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1. Summary

As per the Warsaw Framewordn Reducing emissions from deforestation arateft
degradation (REDDgountries implementing REDD+ need to have a REDD+ architecture in
place consisting of a National REDD+ strategyational Forest Monitoring System,
National Forest Reference Emission Level (FREL) and/or National Forestdeetfenes| (FRL)

and a Safguard Information Systeneveloping countries are encouraged to develop a FREL
and/or FRL in accordance with the national circumstances, to serve as a benchmark for
assessing performance of implementation of REDD+ activities.

Bhutan has developed the HR and FRL mainly to take stock of emissions and removals from the
forest sector and set a baseline to measure future (additional) performances. The data collected

is also expected to provide overall guidance for planning and mghation of activitiesn
F2NBaidNER YR 20KSNJI NBtSOFyli aSOi2NaR® ¢KS Cwo9]
position and commitment under its Nationally Determined Contribution (NDC) by revalidating the
forest cover, instituting a system tquantify and monitor carbn stocks and establishing a
benchmark for tracking its performances in terms of forest management.

Kdzi I yQa Cw9[ YR Cw[ A ywhichizReRetuciggyemigsionfrandzNJ w9 -
Deforestation Sustainable Management &orests (SMELonservabn of Forest Carbon Stocks
and Enhancement of Forest Carbon Stocks. Carbon Pools includes Above Ground Biomass, Below
Ground Biomass, dead wood, litter and Soil Carlesides C£emissions, nofCQ emissions,
namely Ck CO andN>O from forest fire hag also been includeds CQequivalent.

For transparency, consistency and future reporting, separate reference levels for emission (FREL)
and removal (FRL) is reportelhe FREL and FRanstruction followed the guidance and
guideines of IPCC and UNFCCC Decisions 12/CP.17 and 13/Ge FRE for deforestation is
constructed by calculating the historical average emissions from deforestation and adding an
upward adjustment of 0.01% applicable for countries with high forest amddeforestation.

Bhutan being a developing country and countrythwhigh forests and low deforestation, an
adjustment for FREL construction was required and is justifiable. The adjustment was determined
based on assessment of the National Circumstancesfatutde projections of developmental
activities in the Country.

The total annual emissions from the deforestatiof.is7 million tonnes of C@e and adjustment
of 0.38 million tonnes of C@e per year. The proposed FREL for Bhut&®5is million tonnesof
CQe per year

The totalannual net sequestration from SMK;onservation and Enhancement i¥® million
tonnes of C@e and therefore the proposed FRL for Bhutan is 8.76 million tonnes-effieéDyear.

The historical data used to construct the natioRR®EL and FRLe a reflection of this high
performance. The da therefore allow the country to objectively demonstrate the positive
contribution to global climate change mitigation objectives that are results of the large and
successful efforts in implennéing conservation and sustainable forest management
practicesin the past. The benchmark set by the FREBd FRL demonstrates that the
continuation of these efforts to maintain the statgsio can be considered as a good
performance and positive contributin to mitigation of global climate change.

Bhutan FREL& FRL Pagel of 45
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2. Introduction

Reducing Emissions from Deforestation and Forest Degradation and the role of conservation,
sustainable management of forests and enhancement of forest carbon stocks in developing
countries (REDD+was negotiated under the United Nations Framework Convanta
Climate Change (UNFCCC) to reduce carbmxide (CQ) emissiors and enhance
sequestration through five activities; i) reducing deforestation, ii) reducing forest
degradation, iii) conservain of forest carbon stock, iv) sustainable management aédbr

and v) enhancement of forest carbon stock.

