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PREFACE

The Joint Concept Note (JCN) between the Government of Gugadathe
Government of Norway identifies the stepwise and progressive development of
Guyana Monitoring Reporting and Verification SysteiRVS) as an dAl ndi
Enabling Activityo as outlined in the
the mecharsm for financial contributionsd Guyana, is based arsults achieved

in keeping its deforestation and forest degradation below an agreed level.

In 2009, Guyana developed a national framework fdiRVS. This framework
was devel opedo atshtlas grogressivestaps over a 3 year period
that will build towards a fulMRVS being implemented. The aim of tMRVS is

to establish a comprehensive, national system to monitor, report and verify forest
carbon emissions resulting from deforestatsord forest degradation in Guyana.
The first year in the Roadmap starts at 2010 and requires for a number of initial
reportng activities to commence which waissist irshapinghe next stepplanned

for 2011 and 2012.

The initial steps allow fom historic assessmerudf forest coverto be completed,

key database integration to be fulfilled and for interim/intermediate indicators of
emissions from deforestation and forest degradation to be reported for the year
October 1, 2009 to September 30, 2010.

The agreement between Guyana and Norwagks to embark on one thfe first
nationatscale REDDplus initiatives in the world Given the nature of this
cooperation agreement, and the implications that initial results and lessons learned
will have for other paners seeing to take this same patimtinuous learmg and
improvement are essential in thRVS that is being developed.

This report aims to fulfil in part, the deliverables of Specific Activity Aree? df

the first bid issued for the developmerit o Gu y MRV& assprovided by the
Remote Sensing and GIS consultant. Noteworthy is the fact that the contract for
this work under year 1 of th®IRVS Roadmap, extends to March 20t the
completion ofthis contract all specific activities identified inthe Terms of
Reference will be completed, specifically item 4 (the independent Accuracy
Assessment) as well &8s associatedapacity building activities

In tandem with the work summarised in this report, an accompanying and closely
connected programmnad work is being implemented by GFC with the assistance of
a specialist firm (Winrock International) to develop: a national forest carbon
measurement system

This programme willestablish for Guyana, carbon conversi@iues expansion
factors, wood delity and root/shoot ratios as necessaAdditionally, a detailed
assessment of key processes affecting forest canotuding a summarpf key
results, and capacities as well as a long term monitoring plan for forest eafbon
be developed

This aspet of theMRVS work, in tandem with continued work as summarized in
this report, will enable a range of areas, including forest degradation to be

! http://lwww.forestry.gov.gy/Downloads/Guyana_MRV_\siop_report Nov09.pdf
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comprehensively monitored, reported and verified at the national scale. Both
aspects of work are initial parof year 1 of the GuyardRVS Road Map.

Additiondly, the report aims tdulfill the requirements f a number of

|l ndi ctors for REDD+ fét ¢he fearrQuiabercle 20090 Gu
September 30, 201@s identified by the JCN Table ZThe reporting on these
intermediate indictors will allow for reporting to take place in the interim, whilst

the full MRVS is under development.

This report describes the satellite imagery and GIS datasets, processing of these
data, and provides a summarytbé ‘Interim Measures' that report on Guyana's
progress towards implementation of its Low Carbon Development Strategy
(LCDS).

The methods and results of the assessment for the period October 1, 2009 to
September 30, 2010 will be subject to independeard trarty verification and is a
requirement for the resultsasedfinancial support for 201 As required by the

JCN, the verification will take place for the first time irR011, and will be
conducted annuallfor the duration of the Guyana NorwBgrtnerkip.

This report is issued jointly by Péyry Management Consulting Ltd (Poyry) and the
Guyana Forestry Commission (GFC).

/}@; <. r
; A

Dr Pete Watt Mr James Singh

Senior Consultant Commissioner of Forests
(Forest Remote Sensing) Guyana Forestry Comns®n
Contact Contact

Pete Watt James Singh

Level 5, HSBC Building 1 Water Street

1 Queen Street Kingston

P.O.Box 105891 Georgetown

Auckland City, NEW ZEALAND  GUYANA

Tel. +64 9 918 1100 Tel. +592 226 7271/4

Fax +64 9 918 1105 Fax+ 592 226 8956

E-mail: pete.watt@poyry.com E-mail: commissioner@forestry.gov.gy

Poyry Management Consulting Ltd Guyana Forestry Commission

iii
Copyright © the Guyana Forestry Commission and Poyry Management Consulting (NZ) Limited


mailto:pete.watt@poyry.com
mailto:commissioner@forestry.gov.gy

S POYRY

SUMMARY

On 9 November 2009, Guyana and Norway agreed on a framework that establishes
the pathway of REDD+ implementation. Under this framework several foasstd
interim measures have been agreed on for annual reporting whilstRN& is

under development. The enttion is that these interim measures will be phased out
as theMonitoring Reporting and Verification SysteiRVS) is establishe

The basis for comparison of the afmssed interim measures is the
30 SeptembeR009 benchmark mapThe first reporting eriod termed ‘ear 1) is
set from 10ctober 2009 to 30 Septemi2€x10.

Medium resolution satellite imagésve been used to calculate the forest area in
accordance with Guyanads natfi Bheaotal def |
forested area at this jmb was estimated as B®47 (x 0.4130)million hectares

(ha) of which 15.5 million ha is administered by the State.

This area is greater than previous for
Forest Resources assessment 2010, which is 15.2 millioan hal n Guyan,;
submission to FAO FRA 2010, a total of 3.58 million ha have been classified as
other wooded land and an additional 0.9 million ha as other lands.

Forest change between 1990 and 2009 was monitored using a time series of
Landsat TM and ETM;tand a composite of daily acquired MODIS (250 m
resolution) taken as close to the end of the benchmark reporting p&spdember

2009. This allows for spatial tracking of forest change areas through time as
outlined undeApproach 3 of the IC good pactice guidelines.

Forest change of forest to néorest excluding degradatibrbetween 1990 and
2009 is estimated a¥B00 hectares. Over the reporting period 1990 to 2009 this
eguates to a total deforestation rate ofl%4

Over thebenchmarkreportingperiod (19962009) this represents a forest loss of
around3800 ha/yf which when annualised is equivalent to 0.02%. As at the end
of the bencmark period (September 30 2009) the area of foresesimatedat
18.39 million ha.

The values do differ frm previous studies as reported in Cedergren (2009),
although it is unclear if these studies have split deforestation and degradation. The
upper value stated (i.e. Earthtrends) is 3% for the period 1990 to 2001 which
represents about a 0.3% annual loSke reported percentage to FAO is an
approximatiorof therate of deforestation for Guyana and was not subject to spatial
or field assessments.

% The Participants agree that these indicators will evolve as more scientific and methodological certainty is gathered
concerning the means of verification for each indicator, in particular the capability of the MRV system attdiffere
stages of development.

® Originally the benchmark map was set at February 2009, but due to the lack efreloddta the period was

extended to September 2009.

“ Table 2 of the JCN requires that Forest area in Guyana be defined in accordance Matirakech Accords. The

national definition of forest for Guyana was discussed at the level MR\ Technical and Steering Committee.

® Land spanning more than 0.5 hectares with trees higher than 5 meters and a canopy cover of more than 10 percent,
or trees able to reach these thresholds in situ. It does not include land that is predominantly under agricultural or
urban land use.

® Changes in forest area due to forest degradation are not requirecefilied in the interim period.

Copyright © the Guyana Forestry Commission and Poyry Management Consulting (NZ) Limited
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Interpretation of the change ardasthe benchmark periadentifies mining as the

main driverof forest chang€60% of the changg particularly between 2000 and
2005. Other noticeable trends show that agricultural development remains stable
with an area of 20@o 500 hectares developed annually. Forestigited activity

has decreased, which is mostly accouritedby forestroad constructiorand log
landings. Hrvesting in managed forest areas is sisedle andselective which
meanghe forest cover remains intact aaiobve the forest definition.

Based on the agreg@rformance indicators set out in the Joinh€ept Note of the
Guyana/Norway Agreement, the threshfiddeforestation is determined kaking
the current year raté¥ear 1)and comparing this against theference measure
established for the interim period.

It is envisaged thathe reference mease as well as the interim performance
indicators will only apply whilst theMRVS is being developed and will be
replaced by a full forest carbon accounting system in the future.

For the year 1 period (2009 to 2010) deforestation has increases to aéieid
ha/yr. This is equivalent to an annual deforestation rate of 0.06%/yr whiah is
increaseover the benchmark perid@.02%/yr) Bestefforts' and will be reviewed
independently to confirm their accuracy.

The maindeforestationdriver for the curent forest year reportefivear 1) is
mining with this accounting for 91% of the deforestation for this period. A majority
(85%) of deforestation is observed in the State Forest Akdditionally the
temporal analysis of forest change post 1990 indicatsnbost of the change is
clustered around existing road infrastructure and navigable rivers. This provides a
useful basis for planning an ongoing monitoring programme that focuses on key
hotspot areas.

The findings of thisassessment will enable targéts REDD+ activities to be
designed that aim to bring about the largest positive impact in maintaining forest
cover whilst enabling continued sustainable development and improved livelihood
of Guyanese.

A summary of the key reporting measures and briefrg@son for these interim
measures are outlined in Table. 81this report, the analysis covers the benchmark
period (19962009) and the first year of reportingdar 1).

Outputs and results asdsoprovided for the IntadforestLandscape (measure ref

2) and forest management indicators (measure ref 3 and/lre applicable a
reference measure has been included. For measures such as forest degradation this
is the first time this has been calculated.

