter; that is, 2013.

A The age of the trees atthe end of the emissions return period is therefore: 20137 2001 =12
years.

In this situation, one of the following will apply. If ahectare of forestland comprises:

A Mixed (thatis, intermingled) trees of the same forest type, butwith differentages, the forestageis
taken asthe weighted (by basalarea) average of the trees in that area.

A Mixed trees belonging to different forest types, and perhaps also with different ages: the predominant
forest species must first be determined (on a hectare-by-hectare basis if applicable), and the forest
ageistakenasthe weighted (by basalarea) averageageof alltree speciesinthe sameforest type as
the predominant species(also on a hectare-by-hectare basisif applicable).

If the calculationsaboveresultin aforest agethat isnot awhole number, then the ageisrounded to
the nearestwhole number (that is, roundedupif adecimalof 0.5 or greater, anddown otherwise).



ExampleSinglespeciedorestwithmixedage(inasingleregion)

InJune 2010, aforestownerinNorthland clearsanareaof Pinusradiataforestthat comprises
evenly mixed (that is, intermingled) 15-year-old trees and 30-year-old trees. The 15- and 30-year-old
treesaccountfor 30 percentand 70 percent, respectively,ofthe total basalarea. Theweighted-
average age for this forest type is:

weighted-average age=(30yearsx0.7)+(15yearsx0.3)=25.5years.

Becausethe ageisnot awhole number it mustberounded, in this caseupwards, andbecomes
26 years.

ExampleMixedspeciedorestwithmixedageandasingleforesttype

A pre-1990 forest comprises evenly mixed trees of two different species: 60 percent of the basal
area s 30-year-old redwood and 40 percent is 15-year-old Pinus muricata. Redwood s therefore the
predominant species,and both are exotic softwoods. The weighted-average age is calculated on the
basisof all speciesthat belongto the sameforest type asthe predominant species:
weighted-average age=(30yearsx0.6) + (15yearsx0.4) =24 years.

ExampleMixedspeciedorestwithmixedageandmixedforesttypes

A pre-1990 forest comprises evenly mixed trees of the following species: 60 percent of the basal
area is 30-year-old Eucalyptus nitens, 30 percent is inter-planted 25-year-old Eucalyptusfraxinoides
and 10 percent is young, naturally regenerated kanuka. The predominant speciesis therefore
Eucalyptus nitens, and the forest types are exotic hardwoods and indigenous forest. In the caseof
forest areascomprising two or more forest types, the (weighted) average age is calculated on the
basisofthose speciesinthe sameforesttype asthe predominant speciesonly.

Expressedasapercentageofthe exotichardwoodsforesttype only, the basalareaof 30-and
25-year-old Eucalyptustreesaccountfor 66.7 percentand 33.3 percent, respectively, of the total
basalareaof exotic hardwood trees. The weighted-average age of the predominant forest type is:

weighted-average age=(30yearsx0.667) + (25years x0.333)=28.3 years.

Becausethe ageisnot awhole number it must be rounded, inthis casedownward, andbecomes
28 years.

If the age of the forest type exceedsthe lastagegiveninaparticular carbonlook-uptable, thenthe
carbon look-up table value corresponding to the last age must be used.

Prior to calculating carbon stocks using carbon look-up tables, you must have submitted geospatial
mapping information defining the area of pre-1990 or post-1989 forest land. The geospatial mapping
information comprisesaseriesof forestland polygonsand, inthe caseof post-1989forestland, each
polygon will have been assigned to a CAA. For an emissions return, reporting of carbon stocks change is
performedatthetotalforestlandlevelfor deforested pre-1990forestland, orforeach CAAfor post-
1989 forest land.

If an area of forest land comprises mixed tree species, perhaps belonging to different forest types or
with mixed ages, then values are taken from the carbon look-up tables accordingto theipr edomi nant
s p e c (speaeswith the largest basalarea), and the average age (derived from all trees belonging to



the sameforesttype asthe predominant species,if applicable)asillustrated inthe examplesearlier.
If the (predominant) speciesisPinusradiata, andthe forestareaspansmultiple regions, thenitis
necessaryto calculate the carbon stocks separately for eachregion.