The Conference of the Parties (COP) to the UNFCCC in the nineteenth COP completed the
guidance for REDD+, known as the Warsaw REDD+ Frameworkr thesperamework,
countries implementing REDD+ need to havyieEDD+ architecture in place consisting of a
National REDD+ strategy, a National Forest Reference Emission Level (FREL) and/or National
Forest Reference Level (FRL), a safeguards informatioensyahd a national forest
monitoring system. Developing courds are encouraged to develop a FREL and/or FRL, in
accordance with the national circumstances, to serve as a benchmark for assessing
performance of implementation of REDD+ activities. A coumtrigh undertakes only actions

to reduce emissions from the fest sector, by controlling deforestation and forest
degradation, will be using a FREL as the benchmark to assess its performance. The term FRL
is generally used when a country undertakes actlooth to reduce emissions and to increase
removals by increasl carbon sequestration by its forests. In the case of Bhutan, both terms

are used; the FREL is used to describe the benchmark for emissions, and the FRL is used to
describe the benchmark for reowals.

In response to the Warsaw REDD+ framework, Bhutadéasoped the FREL and FRL mainly

to take stock of emissions and removals from the forest sector and set a baseline to measure
future (additional) performances. The data collected is also expetdeprovide overall
guidance for planning and implementatiofnactivities in forestry and other relevant sectors.
Therefore, Bhutan would like to submit its national FREL and FRL to the UNFCCC in accordance
with Decision 13/CP.19 and ksinex.

3. Natpnal Context

Bhutan has a geographical area of 38,394 square and is characterized by fragile
mountainous ecosystems with elevations ranging from about 130 m.a.s.| in the foothills to
over 7,500 m.a.s.l in the north; within a distance of 170 km frormibrghern to the southern
border. Bhutan has a wide geographdoversity and diverse climatic conditions with its
altitude, making it a rich repository of biological diversity and ecosystems. The topographical
and climatic features of the whole country rdsin a mosaic of watersheds with wide array

of ecosystems ah immense biodiversity, making Bhutan part of the Himalayan global
biodiversity hotspo{Mittermeier et al., 2004 Forests provides various ecosystem goods and
services which are important source of livelihood and national development.

Environmental conservation constitutes an important pa o . Kdzi | yQa y I GA 2y}
strategic framewof YR Kl & | fglé&a Sye22eéSR | KAIK LINR

Bhutan FREL& FRL Page2 of 45
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agenda. Bhutan's protection and conservation of the environment and the safeguarding of
forest and wildlife is ensured under the Constitutiof the Kingdom of BhutafiRGoB, 2008

The Constitution directs every Bhutanese citizen to protect the environment and natural
resources. Té Constitution of Bhutan (2008) under Articlesgction 2(d) mandates Bhutan

to maintain 60% forests cover all the tiflRGoB, 2008 Over theyears, a set of strong laws
and policies have @Wed to ensure the protection, management and sustainable use of
forests (RGoB, 2010 These legislations are essentially geared towards contributing to the
Gross National Happiness (GNHbe central development concept for Bhutan. This unique
and singular commitment with stng legitimacy, having loAgrm policies and approaches
which is in line with the vision of REDD+ mechanism, positions the country as a strong
candidate to be recognized for its past and present actions and financially sugpirte
continue to conserve $forest for various ecosystem goods and services.

As per the development priorities, forest management in Bhutan has evolved over the years
with management approach gradually shifting from a primary focus on protection and
congrvation towards balancingooservation with sustainable management and utilization in

the context of climate change and livelihoods. To operationalize the provisions of the
Constitution, the National Forest Policy, 20RGoB, 201)ldefines the overarching goal of
sustainable mangement of forest resourcesnd biodiversity conservation for meeting the
longterm needs of people. The Forest and Nature Conservation Act 1995 (FNCA) provides a
legal framework for appropriate forest uses and enabling community and social forestry
(RGoB, 1995 The Forest and Nature Conservation Rales$ Regulations of Bhutan (FNCRR),
2017(RGoB, 2017wover general aspects of managing State Reserved Forest Land (SRFL) and
it defines detailed management requirements for Forest Management Units (FMU),
Canmunity Forests (CF), Protected Areas)(R#atershedsand local forest management
areas. About584: 2F (KS O2dzydNEBEQA G20GFf FNBF A& Y|yl
system, around 5% under Forest Management Unit (FMUB17operational community
forests and the remaining forest is mareunder local forest management. The protected
areas are focused on the conservation of biological diversity and integrated conservation
development for the people residing within the parks. FMUs are the areasnived for
sustainable timber harvestingpased onsustainable forest management plans. CFs are
managed by the local communities for meeting their requirement for forest produce. Further,
watershed management plans are developed for degraded andatritatersheds.All areas
outside these existip formal management regimes afeeing brought under local forest
management plans. Timber harvesting in forest areas without any management plan is done
using single tree selection following the scientfficciple of forest management as required
under NCRR 201(RGoB, 2017b