It is envisaged as the MRVS is expanded repomiaghods will be developed to
account for emissions from shifting cultivation and activities that result in carbon
sinksi.e. SFM or enrichment planting

Copyright © the Guyana Forestry Commission and Poyry Management Consulting (NZ) Limited
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against to the mean volume
from 2003-2008

Table S1:
Interim Measures
Measure Reporting . Reporting Reference Year 1 .
Ref. Measure Indicator Unit Measure periog | Difference
Deforestation Rate of conversion of forest Rate of change
1 : area as compared to the 1 9 N/A 0.06% N/A
Indicator (%)/yr
agreed reference level
National area of Intact - 7
2 Forest Landscape (IFL) Million ha N/A 7.60 N/A
Degradation Determine the extent of
Indicators degradation associated with
2b new infrastructure such as |ha N/A 92,413° N/A
mining, roads, settlements
post the benchmark period
Timber volumes post 2008
as verified by independent
3 Forest forest monitoring (IFM). |32 705.347° | 695.043° |  -10.304
Management |These are compared

’ Note tha in the January 2011 version of the Interim Measures Report (IMR), the definition of intact forests was
applied with selectively logged/low intensity logged forests being included as intact forests. The definition of intact
forests, taken fromvww.intactforests.orgoutlines that these are to be treated as background influence. As part of

the inclusive and participatory nature of the MRVS process, following verification activities and comments from

stakeholders wit specific recommendations regarding this indicator, allocated state forest areas are excluded from
the intact forest landscape layer and reported as such, in this revised version of the IMR.

® This indicator as is requireay the Joint Concept Note of¢bAgreement between Guyana and Norwagludes a
buffering of 500 nof all sides of alhew (this is define by all features that occur for the first time in the period
under assessment- Year 1) detected deforestation actieis including agriculture, rod and infrastructure
developmentsforestry,and mining. This area does not necessarily reflect degradation of forest in a practical sense
Degradation will be

but it is a provision as required by the interim indicator of the Joint Concept Note.
comprehenively informed when the full MRVS is operational.

degradation in the interim and may be subject to review.
were recorded for this indicator. This toteas since updated to record additional areas for Year 1 that were not

included in the eligible areas for buffer for this indicator. This change in no way affects the gross deforestation

indicator or any other indicator. The updating is specific toitidieator.
® Includes production volume and includes additional volume accounted for by DEaaltsion factor of 25% as

collateral damageProduction volumes are recorded in a custom designed database which is updated monthly by the

GFC, subject tanternal verification, and is backed up and stored monthly, offsite.
19 Computed for the period October 1, 2009 to September 30, 2010 and includes collateral ddotagat in
accordance with the Forest Legislation, production for the purpose dfyrisy@omputed using what is termed a

Ohoppus/ quarter

girthoé

This is therefore a conservative measure of
Note: in the January 2011 version of the IMR, 77,766 ha

me as ur e me n titruey vdlumdr Sircs this mas a

legislative requirement, the GHEad previously reported, in the January 2011 version of the IMR, this producti

level. One recommendation of the verification process was to record the harvested volume for this indicator. As a
means of addressing this recommendation, the GFC has increased the previously reported production volumes, for

both the historic and clent year, by a factor of 1.278 in the case of logs and doubling the total lumber volume to

account for the conversion process. This therefore represents the volume harvested. Total production in year 1 was

also adjusted for minor changes in procedurdlilegal logging databases.

Copyright © the Guyana Forestry Commission and Poyry Management Consulting (NZ) Limited
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Measure Reporting . Reporting Reference Year 1 .
Indicator . . Difference
Ref. Measure Unit Measure Period
In the absence of hard data
Emissions on volumes of illegally
4 resultmg frpm harvested wood, a default 000'm? /yr-l 105.802™ 6.79612 99.006
illegal logging |factor of 15% (as compared
activities to the legally harvested
volume)
Emissions
resulting from Area of forest burnt each
5 anthropogenic |year should decrease ha/yr™ NA 1706 N/A
forest fires compared to current amount
Emissions
resulting from o .
. Emissions resulting from
subsistence o .
communities to meet their .
forestry, land local needs may increase as Not considered
6 use and shifting . Y relevant in the N/A N/A N/A
- result of inter alia shorter . . .
cultivation interim period.
) fallow cycle or area
lands (i.e. slash :
expansion.
and burn
agriculture).
Changes from non-forest
Encouragement :
) ) land to forest (i.e. through
of increasing . .
carbon sink plantations, anc_i use Not cons.ldered
7 : change) or within forest land |relevant in the N/A N/A N/A
capacity of non- ) . . )
(sustainable forest interim period.
forest and )
management, enrichment
forest land

planting)

YAssume a level of 15% dmarvestecaverage annugdroductionover the period 2062008 that includes collateral
damage, o705,347m. Production volumes are recorded in custom designed databases which are updated monthly
by the GFC, subject to internal verification, and are backed up and stored monthly, dffsieethat in keeping

wi t h

t he

recommendat.i

on

from

t he

veri fi

cati

on

proces

total was re calculated to takecaunt of collateral damage in both historic and year 1 totals. Additionally, minor

adjustments were made to the total of illegal logging and procedural breaches volumes and incorporated in year 1

total (in all cases less than 5% materiality).
12 Rate ofillegal logging for the forest year October 2009 to Sept 2010 is informed by a custom designed database
that is updated monthly, and subject to routine internal audits.
13 Degradation from forest fires are taken from an average over th&é9@Syears. In the January 2011 version of

the IMR, a total of 1,700 ha were used as a result of rounding to one decimal point.
process, recommendation was made to use two decimal points thus resulting in the change from the use of 19.8

years to 19.75 years in the average tally.
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GLOSSARY
The following terms and abbreviations are used throughout the report.

CBERS China-Brazil Earth Resources Satellite

ESRI Environmental Systems Research Institute

FIRMS Fire Information for Resource Management System

FRIU Forest Resource Information Unit (GFC)

Geo FCT The Forest Carbon Tracking Task force

GFC Guyana Forestry Commission

GGMC Guyana Geology and Mines Commission

GIS Geographic Information System

GL&SC Guyana Lands & Surveys Commission

GOFC-GOLD Global Observation of Forest and land Cover Dynamics

GPS Global Positioning System

IMR Interim Measures Report

INPE Natipnal Institute fqr Space Re;sgarch in Brazil (Instituto
Nacional de Pesquisas Espaciais)

ITTO International Tropical Timber Organisation

JERS Japanese Earth Resource Satellite

LCDS Low Carbon Development strategy

LULUCF Land Use, Land Use Change and Forestry

MODIS Moderate Resolution Imaging Spectroradiometer

MOU Memorandum of Understanding

MRVS Monitoring Reporting and Verification System

NARI National Agricultural Research Institute, Guyana

PALSAR Phased Array Type L-band Synthetic Aperture Radar

PIFs Pseudo-Invariant Features

Radar Radio Detection and Ranging

REDD+ g:grg(ijr;gt]ifnml:i’sljgons from Deforestation and Forest

SFA State Forest Area

SPOT Satellite Pour I'Observation de la Terre

UNFCCC United Nations Framework Convention on Climate Change,

USGS United States Geological Survey

WWF Worldwide Fund for Nature
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INTRODUCTION

The Government of Guyana has embarked on a national programme that aims to
protect and maintain its forests in an effort to reduce glodrdlon emissions and at

the same time attract resources to foster growth and development along a low
carbon emissions patis at September 2008uyana haspproximately87% of

its land area covered by forests, approximateys Imillion hectares.Guyana
currently records a comparatively low deforestation rate. Earlier estimates were in
the range of 0.1 0.3%, but this study suggeghe historical and current actual
rates are significantly lower thathese percentagessuy anao s Low C
Development Sategy has expressésuyan® s ¢ 0 mna promdng & model

on how toaddress the second most important source of carbon dioxide emissions
world-wide, coming from deforestation and forest degradatamd which is
estimated at approximately 18% of globalissions.

Guyanaodts forest resources have the pot
emissionreduction efforts targeted by the Kyoto Protocol (as part of the United
Nations Framework Convention on Climate Change, UNFCCC).

Guyanacurrently recordsa comparatively low deforestation rate. Deforestation
rates typically expand along with economic development, thus prompting the
formation of the United Nations Collaborative Programme on Reducing Emissions
from Deforestation and Forest Degradation in Dep@g Countries (UN
REDD programme), the Forest Carbon Partnership Facility and the REDD+
Partnership, among others.

The REDD+ p rfooug ora avoided deforestation and degradation is
expected to widen to include efforts to improve aspects of sabtai forest
management, forest conservation, and forest enhancement as reflected in the Bali
Action Plan, paragraph 1 (b) (iii) Once these three additional elements are
incorporated, REDD is then referred to as REDD+. The willingness of the
Governments foGuyana and Norway to cooperate in creating a usable, relevant
framework for REDD and REDD+ is therefore a promising sign for development
of best practices for the Guyanese forestry sector as well as broader emission
reduction goals.

The activity undertaén, forms part of the first year of the thiglegase Road Map
devel oped MBVYS G yientigedos this inittaMRVS Road Map

activity is to undertake comprehensive, consistent and transparent assessment of
forest area change for the historicatipd of (about) 1990 to 2009 using several
times steps of archived Landggpe satellite data that meet the criteria of the IPCC
Good Practice Guidelines for LULUCF. Additionally, in accordance with the
requirement of the Guyana, Norway Cooperation agee¢nan assessment on a
number of REDD+ Interim Indicators for the current year period of October 1,
2009 to September 30, 2010 is also required. The results of the assessments are
presented in this report.



Overview of National Procesgor MRVS Impl ementation

The Roadmap for Guyanabds MRV-Sakelwddsr dev
consultative process involving a wide cross section of stakeholders. This multi
stakeholder process was facilitated through two MRVS workshop that were held
in September4, 2009 and October 229, 2009 respectively.

The Roadmap was designed to consider a number of necessary steps and different
types of gaps (data, eligibility, capacity and institutional, and methodological) to
be addressed in different phases with a foousthe building of national
capacities. The associated timeline of the Roadmap is 2010/11 for Phase 1,
2011/12 for Phase 2 and post 2012/13 for the implementation phase. This timing
reflects the current planning and maybe accelerated if desired and drased
lessons learned and progress made, as well as development in the international
negotiation arena.

