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1 Abbreviations

AD Activity data

AGB Aboveground biomass

Al Aridity Index

As.l. Above sea level (m)

BGB Belowground biomass

CQe Carbon dioxide equivalents

COP Conference of the Partigs the UNFCCC

E Environmental stress factor

EF Emission factor

FAO Food and Agriculture Organization of the United Nations
FCPF Forest Carboartnership Facilitgf thehe World Bank
FHCL Fiji Hardwood Corporation Limited

FPL Fiji Pine Limited

FREL/FRL | Forest Reference Emission Level/Forest Reference Level
GFOI Global Forest Observation Initiative

ha Hectare(s)

IPCC Intergovernmental Panain Climate Change

LDF Logging damage factor

LIF Logging infrastructure factor

MC Monte Carlo

Mg Megagram

NFI National Forest Inventory

PSP Permanent Sample Plot

R Root to shoot ratio

REDD+ Reducing Emissions from Deforestation and Fobegjradation and the rolé

of conservation, sustainable management of forests and enhanceme
forest carbon stocks in developing countries




SRTM Shuttle Radar Topography Mission

B Total biomass

TC Total carbon

TEF Total (timber) emission factor

UNFCC Unied Nations Framework Convention on Climate change
WD Wood density
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2 Background
2.1 Aim

The goal of the Forest Reference Level (FRL) construction for Fiji is to estimate net historical

forestrelated emissions or removals for the period 20062@l6. The FRL will serve as a

baseline against which future forestlated emissions or removals will be compared. For

the FRLthe 17" session of the Conference of the Parties (COP) to the United Nations

Framework Convention on Climate ChandgdNFCCC (Decision 12/CP.17) requests

countries to express emissions in metric tonnes of carbon dioxide equivale@e] per

year. In thisdocument, we propose a set of methodological approaches that we

recommend as tools to estimate historical forestated enissions in Fiji. To ensure

consistency among historical, current and future estimates of emissions, the methodology

proposed in this document is linked directly to the choice of methods that may be

considered for future assessments. However, UNFCCC @D¢cismMmH K / t dmT X LI NX¥» mMno0o a
the usefulness of adopting a stepwise approach, enabling countries to improve their

FREL/FRR @3SNJ GAYS o0& AYyO2NIRNIGAYy3a o6SGURR) RIGE b yR
2015a)

2.2 Scope and scale
2.2.1 REDD+ activities

The followng three REDD+ activitiesill be A y Of dzZRSR ,Aya Q@MAX A3 SEw[AYy CAZ2
National REDD+ Policy [MPI, 2011] #m&l Emission Reductions Programme Idea Note [ER
PIN, 2016]:

a. reducing emissions from deforestation;

b. reducing emissions from forest degradat; and

c. enhancement of forest carbon stocks via afforestation and reforestation.
C2N)J CA2AQa Cw[X GKSasS GKNBS ITOGAGAGASE (NI yaftl
Greenhouse Gases (GHGs): a) emissions from deforestation, b) emissions from forest
degradation and c) removals from afforestation and reforestation.

2.2.2 Pools

Of the five forest carbon pools identified BPCC (2003a, 20Q&boveground biomass

(AGB) and belowgroundo A 2 Yl a& 6. D. 0 gAff 0SS AyMfodzZRSR Ay CA
today, the contribution of the different carbon pools to total forest related emissions or

removals is unknown in Fiji and, hence, no informed statement about their significance can

0S YIRS® ¢KS RSOA&AZ2Y HKAOK LIRDDADediston Ay Of dzRS ¢
Support Toolbox (FCRFST) expert judgements, data availabiliignd implications for

future emission reduction estimates.

As significant pools, FCBIST identified (i) AGB, (ii) BGB and3iil)OrganicCarbon (SOC).
For Fiji, no data arevailable for litter and dead wood in FCGBBET.SOGUs excluded from

! Although the UNFCCC did not explicitly specify the difference between a Forest Reference
Emission Level (FREL) and an Forest Reference Level (FRL), a common understanding is that
the FRL includes both, activities that reduce emissions and increase removals, while an FREL
only includes activities that reduce emissions.



the FRL mainly for two reasons. Firstly, no national estimates of SOC stocks are available in

FijiScondly, knowledge on conversions of IPCC-laswl categories (e.g., Forest Land to

Grasland, Forest Land to Cropland, or Grassland to Forest Land) are required to estimate
emissions/removals in SOC after lamgk conversion. These data are currently not available

in Fiji, because only conversions from Forest Land to-fwest Land and vioeersaaree

mapped for the FRL. IPCC [2003b] and IPCC [2006] do not provide default Emission Factors

(EFs) for the conversion from Forest Land to {Rorest Land, as the latter is not

considered an IPCC lande category. FCPF [2016, Indicator 4.2.iidgfipt & Sa G KI & &/ F Nb 2
pools [...] may be excluded if: The ER Program can demonstrate that excluding such Carbon

t22fa OPOPPE g2dxA R dzy RSNBadGAYIFGS G2al ¢ SYA&aA2Y
potential emission reductions will be underestimated.

Litter and Dead Wood are considered insignificant. Excluding Litter and Dead Wood will
cause an underestimation of future emission reductions.

Tablel Justification for the inclusion and exclusion of carbon pools.

Pool Included | Justification

AGB Yes AGB is included in the FRL.

BGB Yes BGB is included in the FRL.