Consideringhat the goal of the REDD+ mechanism is in line with the conservation efforts and

the sustainabldorest management practicesf Bhutan the REDD+ programwas formally

initially in 2010. Bhutan envisagéhat REB b A YLI SYSy G+ GA2y O2dz R 02
sustainable development through improved management of forest resources, forest law
enforcement and governance. Bhutan is currently implementing asta@scribed under the

REDD+ Readiness Preparation Prop@sBP).

Bhutan FREL& FRL Page3 of 45
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At the 15th Conference of PartieUNFCCC in 2009, Bhutan made a commitment to remain
OFNb2y ySdziN}f & . KdzilyQa bliaAz2zylrftfte 5S0SNY
commitment by ensurig to maintain the GHG emissions below the sink capatityg torests

with support from global community. Hence, forest conservation and managearerthe
O2NYySNREG2YS 2F FdAf FAE T Ay . Kdzi yQa OFNb2y VY.
importance2 ¥ F RI LJG I 0A2Y | YR YA(A 3 lfulure 2lyhateFchadde . K dzi |
impacts on its mountainous ecosystems. Specifically, the NDC focuses on ensuring sustainable
management of forest and institutionalization of a national forest monitoring sgsiREDD+

can contribute to the forest component of the NDdhd to the overall development
philosophy of Gross National Happiness (GNH).

¢tKS Cw9[ YR Cw[ adzoYAiaaizy Aa YIRS (2 &adNBy
its NDC by revalidating the fest cover, instituting a system to quantify and monitorbzn

stocks and establishing a benchmark for tracking its performances in terms of forest
conservation andnanagementbased on national circumstancesurther, REDD+ serves to

NBY Sé . Kdziatdgamanitm@rit th thecognservation and sustainable managenof

its forest resources.

4. Definitions of Forests

The forests, defined under the National Forest Policy (NFP) of Bhutan(RGHB, 201)1

and FNCRR, 201RGoB, 20172 & dafFyR ¢AGK GNBS aLl yyAy3d -
higher than 5 meter and a canopy coverdmB G KI'y wmn LISNOSyi(é> KI &
the purpose of establishing the FREL and FRL for Bhutan.

This definition of forest is corsent with the criteria thresholds of 2006 International Panel

2F JEAYIFOS [ KIFIy3aSQa oLt /ick GuidanzeIBCC{200@&ErHA YV A U A 2
UNFCCC dmston 11/CP.17. It is also consistent with definition of forest adopted for national

forest inventory of BhutaFRMD, 2015 land use and land cover mapping of Bhu@RMD,

2017 and technical definition of forest adopted in Global Forest Resources AsseqsiAént

20153.

5. Scale

Bhutan has decided to submit a national level FREL and FRL pursuant to the Decision
12/CP.17. HavingREL and FRL at the national level, avoids the issue of internal displacement
or leakage(Angelsen et al., 203 Hirata et al., 2012Meridian Institute, 201)of emissions

and facilitates the assessment of the impact of natideakl policies and measures. The
datasets of natioal forest inventoy and land use and land cover used in this report are
available at the national level. Therefore, development of FREL and FRLrattisuial level

as an interim measure for Bhutan is neither justified nor necessary.

6. FREL andRlHistorical Reference étiod

The historical reference period for Bhutan is for 10 years from ZW3l. This historical
period is further divided into 2 contiguous periods (29, 201€2014). The reference

Bhutan FREL& FRL Paged of 45
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period has been decided based on the Forest Carbon PartnershigyFga#F) Carbon
Fund Methodological Framework 20{lBCPF, 20)&nd freely available datasets.