A REDD Secretariat has been established at the Guyana Forestry Commission to
coordinate and execute all REDD+ work and operates in close collabordon w
key partners including the Office of Climate Change and non Governmental
stakeholders. As part of the development of the MRVS, a MRVS Steering
Committee was convened in November 2009 and tasked with the overall
responsibility of strategic oversight tife implementation of all MRVS activities.
Some of the other tasks include ensuring that scope aligns with the agreed
requirements of projects and advise on means by which key stakeholder groups
are kept informed of progress in the development of the MRA&Swell as
contribute inputs from the respective agencies that each member is a part of, to
ensure close cohesion and coordination of MRVS activities implementation. The
Steering Committee comprises representation from government (Office of
Climate Chage (OCC), Guyana Lands & Surveys Commission (GL&CS),
Guyana Geology & Mines Commission (GGMC), Ministry of Amerindian Affairs
(MOAA), Environmental Protection Agency (EPA) and Guyana Forestry
Commission (GFC)), private sector (Forest Producers Associ@&iof), Guyana

Gold and Diamond Miners Association (GGDMA)), education (University of
Guyana(UG)) as well as civil society (National Toshaos Council (NTC))
organisations. Within the MRVS Steering Committee, a Technical- Sub
Committee was established to advithe Steering Committee on the more
technical areas of the MRVS such as GIS & Remote Sensing relates areas. This
Technical SuBCommittee comprises representation from technical officers of the
EPA, GL&SC, GGMC and GFC.

The current composition of the MRB/Steering Committee ensures that there is
input from the major sectors involved in the process as well as for provision of
data and technical advice into the process of the development of the MRVS. In
contributing to the work of the MRVS Steering Comnsait¢he GL&SC is the
agency responsible for administration of State Lands in Guyana as well as for the
granting of agricultural leases; this agency therefore provides information on land
use within State Lands and the granting of agricultural leases, wkteh fall

within the State Forest Estate. The GGMC has overall regulatory body for the
mining sector in Guyana, as such, this agency provides to the MRVS SC,
information on land use within the mining sector as well as potential areas
identified for minirg in the future. These mining activities mainly occur within

the State Forest Estate (SFE) as well. The Environmental Protection Agency is
responsible for the promotion, facilitation and coordination effective
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environmental management and protection; dreddustainable use of Guyana's
natural resources, while the GFC is responsible for the management and
regul ation of Guyanabés State Forest Es:s
REDD + activities in Guyana. The Ministry of Amerindian Affairs has the
responsibility of enhancing the quality of life of Amerindian People in Guyana
through the formulation and implementation of policies and programmes which
facilitate cultural, social and economic development, promote equity and advance
of the rights of Amendian people; based on the fact that the MRV would be
developed along a capacity building approach and be community centred, the
MoAA appropriately represents this. With the further inclusion of UG, FPA and
GGDMA, the views of not only the private sectoutbone of the primary
education and research facility (UG) are reflected. With the combination of the
state regulatory agencies, private sector and civil society on the MRVS Steering
Committee, this allows for a planned and coordinated approach to thall over
development of the MRVS. There is also another important consideration, in that
there is stakeholder involvement in the process through the involvement of
entities such as the National Toshaos Council.

As of October 31, 2010, a total of five meetings tbe MRVS Steering
Committee were held. During this time, there have also been three meetings of the
MRVS Technical Steering Committee.

rview of Capacity Building Efforts in

In the design of the MRVS Roadmap as welllesresulting Terms of Reference
for the various aspects of technical wdinlat are being conducteduilding local
capacityis identified as a priority. As such, there is significant emphasis in the
Roadmap in identifying gaps that exist in current capciand for each design
phaseof activity implementatiorto take intoconsiderationthe need to fill these

gaps.

In the Terms of Referender Bid 1 of the MRVS two of the main deliverables
include the dsign of a framework for building national gacities in the short,
medium and long terms; and the implementation of the activities dBitheto
provide for training to th&FC as well as other local bodies, to build capacity for
future execution of the methods used in the MRVS efforts.

The samas also the case for Bid 2: Forest Carbon Assessment and Monjtoring
whereby data collection, verification and analysis are being done by GFC and
REDD Secretariat staff under the leadersdmiol oversighof the consultants. In

the case of this bid, a Ignterm monitoring plan that will include capacity
building needsis also one of the deliverables of the contr&actical training in
implementation of each activity is also an important aspect of the project
execution.

Recognising thagffective cgpacity building is long term ansustainedn nature,
efforts will be scaled up throughout the course of the three year Roadmap
implementation periodo progressively build higher levels of technical capacity
as the MRVS implementation continues.



2 AREA REPRESENTATION

The total land area for Guyana as at 20@921.1million hectaresas determined

from ground survey pointand supported by mapping from medium resolution
satellite imagery. This representation has been verified by the Government agency
responsible for land surveying (GL&SC), however, it is recognised that limited
control points are available along some border areas with neighbouring countries.
This is especially relevant given that not all border areas (Brazil and Venezuela)
are aligned t@asily identifiable features such as rivers.

Situated in the tropics just outside the hurricane zone, at approximately 2 to 8° N
and 57 to 61A W, Guyana6s 460 km. <coas
part of the South American continent. The Egsleo, Demerara, Berbice, and
Corentyne Rivers drain into the Atlantic Ocean. Bounded on the-nagh by
Venezuela, on the southest by Brazil, and on the east by Suriname, Guyana
covers about 214,970 km? of land with varied topography, and 18,120 fkm? o
inland water.

The coastal plain, only about 16 km. wide, but 459 km. long, is 5% of the country,
and lies on average about 1.4below sea level at high tide. It is dissected by 16
major rivers and numerous creeks and canals for irrigation and draifiaese

rivers have the classic wide mouths, mangroves, and longitudinal sand banks so
much associated with Amazonia, and mud flows are visible in the ocean from the
air.

The geology in the centre of the country is a white saadderi) plateau lying
ove a crystalline plateau penetrated by intrusions of igneous rocks which cause the
river rapids and falls®

2.1 Forest Definition

Land classified as forest follows the definition as outlined in the Marrakech
Accords (UNFCCC, 2001). Under this agreement foiestefined as: a minimum
area of land of 0.08.0 hectares (ha) with tree crown cover (or equivalent stocking
level) of more than 1:30% with trees with the potential to reach a minimum height
of 2-5 m at maturity in situ.

In accordance with the Marrakeéccords, Guyana has elected to classify land as
forest if it meets the following criteria

A Tree cover of minimum 30%
A At a minimum height of 5 m
A Over a minimum area of 1 ha.

As at the benchmark period (30 September 2009) the total forest area that meets
this definition has been estimated1®39 million ha with an indicative accuracy
of (91%)'°.

“ The coastal boundary has been edited to account for coastal erosion between 1990 and 2009.

15 Guyana Forestry Commission. Forestry in Guyana, Lachlan Hunter, pg. 4

'8 The value provided is indicative only andsHzeen determined as part of the internal consistency checks. A full
accuracy assessment will be conducted by independent experts. This is timetabled for January 2011.



The forest area has been determined by excludingfarest areas (including
existing infrastructure) as at 1990, and from that point forward accounting for
forest to norforest changes that have occurred between 1990 and 2009. Field
inspections and measurements over a number cfarest sites have been used to
verify the land cover type, the degree of canopy closure, the height of the
vegetation and its poteal to regenerate back to forest.

Figure 2-1 provides an example of a naturally occurring transition between forest
and nonforest. The notforest boundary is displayed in brown tones as identified
from satelliteimagery (left image) with the associated GPS located oblique aerial
photograph also shown.

A further description of the forest/ndarest mapping process is outlined in
Section6.1

Figure 2-1:
Detection and Mapping of Non-Forest

2.2 Land Eligible under Guyana's LCDS

Under the Memorandum of Understanding (MOU) between Guyana and Norway,
not all land is included in Guyana's Low Carbon Development Strategy (LCDS).
Only lands under thewnership of the State are initially included in the LCDS.

Land Tenure arrangement in Guyana can be classified broadly into five main
categories as presented in Table. 4

State Forest Area

According to the Forest Act Section 3, Chapter 61:01, the $@atest Area is that
area of State Land that is designated as State Forest. This area of State Forest has
been gazetted.

State Lands

For purposes of this study, these are lands that are not included as part of the State
Forest Estate that are under thandate of the State.

In this assessment, this category predominantly includes State Lands, with isolated
pockets of privately held land, but not including titled Amerindian villages.



Iwokrama

The IwokramaProgramme Site, as defined by the Laws of &ay Chapter 20:04,
of Guyanaods

is an area of approximateB71000h ect ar e s

has been dedicated by the Government of Guyanauiproses of conservation and
research, by the lwokrama International Cenfitee area in presented Trable2-1
is 350000 ha ast excludes Fairview which isicludedunder Amerindian titled

land.

Kaieteur National Park

As defined bythe Laws of GuyanaZhapter20:02, the Kaieteur National Park is an
area of landconstituted as a National Park, that allows for the preservation of

natural scenery, fauna and flora.

Titled Amerindian Land

As provided for in the Amerindian Act 200&)else are areas that are titled to
Amerindian villages It includes both initial tles as well as extensions that have

been granted to these titled areas.

Table2-1 provides a summary of land eligible for inclusion under the MOU with

Norway.

The eligible area of forest which includes the Statee§t Area (SFA) and state
lands under LCDS as calculated from the mapping analysis is estimated at 15.6
million hectares This excludes Iwokrama, Kaieteur National Park and titled

Amerindian Land. Combined the forested areas make up 2.9 midiciares

Table 2-1:
Land Allocation by Forest and Non Forest Area 2009"
Non Forest ‘ Forest | Total
Land Class LCDS Status
(Area '000 ha)
State Forest Area Included 446 12,417 12,863
State Land™® Included 1,690 3,087 4,777
Iwokrama®® Excluded 7 343 350
Kaieteur National Park Excluded 0.6 62 63
. - Excluded until

Titled Amerindian Land Optin 589 2.488 3,077
Total Area (ha) 2,733 18,397 21,129

" Guyana's forest definition has been applied to distinguish forest and non foresharagories listed.

'8 This category predominantly includes State Lands, with isolated pockets of privately held land, but not including

titted Amerindian villages.