SOC No SOC is not included in the FRL. The exlusion of SOC will

an underestimate of future emission reductions.

Litter No Litter is not included in the FRL. Téadusion of Litter will caus
an underestimate of future emission reductions.

DeadWood | No Dead Wood is not included in the FRL. Excluding Dead
will cause an underestimate of future emission reductions.

2.2.3 Gases

The Agriculture, Forestry and Otheand $e (AFOLU) sector cover mainly three types of
GHGs namely carbon dioxide (GQmethane (CE, and nitrous oxide (D) (IPCC, 2006)
Emissions of }0 may be caused hyiomass burning oany forest management practice
that increases the availabilityf inorganicnitrogenin soils. However, unless lands have had
a heavy application ohitrogen fertilizer, forestrelated emissions of 0 do not usually
represent a key categoifcFOI, 2016)

Similar to NO, CH is released to the atmosphere when biomass is burned. In Fiji; man
made and wild fires are not uncommon (Trines, 2012), but national records on the cause,
extent, and intensity are currently not available. The Burned Area Products from the
Moderateresoluttion Imaging Spectroradiometer (MODIS) was used to assess where
burned areas were located between 2006 and 2016. An overlay of the forest cover maps of
2006 and 2012 produced by the Geoscience Division of the Pacific Communi§$SPC
and the MODIS Burie Area Products revealed that most of the burned areas were
recorded in noHAorested areas, mostly in grasslands. Fires that spread into forested areas
were mostly located in pine plantations. AGB and BGB in pine stands are usually only
significantly affeted by fires if they are young (e.g., have been planted recently). However,
these stands store only small amounts of carbon. Because of the lack of data, amdCH



the supposedly minor contribution of ne@Q emissions to total emissions, only S@ll be
considered during FRL construction.

Table2 Justification for the inclusion and exclusion of GHG gases.

Gas Included | Justification

CcQ Yes Carbon dioxide (G{is inlcuded in the FRL.

CH No Methane (Clh) is not included in the=RL. Burning of biomass
forests is considered negligible as maade fires rarely significantl
affect above and belowground biomass. Exclusion of CH 4 will cq
an underestimation of future emission reductions.

N,O No Nitrous oxide (BD) is not intuded in the FRL as forest managem;
practices currently employed do not include heavy application
nitrogen fertilizer. Exclusion of,@ will cause an underestimation
future emission reductions.

2.2.4 Scale

The FRL accounting area (i.e., the af@awhich the FRLs establishell is subnational,
Ay Of dzZRAY 3 CA 2A Q\ti Lévik N Lévi addTaedni. Thé dctoyhiihg area

O2@SNAR | 02dzi ydi: 2F CA2AQaA TF2NBad IFNlBe @ ! YI LI 2
1.

- B NFI 2005 and FRL/REDD+ accounting area Q

8 B NFI 2005 NORTH
8 Not covered

<

o ,

o .

s Taveuni

S

=3

<

Koro

8 ‘Ovalau

S 4

S

% ‘Gau

o

o

S

o -

2 @

[s0]

0 l?r?u st Jz:avu Fiji Map Grid 1986; EPSG: 3460
I I I I I I
1800000 1900000 2000000 2100000 2200000 2300000

Figurel Map of Fiji. In blue: areas covered by the National Forest Inventory (NFI) 2005; blue
with black outline: areas included for the Forest Reference Level (FRL) construction and the
NFI 2005.



2.3 Definitions of forest, deforestation and forest degraisat
2.3.1 Forestdefinition

¢CKS GSN¥Y WF2NBadQ KlFLa y2G &St 0SSy TF2NX¥Iffte RS-
(MPI, 201}, Fiji adopted the forest definition provided in FAZD06):

[ FYR aALI YyYyAy3d Y2NB GKIY nop KSOUINBgy 6A0GK GNBS
cover of more than 10 percent, or trees able to reach these thresholds in situ. It does not
include land that is predominantly under agriculture or urban use. Forest is determined
both by the presence of trees and the absence of other predominant les@s$. Areas
under reforestation that have not yet reached but are expected to reach a canopy cover of
10 percent and a tree height of five metres are included, as are temporarily unstocked
areas, resulting from human intervention or natural causes, whioh expected to
regenerate. Includes: areas with bamboo and palms, provided that height and canopy cover
criteria are met; forest roads, fire breaks and other small open areas; forest in national
parks, nature reserves and other protected areas such asetldsscientific, historical,
cultural or spiritual interest; windbreaks, shelterbelts and corridors of trees with an area of
more than 0.5 hectares and width of more than 20 metres; plantations primarily used for
forestry or protected purposes [...]. Exdks tree stands in agricultural production systems,
for example in fruit plantations and agroforestry systems. The term also excludes trees in
dzND Iy LI NJ &MPIY®) I NRSy & ¢

2.3.2 Definition of classes of forests: deforestation, forest degradation, fotason,
plantation and forest enhancement

C2NJ CA2AQa GCdmdS GIKEBS A2ANE WUA2NSAd [FYRQ 61 & RA
OFGSI2NRASA O0WbIl GdzNIT £ C2 NEB a-Gafegoty yidtis tacCarésb a i t € | y
strata: the subOl G S32 NB NBwIiiQdzNI 2y (G2 ya GKS A0GNF GF W[ 2gf |
F2NBAGQ IOFRSARSR a&®E2NBad tfrFyldlidAz2yQ O2ydalAya
FYR WI I NRg2FTRble2I | yil GA2YQ