7. Scope (activiis, pods, gases)
7.1 REDD+ Activities

Kdzii yQa Cw9[ IyYyR Cw|[ AyOfdzRSa F2dzNJ w955b |
Management of Forests (SMF); Conservation of Forest Carbon Stocks; and Enhancement of
Forest Carbon Stocks. It does not incliReduced~orest Degradation, however, all carbon
fluxes from the forest are covered through these four REDD+ activities. Definitions and
rationale for inclusion/exclusion of these activities are as follows

7.1.1 Deforestation

The definition of deforestatio has leen adopted from the National Forest Policy of Bhutan

(RGOB, 201016 KA OK RSTAYS& RST2NBadl GAz2y -témporatyOf S| NA
0l &aAa FT2N) I y2G3KSNJ dza S¢ & C 2stodkedas d résltloffhumaik A OK |
intervention such as haesting or natwal causes but which are expected to revert to forest

are not considered as deforestation.

Therefore, conversion of forest land to any other land category, including land with tree cover
not meeting minimum threshold of 10% canopy covéb, lta and 5Smeteheight is considered
as deforestation for the purposes of this FREL and FRL.

CKAAd RSTFAYAOGUAZY 2F RST2NBaidl A2y Aa(POeyairadi:
20069 s KA OK adl dSa dKI G RSTzindBcadicbnireksiyof forastedt i K S |
landtononF 2 NB&a G SR f I yRéd {YIff LI GOKSa 2F Of SI NB
un-stocked as a result of human interventiomch as harvestig or natural causes but which

are expected to revert to forest.

The patches of forest loss not detected by satellite imageries (e.g farm roads, narrow power
transmission lines) are not included in deforestation.

7.1.2 Forest Degradation

Forest degradationis considered as GHG emissions resulting from activities in forest
NEBYIFAYAYy3 |a F2NBald AdSoe (KIG R2Sa y2G NBa
Deforestation and Degradation study (D@®YMD, 2017 considered the timber haested

from forests as a source of degradation. However, according to the definitions of SMF and
conservation referred to below, all emissions resulting from degradation in any forest type

are accounted under these two activitieBherefore forest degradation is noncluded as a

separate activity in this FREL and FRL.

Bhutan FREL& FRL Page5 of 45
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7.1.3 Sustainable Management of Forests

The definition of sustainable management of forest (SMF) has been adopted from the NFP,

2011 (RGoB, 200k KA OK Aa ad2 YIFyl3S . Kathcliogy &a T2 NEX
economic and evironmental goods and services and to meetlbregtermy SSRa 2F &2 OA !
In operational terms, SMF concerns all forest land remaining forest outside the protected
areas.Protected area shall mean the area under national pasidgllife sanctuariesandstrict

nature reserve.

7.1.3 Conservation of Forest Carbon Stocks

Ly GKS bCt HammI Yyl Gdz2NBE O2yaSNBIGA2Yy A& RSTA
andensure longi SNY adza Gl AylFoAf Al 2@&mserdasidndnatéral o A 2 RA
habitats through a network of protected areas and management of other parts of the forest
flyRAOILIS F2N LI aAA (I ARDB, 300U B oAtERDIHISIFREL andzi O2 Y S
FRL, conservation of carbon stocks concerns forest remaining forest inside the protected
areas.

7.1.4 Bhancement of Forest Carbon Stocks

Enhancement of forest carbon stock is defined as the establishment of forest on land which
was notpreviously forested, or which had earlier been converted from forest to other land
use. In the context of this FREL andl FRforestation and reforestation are considered as the
enhancement of forest carbon stocks.