¥ The Iwokrama area quoted excludes Amerindian titled land 'Fairvidwe' actual geagphic area size of

lwokrama is 371,682 hectares.
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The distribution of these areas is shown on the following (ip 2-1)

Map 2-1:
LCDS Eligible Areas
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2.3 Forest & Land Cover Datasets

For the interim measures report the total land area is divided by forest and non
forest components as daténed at 30 September 2009. This has been created from
interpretation of the Landsat time series.



In developing theVMIRVS it is important that forest and ndarest components are
identified and mapped so that changes between the two classes can beedhonito
For areas identified as forested further stratification is required to divide forest
types by their potential carbon storage capacity. The stratification process is still
ongoing, but aa staring point two datasets have besmnsideredBoth maps we
produced in 200by Dr. Hans ter Steege, University of Utrecht, Netherlands, in
collaboration with the GFC Forest Resources Information Unit.

The firstprovides a detailed forest vegetation niapthe entire State Forest Area

(SFA) and was created frovarious existing vegetation mapsd updated using
interpretations of historicaherial photographssatellite radar imagerjrom the
Japanese Earth Remote Sensing satdliEERS 1).The maps completeness was
supported byanalysis of field data colledle dur i ng the Commi s
inventories.

At the same time a national forest and land use classification map at a scale of
1:1000000 scale was producétap 2-2). This is based mainly on national soil
surveydata made available by the National Agricultural Research Insti&RlI).

Map 2-2:
Simplified National Vegetation Map 1:1 000 000 Scale

Legend
Vegetation Map
\ - Mixed Forest
> m Mixed forest threatened
2 I VaiiabaDakamaMuri Shrub
i 0 B Montane & Steep
¢ - Mangrove Forest
Swamp/M arsh Forest
Savannah >30% cover
- Cther Non forest

Using these maps as a starting point GFC has modified this clagsifidat
produce a preliminary classification schema. This conforms to the six broad land



use categories in accordance with IPCC reporting guidelifebld 2-2). A
description of the land use categories is providefippendix 1.

Table 2-2
Preliminary Land Use Categories

Class (L:and use Land use type Comment
ategory
Mixed forest
- Grouped as forest
Wallaba/Dakama/Muri Shrub Forest for Interim
Swamp/Marsh forest measure reporting
Forest Land Forest Land Montane forest with Guya
definition of forest
Mangrove applied for
Savannah >30% cover quantification
- within categories
Plantations
Savannah <30% cover
Grassland
Grassland Grouped as Non
Cropland forest for Intenm
Cropland g A I measure reporting
Shiftin riculture i
Non forest 979 with Guya
Wetland open water definition of forest
Wetland Herbaceo etland applied for
r us wetlan guantification
Settlements Settlements within categories
Other land Other land

The intention is to update and refine these maps as appropriate using medium
resolution satellite imagery. The revised map will incorporate change detected from
1990 to September 2009 and will form the basis of the forestfisttin map

which delineategorest strata byotential carbon stocks. This is an input required
for the carbon forest monitoring system to determine the amount of CO
sequestered, or emitted.



MONITORING & SPATIAL DATASETS

The following section provides summary of the satellite imagery and spatial data
that has been assembled to map and monitor forest ttorest change from 1990
to 2010.

The change analysis focuses on detection of forest change over three nominal
periods as follows;

A 1990 to 2000
A 2001 to 2005
A 2006 t02009 September

It is from these time periods that the Benchmark forest map is created. The
benchmark map provides a snapshot of forest area as at 30 September 2009.

The 'Year 1' maps cover the first year after the benchmark map. Fpetlad all
forest to neforest changes from 2009 to 2010 September are mapped spatially and
reported.

3.1 Cloud Cover

Persistent cloud cover is an issue over Guyana with most -tleedimages
acquired between Auguand November. Consequently thandsat1990 to 2009

time series assembled spans a number of years around the desired date. Ideally the
reporting period should recognise this situation and be set to end in December with
reporting due in March the following year to allow time for processing and
andysis. The following figure shows that nearly 70% of cldusk imagery
assembled is captured between the August and November.period

Map 3-1:

Time Series Acquisition by Month 1990 to 2009
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The lLandsat imagedor the Year 1 map (Oct 2009 to Sept 2010) walso
supplemented by images acquitegl Disaster Management Constellation (DMC)
satellites. These satellites cover a wide area at 22 m resolution with the ability to
acquire images daily. This coverage wiB@be supplemented by Landsat images
from USGS and INPE and radar images as provided by Geo FCT.

Additional spatial datasets have been assembled from various agencies to assist
with demarcation of management areas and to provide supplementary information
to assist with detection of forest change.

The process developed at GFC aims to enable areas of change (>1 ha) to be tracked
through time, by driver. The approach adopted seeks to provide a spatial record of
temporal land use change within forested lamdl @onrforest land.

3.2 Data Storage & Structure

All spatial datahas beemmigrated from the previous servier recently purchased
Network Attached Storag®AS). This process as completed iseptembeR01Q
The NASis routinely backed up to a 4@B tapedrive and stored oféite.

All the relevant datasets that have been used during the analysis have been
documented. This includes a description of the dataset, its path location on the
network and anticipated update frequency. Several datasets are actiedlyand
reside on GFC's Forest Resource Information Unit (FRIU) network drive. These
datasets are copied into a working folder at the beginning of each year. Care has
been taken not to disrupt the structure of FRIU datasets and also to avoid
duplication ¢ datasets.

Many of these datasets are routinely updated by various agencies and this will
allow for a central data repository be created which allows the various stakeholders
to access the most updated information.

Remote sensing data and associate8 l@yers are stored on the dedicated NAS.
Raw image datasets as provided by image providers are retained and have been
catalogued by the analysis period they relate to (i.e. 1990, 2000), sensor and path
and row. New folders are created as these scengsaessed using ENVI image
processing software and all associated files generated will also be retained. All
images are named using a common format that identifies the satellite, path and row
and image datésee Appendix 2)

Processed datasets will be dhé@h an ArcGIS 10Geodatabase with images copied
into image cataloguesnd served across the network using ArcGIS image server

FRIU currently has four GIS operators, a GIS manager and two remote sensing
specialists. All desktop computers are running ltest version on ArcGIS as
provided by ESRI under the Low Carbon Development Strategy (LCDS) assistance
program. The ESRI offer also extends to training in GIS packages provided. Two
copies of ENVI 4.7 have also been installed to enable image proce3sthgare
dongle versions and include maintenance contracts. Poyry has provided customised
toolbars for automated processing imagery in ENVI and ArcGIS.
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4 DATA SOURCES

A combination of satellite and spatial datasets from three key agemeigie 4-1)
has been evaluated and assembled. These datasets form a base layer and also assis
with identification of forest change events.

Table 4-1:
Agency Provided Datasets

Agency Role Data Held

Forest resource management
related datasets including forest
concession, forest vegetation, and
forest roads map.

Guyana Forestry Commission (GFC) | Management of forest resources

Guyana Geology and Mines Management of mining and mineral Mining concessions in large and
Commission (GGMC) resources medium categories.

Land tenure, settlement extents and
Guyana Lands and Surveys Management of land titling and agricultural leases that occur in the
Commission (GL&SC) surveying of land State forest, and base map on roads

and rivers layer.

Several supplemental datasets have also been assembled. These relate to work
conducted by GFC, Poyry and the World Wildlife Fund (WWF). These studies
have focussed on detecting historical forest change and havenbegmated into

the GIS system.

Active fire data derived from thermal bands carried on the MODIS satellite has
also been acquired for 20@D10. This data is freely available and is distributed
via Fire Information Resource Management Service (FIEMShis dataset will
assist in the detection of forest areas at risk from anthropogenic fire.

The following section provides details of image and GIS datasets considered
relevant for monitoring and mapping temporal forest change. The image datasets
are furthedivided by their application.

4.1 Monitoring Land Use Change

Much of the historical imagery used to create the benchmark map is taken from
Landsat. This imagery is suitable for monitoring temporal forest and land use
change at a oneectare scale.

Where apropriate other satellite imagery has been used to assist with the detection
of forest change.

The following Earth observation datasets have been compiled:

Landsat

Earth observation data is provided by a historical Landsat multispectral scanner
(MSS) at 80m, Landsat 5 and Landsat 7 images at 30 m. These combine to offer
the most comprehensive temporal coverage over Guyana. This archive is freely
available and spans from 1987 to 2010, with relatively cloeel coverage
available for 2000, 2005 and 2009.tttal 17 Landsat scenes are required to cover

20 NASA/University of Maryland. 2002. MODIS Hotspot / Active Fire Detections. Data set. MODIS Rapid
Response Project, NASA/GSFC [producer], University of Maryland, Fire Information for Resource Management
System [distributors]. Available elime [http://maps.geog.umd.edu]
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Guyana. Approximately155 scenes covering the 1990 to 2010 period have been
downloaded.

These images have been sourced from either the United States Geological Survey
(USGS) or National Institute for Space Rasch (INPE) Brazil. The largest archive

of Landsat 5 is held by INPE while USGS tends to have a larger inventory of
Landsat 7 images.

Since May 2003 a scan line correction fault has caused a striping affect on the
images. This fault has reduced the itytilof Landsat 7 images for automated
processing and mapping, although it is still practical to use it for monitoring
temporal change. Landsat acquires images over the same area about every 16 days.

To ensure consistency, all imagery has beenrgirencd to a based set of 1990

era Landsat images. Each image identified for automated processing (i.e. low cloud
cover) has been radiometrically calibrated using published sensor bias and gain
coefficients (see Sectiof). The Landat series of satellites are unique in their
temporal coverage. The long term continuity of both Landsat 5 and 7 is
guestionable as both have exceettesr anticipated lifespan. Alternative optical
sensors with similar resolution include, SPOT, D@l IRS Radar imagery from
several sensors also offers an alternative.

SPOT

The Systeme Pour I'Observation de la Tef8OT) coverage purchased by the
World Wildlife Foundation (WWF) for Guyana spa@806 to 2008 This dataset
includes images from SPOT 2, 4 ahdsatellites, so the spatial resolution ranges
from 10 to 20 m. In total 111 scenes are available with 67% of these 20 m
resolution, and the majority acquired (65%) acquired between 2006 and 2007.