¢KS 02dzyRINE 0SG6SSy W26t YR FT2NBaldQ FyR W LX Iy
t SPSt ol dadf dOd W[ 24fFyR F2NBadQ Aa f20FrGSR 0S¢
above 600 m a.s.l. This threshold value was set based dimdi of MuelleftDombois &

Fosberg [1998], who identified structural and floristical changes below and above the

threshold. A preliminary analysis of the NFI 2006 data revealed significant differences in

average carbon stocks [t tthbetween the two straa.

al
ul

—h

Mangrove forests are not included in the FRL. As of today, no national estimates of carbon

stocks in mangrove forests are available in Fiji. For mangrove only Tier 1 methods could,
therefore, be employed (i.e., default carbon stocks"h§ which may ot be sufficient to

YSSG C/tCQa aStK2R2f23&8 CNIYSE2N] 6acCiO NBIdz
gl a NBOSyiate O2yRdzOGSR Ay CAC2AQ&a YIyYyaANROYS T2
been finalized. Moreover, the primary purpose of conducting thst inventory was to

aaSaa K2g G2 STFAOASyi(Gfe &aSi dz 'y AYy@Syiuz2NE &
of carbon stocks and associated Emission Factors (EFs) are available, mangrove may be

included in an updated FRL.

CKS adNIGF WHEeNFAwRRRIYRIFWI I NRg22Rcategory y i GA2YyaQ
WC2NBad ttlydlrdirzyaQ O20SNJ §KS | NBSla fSIFraSR o¢@
Corporation Limited (FHCL), respectively. Softwood plantations are almost exclusively

stocked with pine tres Pinus[Pinug caribaeaMorelet). Hardwood plantations are mostly

BY

N
NES a
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stocked with broadleaf mahogang\ietenia macrophylli&ing). The su® |l 4§ SI2 NB WC2 NB A
tfFydriAzyaQ R2Sa y20 AyOftdRS FINBFra 2dziaARS (KS
are planted with e.g., pine or mahogany. These planted areas belong to theatedpry

Wht GdzNF f C2NBAGQP FIASROI A (Wb R diNKIf § CRANB O RE DX yy 2
WC2NBad tflyldldAz2yQ FyR GAOS OSNEI® ¢KAA RAAGAY(
distinguish between natural (native) forsseand planted forests using the available
remotely sensed data. Howevethe boundaries of the plantation lease areas could be
clearly demarcated (i.e., polygon vector files of the lease areas are available). Note that the
subOl G S3I2NE Wbl Gdz2NF £ C2NBadQ akKz2dzZ R y2d4d 0S5
the subcategoB G bl GdzNI f C2NBadGé¢ AyOfdzRSa FT2NBada
native species), as well as areas planted with introduced species.

CKS aGNIGAFAOIGAR2Y 2F TF2NBada dzaSR F2N) 0KS Cw]
wS L322 NIi (2 balCRofed ResoDrte®8 Assessment (FRA) -FiRA2015]. The

stratification provided in the FRA is based on forest cover maps produced by the

Geoscience Division of the Pacific Community {§8D0). To differentiate between closed

and open natural forest ungpervised classification techniques were used. However, no

rigorous accuracy assessment [Olofsson et al., 2014] has been conducted on these maps,

and their quality remains unknown. For the FRL, the available rems¢eiyed data did not

allow to reliably dstinguish between e.g., closed and open forest.

Table3 IPCC landise categories, su® § SA2NASa FyR F2NBad adNIFdF dzaSi

IPCC Subcategory Stratum Description
category

Forest | Natural Forest Lowland forest| The stratum 'Lowland forest' includes ¢
Land areas classified as forest that are locat
<600 m a.s.l. It includes primary (natiy
forest, human modified forests as well
areas planted with native or introduce
tree species. It does not include forest
plantation lease areas and areas classif
as mangrove forest.

Upland forest | The stratum 'Upland forest' includes i
areas classified as forest that are locat
#00 m a.s.l. It includes primary (nativ
forest, human modified forests as well
areas plated with native or introduced
tree species. It does not include forest
plantation lease areas and areas classif
as mangrove forest.

Forest Plantation | Softwood The stratum “Softwood plantatior
plantation includes all areas leased by Fiji P
Limited (FPL) between 2006 and 2016.
boundary of the lease area of FP
available as a vector (polygon) file. Are
not currently stocked with trees (crow|
cover percent is zeroput which are
situated within FP's lease area 4
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classified as forest

Hardwood The stratum "Hardwood plantatior
plantation includes all areas leased by Fiji Hardwg
Corporation Limited (FHCL) between 2(
and 2016. The boundary of the lease al
of FHCL is available as a vector (polyg
file. Areas not currently stocked with tree
(crown cover percent is zero) but whig
are situated within FHCL's lease area
classified as forest.