Youshould review the information you hold for areas of forest land with mixed forest species, forest
types, oragestoensureitis sufficientto enable the carbonlook-uptablestobe applied, before
attempting to file an emissions return.

If when using the default carbon tables, the (predominant) speciesis Pinus radiata over an area
spanning multiple regions, then it is necessaryto calculate the carbon stocks separately for each region.
In this caseit islikely to be simplerif mappedforestland polygonsdo not crossregional boundaries.

Identifying sub-areas

Toapply the carbon look-up tables, firstidentify sub-areas: areas of forest land of one or more hectares
that have a unique combination of the parameters on which the relevant carbon look-up tables are
based.Theseparametersare:

i) Forpre-1990forestland: areas withthe same foresttype and age; andregionifthe foresttypeis
Pinus radiata.
i) For post-1989 forest land:
A areaswith the sameforesttype andage; andregion’if the forest type isPinus radiata;
A thesame CAA; and
A if the area has decaying residual biomass® from a previous rotation forest, the previous forest must
have comprisedtreesthat were:
i the sameforest type; and
i the sameage when cleared; and
i clearedin the sameyear; and
i locatedinthe sameregion, ifthe treesclearedwere Pinusradiata.

Theareainhectaresofasub-areamustberoundedto onedecimalplacebefore being usedin
subsequent calculations (0.05 hectares becomes 0.1 hectares). Note that a sub-area may actually
comprise multiple discrete areas, within an area for which emissionsor removals are being reported;
that is, within either adeforested areaclearedin the sameyearin the caseof pre-1990forestland, ora
CAA for post-1989 forest land. In these situations the area in hectares of each discrete area comprising
eachsub-areais addedtogether before rounding.

ExampleSubareaswithinpost198%orestland

Apost-1989forestownerregisters anarea of 190.63 hectares of Pinus radiatain the ETS.It
comprisestwo standsof 15yearoldtrees(of 50.15and49.17 hectaresrespectively), separatedby
astandof 10yearoldtrees (0f91.31 hectares). All stands are inthe same CAA. The two stands of
15yearoldtreestherefore belongto the samesub-area, which hasaroundedareaof 99.3 hectares.
ThelOyearoldtreesareinaseparatesub-area, with aroundedareaof 91.3 hectares.

7 Region is not relevant for participant-specific carbon look-up tables.
8 Above-ground residual wood and below-ground roots are treated as decaying over 10 years from the year of clearing.



Astepby-stepprocedurdor sub-areadetermination

The following procedure is suggestedfor determining the extent of each sub-area for the purpose of
preparinganemissions returnforanareaof post-1989forestland withinasingle CAA®, oranareaof
deforested pre-1990 forest land:

i) Determine the area of forest land (in hectares, without rounding) in all mapped polygons covered
by speciesthat belongto only one of the following forest types: Pinus radiata, Douglas fir, exotic
hardwoods, exotic softwoods or indigenous forest??.

i) Ifthereareareasofthe foresttype Pinusradiata, andthat areaspansmorethan oneregion, then
determine the areain eachregion (without rounding).

iii) If the areaof forestland coveredbyasingleforesttype (in agivenregion, if applicable)includes
discreteareasofforest speciesof more than oneage', then determine the areaof forestlandfor
eachage. If the forest speciesinanareacomprisingasingleforest type are of mixed age, then the
appropriate age isthe basalarea-weighted average age of those species.|f the proportion of those
speciesvaries within the area, the average age must be determined on a hectare-by-hectare basis.

iv) Add up the unrounded areas for each sub-areai areas with a unique combination of forest type,
age,and(if Pinusradiata) region. Roundthe total areaof eachsub-areato onedecimalplace
(0.05 hectareisrounded up).