7.2 Carbon pools included in the FREId&RL of Bhutan

All carbon pools are included for the development of FREL and FRL (Table 1).
Tablel: Garbon pools considered for FR&hd FRL

Sl. No Pools Definitions Justification Data Sources
1 Above Ground All biomass ol AGB is majorcarbon National
Biomass trees, saplings pool with  biomass Forest
(AGB) shrubs, and density 0f269.32t ha! Inventory
herbs. and represent49 % of Report(FRMD,
total forest carbon stock. 2018
2 Below Ground Live root biomass The biomass density of National
Biomass (BGE of trees and BGB i®stimatedto be Forest
saplings 121t hal andconstitute  Inventory
21 %of the carbon Report(FRMD,
stock. 2018
3 Dead Wood Coarse woody  Biomass density ddW National
debris is 6.44t ha' and Forest
constitute1 % ofcarbon  Inventory
stock.
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Report(FRMD,
2018
4 Litter Litter Biomass density oftler ~ National
is 13.2% ha' and Forest
constitute 3 % offorest Inventory
carbonstock Report(FRMD,
2018
5 Soil  Organic Organiccarbon in SOGs64.07t ha' and National
Carbon (SOC) mineraland constitute 26 % of Forest
organic soilsip  carbonstock and it is Inventory
to 30cm depth  second largest carbon  Report(FRMD,
pool for Bhutan. 2018

7.3Gases included in the FREhd FRL

Besides Cgemissions, norfCQ emissions, namely GHCO andN.Ofrom forest fire have also
been included in this FREhd FRlas CQequivalent. NorCQ emissiongonstitute about43
%of emissions during the reference perioghich is significant.

8. Data and methods

Historical emissios from deforestationare estimated through analysis of remote sensing.
Deforestation area calculamn within the reference periods spatially explicit. Historical
emissiors from Conservatiorof Forest Carbon Stocks afiMFare estimated using timber
harvestd records within the reference period, maintained wilepartment of Forests and
ParkServicegDoFPSHistorical removafor Conservation of Forest Carbon Stocks and SMF
are estimatedbased on biomass increment forest landremaining forest. The historical
removak from enhancement of carbon stoékestimated usinghe plantation recad. Non-

CQ emissiors from forest fireare estimated usinghe forest burnt area record.

8.1 Deforestation

8.1.1Activity Data

In order to generate the activity data for deforestation, all available national land use and
land cover (LULC) datasets were examined and consolidated. At the moBtertan has

three national LULC data sets; namkeand Use Planning Projeti PP 1995 (MoA, 1995,

Land Cover Mapping ProjetiGMP2010(MoAF, 201pandLand Use Land CovétLE2016

(FRMD, 201y All three LULC datsets werederived from different satellite imageries with
different methodology. LUPP 1995 was based on aerial photo and SPOT imageries, LCMP 2010
was derived from ALOS Imageries and LULC 2016 was based on Landsat 8. Therefore, due to
data inconsistency, ational WLC datasets were not used to generate activity data. The
possibilities of using different global data s€fable 2)were explored to generate activity

data Stepwise flow chart for generation of activity data for is described in Figure 1.
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GFC Products
Landsat Image (Tree Cover 2000,
2005-2014 Tree Cover Loss, Tree
Cover Gain >10%)

Temporal multistacking

Segmentation to
achieve MMU 0.5ha

\ 4

Zonal Statistic

A 4

Iterative computation of
tree cover for each
individual year based on
losses and gains

v

Implementation of
decision rules for each
polygon based on TC
Thresholds

4

Reclassification of the
segmentation into final
map

v

Map (Deforestation,
degradation and
conservation) for 2005-2009
and 2010-2014

Figure 1. Deforestation activity data generation flow chart

Table2: List of LULC Data assessed for Activity Data generation of Bhutan

Product Producer Resolution Classes Forest Tree Canopy Year
Types  Cover

LUPP1995 MOAF, 10m, 20m, 13 5 0-100 1995
Bhutan VHR
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LCMP2010 MoAF, 10m 16 5 - 2010
Bhutan