Non Nonforest The landuse category "NofrorestLand'
Forest includes all areas not classified as "Fol
Land Land'. For the FRL, areas classified

mangrove forest are included in the lan
use category "Nofrorest Land'. Note tha
"NonForest Land' is not an IPCC lars
category. For the FRL, the Ilande
category "NonForest Land' includes 3
IPCC landise categories, i.e., “Grasslan
“Cropland’, "Wetlands', "Settlements' a
“Other Land', except the category "For¢

Land'.
¢KS 1bC/// RSFTAYSR RST2NBallirz2y mBuBdAarzy wmck/
conversion of forested landtoneAi2 NSa i SR f I yRéd C2N) G§KS Cw[ = Ré?%
Fad (GKS O2y@SNRA2Yy 2F fFyR Ofl aaArTis@dt & Wbl (dzN:
Deforestation can only occur in the sabl G4 S32 NB Wb I { dzdotcur@mBa i Q | yR
subOl 6 S3I2NE WC2NBad tftlyidliAz2yQed ! NBI a g)\uK)\y a |
OdzZNNByiGfe ait201SR gAGK GNBSa INB adaAaftf 2y aARSN
RSTAYSR Ay CA2AQa T2NBail tdRRibersuhyON dirSEy2iNe w&wedn Bz 0 |
tflyalrdiAzyQ GKIFG I NEB Of SF NBRZ APSo: £ f 0dNBSa

deforestation.

¢CKS Lt/ / NBLRNI 2y a5STFAYAGA2YA YR aStK2R2f 23A
Direct Humadnduced Degradation of Fasts and Devegetation of Other Vegetation

¢eLISa¢ oLt/ / Is GKBnoFT Bt tR2AYIaGOKEF NI OGSNAT I GA2Yy 2
RS3INI RI A2y ¢ Y -induted, RoRgedth Ms3peristinglfoy X years or more) or

at least Y % of forest carbon stocks [andet values] since time T and not qualifying as
RST2NBall A2y de ¢KS GSN¥Y aF2NBad RSIANIFRFGAZ2YE A
threshold values are in use that allow to assess forest degradation either in the field or by

remotely sensed data. Féhe FRL, emissions from forest degradation are estimated using

proxy data, namely logging statistiddo data on forest degradation caused by wood fuel

collection are available in Fiji and the FEFST. However, emissions from wood fuel are

considered isignificant (ERRIN, 2016).

12



3 Methodological framework to estimate emissions by
sourcesand removals by sirsk

3.1 General approach

For the FRL construction we consider four sources of emissions/removals: (i) emissions
from deforestation in natural forests, (ii) emissions from logging in natural forests (i.e.,
degradation), (iii) emissions and removals in forest plantations, and dnapvals from
afforestation in areas that have not been forested at the beginning of the reference period
(i.e., 2006). These four sources link to the three REDD+ activities reducing emissions from
deforestation, reducing emissions from forest degradatiomd a&nhancement of carbon
stocks. For the FRL {0 (iv) will be combined and net emissions (or removals) will be
estimated, i.e.,

Net emissions/removals = Emissidfrem (i), (ii) and (iii) Removalgfrom (iii) and (iv)}

As described in the previousection deforestation occurs only in natural forest.
Afforestation occurs in areas that were not forested in 2006 and are not located in areas
designated as plantation arease., lease areas of FPL and FEHI@Lestimate emissions
from deforestation the ginloss method will be applied (segection3.3.1). For the gain

loss method the average carbon stock per hectare needs to be estimated. This estimate is
called tre emission factor (EF). In order to estimate emissions from deforestation, the
carbon stock estimate is multiplied by the area of forest loss (in hectares) during the
reference period 20062016. Removals from afforestation are estimated in a similar way.
Net emissions are estimated as shown above. To estimate areas of forest loss and gain, the
Geoscience Division of the Pacific Communities (&%) located in Suva, Fiji Islands
produces a forest map that depicts areas of forest change between-2008and 2012

2016. The change map is based on an overlay of a forest cover map frontoZ2062 for

the first period androm 2012 to2016for the second period

Plantation areas and areas that were logged will be excluded from mapphicguse areas
harvestedwill be taken from logging statistics of FPL and FHGL.the estimation of
emissions/removals from deforestation/afforestation a single estimate for the entire
reference period will be available. This estimate will be annualized by dividing total
emissons by 2012- 2006) =6 yearsand (2016¢ 2012) = 5 yearsThe forest change map
arestill not available to the consultancy team!

Emissions from logging in natural forest (i.e., forest degradation) are estimated using
national logging statistics. Thestatsstics provide annual data on the volume logged and
the area where the logging took plaeéthin the reference periodLogged volumes will be
converted to C@ and will be treated as committed (i.e., direct) emissions, even if the
carbon is stored in wad products and not directly emitted to the atmosphere. Emissions
from logging do not only result from the extracted timber itself but also from logging
residwes (e.g., tree stumps and crowns left as logging ressingap from felled tree irthe
forest), damage to nearby tree$i.e., incidental damageand construction of logging
infrastructure (e.g., logandings or skid trails). To account for these additional sources of
emissions, the carbon logged will be multiplied by a Logging Emission FactoilticEEEF

will be taken from a study that was conducted in Fiji (3¢as (2015)and LEF estimates
from other tropical countries. Emissions from logging in natural forests will be estimated on
an annual basis, since logged volumes are recorded annDalig.on logged volumes and
areasharvestedwere provided by Divisional Forest Offices, but serious flaws in the data
were detectedhnd no updated data were providedttte consultancy tearso fa

13



Emissions and removals from plantations (pine and mahogaitiye estimated using data

that are available at Fiji Pine Limited and Fiji Hardwood Corporation Liriiede data are
partly available to the consultancy team, but serious flaws in the data were detected and no
updated data are yet availahleTo estimate emissiondrom plantations the volumes
harvested per year will be converted to £0such that average annual emissions can be
estimated. Removals will be estimated by multiplying the areas planted in a year, by
estimates of growth extracted fromjield functions that are available for FPL and FHCL. In a
similar way, the removals from plantation areas that were neither harvested nor planted
between 20062012 and 20122016 will be computed.