These images have been processed to level 2A meaning ikaalready geo
referenced (not orthoorrected) based on satellite orbital information and available
worldwide smaliscale digital elevation models (DEMJonsequently, an offset is
observed between GPS datasets and the images and also between-the geo
referenced Landsat mosaic. Work is ongoing to reference these images to the 1990
Landsat base. Priority has been placed on referencing images over areas of change.

Although any futureSPOT acquisitions will need to be tasketthe likelihood of
acquiring claud-free data is increased due to the abilibyadjust the sensors
viewing angle to look to either side of the satellite's vertical (nadir) trackoffhe
nadir viewing capabilityncreases the satellite's revisit period to around 5 days.

One of the mairiimitations of using SPOT operationally at a national scale is the
acquisitioncost of the images.

%1 On May 31, 2003 the Scan Line Corrector (SLC) in the ETM+ instrument failed. The SLC consists of a pair of
small mirrors that rotate about an axis in tandem with the motion of the M/ Ecan mirror. The purpose of the

SLC is to compensate for the forward motion (altragk) of the spacecraft so that the resulting scans are aligned
parallel to each other. Without the effects of the SLC, the instrument images the Earth irzag"zfshion,

resulting in some areas that are imaged twice and others that are not imaged at all. The net effect is that
approximately ondourth of the data in a Landsat 7 scene is missing when acquired without a functional SLC.
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CBERS

The China Brazil Earth Resources Satellites (CBE2RBd B) carrytwo similar
sensorsa multi-spectral camera with 20 m resolutiand a wide fieldmager at
260m spatial resolutionCBERS 2B also carries panchromatichigh resolution
camera (HRC) with Z m resolution 27 x 27 km extenthese images are also
fredy distributed by INPE, Brazil. A selection of the HRC scenes has been used to
providevalidation for the land cover stratification map and forest change. Due to a
malfunction, CBERS 2B recently ceased acquiring image data.

DMC

GFC has tasked amage acquision (September 2010 to January 201drgeting

the main change aredhat are currdly affected by cloudThe advantage of DMC

is that it provides daily repeat capability. Currently three satellites are actively
imaging the area of interesthe resolution of two of these satellitgsgk DMC-2

and Deimosl) is 22 m and the thirgBeijing-1) is 32 m.The target cloud cover
threshold is set to 10%. As at rfigeptember no completely cloficte images

have been acquired. DMC currently operates three satellites, but any image
acquisition must be prerdered. Ideally this order would be in paio commence
acquisition for the beginning of August each year.

IRS ResourceSatl

Since 22 February 2010 images from the Indian Remote Sensing (IRS)
ResourceSat (IRSP 6 ) satellite have been made
receiving station in Cuiaba,r8sil. This agreement includes distribution of Linear
Imaging SeKScanningSensor (LISS3) and theAdvanced Wide Field Sensor
(AWIFS). Since February 2010 only two scenes over Guyana have been acquired
(as at October 2010). The IRS revisit period is 2fsdahich limits the number of
images that are able to be acquiredrther coordination is required with INPE to
ensure that any images acquired are accessible from the online catalogues.

4.2 Monitoring Broad -scale Forest Change

MODIS data has also been ewatled to provide broad scale coverage of forest
change. MODIS is a low resolution sensor so is not suitable for mapping areas but
does provide the location of potential change for areas >2@drathe interim
reporting period MODIS imagery provided the pidw cost option available in the
absence of Landsat images. In this caseagused to check for evidence of large
scale forest change (i.e. roading infrastructure, expansion of mining) in areas that
were persistently covered in cloud.

In addition to tlke low cost the advantage BFODIS is its frequent revisit period.
Currently two identical sensors on board two separate satellites Terra and Aqua
provide daily images in the morning and afternoon at 250 m resolution imaging in
the visible and near infrarecnge. To cover Guyana two images are required.
Although the application of MODIS to detect smsdhlle is quite limited the daily
revisit period does offer an attractive option to monitor persistently cloudy areas for
change. MODIS is used for this pugmoin Brasil for the DETER program.
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4.3 Radar

Several radar datasets exist over Guyana. Historical coveraged@99available
from Japanese Earth Resources Satellite (JERBhese images cover the wet and
dry season and have previously been used by F&laksist in the production of
the 2001 national forest cover map. The individual tiles (100 m resolution) were
mosaicked and the two time periods combined to create a single composite image.

Several radar datasets are actively acquired over Guyana. drieedistributed via
the Forest Carbon Tracking Por{alww.gecfct.org). Relevant datasets identified
include 20082009 RADARSAT 2 imagesPhased Array typé&-band Synthetic
Aperture Rada(PALSAR)images.

The main advantage of radar is its ability to gtesite cloud. GFC has received 22
multi-temporal (12/10/2010)single and dual polarised (50 m resolutidPglsar
scenes that provide partial coveragfecentral GuyanaThese scenes span from
2008 to the end of the 2009 benchmark period.

Given the issuesvith cloud, a regular delivery of radar data should be pursued.
Ideally multrtemporal dual polarised images would assist with the detection
process. Processing of such data requires specialist knowledge and software to
ensure a range factors and corredianique to radar datasets are accounted for.

The Guyana Forestry Commission has concluded an agreement with Wageningen
University (WU) the Netherlands on behalf of the-Rever project consortium

that is financed by European Commission, for the durabibthree years. This
project is scheduled to commence in November 2010.

This project is expected to further er
radar and optical data for forest area assessment. The agreement, which will be
implemented byVagenirgen, among its main outputs, provides for madetail and

acairacy in fored area and fored type mappirg using @tical and Radar satllite

data and expdoresthe synergy multiple remote s@sing datasetsacquired by the

GEO and Kyto ard Caroninitiative for thatpurpose

Theinitiative isarticipated to focus onekected demonstration sites hat ae defned
by Guyana ad reflect regons of importance © REDD+, GEO task verfication
sites and FRA 200 sampling points.

The historical detection and agsis of change has focussed on the application of
Landsat images, as these have a wider temporal span and are freely available.
Additionally, in Guyana there is a higher level of expertise in processiag
interpretingoptical data. At this stage, radar identified as a viable option to be
used to supplement cloudy areas and for verification purposes.

4.4 \Verification Datasets

Very little cloudfree high resolution satellite imagery (<5 m resolution) exists for
Guyana in image archives. This is because dftese satellites need to be tasked
(pre-ordered) to cover specific are&urrently, GFC has IKONOS images for part

of the coastal zone. CBERS 2B HRC images are also available at no charge.
Recently purchased datasets include, AL (@& m)and ASTER 15 m ata Map

4-6).
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These datasets are particularly valuable for providing verification of land cover
classification from medium resolution images and for conducting accuracy
assessmerfts of both land cover and land wer change. Ideally these datasets
should provide full coverage and be as close to the map creation date as possible. In
practice high cloud cover means the coverage is incomplete. Any sampling design
for testing classification and change accuracy willdeeconsider this situation.

Historical aerial photography (1:40 to 1:600 scale) also exists and was flown
between the 1950 and 1970s. Only hardcopy prints are available and this coverage
is shared between GFC and GL&SC. An overall index map that sliosvs
approximate location of the flight runs is also available. Selected photos from this
coverage have been used to verify the satellite classification ofonest in

inaccessible areas that have not undergone change.

4.5 Dataset Summary

Table4-2 provides an overview of the images that GFC holds or that are currently
available in image archives. A description of their application and basic technical
specifications is also provided.

Table 4-2:
Satellite Imagery

L . Spectral . Image Extent
Appl Il Resol
pplication Satellite Bands esolution (km) Coverage
SPOT VNIR & SWIR® 5,10 0r 20 m 60 x 60 Full coverage but cloudy
CBERS* VNIR ~20m 120x 120 Scattered
Land & DMC VNIR 22mé&32m 660 x 4100 Scattered cloud
and use
Forest ResourceSatl |\ /0 e sWIR 23.5m (LISS-3) | 142 x142 & Scattered only 2 LISS-3
Change (IRS) 56 m AWIiFS 774 X774 scenes available
Mapping 30 mVNIR &
Landsat 5 & 7 VNIR & SWIR and SWIR 90 m 185 km Full temporal coverage
thermal bands to Sept 2009
thermal
Landsat MSS VNIR 80m 185 km Scattered pre 1990
Monitoring Daily coverage from two
Broadscale MODIS VNIR 250 m Approx. 2000 | satellites Terra & Aqua.
Forest km Complete coverage for
Change end Sept 2009 and 2010
Single and dual Selected scenes
Radar Palsar RADAR olgrisation 50 m ~70-70 provided by GEO FCT
P for 2008-09 period
Aerial Panchromatic with Historical spanning from
some colour images |1:40 000 Unregistered P 9
photography around coastal areas 1950-1970
IKONOS VNIR 1m pan 4m 11 x 11 km Scattered qround
multi-spectral coastal regions
Verification & | Kompsat 2 VNIR 1 mpan4m 16 x 16 km Scattered
Accuracy multi-spectral
Assessment CBERS (HRC) Panchromatic 27m 27 Scattered
SPOT5 VNIR & SWIR 2.5,5m&10m | 60 x 60 km Scattered
ASTER VNIR & SWIR & 15m 60 x 60 km Scattered
thermal bands
ALOS Visible & near 10 m 70x70km | Scattered
infrared

22 A formal accuracy is plannddr January 2011. This will be carried out by Independent consultant.
ZVisible and Near infrared (VNIR) Shortwave Infrared (SWIR)
24 CBERS ceased collecting data in May 12 2010
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The following series of map$4ap 4-1 shows selected mdaum resolution Landsat
coverage over Guyana for the benchmark period ((P@@®). These are
supplemented by images covering the same footprint acquired during the same
period.Map 6-3 shows the available Year 1 images for Landsat.

Map 4-1:

Guyana Image Coverage 1990 to Sept 2009

Guyana
Benchmark Map
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Map 4-2 shows the satellite image coverage for the 2009 Benchmark period and
Year 1 change periods.