Any areas remaining in the mapped forest land polygons must be mixed forest types, possibly with
mixed ages. Suchareasare referred to as intermingled forest, and if present then:

a) Determine on the basisof the predominant forest speciesthe area (in hectares) of forest land
covered by eachof the following forest types: Pinus radiata, Douglas fir, exotic hardwoods, exotic
softwoods or indigenous forest. If the tree speciesare unevenly mixed, the forest type may vary
within an area. If so, the predominant speciesand forest type must be assessed,on a hectare-by-
hectare basis.

h) Oncethe forest type is determined, follow steps (ii) and (i) above to determine the unrounded area
inhectaresof eachareawith aunique combinationofregion (if Pinus radiata), foresttype andage.

¢) Add up the unrounded areas for each sub-area i areas with a unique combination of forest type, age,
and (if Pinusradiata) region. Roundthe total areaof eachsub-areato onedecimalplace
(0.05 hectareisrounded up).

Examplesof implementing this procedure under situations that ETSParticipants may commonly
encounterare givenin Sections5and 6.

9 Forsimplicity, itisassumed thatthe post-1989 forestland area comprises afirstrotation forest.

10 It isveryunusualfor pre-1990forest landto have aforest type of indigenousforest. Onlyif pre-1990forest land

(i.e. comprising exotic forest species)was cleared after 31 December 2007, and indigenous forest speciesestablished
intheir place, would this be the case.

11 Underthe Regulations, an area of regenerated indigenous forest land is consideredto only ever have a single age, that of
the oldest trees that regenerated following the change in land management that allowed an area of non-forest land to become
forest land.



Thevaluesinthe default carbontablesfor pre-1990forestland havebeencalculatedusingthe models
andgrowthrate assumptions outlinedin Section 2. Akey assumptionis thatthe forestisinits second
rotation, as deforestation of most pre-1990 forests is expected to involve secondrotation forests.

Thedefault carbontablesto be usedfor calculating pre-1990forest carbonstocks,when estimating
deforestation emissions,areavailablein Schedule4 of the Regulationsandarereproducedin
Appendix 2. These tables comprise:

A Table1: Valuesofforest carbonstocksfor Pinusradiata, by ageandregion.
A Table 2: Values of nationally averaged forest carbon stocks for Douglas fir, exotic softwoods, exotic
hardwoods and indigenousforest, by age.

Allcarbonstocksare givenin units oftonnes of CO, per hectare. Adefaultcarbontable forthe
deforestation of indigenous forest established before January 1990 is included for completeness,
though thisisexpectedto bearare event.

Thetotal amount of carbonconsideredto be emitted to the atmospherewhenanareaof pre-1990
forest is deforested is calculated using the following formula:
E=AxC

where:
E =the emissions due todeforestation of anareaofforestland.
A=anareaofdeforested pre-1990forestlandinasub-area (in hectares, toone decimal
place)
C= thevalue of carbon stocks from the default carbon tablesin Schedule 4, for the given
forest type, age and region (if applicable) in the sub-area.

In other words, the total amount of carbonemitted from apre-1990forest of agivenforesttype, age
(andregion, ifapplicable)isequalto the total areadeforested multiplied by the appropriate carbon
stockvaluet?takenfrom the default carbontables. Thetotal emissionsreportedinanemissionsreturn
are rounded to the nearestwhole number (0.5 hectare is rounded up).

Deforeste@dreascomprisingsingleor evenlymixedforestspecies

This will be the most common situation. The entire area can be readily classified as a single forest
type, basedonthe predominant forest speciesif speciesare mixed. Subdivisionby ageisthe nextstep,
basedon the average age of those forest speciescomprising the nominated forest type if speciesare
mixed. If the predominant speciesis Pinus radiata, and the area spansmore than one region, subdivide
the area by region first, before subdividing by age. Emissions can then be calculated for each sub-area,
the calculated emissionssummed for the total forest area, and the resulting total emissionsrounded to
awhole number and reported.

12 Including for decay of harvest residues of the previous rotation, while applicable.



Example: Deforestation of a single pre-1990 forest stand

A pre-1990 forest owner deforests 88.34 hectares of 34-year-old Douglas fir during a year, which
therefore comprises a single sub-area. To calculate the emissions as a result of the deforestation,
use Table2 of Appendix 2—gotothe columnheaded Douglas firand read offthe carbon stock value
corresponding to an age of 34 years.