Figure2 shows the three sources of forestlated emissions that are considered for the FRL
construction in Fiji. For each of the three components the uncertainty attached to the
emission estimate will be estimated using ethreadily available estimators (i.e.,
formulas), or, if the estimation procedures are more complexg., Tier 2 and Tier ,3)
Monte Carlo (MC) simulations will be conducted. The final result of the FRL construction
will be a single annualized @Cemissio/removal estimate for the period 2006 to 2016,
including an estimate of precisio®nnual estimates of the two periods 202612 and
2012-2016 will be combined by computing a weighted historical averdapese estimates

can only be produced, if the (exigf) data are made available to the consultancy team!

CO,e emissions/
removals [mg yr!]

|
¥ l ¥
1) CO.e emissions, L 3) CO,e emissions
{ }remlovals from / (2) CO,e emissions [ }rem%:wals Ifrclmfu /
deforetation in from forast degradation and
natural forests and degradation in reforestation in

. natural forests .
farestation plantations

Figure2 The figure shows the three sources of foretated emissions that are considered
for the FRL construction in Fiji. The three sources render different sets ofodathef
assessment of Activity Data (AD) and Emission Factors (EFs) necdessiad).(For each of
the three components the uncertainty attachedie emission estimate.

3.2 Data sources

Several sources of data and information are used for the FRL construction. Avienatw
is provided in the followingompilation

NFI 2005 5415 FNRBY CA2AQa UGUKANR bl (A2
dataaS (G KS LINAYIFNE a2dz2NOS G2 S
natural forests (excluding mangrove forests).

Q¢

PSP 5FGF FNRBY CA2AQa tSNX¥YIYySyld (I
first PSP round (2010) is used to derive diaméight models,
which ae used as input to derive emission factors.

SRTM Elevation (model) data from the Shuttle Radar Topography Mis
The SRTM data are used to derive emission factors for diffq
elevation levels (domains/strata).

14



Aridity Index(Al) A global raster maghat is used to select default root:shoot ratios
to derive estimates of belowground biomass (BGB). The rastel
available on the web.

ESF A global raster of the environmental stress factor (ESF). The
used to predict abowground biomass (AGBJ single trees as inpU
to derive emission factors for natural forests. The ESF raster m
available on the web.

Wood Density Database of estimates of wood specific gravity for tropical tree
Database species. Used as input to predict single tree AGB.

Satellite imagery | Satellite data (mostly Landsat) to create forest cover and forest ¢
change maps and to obtain Activity Data (AD) for the reference pq
(including data procurement for the accuracy assessment, i.e.,
reference or validation datset).

Vector data Georeferenced vector data, used to derive emissions from fa
degradation in natural forests (excluding mangrove) and plair
forests. The vector data are also used to exclude logged areas
deforestation mapping.

Logging statistis National statistics of wood volumes removed from natural fore
Used to derive emissions from forest degradation in natural forest

Plantation Data from pine and mahogany plantations managed by Fiji
Limited and Fiji Hardwood Corporatiduimited. The data are used {
derive emissions from forest degradation and removals fl
reforestation in plantations.

Auxiliary Data and information from several (local) study reports, reseg
information articles and the IPCC guidance and guidelinesuth@nts [PCC
2003k 2004.

3.3 Emissions from deforestatioandremovals from forestation
3.3.1 General approach

LY AG& aD22R t NI OGAOPR DAz Rh ¢ QBERA WEheNRCE & 1 1100 0
distinguishes between two methods to estimaB&HGemissionsand removals: the stock
changemethod and the gaiHoss method. For the stock change meth@dlledthe stock

difference method in IPCC (209®6)et annual emissions are estimated from the difference

in total carbon stocks at two points in time, divided tine number of intervening years.

Carbon stocks are estimated from repeated field measurements from national forest
inventories (NFIs); remotely sensed data may be used as auxiliary data to improve the
efficiency of the estimation. For the gaimss methodnet annual emissions are estimated

as the sum of gains and losses in the different carbon pools. Thdéogaimethod requires
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the estimation of emission or removal factors @E)d activity data (AD). AD are data on

the extent of human activity causirgmissions and removals, and are often data on areas

or areas of change (e.g., a change from Forest Land to another land use category, or change
from NonForest Land to Fest Land in case of removals) (GFOI, 20EB)are emissions or
removals per unitctivity. For the gaiioss method, total net carbon emissions or removals

are estimated as the product of estimated ABd their associated EF estimates:

Net carbon emissions/removatsAD x EF

For the FRL construction in Fiji, the glaiss method will b applied for the estimation of
emissions from deforestation in natural forest (excluding mangrove fore$ts. data
sources used foestimating emissions from deforestation/afforestation, forest degradation,
and emissions/removals from degradation andorestation in plantationsre presented in
Table4.

Table 4. Data sources for estimating emissions from deforestation/afforestation, forest
degradation, and emissions/removals from degradation and reforestation in plantations

Soures of C@e AD EF Uncertainty

emissions/ removalg assessment

Deforestation Remote sensirig | NFI 2005 Monte Carlo M1C)°,
Accuracy assessmen|

Afforestation Remote sensing | NFI 2005 MC, Accuracy
assessment

Forest remaining Remote sensirfy | NFI 2005 MC,Accuracy

forest assessment

Degradation Logging areds | Volume logged MC

Emissions/ removald Plantation ared | Changes of per yeaj MC

from plantations

growing stock

Y Excluding logging areas and plantation areas
2 obtained from Harvested Area Reportift$jAR)

¥ obtained from Timber Revenue System (TRS) database

“ provided by Fiji Pine Ltd. and Fiji Hardwood Corporation Ltd.