The Year 1 coverage will be dated as new images from either Landsat
ResourceSatl or DMC images and radar serseracquired.

Map 4-2:
Benchmark & Year 1 Imagery

2009

Guyana - ‘ T Guyana
Benchmark Map ' Year 1 Map
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Map 4-3 shows the 20068 SPOTcoverage (111 scenes). The coverage includes
10 and 20 m resolution images. The 10 m SPOT 5 scenes (25% of the dataset) if
cloudfree are suitable for verification of change.

Map 4-3:
2006-2008 SPOT Coverage

|:| SPOT Coverage

The extent of the arethatis been delivered by DMC is shown &fap 4-4. The
tasking program runs from September 2010 to January 2011. During September 18
acquisition attempts have bearade Due to the high clali cover no processing
other than geo correction has been applied. Manual interpretation methods will be
used to identify chage for the year 1 period.
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Map 4-4.
DMC Coverage As at October 5 2010

Through the GB FCT program selected radar scenes have providedséstien

4.3). These provide multi temporal coverage over central Guyana. These scenes
offer the potential of verifying the changes detected using the Liaimiggery. At

the time of writing this work was still ongoing.
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Map 4-5:
Available Palsar Radar Scenes
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High Resolution Images
The current coverage of high resolution image by cloud cover score is shown in
Map 4-6.

It is envisaged that a selection of these images along with RapidEye acquisition
(planned October 2010 to January 2011) will be dsegroviding verification of

land cover classification from medium resauat images and for conducting
accuracy assessments of both land cover and land cover change.

A selection of these scenes has already been used for an internal verification
exercise as part of the quality assurance prqsegsection6).
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Map 4-6:
High Resolution Image Coverage
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4.6 Agency Datasets

The following datasets have been provided by the various agencies involved in the
management of land and resources. Sah¢hese datasets have been used to
identify boundaries of titled land or management and also assist in guiding change
detection analysis.

Many of these datasets are routinely
central GIS be continually updateshda accompanying naming conventions be
developed to ensure the mosttopdate datasets are made available.
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4.7

Guyana Forestry Commission

The GFC is responsible for advising the subject Minister on issues relating to forest
policy, forestry laws and regulatis. The Commission is also responsible for the
administration and management of all State Forest land. The work of the
Commission is guided by a Draft National Forest Plan that has been developed to

address the forest policy.

The Commission develops andonitors standards for forest sector operations,
develops and implements forest protection and conservation strategies, oversees
forest research and provides support and guidance to forest education and training.

The Forest Resource Information Ur{ERIU) holds a range of operational spatial
data that are used to assist in the management of forest resources. A summary of
the spatial layers is provided Trable4-3.

Table 4-3:
GFC GIS Datasets

Created/ .
Data Group Layer Name Description
Update freq
Admin guyana_boundary August 2010 Updated country boundary for Guyana.
Hydro waterbody August 2010 Waterbodles layer, digitised from geocorrected Landsat
imagery.
soil_data 1960s National Soil map of Guyana. Produced by NARI.
Soil & . i i
_ simpleveg 2001 National vegetation map of Guyana. Produced by Dr ter
Vegetation Steege.
regionalveg 1960s Regional vegetation map for Guyana. (partial coverage only)
ArcView3.3 Project containing a number of shapefiles detailing
forest_ResAlloc_2010 6 monthly all forestry allocated areas i roads, reserves and Amerindian
Forest areas.
Reserves GFC_Reserves_dd NA A merged layer of GFC's forest reserves.
bio-reserves_dd NA A merged layer of national bio-reserve/protected areas.
State_Forest_2006 2006 Layer showing the extent of the state forest boundary.
A merged layer showing all active
TSA_WCL_Merged 6 monthly Timber Sales Agreements (TSA) and Wood Cutting Leases
(WCL) (large forest concessions)
A d | f all d
PropSFEP_Merged 6 monthly merged layer of al propose .
State Forest Exploratory Permits
Managed activeSFEP_Merged 6 monthly A merged layer of all active State Forest Exploratory Permits.
Forest Areas All active State Forest Permits
activeSFPs_Merged 6 months (small forest concessions). Merged by Division i Demerara,
Essequibo, Berbice, North West
logging_Camps NA Point chatlon of logging camp sites, based on the Annual
Operating plan.
harvest_Areas NA Polygons showing extent of harvest activities (pre 2008, 2008
& 2009)
Roads gps roads_dd 3-6 months All GPS roads and trails as at August 2010.
Gazetteer placenames N/A Place names incl. villages, topographic and rivers features
Amerindian - o . . . - : . -
Ameridian_ areas_GL&SC Upon tl'tlln'g process Tlth_:-zd Amerindian areas in Guyana. Divided into administrative
Areas being finalised. regions. From GL&SC.
Agricultural - Agricultural leases that fall within the State Forest Estate
Leases GFCAGleases Upon titling (Administrative Regions: 1, 2, 3, 6, 7, 8 and 10)

Mining Areas

LRG_Scale-Aug2010_region,
MED_Scale-Aug2010_region,

Mining_dredges

Upon granting of
mining
permit/licence/claim

Large and Medium scale mining areas including dredge
locations.
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4.8 Guyana Geology Mines Commission
The main funabns of GGMC are to:
Promote mineral development

Provide technical assistance and advice in mining, mineral processing,
mineral utilisation and marketing of mineral resources

Conduct mineral exploration

Research the areas of exploration, mining, and aiilie of minerals and
mineral products.

The GGMC also has a role in the enforcement of the conditions of Mining
Licences, Mining Permits, Mining Concessions, Prospecting Licences (for Large
Scale Operations), Prospecting Permits (for Medium and Small Spatations)

and Quarry Licences. It is responsible for the collection of rentals, fees, charges,
levies payable under the Mining Act, and hall marking.

The GIS section at GGMC routinely collects information using field GPS units.
The spatial layer develed holds information on the location of dredge sites and
the person licensed to operdhe dredge. The intention is to update this dataset
guarterly The extent of several concessions has also been captured using GPS.

GGMC also hold a spatial layer thatlefines the location of large and medium
scale mining concessions

4.9 Guyana Lands & Surveys Commission

The Guyana Largl and Surveg Commission (GL&SC) remit includes the
provision of land policy recommendations and draft land use plans to ensure
orderly arl efficient utilization of public land resourceslvise on land surveying
matters andeffectiveand efficieniand administration

GL&SC also has a GIS unit that creates and provides geographic information.
Several base datasets held by GL&SC have bdemtified as particularly useful.
These include;

A The extent ofargersettlementsn particular, Georgetown
A The location of registered agricultural leases.
A Historical aerial photography not held by GFC

Datasetsfrom GGMC and GL&SC were consolidated intbe GIS and used to
assist with identification of areas undergoing change

4.10 Additional Data Sources

The Fire Information for Resource Management System (FIRMS) data provides
information about historic and present day fire locations using the Moderate
Resolution Imaging Spectroradiometer (MODIS).

Each fire is ranked by confidence. According to the FIRMs website the following
explanation on the accuracy of the dataset is provided.

“In any given scene the minimum detectable fire size is a function of many
different variables (scan angle, biome, sun position, land surface temperature, cloud
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cover, amount of smoke and wind direction), so the precise value will vary slightly
with these conditions. MODIS routinely detects both flaming and smouldering fires
1000 m2 (1 ha) in size. Under very good observing conditions (e.g. near nadir, little
or no smoke, relatively homogeneous land surface) flaming fires one tenth this size
can be detected. Under pristine (and extremely rare) aigerconditions even
smallerflaming fires 50 m? can be detected".

This dataset has been used to identify land which is at threat from fire and also
identify areas recently burnMap4-7 shows the identified fire locations from
20002010. Thee is a strong correspondence between fire locations and the
southern savannah regions and the main agricultural zone along the coast.

Map 4-7:
Fire Locations 2000 to August 2010
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IMAGE PROCESSING

The image pocessing focussed principally on processing the Landsat and MODIS
satellite images. Several additional image datasets were made available to GFC, but
these were only used for reference purposes in order to verify or attribute the
drivers of forest changd&he degree of image processing conducted depended on
the cloud cover of each scene.

As part of the continuous improvement process, orthorectification of data use to the
extent required for robust analysis, improvement in file/folder naming conventions,
and enhancement of quality control with regards to maintaining knowledge of
ground control points collected, have been identified as priority. Furthermore, the
GFC has commendework in the developmenbf SOP, specifying how the
different remote sensing dnGIS operations have to be performed, and stating
clearly the QA/QC measures and the archiving procedurdsMapping and
Satellite Image Interpretation Guide has beevetbped as one step in this process.
Figure 5-1:

Image Processing
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Automated methods are generally preferable where possible because the
interpretation is repeatable and effici¢herold, 2009) However,Landsat scenes

with excessive cloud cover were not preamabs using automated methods as it is
time consuming to create and edit the cloud masks required to automate the forest
change detectionThese scenes wesvaluated for change manually in the &IS

This is an acceptable approach that is recognised i6@fC GOLD sourcebook.

The only processing undertaken on these scenes was -ttbigeot them against

the base 1990 dataset (see Sedjon

5.1 Image Geaocorrection

All satellite images were geeferenced to the9D0 base mapAccurate geo
referencing is important to ensure tichinges detected in future time periods are
valid and not simply artefacts caused by inaccurategistration.

The accuracy of the base map was verified against available GPS tragksisliofa
limited ground contrglthe images witha greater number of control points were
referenced first. Allsubsequent imagesere matchedto these scenessing the
image overlapEach rectified image was checked by observing the mismatch in
overlzeéps wih other rectified images, ensuring mismatches were less than one
pixel.

5.2 Cloud Masking

The objective of generating the cloud mask is to identify all cloud and shadow
pixels within an image. If not removed then any cloud will be identified as change
in anysubsequent automated change detection prdaass will also influence the
effectiveness of image normalisation process.

Figure 5-2 provides an overview of the process used to generate the cloud and
cloud shadow rmask. The method adopted is the same asbhitartinuzzi, Gould,
Ramos Gonzélez (2007) in a technical papablished by theUnited States
Department of Agriculture (USDA).