LULC2016 MoOAF, 30m 12 4 - 2016
Bhutan

CClI ESA 300m 38 18 0-15-40-100 19922016

GLC China 30m 10 1 0-100 2000 & 2010

GFC TC UMD 30m - - 0-100 2000

GFC LY UMD 30m 0-1 - - 2000-2017

Taking the reference period and spatial resolution of satdliit@ge intoconsideration, it was
found that the Global Forest Change (GFC) proditansen et al., 20)3produced by
University of Mayland was found to be the most suitable for Bhutan to generate the activity
data. The GFC dataset has annual tree cover loss for 2000 to 2016, tree cavapy
percentage in 2000 and gain for the peridd00-2012at the pixel level. In order to align the
pixel level analysis with definition of forest in Bhutan, fine scale level information on
disturbance (pixel level gain and losses) were aggregated tamihnenum mapping unit
resulting larger scale element. The process was executed within a systematizygiown
samplingthe product to reach the minimum mapping urf@tibig et al., 2016

Twomulti-temporal layeswere created by stacking Landsat imageries of20009(Landsat
7)and 20162014 (Landsat & 8). The segmentationfor the two multi-layer stacked image
was carried out in eCognition9.2 toachieve the minimum mapping unit of 0.5Mhe yearly
lossGFC dataset was combined with mutémporal segmentation using zonal statistics t
produce information at the polygon level. iSlprocess was executed in SEPAL (FAO, Rome)
through a decision tre, using full set of available libraries.

The iterative computation of data for the tree canopy cover for each year was based on the
following formula. Since the gain in GFC is available only for the whole p@@8f2012)
the changes were assumed te kequally distributed between the different years.

Yi 'QQO € DQYI QQ6 € WA | Qi — (Equation 1)
8.1.1.1Sampling Design

This methodological component encompasses sample size determination and allocating the
overall sample size to each of the map classes. The target standard error for overall accuracy
gl a hm T ynRPAG KS SELISOGSR dzia SNR A rhoSt Coedvaive F2 NJ -
estimate of users accuracy. The resulting overall sample size is 450 samples with minimum
sample size of 50 samples per class. The samples for each class were spatibilyedistsing

a stratified random sampling approach.

Points forloss and gains were carefully assessed through a visual assessment using a time
series of Landsat images and vegetation indices andhighyresolutionimagery available in

the Google Eartand Bing Maps, all assessed using the Open Foris Collect Barfage (CE).

Only points with a high level of confidenokEland use changeere applied for estimating the

area. Collect Earth (CE) is one of the tools that was developed by FAO under thEdige
Initiative where software tools are open source andefgeavailable online. Open source
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software allows any party to verify the assessment conducted therefore improves the
transparency of REDD+ process.

Within the CE, the point samples were assb for land use conversion based on IPCC
categories(Bey et al., 2016(Figure2). Two land use change map for the period 2XT#%9
and 201602014 (Figure3 and 4respectively)was developed and area of change were
estimated for the reference period.

<

BENEnRY
'

vReR
HEVERESY

gt

Il Deforestation

Figure3: Deforestation Map(20052009)
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2010-2014

Bl Deforestation

Figure4: DeforestationMap (20162014)
8.1.1.2Accuracy Assessmenf the maps

The overall accuracy of the map and area estimates was carriedsing theSTRATIFIED
AREA ESTIMAT@RALYSI%ool in SEPAL. The scientitiackground for the accuracy
assessmenimethodology can be found in the publication on good practices for estimating
area and assessing accuracy of land chg@defsson et al., 2034

Anerror matrix was used to compare tmeap classes against the reference data. The overall
accuracy of the map is calculated by dividing the samples where the map and reference data
agree (the bold sample counts in diagonal) divided by the total numbearopkes (sum of
sample counts in alletls in the matrix). e overall map accuracy for 20@909 and 20190

2014 is 70% and 72% respectively.

8.1.1.3Stratified area estimation

According to IPCC, it is good practice to produce emission estimates whiahthEr over

nor underestimate actuamissions as far as can be judged, introducing a systematic error (or
bias), and 2) reduce uncertainties as far as practicable given national circumstances. It is also
good practice to quantify uncertainties and reptiniem in a transparent manner.