®Monte Carlomethods

The acronym EF includemissions as well as removals.
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3.3.2 Emission factors

¢CKS LINAYINE &2dz2NOS (G2 RSNAGS SYA&aaA2005 FI OlU2NRE ¥+
For the NFI 2005, attributes of trees were recorded on in total 1023fixed area cluster

plots. Data collection started in 2006 and was finalized in late 2007. A stratified simple

random sampling design was employed, where the strata were clasdapen forest. The

map that was used for stratification was derived by visual interpretation of Landsat imagery

that was acquired between 2000 and 2002.

To derive emission factors from the NFI 2005 data several steps were necessary. First, the
aboveground biomass of individual trees needed to be predicted. This is commonly done
by applying allometric models that relate easy to measure tree attributes (e.g., diameter at
breast height [DBH], species and total tree height) to the AGB of an individuaUpaatil

now, no countryspecific allometric models are currently available in Fiji that allow for a
nation-wide application. Therefore, two candidate models were selected that have been
published inChave et al. (2014). Equation 7 in Chave et al. (2@tgijres as input the DBH,

the wood specific gravity and a salled environmental stress factor. The DBH was
measured during the NFI 2005. Wood densities were extracted from available literature
resources and global databases (Zanne et al., 2009% envionmental stress factoE T

which serves as a substitute for height measurements available inhe form of a global
raster map. As the geographic positions of NFI cluster plots were known, the vadtueasf
extracted at each plot location and was atteed to the trees located on the respective
plot. The AGB was predicted for all trees metml during the NFI 2005, using Chave esal.'
(2014)Eugation 7.

The second model, Equationid Chave et al. (2014)equires the DBH, wood density and

measured toal tree height as input to predict the AGB of an individual tree. Total tree

height was not measured during the NFI 2005, however. To predict the heights of trees,

RFGF FNRBY CA2AQ&a tSNXIYSyYyd {FYLXS tf20 ot {to LN
the PSP program (2010), the DBH, species and height was measured on trees located on 86

fixed area sample plots. In total more than 9000 trees were recorded and for more than

5000 of them records of the DBH, species and tree height were available. Theseetdata

used to derive a diametdneight model, which wathen applied to the NFI 2005 dataset.

Once tree heights were predicted using the PSP height model, EquatioGlaire et al.

(2014)was used to predict the AGB of all NFI trees.

When the AGB predictions of the two models were compared, large deviances were

20 3SNUSR® ¢KSNBEF2NBE>X | GKANR !'D. Y2RSt gl a 0O2ya
was derived by refittingChave et al. (2014)Bquation 4 to a subset of the da@have eal.

(2014)used to derive the allometric moderhe subset was chosen such that the diameter

height relationship was similar to the relationship found for the PSP. ddta model was

used to predict the AGB of all trees recorded during the NFI 2005%utha partropical

dataset was used to derive the AGB model for Fiji, locally available data were used to adjust

the model, and, hence, we considerghlapproach as being Tier 2 (see IPCC (2006))

After the AGB was predicted for individual trees, AGB vggpegated at the cluster plot
level and expanded to per hectare values, ires 1023predictionsof AGB { ha'] were
available. These plot level predictions were used as input to compute estimates of-below
ground bomass (BGB) at the plot level.

To derve BGB, default root:shoot ratios (R) foundIRCC(2006yvere used.IPCC(2006)
LINEGARS NIGA2a F2N) RAFFSNBYyG S02t23A0!If 2y
F2NBadié¢ T2ySd 1268SOSNE sAGK NBaLISOG i,62 NI A
combined with the southeast trade winds, produce a pronounced windiesd/ard effect

< o
H o
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(ranging from about 3000 mm rainfall per year, or more at higher elevations, to about 1800
mm per year, or less in sheltered positipiisuellerDombois & Fosberg, 189 For a more

RSGIFIAEtSR T2yAy3as (GKS F2tf26Ay3a GKNBES3 12ySa 65N
Y2y (iKa RNE RddNAYy3I GAYISNLZ &eNBRRIEDHUing Y2A 4G RSO
GAYGSND YR G¢NBLAOIE Y2dzydl A100 &manihil&aaé ol GA G

variations). The decision which R to apply wasied by the aridity index (Al; Zomer et al.,

(2008))and altitude at plot location. Plots locateg 600 m above sea level (a.s.l.) were

Of F aaAFTASR | & a&¢ NP LAMuEler-DowBodzy& (Fbsheyy (1¥BapadgeyYa¢ 0aSS
121). To differentiate between tropical rairand tropical moist deciduous forest (among

plots that were locate&k 600m a.s.l.), different thresholds of the Al were considertable

5 shows which R was used for the NFI 2005 plots.

Table5 Root:shoot ratios (R) used to compute values of BGB = AGB. Adopted from
Table 4.4 inPCJ2006 Chapte#].