Thus: A(thearea) =88.3 hectares (roundedto 1 decimal place)
C (the default table value) =629tonnes CO, perhectare; and
E (the deforestation emissions) =88.3 x 629 =55 540.7 tonnes CO,
= 55 541 tonnes CO, (rounded to whole tonnes).

ExampleDeforestationf anareaof pre-199forestlandcomprisingstandswith differentforestspecies,
foresttypes,andages

Apre-1990forestownerdeforestsanareaof 185.69 hectares of forestinNorthland duringayear.
The o w n grecords show the forest land comprisesthree stands: 100.13 hectares of 28-year-old
Pinus radiata; 55.52 hectares of 28-year-old Douglas fir; and 30.04 hectares of evenly mixed 12-year-
old Eucalyptus nitens, nine-year-old Eucalyptusfraxinoides and a few old kanuka of unknown age.
Field inspection shows the predominant species in the evenly mixed stand is Eucalyptus nitens and
the forest type of the mixed standisexotic hardwoods. Inspection alsoshowsthat the averageratio
of the basal area of the two exotic hardwood species, Eucalyptus nitens to Eucalyptus fraxinoides, is
3:1. (the kanukaareignored asthey are not specieshelongingto the forest type of the predominant
species).

Step 1: Calculatethe weighted-average age of the mixed eucalypt/kanuka stand, which is done on the
basis of the speciescomprising exotic hardwoods only:

Weighted-averageage=(12yearsx0.75) +(9yearsx0.25)=11.25years.
Theagemustberoundedto awholenumberandbecomesllyears.

Step2: Calculatethe total carbon stocksfor the forest land areaat the date of clearing, asthe
rounded sumofthe stocksineachsub-area.

Theappropriate defaultcarbontable values are takenfrom Appendix 2: column2in Table 1, column
2in Table2 andcolumn3in Table2d for the Pinus radiata, Douglas firand predominantly exotic
hardwoods stands, respectively, which comprise 3 sub-areas:

100.13hectare Pinus radiata stand, 28 yearsold:
A(the area) =100.1 hectares (roundedto 1 decimal place)
C (the default table value) =807tonnes CO,perhectare; and

E (the deforestation emissions) =100.1x 807 =80 780.7 tonnes CO,

55.52 hectare Douglasfirstand, 28 yearsold:
A(thearea) =55.5hectares (roundedto 1 decimal place)
C (the default table value) =475tonnes CO,perhectare; and

E (the deforestation emissions) =55.5x475=26362.5tonnes CO,

30.4 hectare exotic hardwoods stand, 11 yearsold:
A(thearea) =30.0hectares (roundedto 1 decimal place)
C (the default table value) =337tonnes CO, perhectare; and
E (the deforestation emissions) =30.0x 337 =10110tonnes CO,
Hence total emissions on deforestation =80 780.7 + 26 362.5 + 10 110 tonnes CO,
=117 253 tonnes CO, (rounded to whole tonnes)



Deforestedreascomprisinginevenlymixedforestspecies

Applyingthe defaultcarbontablesinsuchareasisrelatively complexifvariationinthe species mix
results in spatial variation in the predominant species(and therefore forest type) and/or in the (based on
areaweighted) average age of the forest type. In suchcases,the forest type and/or average age must be
determined on a hectare-by-hectare basis. Oncethis is done, emissionscan then be calculated for each
sub-areainthe samemannerasareaswith asinglespeciesand uniform age. Thetotal emissionscan
then be calculated for all sub-areasin the deforested area, rounded to a whole number, and reported.

For areas with unevenly mixed forest species, deforestation emissions are determined by:

) If Pinusradiataispresentinthe forestarea,andlikelyto beapredominant speciesonagiven
hectare, first sub-dividing the area according to region.

i) Establishing,on a hectare-by-hectare basis, the predominant speciesand the forest type.

i) Calculatingthe averageageofthe tree speciesineachareathat belongto the designatedforest
type, on a hectare-by-hectare basis, asthe basalarea-weighted average age of those forest species
that belong to the forest type.

iv) Determining the area in hectaresto one decimal place for each sub-area (each unique combination
offoresttype, age,andregionif applicable), calculatethe carbonstocksfor eachsub-area, sumthe
total, andreport asthe emissionsthe total carbonstocksroundedto awhole number.