The cloud mask is created by first creating two intermediate cloud masks based on
threshold values for Landsat band 1 (blue) and band 6 (thermal). The two masks
are then combined to create a single mask of the common cloud pixels. Including

the mask from the thermal band can assist in separating clouds from features that
have similar pectral response in the blue band (i.e. bareground or settlements).

% A customised toolbar was created to assist with this process.

% The targéroot mean square error (RMSE) of the georection was one pixel. This aligns with Good Practice
Guidelines in GOFC GOLD Sourcebook.

2" The automated change areas were visited in the GIS and the type of change identified amyatemidhanges
not picked up during screening were deleted at this point
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Figure 5-2:
Process Flow for Cloud and Cloud Shadow Masking
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Based on the type of cloud and scene content, band 6 may prove ineffective at
separating clouds and other landscape features. If this was the case then only band
1 was used. To reduce misclassification the band 1 results were reviewed and
edited to ensure bright areas of rmdaud are not being masked.

If appropriate, each mask wauffered depending on how effective the density
slice was at separating cloud. This step was skipped for either band 1 or band 6 or
both, if the thresholding alone was able to capture all the cloud but, at a minimum,
at least a 2 pixel buffer for the hth mask is needed.

The cloud mask was systematically reviewed against a true colour composite

(RGB) of the scene for which the cloud mask was generated. During this process
areas of potential change or settlements were targeted and edited as negessary t
ensure the thermal band (band 6) was successful in separating them.

The shadow mask was derived by combining the common pixels from a threshold
drawn from band 4 (near infraredihd a copy of the cloud mask that is offset an x

y distance (in metres) Bhxy offset is determined from an average distance
between cloud and shadow observed within the image.

The result of the cloud masking process is showFRigure 5-3. The left image
shows the Landsat image witloud identified as white and shadow offset in black.
After the cloud masking is applied the combined cloud and shadow extent is
delineated.
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Figure 5-3:
Satellite Image & Resulting Cloud Mask

5.3 Radiometric Normalisation

Several normalisations methods exist and for this work a relative calibration was
considered the most appropriate method. The method selected was published first
by Du, Teillet, and Cihlar (2002) and improved by Paolini, Grings, Sobrinos,
Munoz, and Karszenbaum (2006) and uBssudelnvariant FeaturegPIFs). The
objective of the process is to normalise a series of #tfartporal images to a
selected base image. This allows valid change detection between coincident images
that have been acnead at different times by effectively normalising for differences

in solar illumination and atmospheric effects such as haze.

PIFS are pixels that do not change from image to image within a-tewgoral

time series. The differences in the reflectanaki@s of PIFS can be assumed to be
impacted by linear effects so those pixels can be used to develop a linear
regression. The application of this regression to all pixels within an image
effectively normalizes the image to a reference image. The advaofate
methodology is that it allows the selection of PIFS statistically rather than through
a subjective process as is the case with some other relative normalization methods
and it provides a means to quality control the normalized output.

An overview ¢ the processsishown inFigure 5-4. PIFS are first identified for

each spectral band through application of Principal Component Analysis. These
single band PIFS are then combined to provided a set of PIFS cotaralbibands

for all periods in the time series. The combined PIFS are then used to derive
correction coefficients between time series images and a selected reference image.
Application of these derived coefficients to each image results in a set cddmag
normalized to the reference image.
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All multi-temporal Landsat files for a specific path/row were normalized to a user
selected reference file with the temporal group after first converting DN values to

at sensor reflectance values using published gsiorealgorithms.

Figure 5-4:

Image Normalisation Process
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5.4 Automated Change Detection

The automated change detection process produces a vector layer delineating the
forest gain and loss for each of the tiperiods. The vector layer is subsequently
input into the GIS for review, editing and attributidh.should be noted that a
perquisite for successful detection of change is cfoeel imagery. Theigh cloud

cover insingle date andnulti-temporal scenepreventedthe extensive useof
automated techniques. Overall manual interpretation was conducted on more than
90% of the images analysed

Automated change detection was performed in ENVI using the normalized image
time series as input. An EVI was calcuthfer each image and the cloud mask was
applied to the EVI results to excluded cloudy areas from the analysis. Before and
after masked EVI images were subtracted to generate a classified image of
differences. This image was filtered as needed to reduse aad then converted

to a vector layer compatible for input into the GBhe use of the EVis noted to

have limitations, in particular, the susceptibility to seasonal and -eweual
variability of climate (Brandogt al, 2010). As such the use diet EVI in this
project is treated as only one aspect in the decisiaking process and not used in
isolation hence the level.

The following examples show the output from the automated change for a
permanent mining area. The change detected covers thd frexin 1989 to 1999.
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Map 5-1:
Area Prior to Change in 1989

Map 5-2:
Mapped Change in 1999

5.5 Processing MODIS

Given the persistent cloud cover issue daily acquii®©DIS 250 m® imagery was
also processed to provide clofrée coverage at the end of the benchmark and year
1 periods.

28 A single MODIS 250 m pixel is approximately equivalent to 6.25 ha
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MODIS has been used in the region for a number of deforestation studies (i.e.
Morton et al 2002 & 2005, DeFrieset al 2005 and is useaperationally by INPE
in Brazil for near real time detection of monitoring of hotspot areas (DEYJER

The main application of MODIS is the detection lafge deforestation events
(>20ha)andidentification ofregions of increased forest clearing actiw{iglorton
et al2002& 2005, DeFrieset al2005 Watt & Haywood 2007)

Daily MODIS 250 m images close to the end of September of 2009 to 2010 were
ordered from USGS. ThRIODIS 250m product is provided processed to surface
reflectanceas a twoband productomputed from the MODIS Level 1B bands 1

and 2 (centred at 648n and 858 m respectively). The product is an estimate of

the surface spectral reflectance for each band as it would be measured at ground
level if there was no atmospheric scattering or giigm.

These images were processed to create a -fteedmosaic for the month of
September of 2009 and 2010. There are two prerequisites to avoid misclassification
of change; all cloud must be screened out and the images used must be accurately
co-regisered

An image screening routine was developed that divided the images into 10 x 10 km
tiles and evaluated individual tiles in the scene. Tiles were excluded from further
analysis based on their cloud contedtsecond screening process selected those
tiles closest to the end of the period. The result of this process is a national cloud
free mosaic for the years 2009 and 20¥@ayg 5-3, Map 5-4).

The processed mosaics weed to identify change areas under persistent cloud in
both the benchmark and year 1 periods (see sectipnlt should be realised that
this approach is only valid for larger change areas (>20 ha).

In addition recently dekered radar (nominal resolution of 50 m) images were also
evaluated for the benchmark period. Radar images offer another source of
verification that has not been extensively used in this analysis due to limited
availability. Future work should seek to igtate radar datasets to improve the
efficiency of ongoing detection forest change monitoring.

29 http://www.obt.inpe.br/deter
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Map 5-3:

MODIS Cloud-free Mosaic September 2009

2009 mosaic

b ot

Map 5-4:

MODIS Cloud-free Mosaic September 2010

A

2010 mosaic

33



DETERMINING THE FORE ST & NON-FOREST AREA

The method adopted uses IPCC Approach 3 for estimating land use and for
assessing land change at the national level. As a first step the forest area or mask
was determined.

Approach

Themethod employed in this assessment in mapping forest and non forest areas, as
well as mapping changes by drivers, employs the IPCC Approach 3. This method
effectively provides the same information as Approach 2 but with additional
information on the lod#&n of forest changes and allows for each polygon to be
analyzed through time and changes attributed to each.

From a technical standpoint, Approach 3 is the only feasible approach for REDD+,
as historic assessments and annual operational monitorimgogtieed and change
detection is required in a location and time specific manner, on a continuous basis.

Preliminary Land -UseCategorization

The assessment also outlined a preliminary land use classification scheme for
Guyana and will be finalized in calboration with the work of Winrock
International, following carbon assessment and mapping. The Preliminary scheme
that has been developed under this assessment draws on IPCC categorization and
guidelines, the GFC existing vegetation classification anellisat imagery
analyses. The classification scheme allows for sub categories to be defined, and
stratification done in a consistent and reliable way.

Minimum Mapping Unit

The MMU used for Guyana iBnehectare and this is linked to the minimum area
size It has been noted by several expert sourcesRbatote Sensing data analyses
become more difficult and more expensive with smaller MMU, as this requires an
increase in mapping efforts, which usually results in a decrease in mapping
accuracy.

In keepingwi t h  Guy anaobs orebentardfod maasuternentrnof land
area under its new forest definition, the MMU should als@te hectareThis is
appropriate as the optimal option, because it will allow for the consistency in
application of the forestadinition and the MMU.

Wall-to-wall versus subsampling remote sensing approaches

In keeping with international best practice, and particularly to address the issue of
domestic leakage, the method applied in this assessment utilzed-t-wall
apprach thatenablescomplete, consistengndtransparent monitoring dénd use

and land use changes over time.

Presently reporting satisfies interim measures outlined in Seztidhis requires

that changes in forest land tdhet land uses be reported relative to the benchmark
map. Currently changes occurring between lands defined a$oremt are not
reported. Changes from non forest to forest however, are being reported. The basic
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premise is eventually that changes in thelBICC categories will be reporting for
the LULUCF sector once tHdRVS is fully operational.

For the period post 30 September 2009 additional measures include reporting forest
change and degradation relative to the benchmark map.

6.1 1990 Forest and Norforest Mapping

The forest and noeforest mapping used the clofi@e mosaic of Landsat images
drawn from the 1990 era (1982). The process involved determining the crown
cover threshold between the two classes.

Map 6-1:
1990 era Landsat Images

For ground surveys crowroeer refers to the density (percentage) of the crowns of
woody plants above a certain heighithile it is not possible to determine tree
height from optical satellite imagery the colour and textof vegetation are used
as indicators in estimating crown cover percent.