Ecological zone Altitude [m] | AB AGB f ha'] R
Tropical rainforest <600ma.si. |12 0.37
Tropical moist deciduous forest | <600 m a.s.l. | <2 1125 0.24
<2 <125 0.20
Tropical mountain systems 1 600 m a.s.l. 0.27

Once AGB and BGB were available at the plot level, total biomass (TB) was predicted for

each NFI 2005 cluster plot as TB = AGB + BGB. Afterwards, TB was converted to total carbon

(TC) and TC = K®.47 was converted to carbon dioxide equivalents €COT x 44/12.

Table6 showsthe conversion factorsvhichwere applied. All estimates were based the

adjusted allometric model For FRL construction the adjusted rebavill be chosen,

because we assumed, that this model lead to the supposedly smallest bias (i.e, the smallest
a2aidSYFGAO RAFFSNBYOS o0SGoSSy GKS LINBRAOGSR vy
individual tree).Moreover, using the adjusted model will reduceethisk of overestimating

potential future emission reductions.

Table 6 Conversion factorsised to estimate belowground biomass, total biomass, total
carbon and carbon dioxide

Name Abbreviation Unit Conversion
Abovegroundbiomass AGB t ha'

Belowground biomass BGB t ha' BGB = AGB xR
Total biomass B t ha' TB = AGB + BGB

% Al = Aridity Index
*R = root to shoot ratio

>A.s.l. = above sea level
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Total carbon TC t ha' TC =TB x 0.47

Carbon dioxide equivalent CQe t ha' CQe=TC x44/12=TC x 3.66

Estimators that are commonly appliédr stratified simple random sampling designs were

used to predict average GOt ha'6 T2 NJ (KS (g2 adNI Gl aOf2aSR T2 N

and several domains (i.e., subpopulations that may cut across strata). The esti@aors
found in Séndal et al.(1992) The analysis revealed that no significant differences e €O
ha'] were foundbetween closed and open foresnost likely because the differentiation of
closed and open forest using unsupervised classification was poor

Edimates were computedby only considering those plots that fell into the FRL accounting.
Average C@ [t ha'] was also estimated for different elevation levels: lowland (plots below
600 m above sea level) and upland (plots equal or above 600 m above sea lexef). @O

Y differed signifcantly between the two domains. Weherefore, recommend applying
different emission factors for the twR 2 Y A y & fores® ¢ f1yYRR dotedtdt @ yIR
FAYSNI daadGNIGAFTAOIGAZ2YE G62NJ ONBF{ 1 R26Yy aAy 2
point of view, because this splitting may increase variances @f [EBa'] estimates within

the domains.

Variances of emission factor estimates were computed in two different ways. First,
variances were estimated assuming that the plot leveleQoha’] predictions are free of
error (i.e., ignoring the uncertainty that results from using an allometric model). Closed
form estimators (i.e., formulas) exist, that can be applied to estimate the variance of
population, stata and domain means and total§o account for the uncertaintynithe
adjusted allometric model, &Monte Carlo (MC) simulatiowill be conducted in which
random errorsare addedto different components of the model. For the simulation, the
following random errors will be added:

1 Random eror in wood density estimates (error randomly drawn from a Normal
distribution with mean zero and a standard deviation that is estimated from the
variability in wood density estimates).

f Random error in predicted heights (error randomly drawn from a Normal
distribution defined by the distribution of residuals of the height model).

1 Error from the refitted allometric model (error from a Normal distribution defined
by the residual distribution of the refitted model).

These errors will be added to individuaéér level AGB predictions. Afterwards plot level
AGB will be aggregated (as described above). In total 10,000 runs will be conducted (i.e.,
AGB is predicted for each plot 10,000 times). In a next step, a random error is added to the
root:shoot ration R. Pameters for the error distribution will be taken from Table 4.4 in
IPCC (2006). To account for sampling error, bootstrap samples will be taken from simulated
plot data[CQe t ha']. The final estimation error will be computed by taking the standard
deviaion of 10,000 bootstrap estimates of the target parametep€Pha].

3.3.3 Activity data
Land cover change information provides thasisfor estimating emissions and removals
from human activity (activity dataAD).The procurement and analysis AD shoid follow

IPCC good practice guidelines that advocate neither -omer underestimating GHG
emissions or removals and reducing uncertainties as far psa@icable(IPCC 2006, GFOI
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2003, 2016). To estimate accurate and consistent AD for &ifgrest area change
assessment andnaccuracy assessmehave been carried out.

The following 4 stepsF{gure 3) best describe the overall methodology adopted for
accuracy assessment of forest change. This approach is based on IPCC good practice
guidelines and is recommendéy Olofsson et al. (2014hd the Global Forest Observation
Initiative (GFOI, 2016; section 5.1.5.).

- Obtain data, Define classes
Map b - - Check for errors
ap Data - Determine Change Map
- Define strata and calculate strata size
- Determine approach
Sampling - - Calculate sample size and strata
Data - Determine spatial unit
- Distribute the samples over strata
Response - Translate map classl C!E:ﬁl"lller‘I into
Data reference class definition
- Collect reference data
Analvsis - - Estimate accuracy
y - Area estimates with confidence interval

Figure3 Methodology for forest change accuracy assessment.