If Pinusradiataispresentonanareaofforestland, andlikely to be apredominant species,calculations
will usuallybe simplerifap ar t i cforgstanapsdo aot contain polygonsof forestlandthat cross
regionalboundaries. Providedthisisdone, calculationsat the sub-arealevelwill fall under one of the
examplesalready given above for pre-1990 forests.

Asoutlinedin Section 2, the pre-1990 and post-1989 carbon look-up tables differ. This is because for
post-1989 forest land carbon stock, calculations are required for both first and second (or later) rotation
forests, and when either harvesting or deforestation occurs.

Calculationsof emissionsor removals for post-1989 forests are performed for each sub-area within a
CAA. Rounding of area occurs at the sub-area level (recalling that a sub-area may comprise multiple
discrete areas within a CAA), whereas rounding of emissions or removals occurs atthe CAA level. Also
notethatifthe forestinvolvedisasecond orlaterrotation forest, the definition of asub-arearequires
consideration of the forest type, age and (if Pinus radiata) region for both the current and previous crop.

Thedefault carbontablesfor post-1989forest land are givenin Schedule6 of the Regulations,and are

reproduced in Appendix 2. They comprise:

A Table1: Valuesofforest carbonstocksfor Pinusradiata, by ageandregion.

A Table 2: Values of nationally averaged forest carbon stocks by age for Douglas fir, exotic softwoods,
exotic hardwoods and indigenous forest.

A Table 3: Valuesof carbon stocks in the harvest residues (above-ground wood, including stumps and
roots) for cleared Pinus radiata forest, by region for the tree age at which forest clearing occurred.

A Table4: Valuesof nationally averaged carbon stocksin the harvest residues (above-ground wood,
including stumps and roots) for cleared Douglas fir, exotic softwoods, exotic hardwoods and
indigenous forest, for the tree age at which forest clearing occurred.



FMA participants receive the following carbon tables with values specific to their forest (for the forest

types occurring in permanent sample plots):

A Table(s) of values of averaged carbon stocks for Pinus radiata, Douglas fir, exotic softwoods, exotic
hardwoods andindigenousforest, by tree age.

A Table(s) of values of carbon stocks in the harvest residuesfor cleared Pinus radiata, Douglas fir,
exotic softwoods, and exotic hardwoods, for the age at which forest clearing occurred.

Where FMA participants have sub-areas of a forest type for which participant-specific carbon tables
have not been generated, they are required to use the default carbon tables.

Allcarbonstocks aregiveninunits oftonnes of CO, perhectare.

Consideringboth measured values for decay rates in New Zealand, and ease of calculation, the carbon
stocks given in the post-1989 forest carbon look-up tables for harvest residuesare assumedto decayto
zeroataconstantrate overthe 10yearsfollowing clearing.

Tocalculatecarbonstocksin post-1989forestland, the carbonlook-up tablesare usedasfollows:

A Iftheforestisfirstrotationi thatis, there are no harvestresiduesfromapreviousforestbecause
the forest was planted on land not previously forested i use the appropriate carbon look-up tables
to determine the carbonstocksfor the particular forestageandtype (andif Pinus radiata usingthe
default carbon tables, for the region).

A Iftheforestis second (or later) rotation’i thatis, there are harvestresidues presentthat will have
beendecayingsincethetime of clearing ofthe previousforesti then determine the forestcarbon
stocksby:

i calculatingthe carbonstocksinthe second(or later) rotation forest usingavaluefrom the forest
carbonlook-uptablesasappropriate for the forestageandtype (andif Pinusradiatausingthe
default carbon tables, for the region);

i calculatingthe carbonstocksinthe harvestresiduesatthe time of clearing of the previousforest
rotation, using a value from a harvest residuescarbon look-up table appropriate for the forest
type and ageatthe time of clearing (and if Pinus radiata using the default carbontables, for the
region);

i reducingthe valuefor carbonstocksinthe harvestresiduesfrom the previousforestto accountfor
decayofthoseresiduessincethe time of harvest;

i adding together the carbon stocksin the new secondrotation (or later) forest and those remaining
undecayedfrom the previous rotation, if any.