The method adopted used a combination of automated (calculation of vegetation
indices) and manual interpretation and editing. The objective of the approach was to
identify all natwal and manmade neforest areas as at 1990. Once completed this
provides the forest mask from which changes post 1990 are identified, attributed to
drivers and tracked. Landsat scenes were calibrateaptof atmosphere radiance
using published satellitsensor bias and gain settings as described by Chander,
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Markham and Helder (2009). The purpose of this calibration is that it allows
comparison between images acquired at different time periods.

The key to differentiating forest from ndarest is to tiethe reflectance properties
of the vegetation to its structure. Several vegetation indices exist that enhance non
forest detection as described by Asner (1998).

Previous work in Guyana (Watt & von Veh, 2010) used the normalised vegetation
index (NDVI) as @fined inEquation6-1 and as described by Rouskeal (1973).

This vegetation index ratios the red and near infrared bands and when applied
provides a scale fronl to 1 with positive values associated with vagieh cover
(usually 0.4 and above).

Equation 6-1:

Normalised Vegetation Index

NIR - Red
VI = | ———
NV (_NIR-#—Rcd)

For this work the Enhanced Vegetation Index (EVI) as described in ldtete
(1997) was favoured over other vegetation ¢edi as it includeghe blue
reflectance. The inclusion of this band corrects for soil background signals and
reduces atmospheric influences, including aerosol scattering. This is particularly
relevant given the lack of any aerosols, water vapour, and azoentrations to
correct atmospheric conditioriBhe EVI is defined by the following equation:

Equation 6-2:

Enhanced Vegetation Index

EVI = 25(—°NB PRED j
Pnir t 6PrED ~ 7 9PpLuE T !

The EVI values range froml to 1 with values closer to 1 represegtclosed
canopy forest. Field measurements were conducted to verify the EVI values. This
involved estimation of forest canopy cover using a spherical densioffetenss

15 transects covering two Landsat scenes. Additional field measurements from
biomassplot network were also used to evaluate the classification. For these
sample points thenean EVI value over 3x3 pixel matrix (90 x 90 m) were
extracted. This represeantheminimum mapping unit of the amgsis.

From these measurements a relationship veasldped that provided an indicative
range of values. These were then used to guide thdonest delineation. The
analysis showed some variation between sites with the EVI forest threshold value
ranging between 0.5 and 0.6. These values are known toacemgs scenes, SO
scenes were normalised to each other in an effort to improve consistency.

Figure 6-1 shows the densiometer field measurements for a single transect. The
values shown relate to canopy opennessesc(%) and range from 100% for bare
ground to 9% for closed canopy. These points are overlaid on the Landsat imagery

% The Spherical densiometer estites forest canopy cover percent using a sphesiaged reflector mirror
engraved with a crosshaped grid of 24 quarter squares with delineates a plot overhead.
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where pink tones represent bare ground. It is acknowledged that given the
resolution of Landsat data the exact boundary between for@stoanforest is quite
difficult to delineate especially in diverse areas that show gradual transition from
low scrub to forest. In terms of remote sensing techniquesdas®ed vegetation
height measurements from airborne Light Detection and RangiDg\R) offers

the ability to rapidly capture accurate height information over diverse range of
sites.

Figure 6-1
Field Densiometer Measurements

Figure 6-2:
EVI Image and Values

™ L |

ol
-

TheEVI derived forest/notforest map was used as a guide for the forestfo@st
mapping. The EVI derived forest/ndorest map wasnput into a GIS, where it
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was systematically using a 10 x 10 km gricgvaluatedoy an operation usg all
available 1990 datasetd he forest/nofforest boundary was adjusted if the
operator's interpretation of the available dataset differed from the EVI derived
boundary.Care was taken to separate change events post 1990 from non forest
areas.

Additional reference datasets included the SPOT 2 and 5 (10 to 20 m resolution
datasets) and historical 1950 to 70s aerial photography. This classification was also
compared against the JERSradar images (100 m resolution) from 1995/96
Global Forest Mapping pgram (GRFM/GBFM?Y). These images cover the wet

and dry season and have previously been used by FRIU to assist in the production
of the 2001 SFA forest cover map. The contrast provided between the wet and dry
season images also assisted with identifyingsesdly inundated areas that are not
readily apparent on dry season optical imagery. These areas tend to have a lower
backscatter as do ndarest areas such as naturally occurring savannah. These
areas appear black (highlighted) on the radar image.

Map 6-2:

1995-96 Seasonal Radar Image composite

%1 http://www.eorc.jaxa.jp/JERS$/en/GFMP/index.html
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DETERMING HISTORICAL FOREST CHANGE

The benchmark map forest map was created by accounting for historical forest
change for three time nominal perio@®s below) spaning from as close to
beginning of the period 1990 to the end of period September 2009.

A 1990 to 2000
A 2001 to 2005
A 2006 to 2009

When evaluating the results, two aspects of the analysis should be considered; the
time between periods is unequal, and thegesaused for each time period where
compiled from images that span either side of the designated time period.

Due to high cloud cover the process adopted for change detection focused on
manual interpretation of the satellite imagery. The manual methotv@dlacing

a GlISgenerated grid thativided Guyana (including titled Amerindian areas) into
series 10 x 10 km tiles that were then inspected sequentially for cldngés the

same approach as used for the-famest mapping. For cloud areas all imsder

the particular time period were evaluated. MODIS images were also analysed over
areas of persistent cloud check for largescale change. The percentage of cloud
persistent over Guyana for the benchmark and year 1 periedsnsaté at 1.8%

and 29%, respectively

Direct interpretation of multi date images is a recognised approach as it allows for
consistent tracking of change areas through time (GOFC GOLD, ZD@9Yarget
reporting objective for the national monitoring system is tier/approactni8h for
Guyana requires land use changes to be monitored spatially at a 1 ha scale.

The main drivers of deforestation and degradation in Guyana are well known and
several projects supported by WWF (detection of mining) and ITTO (temporal
forest changehave mapped various drivers and their spatial distribution over
different time periods (Watt & von Veh, 2009 & von Veh & Watt 2010).

For each temporal, the area converted to-flooest and the main drivers of the
change were documented. Formally, therdgbn of deforestation is summarised

as the longerm or permanent conversion of land from forest use to other non
forest uses (GOFC GOLD, 2009). An important consideration is a forested area is
only deemed deforested once the cover falls and remaiow le¢ elected crown

cover threshold (30% for Guyana). In Guyana's context forest areas under SFM that
adhere to forest code of practice would not be considered deforested as they have
the ability to regain elected crown cover threshold.

The five anthropognic change drivers that lead to deforestation, identified in
previous work and by the initial workshop at which MM&VS Road map was
developed, included;

A Forestry (clearance activities such as log landings)

A Mining (ground excavation associated with snaaldi large scale mining)

A Infrastructure such as roads (included are harvesting and mining roads)
A Agricultural conversion
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A Fire (all consideredanthropogenic and depending on intensity and
frequency can lead to deforestation)

There is still some debate inbationally over the definition of degradation. A
commonly adopted definition outlined in IPCC (2003) report is:

"A direct humarinduced longterm loss (persisting for X years or more) of at least
Y% of forest carbon stocks [and forest values] since tina@dl not qualifying as
deforestation or an elected activity under Article 3.4 of the Kyoto Protocol

The main sources of degradation are identified as:

A Selective and illegal harvesting of timber

A Shifting cultivation

A Fire
For the benchmark reporting pedi andthe interim phase of thVIRVS certain
changes suchsshifting cultivation and changes associated with forests under SFM

are not required to be reportgpatially.Additional interim measures are in place to
monitor harvesvolumes fom forests undeSFM (see 8ction9).

However, for completeness it is important that historical changes are monitored
spatiallyto ensure that the drivers of change and transition of the change through
time (i.e. regeneration or continued degation) are record&d Degradation itself

is identified in a number studies as contributing up to 50% of forest carbon loss. All
naturaly occurring disturbancessuch as erosion andvind damage were also
identified to ensure that these events are diffeating from anthropogenic
changes.

To assist with interpretation of change events and drivers examples were provided
to the interpreters along with a red@sed decision trdgee Appendib). To assist

with classification an aerial owdlight over clange areas that collected GPS
located oblique photographs was conducted in August 2010. These photos are tied
to the GIS to assist with driver identification.

In addition to these a set of rules that covered issues related to theapysis of

the imagesvere defined. Issues identified included the timing of imagery relative
to the change, errors in the forest classification and persistent cloud cover
obscuring areas.

32 Lands that have been converted to hapiand use should be tracked under the appropriate sections for as long as carbon dynamics are influenced by theednversion

follow up dynamics. 20 years is consistent with IPCC Guidelines, but Tier 3 methods may use longer periods where @pprapoias circumstances.
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Figure 7-1:
Pre-analysis Decision Tree
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A conservative approach has been taken in relation to mapping changes observed
when no base image was available as at 1990 with these features mapped as change
(this was the case for one scene).

7.1 Persistent Cloud Cover

One potetial issue is detection of change in areas of sporadic and persistent cloud.

In areas of sporadic cloud (i.e. where at least one period is clear) the change was
attributed to first period it was observed in. If areas are under persistent cloud cover
then t is not possible evaluate the area for change.

The impact of cloud was assessed by generating cloud_amdsatgap masks
(caused by aensor defectior each Landsat and DM€&image to identify those
areas of persistent cloud.

The masks were combined poovide an estimate of area under cloud ar@IS
layercreatedhat showed the spatial distribution of cloud.

Table 7-1:
National Cloud Cover by Period

Period Cloud cover
(%)

1990 4.4

1990-2000 4.4

2000-2005 3.6

2006 - 2009 (Sept) 1.8

2009-2010 (Sept) 2.9

The analysis shosvthat the cloud cover post 1990 is reasonably consistent at
around3%. The spatial distribution of the clowhows two patterns withlaud
cover in the nortlwhere most of the changg occurring beinguite scattered and
oversouthGuyanaconcentrated in eemote areasr over non forest areas.

The distribution othecloudfor each period ishown orMap 7-1.to Map 7-4

33 DMC images were tasked to cover the end of the Year 1 period.
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Map 7-1:
Cloud cover 1990
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Map 7-2:
Cloud Cover 1990-2000
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