Activity data used for FRL construction for ®iill be taken from a land cover change
assesgient conducted between the years 20@612and 20122016. The focus of change
assessment is primarily on changes between forest andfoest categoriesncluding the

strata Lowland and Upland foredtandsat Thematic Mapper (TM) data downloaded from

the United States Geological Survey (USGS) Global Visualization Viewer (GloVis) were used
to obtain land cover data. In addition, geospatial information of the Mijistry of Lands

and Mineral Resources, Landepartment river s/stem and Shuttle Radar Topaghic

Mission (SRTM) Digital Elevation Model (DEM) with 30 m and 90 m resolutions were used
as supplementary data. Land cover data for 20P@12and 2016 as well as the change
detection map have been prepared by the Pacific Community (SPC), Geoscigsioa Di

A specific problem for the South Pacific region is the limited availability of historical satellite
data, which is partly due tgersistent cloud covey non-regular recording of satellite
imagery due to the lack of recéng stationsand inadequate data access infrastructtne

the region. Therefore,the assessment of accuracy of forest change could not be done
through comparing map data witlgreater quality reference data. Instead a sampling
approach was applied that implemented amependent second image interpretation of
Landsat TM daté.e., assessing the accuracy of a map using independent reference data).
The comparison of reference (i.e. independent interpretation) and map data (i.e.
interpretation by SP&eoscience) allowedor biascorrected area estimates with
associated confidence interva(&OFE&50LD 2016)
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3.3.3.1 Methodology for&nd covelinterpretation

Map data refers to the input maps used for forest change assessment. Considering the
requirement of historical data for FRL construction, a review of existing -¢feedsatellite
imagery for tle years 20062012and 2016 was conducted. The following criteria were
adopted based on expert consultation for selecting the appropriate satellite scenes for map
source:

- Historical coverage

- Walkto-wall coverage

- Cloudfree coverage

- Derived fromsame sensor configuration

- Consistent in scale and spatial extent

- Proven accuracy measureand

- Well accepted by the FRL team and REBD Fiji

Landsat TM scenes were found that meet the abowentioned criteria. The data
preparation included aratmospheric correction of the image data and a geometric
corredion with reference to the Largl Departmentriver system. The corrected satellite
imagery for 2006 and 2016 was embedded in g &1& two GIS backdrops were produced:

-True color composité€RGBred, green, blue)seeFigure4
-False color compositilue, green, near infraredyeeFigure5

Figure4 True color composite closeup (RGB: red, green, blue).
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Figure5 False color compositecloseup (blue, green, near infrared)

In 2007 forest polygons have beeigitized from Landsat M imagery that contain the
boundaries between forest and neorest areas.The GlSdata of 2006 2012and 2016
were overlaid with those polygons. Subsequently the 2007 polygons were adjustduefor t
2006 2012and 2016 situation. The resulting forest boundaries for 200&BL2and 2016
were combined with auxiliary raster data (i.e. water, forest plantations) eonverted to
thematic raster mapsTheclases assigned to each pixel folldahe classification system
shownin Table7 Land cover classification

Table7 Land cover classification

Class Code

1 Forest

2 Mangrove

3 Pine plantation

4 Mahogany plantation
5 Coconut plantation

6 Water body

7 Non-forest
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In order to be consistent with the definition of the REDdAzeounting area and theverall
approaclesto estimate (1) emissions in natural forgs(2) emissiorirom logging in natural
forests and (3) emissions and removals from management of plantatithresforest area
displayed in the 20062012and 2016 raster data had to be adjusted. Therefavater
bodies (class 6), plantation areas (classes 3 and 4)nobqaantations (class 5) and
mangroves (class 2) were excludétantation areas were excluded because, emission and
removals will be estimated differently using data provided by FPL and FHCL.

Figure6 summarizes the workflow for thiand-use interpretation and subsequetdand-use
change assessment.

2006 satellite 2016 satellite

imagery imagery
¥ ¥
Preprocessing Preprocessing
+ L]
Embedding in GIS Embedding in GIS
Y L Y h J 1 Y
RGB GI5- NIR GIS- RGB GIS- NIR GIS-
backdrop backdrop backdrop backdrop
¥ ¥ ¥ ¥

Overlay with 2007 forest
polygons and adjustment

¥

Overlay plantation &
logging areas, water bodies

¥

Conversion to raster data

¥

Interpretation

b

Overlay with 2007 forest
polygons and adjustment

E

Overlay plantation &
logging areas,water bodies
|

Conversion to raster data

"

Interpretation

]

2016 land use map

2006 land use map
[

|

4

W

Overlay
L 2

Change assessment

Figure6 Workflowshowingland-use interpretation and landse change assessment.

3.3.3.2 Landusechange assessment

In a finalstep, the resulting raster data for 200@2012and 2016are overlaid andsix area
change classef.e. forest remaining forestiand converted to Forest Lan#orest Land
converted to noAforest Landor both strata Lowland antdpland fores} are calculated for
each pixel(Figure7). The raster dataare cut into map sheets and the respective area
changesare calculated.In addition each piel will be classified as being located over or
below 600m a.s.l., utilizing the SRTM digital terrain modé&ke use of the biophysical
factors (correlation between elevation and biomass/carbon density) as a basis for
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stratification of forest covewill inaeasethe accuracy and precision of the measgriand
monitoring forest carbon.

Figure7 Landuse change majg green: forest remaining as forest, red: forest loss, light
green: forest gain, blue: water bodies, white: forestremaining as notforest

The following statistic§Table8) will be provided to show the distribution of change area
and stable forest and neforest areas across tHREDD+ accounting aregeeChapterO for
the respective estimation procedures.

Table8 Forestareachange across strata.

Strata Forest Igs Forest gain | Stable forest| Steble non
area area area forest area
ha % ha % | ha % ha %

>600m a.s.l.

Xcnny |

Grand total
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