Clasdication errors were identified by collecting sample point data. The sample data verifies
whether the classification is correct or incorrect at the location of the sample pdiaised

on the verification and validatiomf sample points, the STRATIFIED AAESTIMATOR
ANALYSI®ol in SEPAL estimates tliéas corrected area of deforestation referred to as
stratified area estimateéTable 3 and Yland average annual deforested area in Table 5
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Table3: Biased corrected estimate deforested area (2002009)

Forest land converted to Samples Proportion Area estimates (ha)
Cropland 4 0.13 125.00
Grassland 10 0.33 312.47
Settlement 10 0.33 312.47
Otherland 6 0.20 187.48

30 1.00 937.2

Table4: Biasedorrected estimate of deforested area (262014)

Forest land converted to Samples Proportion Area estimates (ha)
Cropland 3 0.17 272.34
Grassland 4 0.22 363.12
Settlement 7 0.33 607.11
Otherland 5 0.28 453.90
19.00 1.00 1696.47

Table5: Average Annual Deforested Ar@®) duringreference period

Forest land 20052009(ha) Annual Average 20102014 Annual
converted to (ha) (ha) average(ha)
Cropland 125.00 25.00 272.34 54.47
Grassland 312.47 62.49 363.12 72.62
Settlemen 312.47 62.49 607.11 121.42
Other land 187.48 37.50 453.90 90.78
Total 937.2 187.48 1696.47 33929

8.1.1.4Estimated Deforestation area vs. GFC forest loss area

It was foundthat area of forest loss indicated by GFC was much higher than the defooestat
area estimated through STRATIFIED AREA ESTIMAIFQRSI®ol in SEPALMajority of
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the agriculture land and alpine grass land were misclassified as forests in th@IGHES
ando).

Figure5: GFC misclassification of alpine grass land as forests in Bhutan

Figure6: GFC misclassification of permanent agriculture land as forests in Bhutan

8.1.2Emissiorfactors

Emission factors for deforestationas mainly estimated using methodological guidance
provided by theGlobal ForesDbservations InitiativeGFO)J which defines deforestation as
the change of forest land to other land categd@fFOl, 2016 In IPCC terms theopsibilities

of Forest land replacinind usesare Cropland, Grassland, Wetlands, Settlements or Other
Land(GFOI, 2016 The change in biomass/carbon density from forest land to each of the
other land categories were estated using the corresponding methodological guidance
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available under IPCC latest guideli@g@96GL(IPCC, 200§bGenerally, the following equation
was used foestimating the emission factor for each land conversion category.

‘I "HU TR (Equation 2)

Where,' Huand‘ Heepresents biomass carbon density for land before conversion and for land
after cornversion respectively.

The emission of SOC is calculated as difference between SOC density in forastléorest
land converted to corresponding different land category. In absence of land category specific
SOC density for Cropland, Settlement, Geag$ and Otherland, the SOC density for xion
forest land estimated using NFI data is considered as relarahappropriate for these land
categories distributed over 20 years transition period as prescribellP8Y 2006. Thsoil
emission is estimated ugirihe following equation, which is an adaptation of equation 2.25
Chapter 2, Volume 4 ®iPCC 200@PCC, 2006b
v Y "YU O YO O e a
"YU O x WNOAOEI |

Emissions from deforestation in the year in question are therefore the sum of conversions
that ocairred in the current year. Emission factor for each conversion category has been
estimated as shown ithe Table 6

Table6: Emission factor for forest land converted to other land categories
Initial Land Category IPCC Categorytaf conversion EFRTonnesof CQ

equivalent)
Forest Cropland 707.0
Forest Grassland 484.09
Forest Settlement 707.0
Forest Other land 707.0

Emissions from all carbon pools have been considered for BiR&L and FRiudy and the
estimates of bionass /carbon densitgre generated from plot level measurements of thEIN

of Bhutan.The emission factor for a land conversion category has been multiplied with
corresponding area of change to estimate the total emission. The 14 sggmesdic models

and two general modelbave been applied onto the plot measurements of trees to estanat
the above ground biomass carbon density of trees. Foother carbonpools(herbs, shrubs,
litters and SOCgbout 20% of the 2424 NFI plots were systematicallysaofipled for actual
collection of samples and ovatried in the laboratory for calculatg the dry matter and
analyzed for organic carbon conteiair soil samples.