The steps for calculating carbon stocks given above are expressed in the following formulae. Forest
carbonstocksatthe commencementandendofanemissionsreturn period dueto growth inthe current
rotation forest are estimated by:

T,=AxC
where:
T, =carbonstocksinanareaofpost-1989forestland
A =totalareaofpost-1989forestland comprisingasub-area
C  =thevalue offorestcarbon stocks from Tables 1 or 2 in Schedule 6, forthe given forest

type, age, and region (if applicable) of the forest comprising the current rotation

Carbonstocksatthe end of anemissionreturn periodinasecond(or later) rotation forestdueto
harvest residuesthat remain from an earlier rotation forest are estimated by:

T, =AXCx(10i Tsq)/10



where:
T, =carbonstocksinanareaofpost-1989forestland duetoharvestofapreviousrotation
forest
A =totalareaofpost-1989forestlandcomprisingasub-area
C  =the value of carbon stocks in the sub-area for the previous rotation forest obtained from
Tables3or4in Schedule6
Tse =isthe numberofyears upto 10sincethe trees were cleared andis equal tothe
difference between:
a) theyearinwhichthe end of the emissionsreturn periodfalls (or, if the emissions
return period ends on 31 December, the following year); and
b) the yearthat the trees were cleared (no matter when in that year the trees were
cleared)

Forestcarbonstocks inafirstrotation post-1989 forestare equalto T,, andfor asecond(or
subsequent) rotation forest equalto T, + T,

Thetime inyearssincethe treeswere clearedispresently countedfrom the yearthat the treeswere
cleared,to the yearinwhich the end of the emissionreturn periodfalls, or if the emissionreturn period
endson31December,the following year®. In the examplebelow, aPinusradiataforestisharvested
in2014, and an emissions returnis filed for the period 1 January 2013 to 31 December 2017. The
number of yearssinceclearingis calculatedby subtracting 2014 from 2018, that is, 4 years.

Reportingarborstockchangan anemissiongeturn

Carbonstocksatthe openingand closingdatesof anemissionsreturn period are calculatedfor all
sub-areas in a CAA using the formulae above (remember that the total area in hectares of a sub-area
mustberoundedto onedecimalplace). Theopeningandclosingcarbonstocksarethen summedfor
all the sub-areas. The carbon stock change for the CAA that is reported in the emissions return is the
difference (rounded to the nearest whole tonne) between the summed closing and opening stocks.

Forestland comprisingsingleor evenly-mixedforest species

This will be by far the most commonly encountered situation. The entire area can be readily classified
asasingleforesttype, basedonthe predominantforest speciesif speciesare mixed. Subdivisionby
ageisthe next step, basedonthe averageageofthe treesthat comprisethe nominatedforesttype if
speciesare mixed. If the (predominant) speciesis Pinus radiata, and the area spansmore than one
region, subdivide the area by region before subdividing by age. Oncethis is done, opening and closing
carbonstockscanthen be calculatedand summedfor all sub-areasof forestlandthat comprisea
given CAA. The difference between the closing and opening stocks is rounded to a whole number, and
reported atthe CAA level.

Example:Changen carbonstocksin afirst rotation post-1989forest standwith a singleforest type

Apost-1989forest ownerwith 45.83 hectares of Pinus radiatain Northland joinsthe ETS in
December2012, andfilesan emissionsreturninthe firstquarter of 2013. The forestwas planted
inJune 1996. Tocomplete the emissions return, forest carbon stocks at 1 January 2008 and 31
December2012 must be calculated. In this case, the forestis 12 yearsold at the start of the
emissionsreturn period. Atthe end ofthe emissions return periodthe forestis 17 yearsold (note
the useofthe yearafter the end of the emissionsreturn periodto calculateage, underthe rules
given in Section 4.5). Assume the entire forest area is within one CAA.