The summary of sampling design of tN&| tree biomass allometric model development
process, stimation of biomass and carbon are discussed below:
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8.1.2.1Sampling design ahe national forest inventory

The national forest inventory of Bhutan has systematic sampling design with sample plots laid
4 km by 4 km grid. The design for tN&lwas deternined through two technical exercises.
Exercise | was the remote sensing exercise, wherein classificatiordafta forests and non
forests was done using Land Cover Map of Bhiram the Land Use Planning ProjgtoA,

1995. The forests were then classified into homogenous categories of forest types.

In Exercise I, the data of forest resource inventory plots (approximately 45000bl6t85

ha) from 13 Forest Management Units (FMUs) were referred for determining the sampling
intensity required for achieving 15% Margin of Error at 90% confidencede@tog levél

The sampling intensity was thus used to estimate the total numberuster plots, which

came to be 26935laster plots at 1.2 i systematic spacing. However, considering the human
resource and financial limitations, it was decided on 4km by 4km grid as NFI framework,
following numerous consultations with experts from it the DoFPS, the School of Forestry
and Environmental Studies of Yale University and the US Department of Agridtdiast
Service. This framework allows one sample location for every 160 hectares and comes to 2424
Cluster plots covering all land covdassesas decided by the stakeholders during the Data
User Consultation Workshop held in January, 2009. This framework will provide reliable
estimates at 15% Margin of Error for basal area at 90% confidence leDebagkhagand
greater preision at tte natioral level(FRMD, 201p

At each plot location, theaventory plot casisted of cluster of 3 circular plots on ashaped
transect spaced at Sthetersapart. These circular plots are referred to as Elbow Plot, North
Plot and Bst Plot as shown in Figure

Each circular plos of 12.62m radius with an aa 0.05 hectare for collecting tree data. The
Elbow Plot will have an additional circular plot of 3.57m radius within it, for collecting
regeneration data, whereas circular plot of 0.57m (1 meter square) radius will be laddtin N
and East Plot for colig#ing herb data.

A separate plot for the understory carbon assessment was laid at 20m -s@msghof the
elbow plot(Figure?). It consisted of 5m by 5m square plot for shrubs and 1m by 1m square
plot within it for herbs. Both stubs and herbs falling withithe plots were harvested and
bagged for laboratory analysis.

Litter falling within the 20cm by 20cm square plot were also collected. Soil samples were
excavated to a depth of 30 cm using 10cm by 10cm by 10cm soil frame.

Only 2 percent of the total 242plots were systematically sedampled for forest understory
carbon assessment.

1 Geog is the smallest administrative unit
2 District
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Figure7: NFISampling Design
8.1.2.2Allometric model development

Eight number of samples per species spread a¢hesdiameter class waselected fom each
region(Eastern, Western, Southern and Central reganmg thusa minimum total of 32 trees
was selected for eactf the 14 tree species.

On each destructively sampled tree, two discs from the bole throsigétified random
sampling and other segemt/parts of tree along the pathway defined by randomized branch
sampling(RBS) technique ave collected and brought to the laboratory for oven drying.

The dry weights of the samples were used for fitting the regjoes model for the 14 tree
speciesTwo nmixed species model: one for conifer and one for broadleaf vaésedeveloped
to be applied to species lacking independent biomass model.

For all 14 species and the two mixed species data, total tree biomass waktiest predicted
by the basal area of thtree in cubic spline model form shown below.

(Equation 4)

Where, X1=basalarea(Ba), X2g(X), whereand t1,t2 and t3corresponds to the knots at
10th, th and 90th quantiles of the XBa) values.

8.1.2.6Estimating carbon density

The biomass density of treagasestimated by applying the biomassodels on to the NFI
tree datg whereasfor the aboveground understoryegetation mainly, shrubs and herbs, it
was based on the ovedried weights of the samples taken from the NFI plots.
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