13 The definition of Tscwillbe updated atthe next change in Regulations to account for the emissions duetodecayina
previousmandatory emissionsreturn period.



First, the carbon stock atthe start of the period (1 January 2008)is calculated. The appropriate
defaulttable values for the forest are taken from Appendix 2 (Table 1, column 2in Schedule 6):
Thus: Af(thearea) =45.8hectares

C (the default table value)  =249tonnes CO,perhectare

T, (thetotalcarbonstock)  =45.8x249=11404.2tonnes CO,

Second, the carbon stock at the end of the period (31 December 2012) s calculated:
Thus: Af(thearea) =45.8hectares

C, (the defaulttablevalue) =435 tonnes CO2 per hectare
T, (thetotalcarbonstock) ~ =45.8x435=19923.0tonnes CO,

Thenetcarbonstock change for which theforest owner will receive New Zealand Units (NZUs)iis:
19923.0-11404.2=8 519 tonnes CO, (rounded to a whole number)

ExampleChangen carbonstocksin apost198%oreststandovera periodinvolvingharvestingand
replanting

Apost-1989forestownerwhohasjoinedthe ETS originally had 45.83 hectares of Pinusradiata

in Northland plantedin June 1996, and filed their first emissions return for the period up to and
including31December2012. Theforesto w n erecérasshowthe openingandclosingforest carbon
stocks forthe 20087 2012 reporting period were 11404.2 and 19 923.0tonnes CO,, respectively,
andtheir NewZealandEmissionsUnit Register(NZEUR)holding accountshowsthat 8 519 NZUs
have beenissued.

InJune 2014, itwas decided to harvestthe Pinus radiata, and Eucalyptus nitens were plantedin
August. Itis now January 2018, and an emissions returnis due for the period 1 January 2013 to
31 December 2017. Assume the entire forest area is within one CAA.

Forthe purposes of this calculation, the Pinus radiata forestis consideredto be 17 yearsold at the
start of the emissionsreturn period, and 18 yearsold at the time of harvesting. The Eucalyptus nitens
forestisfour yearsold atthe endof this period. Harvestresiduesfrom the Pinus radiata forest arealso
consideredto havebeendecayingfor four years,atthe end of the period.

Thevalue ofthe carbon stocks atthe start of the period (1 January 2013) would be (taking the
appropriate default carbontable valuesfor anage 17 Pinus radiata forestfrom Appendix 2, Table 1,
column 2in Schedule6):

A(thearea) =45.8 hectares
C (the default table) =435tonnes CO, perhectare
T, (thetotal carbonstock) =45.8x435=19923.0tonnes CO,

The carbonstockat 31 December2017is calculatedasthe sum of the carbon stocksin the decaying
harvestresiduesfrom the Pinus radiata forest harvestedin 2014, plusthe stocksinthe newly planted
Eucalyptus nitens forest, asfollows:

First, calculate the carbon stock in the newly planted Eucalyptus nitens forest. Eucalyptus nitens is
classed as an exotic hardwood. The appropriate carbon default table values are taken from Appendix 2
(Table 2, column 4in Schedule6):

A(thearea) =45.8 hectares
C (the defaulttable) =34tonnesperhectare
T, (thetotal carbonstock) =45.8x34=1557.2tonnes CO,

Second, calculate the carbon remaining in the harvest residuesfrom the Pinus radiata forest four years



after harvest. The appropriate carbon stock default table values are taken from Appendix 2, Table 3,
column 2in Schedule 6:

A(thearea) =45.8hectares
C (the default table) =227tonnes CO, perhectare
Ts (number of years since
the trees were cleared) =4years(2018-2014)
T, (thetotal carbonstock) =AxCx(10-Tsc)/10
=45.8x227x(10-4))/10
=6237.96tonnes CO,

Hence, the total carbon stock at the end of the period is the sum of the carbon stock in the decaying
harvest residues and the carbon stock in the newly planted trees:
Totalcarbonstock=1557.2+6237.96=7795.16tonnes CO,

The net carbon stock change in the CAA over the period is negative, as the carbon stock has
decreased because of harvesting of the older Pinus radiata forest:
Carbon stock change =7795.16-19923.0tonnes CO,
=-12 128 tonnes CO, (rounded to a whole number)

Soalthough carbon stocks have decreased by 12 128 tonnes CO,, under the liabilities cap, the
liability is reduced to 8519 tonnes CO,.

ExampleChangéncarborstocksinapost1989oreststandoveraperiodvherepartofaCAAis
harvestedndreplanted

Apost-1989forestownerwhohasjoinedthe ETS originally had 45.83 hectares of Pinus radiata

in Northland plantedin June 1996, and filed their first emissions return for the period up to and
including31December2012. Theforesto w n erécérasshowthe openingandclosingforest carbon
stocks forthe 20081 2012 reporting period were 11404.2 and 19 923.0tonnes CO,, respectively,
andtheir NewZealandEmissionsUnit Register(NZEUR)holding accountshowsthat 8 519 NZUs
have beenissued.

InJune 2014, itwas decided to harvest 21.0 hectares of the Pinus radiata, and replant this areain
Eucalyptus nitensin Augustofthe sameyear. Itisnow January 2018, and an emissionsreturnisdue
forthe period 1 January 2013to 31 December 2017. Assume the entire forest area is within one
CAA.

Forthe purposes of this calculation, the Pinus radiata forestis consideredto be 17 yearsold at the
start of the emissionsreturn period, 18 yearsold when part of it is harvestedand 22 yearsold at the
end of the period. The Eucalyptusnitensforestisfour yearsold atthe end of this period. Harvest
residuesfrom the Pinus radiata forest are also consideredto have been decaying for four years, at the
endofthe period.

The carbonstockat the end of the period, 31 December2017is calculatedasthe sumof the carbon

stocksin:

() the24.83hectaresof Pinusradiata still standing;

(i) the carbonstocksinthe decayingharvestresiduesfrom the 21.0hectaresof Pinusradiataforest
harvestedin2014,

(i) the 21.0 hectares of newly planted Eucalyptus nitens.

First, calculate the carbon stock in the remaining Pinus radiata:
A(thearea)=24.8 hectares

C (carbon stock from the default table at age 22) =620

T, (the total carbon stock) = 24.8 x 620 = 15 376 tonnes CO,



Second,calculatethe carbonstockinthe newly planted Eucalyptushitensforest. Eucalyptusnitens
is classedas an exotic hardwood. The appropriate carbon default table values are taken from
Appendix 2 (Table 2, column 4in Schedule 6):

A(thearea)=21.0hectares

C (thedefaulttable) =34 tonnes per hectare

T, (the total carbon stock) = 21.0 x 34 = 714.0 tonnes CO,

Third, calculatethe carbonremainingin the harvestresiduesfrom the Pinusradiataforestfour years
after harvest. The appropriate carbon stock default table values are taken from Appendix 2, Table 3,
column 2in Schedule6:

A(thearea)=21.0hectares

C (thedefaulttable)=227tonnes CO2 perhectare

Tsc(number ofyears sincethe treeswere cleared) =4 years (20181 2014)
T, (the total carbon stock) = Ax C x (10-Tsc)/10
=21.0x227x(10-4))/10

=2860.2tonnes CO,

Hence,the total carbonstockat the end of the periodisthe sumof the carbonstockin the Pinus
radiata still standing, decaying harvest residues and the carbon stock in the newly planted trees:
Totalcarbonstock=15376.0+714.0+2860.2=18950.2tonnes CO,

Carbonstock change=18950.21 19923.0=1 973tonnes CO, (rounded to awhole number)

The net carbon stock change in the CAA over the period is negative, as the emissions from harvesting
the Pinusradiata forest exceedthe removalsin growing trees over the period. The emissionsreturn
for the 2013-2017 period will therefore showthat 973 NZUsmust be surrendered.













































